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SECTION 23 54 19

BU LDI NG HEATI NG SYSTEMS, WARM Al R
08/ 21
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NOTE: This guide specification covers the
requirenents for warmair heating systens for
bui | di ngs (not including Fam |y Housing) using
direct or indirect; oil-fired or gas-fired; vented;
forced air furnaces. It does not cover wal
furnaces or floor furnaces. WArmair systens
applications include but are not limted to
barracks, offices, warehouses, maintenance, and
production facilities.

Adhere to UFC 1-300-02 Unified Facilities Cuide
Speci fications (UFGS) Format Standard when editing
this gui de specification or preparing new project
specification sections. Edit this guide
specification for project specific requirenments by
addi ng, deleting, or revising text. For bracketed
items, choose applicable iten(s) or insert
appropriate informtion.

Renove i nformation and requirenments not required in
respective project, whether or not brackets are
present.

Conment s, suggestions and reconmended changes for
this gui de specification are wel come and shoul d be
submtted as a Criteria Change Request (CCR)

EE R R R S I R R I R R I R S R R R R S R R I R R R S R R R
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NOTE: Coordinate with the Installation and provide
specific requirements "to match existing systens”
when necessary. |f specifying proprietary products,
i nsure that appropriate "Justification and

Aut hori zation (J & A)" docunentation has been
obt ai ned by project nanager and "proprietary

| anguage requi rements" have been added to Division 1
as well as adding the follow ng |lines above the
section nunber and title at the top of the first
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Thi s Specification Contains Brand Name Products.

khkhkkhkhkhhkhkhhhhhhhhhkhhhkhhhkhhhkhhhkhhhhhdhhkd hhkdkkxx%xn"

The use of brand nane itens has been the subject of
many Contract clains. Project designers and
specifiers nust be aware of the restriction on the
specification of brand name itens and take special
precautions to avoid their use unless formal witten
approval is obtained.

EE R R S I R R I R I R I R S R R R O S R R I R I R R S R R R R
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NOTE: Identical Terminology: It is highly unlikely
that this section will use the same term nol ogy as
CADD programs or CADD drafters. Specifier should
ensure that each piece of equipnment, or item or
systemis identified or marked identically in the
section paragraphs as the itemis identified on the
drawings. |If this is not done, confusion wll
result as to which specification paragraph applies
to a particular itemon the draw ngs, thereby
affecting the quality of the design package.
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PART 1 GENERAL

1.1 REFERENCES

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

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

t hi s paragraph by organi zation, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a Reference ldentifier (RI D) outside of
the Section's Reference Article to automatically

pl ace the reference in the Reference Article. Also
use the Reference Wzard' s Check Reference feature
to update the issue dates.

Ref erences not used in the text will automatically
be deleted fromthis section of the project
speci fication when you choose to reconcile

references in the publish print process.
ER R IR I I R R R R R I I I R R R R I I R R R R S I I I R R R R I I I I R R R S I I I R O I I I R R R S I I I

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by
t he basic designation only.

Al R MOVEMENT AND CONTROL ASSOCI ATI ON | NTERNATI ONAL, | NC. (AMCA)

AMCA 210 (2016) Laboratory Methods of Testing Fans
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for Aerodynam c Perfornmance Rating

AMCA 300 (2014) Reverberant Room Met hod for Sound

Testing of Fans

AMCA 301 (2014) Methods for Cal cul ati ng Fan Sound

AHRI

AHRI

AHRI

Ratings from Laboratory Test Data
Al R- CONDI TI ONI NG HEATI NG AND REFRI GERATI ON | NSTI TUTE ( AHRI)
410 (2001; Addendum 1 2002; Addendum 2 2005;
Addendum 3 2011) Forced-Circul ation
Air-Cooling and Air-Heating Coils
430 (2009) Central-Station Air-Handling Units

640 (2017) Performance Rating of Conmerci al
and Industrial Humdifiers

ALUM NUM ASSCCI ATI ON ( AA)

AA DAF45 (2003; Reaffirmed 2009) Designation System

for Al um num Fi ni shes

AMERI CAN ARCHI TECTURAL MANUFACTURERS ASSCCI ATl ON ( AAVA)

AAMA 611 (2014) Vol untary Specification for

ANSI

ANSI

ANSI

ANSI

Anodi zed Architectural Al um num
AMERI CAN NATI ONAL STANDARDS | NSTI TUTE ( ANSI)
Z21. 47/ CSA 2.3 (2021) Gas-Fired Central Furnaces

Z21. 66/ CGA 6. 14 (2023) Automatic Vent Danper Devices for
Use with Gas-Fired Appliances

Z83. 4/ CSA 3.7 (2017; R 2022) Non-Recircul ating Direct
Gas-Fired Heating and Forced Ventil ation
Appliances for Commercial and | ndustrial

Application

Z83.8/ CSA 2.6 (2016; R 2021) Gas Unit Heaters, Gas
Packaged Heaters, Gas Uility Heaters, and
Gas- Fired Duct Furnaces

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

ASHRAE 52. 2 (2017) Method of Testing Ceneral

Ventilation Air-C eaning Devices for
Renoval Efficiency by Particle Size

ASTM | NTERNATI ONAL ( ASTM

ASTM Al67 (2011) Standard Specification for

St ai nl ess and Heat - Resi sti ng
Chrom um Ni ckel Steel Plate, Sheet, and
Strip

SECTION 23 54 19 Page 6



ASTM A269/ A269M (2024) Standard Specification for Seanl ess
and Wl ded Austenitic Stainless Steel
Tubi ng for General Service

ASTM B117 (2019) Standard Practice for Operating
Salt Spray (Fog) Apparatus

ASTM D1784 (2020) Standard Specification for Rigid
Pol y(Vi nyl Chloride) (PVC) Compounds and

Chl ori nated Pol y(Vinyl Chloride) (CPVQ
Conpounds

CSA CGROUP (CSA)
CSA Directory (updat ed continuously online) Product |ndex

| NTERNATI ONAL CODE COUNCI L (1 CC)

| CC IBC (2024) International Building Code
ICC I MC (2024) International Mechani cal Code
ICC I PC (2024) International Plumbing Code

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMVA)

NEVA DC 3 (2013) Residential Controls - Electrical
Wl | - Mount ed Room Ther nost at s

NENVA MG 1 (2021) Mdtors and Generators

NEVA MG 10 (2017) Energy Managenent Cuide for

Sel ection and Use of Fixed Frequency
Medi um AC Squi rrel - Cage Pol yphase
I nducti on Motors

NEVA MG 11 (1977; R 2012) Energy Managenent Cuide for
Sel ection and Use of Single Phase Mtors

NATI ONAL FI RE PROTECTI ON ASSCOCI ATl ON ( NFPA)

NFPA 31 (2024; TIA 23-1) Standard for the
Installation of Gl -Burning Equi prent

NFPA 54 (2024) National Fuel Gas Code

NFPA 58 (2024; TIA 23-1) Liquefied Petrol eum Gas
Code

NFPA 70 (2023; ERTA 7 2023; TIA 23-15) Nati onal
El ectrical Code

NFPA 90A (2024) Standard for the Installation of
Air Conditioning and Ventilating Systens

NFPA 90B (2024) Standard for the Installation of
Warm Air Heating and Air Conditioning
Syst ens
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1.

NFPA 211 (2019) Standard for Chinmeys, Fireplaces,
Vents, and Solid Fuel -Burni ng Appliances

SHEET METAL AND Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSOC! ATI ON
( SMACNA)

SMVACNA 1780 (2002) HVAC Systems - Testing, Adjusting
and Bal ancing, 3rd Edition

U. S. DEPARTMENT OF ENERGY ( DOE)

Energy Star (1992; R 2006) Energy Star Energy
Ef fi ci ency Labeling System ( FEMP)

UNDERWRI TERS LABORATORI ES (UL)

UL 296 (2017; Reprint Nov 2022) UL Standard for
Safety G| Burners

UL 441 (2016; Reprint Apr 2024) UL Standard for
Safety Gas Vents

UL 499 (2014; Reprint May 2023) UL Standard for
Safety Electric Heating Appliances

UL 641 (2010; Reprint Cct 2022) UL Standard for
Safety Type L Low Tenperature Venting
Syst ens

uL 727 (2018) UL Standard for Safety O l-Fired
Central Furnaces

UL 900 (2015; Reprint Aug 2022) UL Standard for
Saf etyStandard for Air Filter Units

UL 1738 (2023) UL Standard for SafetyVenting
Systens for Gas-Burning Appliances,
Categories Il, Ill and IV

UL 1995 (2015; Reprint Aug 2022) UL Standard for

Saf ety Heating and Cool i ng Equi prent

2 SUBM TTALS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Review Submittal Description (SD) definitions
in Section 01 33 00 SUBM TTAL PROCEDURES and edit
the following list, and correspondi ng subnittal
items in the text, to reflect only the subnmittals
required for the project. The Guide Specification
techni cal editors have classified those itens that
requi re Government approval, due to their conplexity
or criticality, with a "G'. GCenerally, other
submittal items can be reviewed by the Contractor's
Quality Control System Only add a "G' to an item
if the submittal is sufficiently inportant or
conplex in context of the project.

For Arny projects, fill in the enpty brackets
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following the "G' classification, with a code of up
to three characters to indicate the approving
authority. Codes for Arny projects using the

Resi dent Managenent System (RVS) are: "AE" for
Architect-Engineer; "DO' for District Ofice

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

The "S" classification indicates subnmittals required
as proof of conpliance for sustainability Quiding
Principles Validation or Third Party Certification
and as described in Section 01 33 00 SUBM TTAL
PRCOCEDURES.

Choose the first bracketed itemfor Navy and Air

Force projects, or choose the second bracketed item
for Army projects.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Covernment approval is required for submittals with a "G or "S"
classification. Subnittals not having a "G' or "S" classification are
[for Contractor Quality Control approval.][for information only. Wen
used, a code following the "G' classification identifies the office that
will reviewthe submttal for the Government.] Subnmit data packages in
accordance with Section 01 78 23 OPERATI ON AND MAI NTENANCE DATA. Submit
the following in accordance with Section 01 33 00 SUBM TTAL PROCEDURES:
SD-01 Preconstruction Subnmittals
Contractor Qualifications; C[, | 11
SD- 02 Shop Drawi ngs
Equi pnent Layouts
SD- 03 Product Data
Sel f - Cont ai ned Furnaces; C[, | 11
Energy Star Label for Residential Gas Fired Furnace Product; S

Energy Star Label for Residential O l-Fired Furnace Product; S

Vent Connections; C[, [__ 1]

Controls; G, [ ]]

Danpers; G, [ 1]

Air Filters; ¢, [ ]]

Hum difiers; C[, [ 1]

Duct Furnace; C[, [__ 1]

Heating and Ventilating Units; G, [ 1]
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11

11

11
11

Heating Only Makeup Air Units; G, [ 1]
System Diagrams; G, [ 1]

SD- 06 Test Reports
Fi el d Acceptance Test Plans and Test Reports; ([,
Fiel d Acceptance Testing; C, [ 1]
Test Reports; G, [ 1]

SD- 08 Manufacturer's Instructions

Sel f - Cont ai ned Furnaces - Installation Instructions; C[, [__ 1]
Vent Connections - Installation Instructions; ¢, [ 1]
Controls - Installation Instructions; C, [ 1]

Danpers - Installation Instructions; ¢, [ 1]

Air Filters - Installation Instructions; C, [__ 1]

Hum difiers - Installation Instructions; G, [__ 1]

Duct Furnace - Installation Instructions; C, [ 1]

Heating and Ventilating Units - Installation Instructions;

[ 1]

[ 1]

Heating Only Makeup Air Units - Installation Instructions;

[
SD-10 Operation and Mi ntenance Data

Sel f - Cont ai ned Furnaces, Data Package 3; ¢, |

Vent Connections, Data Package 3; ¢, [__ ]
Controls, Data Package 3; C[, [__ 1]
Danmpers, Data Package 3; C[, [ 1]

Humi di fiers, Data Package 3; G, [ 1]

Duct Furnace, Data Package 3; ; C[, [ 1]

Heating and Ventilating Units, Data Package 3; ([,

Heating Only Makeup Air Units, Data Package 3; ([,
SD-11 Cl oseout Submittals

Field Training

I ndoor Air Quality During Construction; S

SECTION 23 54 19 Page 10
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3  QUALITY CONTROL
3.1 Installing Contractor Qualifications
Submit contractor qualifications denonstrating successful completion of

simlar services by the nechanical contractor on at |least five projects of
simlar award anount and scope with equi pnment subnittal

.3.2 Service Contractor Qualifications

Rk Ik kR IR Rk O kO e S S R ARk Rk R R R e I O O R SRR I b S R R

NOTE: Prior to selecting a bracketed distance (or

i nputting a customdi stance), confirma m ni num of
three suppliers are within the sel ected radius.
Consult with the installation to determne if
further edits to this paragraph are required to
align with sole- or Iimted-source Justification and
Approval's (J&A' s) that would further restrict the
manuf act urer pool .

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

The submitted equi pnent nust be supported by manufacturer-approved service

organi zation[s]. Provide service organi zati on nanes and | ocations al ong
with the Qperation and Mii ntenance subnmittal. The service organi zation[s]
nmust have an office within | 1[50][100] niles of the site with factory

certified technicians, spare parts inventory and all necessary test and
di agnostic equi prment for the installed system The service organi zation
nmust be able to render service to the equi pment on both a regular and
enmergency basis during the warranty period of the contract as determ ned
by the Contracting O ficer.

Spare parts data for each different itemof material and equi pment
specified, after approval of detail drawi ngs and not |ater than [ ]
nmonths prior to the date of beneficial occupancy. The data nust include a
conplete list of parts and supplies, with current unit prices and source
of supply, a reconmmended spare parts list for 12 nonths operation, and a
list of the parts recommended by the manufacturer to be replaced after

[1]] and ]J[3] year(s) of service.

.3.3 Modi fication to Reference

In each of the publications referred to herein, consider the advisory
provi sions to be mandatory, as though the word "nust" had been substituted
for "shoul d" wherever it appears. Interpret references in these
publications to the "authority having jurisdiction", or words of simlar
nmeani ng, to nmean the Contracting O ficer.

.3.3.1 Definitions

For the International Code Council (ICC) Codes referenced in the contract
docunent s, advisory provisions must be considered mandatory, the word
"shoul d" is interpreted as "nust." Reference to the "code official" nust
be interpreted to nean the "Contracting Officer." For government owned
property, references to the "owner" nust be interpreted to nean the
"Contracting Officer." For leased facilities, references to the "owner"
nmust be interpreted to nean the "lessor." References to the "permt

hol der"” must be interpreted to nean the "Contractor."
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3.3.2 Admi ni strative Interpretations

For I CC Codes referenced in the contract documents, the provisions of
Chapter 1, "Admi nistrator,"” do not apply. These adm nistrative

requi renents are covered by the applicable Federal Acquisition Regul ations
(FAR) included in this contract and by the authority granted to the
Oficer in Charge of Construction to adnminister the construction of this
project. References in the ICC Codes to sections of Chapter 1, must be
appl i ed appropriately by the Contracting Oficer as authorized by his

admi ni strative cogni zance and the FAR

. 3.4 Equi pnent Layouts

Submit Equi prent Layouts show ng equi pnent assenbly and installation
details with electrical, ductwork |ayout, supports, utility connections,
and details. Include any information required to denonstrate that the
system has been coordi nated and functions properly as designed.

.3.5 System Di agr ans

Proposed system di agranms, nust be submitted, approved and posted prior to
start of related testing. Systemdiagrans that show the |ayout of

equi prent and ductwork, and typed condensed operation nanual s expl ai ni ng
preventative naintenance procedures, nethods of checking the system for
normal safe operation, and procedures for safely starting and stopping the
system nust be framed under glass or laminated plastic. After approval,
these itens must be posted where directed.

.4 DELI VERY STORAGE AND HANDLI NG

Handl e, store, and protect equi pnent and nmaterials to prevent damage

before and during installation in accordance with the manufacturer's

recomendat i ons, and as approved by the Contracting O ficer. Replace
damaged or defective itemns.

5 ACCESSI BI LITY

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

NOTE: The followi ng requirenent is intended to
solicit the installer's and HVAC shop seni or

nmechani cal's help in the prudent |ocation of

equi pnment when he has sonme control over |ocations.
However, designer's should not rely on it at al
since enforcing this requirenment in the field would
be difficult. Therefore, the system designer needs
to layout and indicate the |ocations of equipnent,
control devices, and access doors so that nost of
the accessibility questions are resol ved

i nexpensi vely during design.

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

Install all work so that parts requiring periodic inspection, operation
mai nt enance, and repair are readily accessible. Install conceal ed val ves,
expansion joints, controls, danpers, and equi pnent requiring access, in

| ocations freely accessible through access doors. Access door nust be
adequately sized for renoval and replacenment. Installation nmust provide
bot h manufacturer and code required cl earances.

SECTION 23 54 19 Page 12



PART 2 PRODUCTS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Reference NFPA 31 for oil-fired units.
Ref erence NFPA 54 for gas-fired units. Reference
NFPA 58 for liquid petroleumgas-fired units.

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

Provi de warm air heating system including equi prment, equipment,
materials, installation, workmanship, fabrication, assenbly, erection

i nspection, exam nation, and testing in accordance with the applicable
requi renents contained in ICC IBC, ICCIM, |ICCIPC, NFPA 90A or NFPA 90B,
and [ NFPA 31][ NFPA 54] [ NFPA 58] as nodified and suppl enented by this
speci fication section and acconpanyi ng draw ngs.

2.1 MATERI ALS AND EQUI PMENT
2.1.1 St andard Products

Provide materials and equi pment which are the standard product of a

manuf acturer regularly engaged in the manufacture of the products and that
essentially duplicate equipnment that has been in satisfactory use at | east
[1]] ] year[s] prior to bid opening.

2.1.2 Mat eri al and Equi pnent Qualifications

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Prior to selecting a bracketed distance (or

i nputting a custom di stance), confirma m ni num of
two suppliers are within the sel ected radius.

Consult with the installation to deternmine if
further edits to this paragraph are required to
align with sole- or Iimted-source Justification and
Approval 's (J&A' s) that would further restrict the
manuf act urer pool .

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

Provide materials and equi pnment that are standard products of

manuf acturers regularly engaged in the manufacture of such products, which
are of a simlar material, design and workmanship. Standard products and

materials nust have a local supplier within [ 1[50][100] miles of the

site. Standard products nust have been in satisfactory comercial or

i ndustrial use for 2 years prior to bid opening. The 2-year use nust

i ncl ude applications of equi pnment and materials under simlar

ci rcunmst ances and of simlar size. The product nust have been for sale on
t he conmerci al market through advertisements, manufacturers' catal ogs, or

brochures during the 2 year period.

2.1.3 Alternative Qualifications
Products having |l ess than a two-year field service record will be
acceptable if a certified record of satisfactory field operation for not
| ess than 6000 hours, exclusive of the manufacturer's factory or
| aboratory tests, can be shown.

2.1. 4 Nanepl at es
Secure a plate to each major conponent of equi prent containing the

manuf acturer's name, address, type or style, nodel or serial number, and
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catal og nunber. As applicable, affix an Energy Star |abel to the product.
. 1.5 Beari ngs

Mot or bearings nust be fitted with grease supply fittings and grease
relief to outside of the enclosure.

.2 ELECTRI CAL WORK

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE:

1. Show the electrical characteristics, notor
starter type(s), enclosure type, and maxi mumrpmin
t he equi pnent schedul es on the draw ngs.

2. \Were reduced-voltage nmotor starters are
recormended by the manufacturer or required

ot herwi se, specify and coordinate the type(s)
required in Section 26 20 00 | NTERI OR DI STRI BUTI ON
SYSTEM Reduced-voltage starting is required when
full voltage starting will interfere with other

el ectrical equipnment and circuits and when
recormended by the manufacturer. \Were adjustable
speed drives (ASD) are specified, reference Section
26 29 23 ADJUSTABLE SPEED DRI VE (ASD) SYSTEMS UNDER
600 VOLTS. The nethods for cal cul ating the econony
of using an adjustable speed drive is described in
3-520-01, "Interior Electrical Systemns".

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Provide notors, controllers, integral disconnects, contactors, and
controls with their respective pieces of equipnent, except controllers

i ndi cated as part of motor control centers. Provide electrical equipnent,
i ncluding notors and wiring, as specified in Section 26 20 00 | NTERI OR

DI STRI BUTI ON SYSTEM  Provi de manual or automatic control and protective
or signal devices required for the operation specified and control wring
required for controls and devi ces specified, but not shown, nust be

provi ded. For packaged equi pnment, the nanufacturer nust provide
controllers including the required nonitors and timed restart.

2.1 Mbt or s

a. For single-phase notors, provide high-efficiency type,
fractional - horsepower alternating-current notors, including notors
that are part of a system in accordance with NEVA M5 11. Provide
prem um efficiency type integral size nmotors in accordance with
NEVA MG 1.

b. For polyphase notors, provide squirrel-cage medi uminduction notors,
including notors that are part of a system and that neet the
efficiency ratings for premiumefficiency notors in accordance with
NEVA MG 1. Select premum efficiency pol yphase notors in accordance
wi th NEVA MG 10.

c. Provide motors in accordance with NEVA MG 1 and of sufficient size to
drive the |l oad at the specified capacity w thout exceeding the
nanepl ate rating of the motor. Provide notors rated for continuous
duty with the enclosure specified. Provide motor duty that allows for
maxi mum frequency start-stop operation and m ni nrum encount ered
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2.

2.

i nterval between start and stop. Provide notor torque capabl e of

accel erating the connected |load within 20 seconds with 80 percent of
the rated voltage maintained at notor termnals during one starting
period. Provide nmotor starters conplete with thermal overl oad
protection and ot her necessary appurtenances. Fit notor bearings with
grease supply fittings and grease relief to outside of the enclosure.

d. Were two-speed or variabl e-speed notors are indicated, solid-state
vari abl e-speed controllers are allowed to acconplish the sane
function. Use solid-state variabl e-speed controllers for notors rated
7.45 kW 10 hp or |less and adjustable frequency drives for |arger
notors. Provide variable frequency drives for notors as specified in
Section 26 29 23 ADJUSTABLE SPEED DRI VE (ASD) SYSTEMS UNDER 600 VOLTS.

3 Al R SYSTEMS EQUI PMENT
3.1 Duct wor k and Accessories

Ductwork and accessories nmust be as specified in Section 23 30 00 HVAC AIR
DI STRI BUTI ON

.3.2 Fans

Test and rate fans according to AMCA 210. Calculate systemeffect on air
novi ng devices in accordance with AMCA 201 where installed ductwork
differs fromthat indicated on drawings. Install air nobving devices to
mnimze fan systemeffect. Were systemeffect is unavoidable, deternine
the nost effective way to acconmodate the inefficiencies caused by system
effect on the installed air noving device. The sound power |evel of the
fans must not exceed 85 dBA when tested according to AMCA 300 and rated in
accordance with AMCA 301. Provide all fans with an AMCA seal. Connect
fans to the nmotors either directly or indirectly. Indirectly connected
nmotors nust use V-belt drives designed for not [ess than [150][ 140][ 120]
percent of the connected driving capacity. Provide variable pitch notor
sheaves for 11 kW 15 hp and bel ow, and fixed pitch as defined by AHRI
Guideline D (A fixed-pitch sheave is provided on both the fan shaft and
the notor shaft. This is a non-adjustable speed drive.). Select variable
pitch sheaves to drive the fan at a speed which can produce the specified
capacity when set at the approximate m dpoint of the sheave adjustment.
VWen fixed pitch sheaves are furni shed, provide a repl aceabl e sheave when
needed to achi eve systemair balance. Provide notors for V-belt drives
with adjustable rails or bases. Provide renovable netal guards for al
exposed V-belt drives, and provide speed-test openings at the center of
all rotating shafts. Provide fans with personnel screens or guards on
both suction and supply ends, except that the screens need not be

provi ded, unless otherw se indicated, where ducts are connected to the
fan. Provide fan and notor assenblies with vibration-isolation supports
or nmountings as indicated. Use vibration-isolation units that are
standard products with published | oading ratings. Select each fan to
produce the capacity required at the fan static pressure indicated.
Provi de sound power |evel as indicated. Obtain the sound power |evel

val ues according to AMCA 300. Provide standard AMCA arrangenent,

rotation, and di scharge as indicated.

3.3 Air Filters

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Nornmally, replaceable type filters must be
speci fied; however, permanent type filters may be
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i ncluded in the project specifications provided

mai ntenance facilities are available for cleaning.
Ref erences to inapplicable filters types will be
Ceneral recomrended MERV value is 7 to 11. For Air
Force, use a minimumfilter of MERV 7, however,
filters up to MERV 11 nay be considered. Include
bel ow section if specification 23 30 00 H/AC AIR

DI STRIBUTI ON i s not incl uded.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Air Filters nmust be listed in accordance with requirenents of UL 900.
2.3. 4 Repl aceable Media Filters

The air flow capacity of the filter nmust be based on net filter face

vel ocity not exceeding [1.5]] ] ms [300][ ] feet per mnute, with
initial resistance of [3]] ] my [0.13][ ] inches water gauge
M ni mum Ef fi ci ency Reporting Val ue (MERV) nust be not |ess than | ]

when tested according to ASHRAE 52. 2.

2.4 GAS- FI RED COVPONENTS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Gas-fired and oil-fired conponents nust be
applied to Sel f-Contai ned Furnaces, Duct Furnaces
and Heating and Ventilating Units.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

2.4.1 Gas- Bur ni ng Component s

Gas- burni ng equi pnent nust include the gas burners, ignition equipnrent,
gas-control val ve, gas piping, gas-pressure regulating valve, when
appl i cabl e, and accessories necessary for a fully autonatic systemthat is
listed in CSA Directory. Gas-fired units equi pped with progranm ng
controls nust be furnished both with high and with | ow gas supply pressure
switches in the fuel supply piping.[ Provide Energy Star | abeled

equi prent for high efficiency furnaces installed in residentia
applications (input less than 65.9 kW 225 MBtuh). Provide proof of

Energy Star label for residential gas fired furnace product.]

2.4.2 Gas Burners

The gas burners nust include ignition equi pnent, gas-control valve, gas

pi pi ng, gas-pressure regul ating valve, gas shut-off cocks,[ conbustion air
bl ower,] when applicable, and accessories necessary for a fully automatic
systemthat conforms to ANSI Z21.47/CSA 2.3 and NFPA 54.

Do not provide nmanually ignited type burners. Burners must always return
to lowfire for ignition. Provide control systemfor [on-off

][ high-1ow off ]J[nodul ated ]operation. Provide interrupted type ignition
systens for burners with input capacities over 117 kW 400,000 Btu's per
hour .

2.4.3 I gnition System

Ignition systens nust be of the [direct spark ][hot surface ][or
]J[interrupted intermttent Jtype with autonatic electric ignition. The
pilots nust be of the electrically-ignited proven type. Continuous pilots
will not be permitted. Burner nust be designed in accordance with NFPA 54
and | ocated so that parts are protected agai nst overheating. Provisions
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2.

nmust be made in the burner housing for inspection of the pilot flane.

4.4 Fuel - Gas Supply System

Fuel - gas supply system nust be as specified in Section 23 11 20 FACILITY
GAS PI PI NG

.5 O L- BURNI NG COVPONENTS

.5.1 QG | - Burni ng Components

The equi pnent nust include the oil burner notor, ignition equipnent 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
nmust be furnished with low oil -pressure switches in the fuel supply
piping. Ol-fired units not equi pped with programm ng controls nust be
equi pped with a del ayed opening or shutoff valve. The valve nust
automatically delay delivery of oil to the burner until such tine as the
conbustion air fan and, when applicable, the induced draft fan are
operated at rated speed.[ Provide Energy Star |abel ed equi prent for high
efficiency furnaces installed in residential applications (input |ess than
65.9 kW 225 MBtuh). Provide proof of Energy Star |abel for residential

oi I burning furnace product.]

.5.2 I gnition System

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

.5.3 Fuel -G | Systemns

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

6  VENT CONNECTI ONS

R I I S Sk S S S I R S I R S I
NOTE: Induced draft fans nust be required on units
with inputs of 200,000 to 400,000 Btu's per hour
i ntended for horizontal, inverted, or other special

installations. On units with inputs above 400, 000
Btu's per hour, provide with a power burner

When using roomdirect intake systens, confirm
requi renents in UFC 3-410-01, NFPA 31, NFPA 54, and
NFPA 58 have been included in the nechani cal room
design to ensure that positive pressure has been
provided in the nmechanical roomto ensure proper
burner performance and prevent carbon nonoxi de
bui | d-up.

In climtes where high efficiency furnaces may be
exposed to freezing tenperatures, provide heat in
t he furnace/ mechani cal roomto prevent freezing of
t he condensate.

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

Fl ue vent connections rmust be furnished as indicated. Provide a] draft
regul ator of the baronetric-type for oil-fired draft control][ draft hood
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for atnospheric gas-fired draft control]. Flue vent connections,

i ncluding pipe and fittings, nmust conformto NFPA 211 and nust be

gal vani zed sheet steel having a nomi nal thickness not |ess than that

requi red by NFPA 211. The wei ght of zinc-coating nmust not be |ess than

1. 25 ounces per square foot commercial. |If the standard flue connection
on the furnace is other than the size specified for the furnace pipe,
provide a suitable adapter. Provide suitable cleanouts to permt cleaning
of the entire flue connection without dismantling.[ Provide a resilient
mount induced draft fan with an integral sail switch to sense flow, in the
exhaust system ][ Provide double-wall metal chimeys.]

A 9 nmm 0.3125 inch dianmeter hole nmust be provided in the vent stack not
greater than 150 nmr 6 inches fromthe furnace flue outlet for sanpling of
the exit gases. A nethod rmust be provided to seal the hole to prevent
exhaust gases fromentering the indoor space when sanples are not being
taken. Each exhaust stack nust be provided conplete with bird screen and
rai n hood.

2.6.1 Gas-Fired Units

Vent piping nmust be in accordance with UL 441,[ Type B][ Type BW. Vent
must conformto NFPA 211 and NFPA 54. Plastic materials polyetherimde
(PEl') and pol yethersul fone (PES) are unacceptable for vent piping of
conbusti on gases.

2.6.2 Ol-Fired Units

Vent piping nmust be in accordance with UL 641, Type L. Vent nust conform
to NFPA 211. Plastic materials polyetherimde (PEI) and pol yet hersul f one
(PES) are unacceptable for vent piping of conbustion gases.

2.6.3 Vents for Hi gh Efficiency Furnaces

EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O
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 | ow exhaust air tenperature.
Precauti ons shoul d be taken due to the acidic
condition 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 nmounted on
the roof or exterior wall with proper separation
The vents shoul d be extended above the typical snow
I evel . Vents should be |ocated in such a manner as
to prevent vandalismand to prevent discharge of the
condensat e across the wal kways.

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

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

i nt ake and exhaust vents must be sized and | ocated as indicated on the
drawi ngs and as reconmended by the furnace nmanufacturer. A separate
conbustion air intake vent and exhaust must be provided for each furnace.
Pl astic materials polyetherimde (PElI) and pol yethersul fone (PES) are
unacceptabl e for vent piping of conbustion gases.
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2.

.6.3.1 Conbustion Air |Intake Vent

The conbustion air intake piping must be constructed of Schedule 40 PVC in
accordance with ASTM D1784. The vent nust be suitable for the tenperature
at the furnace conbustion air intake connection point. Each intake nust
be provided conplete with bird screen[ and rain hood].

.6.3.2 Exhaust Vent

The exhaust vent piping nust be constructed of Schedule 40 CPVC or

stainl ess steel in accordance with UL 1738 and the furnace manufacturer's
reconmendati ons. The exhaust vent nust be suitable for the nmaxi mum
antici pated furnace exhaust tenperature and nmust wi thstand the corrosive
effects of the condensate.

.6.4 Automatic Vent Danpers

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

NOTE: Delete this paragraph if high efficiency
furnaces are specified.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

Automatic vent danpers must be provided in the vents of all gas burning
equi pnment that uses indoor air for combustion. Vent danmpers nust conform
to ANSI Z21.66/CGA 6. 14.

.6.5 Condensate Neutralization Kit

Fact ory-suppl i ed condensate trap[ with condensate trip sensor], high
capacity condensate receiver prefilled with appropriate nedi um

T CONTRCLS

7.1 Ther nost at

Provi de wall nounted, |ow voltage type conformng to NEVMA DC 3 with an
operating range from 12 to 32 degrees C 55 to 90 degrees F. Housing nust
have [conceal ed setpoint dials][, covers with allen head screws]|[,
aspirator type wall box with flushplate and | ocking screws][, built-in
conceal ed thernoneters][, exposed adjustment covers with visible
thernoneters].[ Provide clear, |ockable with key thernmpstat cover.] The
nounting plate or base nust be nade of thermal insulating material or nust
support the thermal elenment not less than 6 M 1/4 inch fromthe wall

The control unit of the thernpbstat nust consist of a tenperature sensing
el ement, control switch, and anticipating heater. The control sw tch mnust
be a hernetically-sealed switch. Thernmostat nust have provisions for
calibrating the unit to the accuracy specified in NEMA DC 3. The design
nmust preclude calibration adjustnment with ordinary tools, such as
screwdriver or pliers. Unless otherw se specified, a system sel ector
switch having "heat" and "off" positions, and a fan sel ector sw tch having
"auto" and "on" positions must be provided integral to or nounted on a
sub- base of the thernmpbstat. Mercury nust not be allowed in swi tches and

t her nonet er s.

7.2 Car bon Monoxi de Detection

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: The designer should refer to UFC 3-600-01 FIRE
PROTECTI ON ENG NEERI NG FOR FACI LI TI ES for carbon
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nonoxi de detection requirenents

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

Provi de Carbon Mnoxi de Detector(s) and nonitoring systemfor al
install ations.

Car bon nonoxi de detection systens nust conformto Sections 28 31 60

| NTERI OR FI RE ALARM SYSTEM NON- ADDRESSABLE, 28 31 66 | NTERI OR FI RE ALARM
AND MASS NOTI FI CATI ON SYSTEM NON- ADDRESSABLE, 28 31 70 | NTERI OR FI RE
ALARM SYSTEM ADDRESSABLE, and 28 31 76 | NTERI OR FI RE ALARM AND NMASS
NOTI FI CATI ON SYSTEM ADDRESSABLE

[2.7.3 OPTI ONAL CONTROLS

On units with input capacities over 117 kW 400, 000 Btu/ hr,
[electronic][electrical] controls may be provided for regul ation of
tenmperature and operation of power operators.

12.7. 4 Cybersecurity

Control systems must conformto Section 25 05 11 CYBERSECURI TY FOR
FAC!I LI TY- RELATED CONTROL SYSTEMS

2.8 SELF CONTAI NED FURNACES

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

NOTE: Indicate on the drawings the unit's therm
out put required, the nom nal air tenperature rise
required, the calculated air flowrate, the unit's
pressure requirenments, the unit's air discharge
(i.e. upflow downflow, or horizontal), etc. These
units generally range in size from 11.7 kWup to
35.1 kW 40 MBtuh up to 120 MBtuh.

Dual fuel (oil & gas) fired equiprment is only
avai l able for large units (131.9 kW 450 MBtuh and
larger). Factory Mutual (FM is the governing
standard for these units.

VWhen using fuel burning appliances, ensure safety
requi renents in UFC 3-600-01 and | MC (as adopted by
UFC 3-410-01) have been provided to nonitor and

al arm any carbon nonoxi de build up inside any spaces.

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

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Al um ni zed steel heat exchangers wll be
satisfactory in nost applications. Onmt the
alumni zed steel if the project is in a Corrosion
Prone Location. Refer to UFC 1-200-01 for
definition of Corrosion Prone Locations.

Carefully consider the selected casing construction
based on material availability and installed

| ocation (indoor, outdoor, or outdoor corrosion
prone). Refer to UFC 1-200-01 for definition of
Corrosion Prone Locations.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S
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Provi de manufacturer's standard, self-contained, indirect, [oil][ and
][gas]-fired, forced-air, furnaces conformng to[ UL 727]]

ANSI 721.47/ CSA 2.3]. Furnace and furnace conponents must be conpletely
factory-assenbl ed and nust consist of a[n] [alum nized][stainless] stee
heat exchanger; burner; centrifugal blower, a sheet netal cabinet-type
casing with provisions for duct, vibration isolators, and all required
operating, limt, and safety controls. Furnace casing nust be [gal vani zed
sheet steel with factory painting as specified in paragraph FACTORY
PAINTING [ or J[corrosion-resisting sheet steel conform ng to ASTM Al67,
type 316][ or J[alum numw th factory painting as specified in paragraph
FACTORY PAINTING. Dissimlar materials nust be separated by appropriate
neans to avoid creation of galvanic cells. Furnace casing nust be factory
i nsul ated and be conpatible with the operating tenperatures. Furnace nust
be provided with renovabl e service panels which all ow access to al

i nternal components requiring cleaning, servicing, or adjustnment. Provide
a 24 volt control transformers, high tenperature linit, and fan tine del ay
rel ay.

Provi de [upflow, high-boy ][upflow, |ow boy ][downflow ][horizontal flow
][ duct mounted ]style designed to supply heated air through a duct
system [ Provide cooling evaporator coil module with cabinet suitable for
use with furnace.]

8.1 Gas-Fired Unit

R I R Sk R I S I R S I I
NOTE: High efficiency type units will be specified
unl ess the conventional type units are calculated to
be more life cycle cost effective.

For conventional type furnace with a capacity |ess
than 65.9 kW 225 MBtuh require a m ni num AFUE of 78
percent. FEMP requires gas-fired warmair furnaces
with a capacity greater than 65.9 kW 225 MBtuh have
a mnimmthermal efficiency of 80 percent at the
nmaxi mum r at ed capacity.

For residential applications, Energy Star requires
warm air furnaces with capacity less than 65.9 kW
225 MBtuh have a m ni mum AFUE of 90 percent for US
Sout h applications, and a m ni num AFUE of 95 percent
for US North applications. Refer to Energy Star
"Furnaces Key Product Criteria" for identification
of US North and US South applications.

The first cost of a high efficiency, condensing type
furnace is approximately 60 to 75 percent higher
than the first cost of a conventional type furnace.

NOTE: Dual fuel (oil and gas) fired equipnment is

only available for large units(131.9 kW 450 MBtuh

and | arger). Factory Mutual (FM is the governing
standard for these units.

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

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

NOTE: Use bot h subparagraphs if conbi nati on gas- oi
burni ng equi pnent is to be specified.
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When using roomdirect intake systens, confirm
requi renents in UFC 3-410-01, NFPA 54, and NFPA 58
have been included in the nechani cal roomdesign to
ensure that positive pressure has been provided in
t he nmechani cal roomto ensure proper burner
performance and prevent carbon nonoxide buil d-up

In climtes where high efficiency furnaces may be
exposed to freezing tenperatures, provide heat in
t he furnace/ mechani cal roomto prevent freezing of
t he condensat e.

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

Gas-fired furnace nust be the [conventional ][high efficiency, condensing
Jtype in accordance with ANSI Z721.47/CSA 2.3. Furnace design nmust be
certified by the AMERI CAN GAS ASSQOCI ATI ON LABORATORI ES (AGA). Furnace
must have a mnimumcertified Annual Fuel Uilization Efficiency (AFUE) of

[ ] percent . Furnace nust be suitable for burning [natural ][propane
]Jgas ([ ] kJ per cubic nmeter Btu's per cubic foot), [conbination
[natural ][propane ]Jgas (] ] kJ per cubic neter Btu's per cubic foot

)]1[ and [light oil (Gade 2)]].[ Provide Energy Star |abel ed equi prent
for high efficiency furnaces installed in residential applications (input
| ess than 65.9 kW 225 MBtuh). Provide proof of Energy Star |abel for
residential gas fired furnace product.]

8.2 Ol-Fired Unit

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Furnace with a capacity less than 65.9 kW 225
MBt uh require a mni num AFUE of 78 percent. FEMP
requires oil-fired warmair furnaces with a capacity
greater than 65.9 kW 225 MBtuh have a m ni num
thermal efficiency of 81 percent at the maxi mum
rated capacity.

For residential applications, Energy Star requires
oil-fired warmair furnaces with capacity |ess than
65.9 kW 225 MBtuh have a m ni num AFUE of 85 percent.

NOTE: Dual fuel (oil and gas) fired equipment is
only available for large units (131.9 kW 450 MBtuh
and larger). Factory Mutual (FM is the governing
standard for these units.

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

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Use bot h subparagraphs if conbination gas- oi
burni ng equi pnent is to be specified.

When using roomdirect intake systens, confirm
requi renents in UFC 3-410-01 and NFPA 31 have been
i ncluded in the nmechani cal room design to ensure
that positive pressure has been provided in the
nmechani cal roomto ensure proper burner performance
and prevent carbon nonoxi de buil d-up

In climtes where high efficiency furnaces may be

exposed to freezing tenperatures, provide heat in
t he furnace/ mechani cal roomto prevent freezing of
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2.

t he condensat e.

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

Gl-fired furnace nust be in accordance with UL 727 and have a m ni mum

certified Annual Fuel Utilization Efficiency (AFUE) of [ ] percent.
Equi pnent nust be suitable for burning [[No. 2][No. 4] oil][,
][ conbination [natural ][propane ] gas (] ] kJ per cubic neter Btu's

per cubic foot) [and [No. 2][No. 4] oil]].[ Provide Energy Star | abeled
equi prent for high efficiency furnaces installed in residential
applications (input [ess than 65.9 kW225 MBtuh). Provide proof of
Energy Star |abel for residential oil-fired furnace product.]

9 HUM DI FI ERS

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Del ete inapplicable paragraphs. Verify steam
availability if steamhumidifiers are specified.
Recircul ating or reservoir type will not used

wi t hout automatic bl eed where the supply water has a
m neral content greater than 4 grans per liter 0.53
ounces per gallon. Capacity nmust be computed as
recommended by ARl 640 assumi ng average buil di ng
construction and single glass wi ndows are used in

cal cul ati ons.

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

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Steam generators for humidifiers should be

| ocated indoors to the greatest extent possible to

nm nimze corrosion and the need to protect the steam
generator from freezing conditions. Were steam
generators are | ocated outdoors, edit the
specification to enhance the weat her- and

corrosion-resi stance of the casing.
EE IR I Sk S S I S S S I O R R R Rk S S Sk S O R R S Ik S I S R R Sk I O

9.1 St eam Spray Type

Steam spray humidifiers nmust be AHRI 640 rated, ARl | abel ed, and mnust
inject steamdirectly into the [surrounding air][ or J[air strean] as
indicated.[ Single grid humdifiers must consist of a stainless stee
distribution grid with pipe connection on one end and cap on the ot her
end. Automatic steam control valves and condensate traps nust be
field-installed.][ Enclosed grid nmust be housed in a copper enclosure
with a build-in condensate drain connection. Exposed grid rmust be wick
wr apped. ][ Package type steam spray hum difiers must be equipped to trap
out and to re-evaporate condensate and to supply dry steamto a single
distribution grid. Gid nust be steamjacketed and condensat e drai ned.
Unit nust trap excess condensate to return system Package type steam
spray hum difiers nust have nodul ating electric, electronic, or pneumatic
steam control valve, as indicated.] Unit nust have internal drain water
tenmpering to 60 degrees C 140 degrees F. Steam spray hunidifiers nust be
rated for hum difying capacity in pounds of steam per hour and at steam
pressure as indicated.
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NOTE: Humidifiers specified in this paragraph are
avail able with capacities up to 21 gallons per 24
hours. Were larger capacities are required,
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hum difiers as specified in Section 23 30 00 HVAC
Al R DI STRI BUTI ON shoul d be used and this rewitten
to refer thereto. Recirculating or reservoir type
must not be used with automatic bl eed where the
supply water has a high mneral content greater than
4 granms per liter 0.53 ounces per gallon. Capacity
nust be conputed as recommended by ARl 640 assumi ng
average building construction and single glass

wi ndows are used in cal cul ati ons.
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9.2 Steam Di ffuser Type

Diffuser units nust 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 Hunidifiers my be installed on single or
multiple units. Al materials nust be[ noncorrosive materials][ Type 300
stainless steel].

[2.9.3 U trasonic Type
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NOTE: U tra sonic type hunidifiers should only be
use water with total dissolved solids |evel of |ess
than 5 ng/L 5 ppm in order to mnimze particul ate
matter. In general reverse osnpbsis or deionized

water will be required
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Hum di fiers nust be AHRI 640 rated and ARl | abel ed and be of the
ultrasonic type pernitted herein, and of the manufacturer's standard
catal og product. The ultrasonic type nust introduce noisture into the air
streamin the formof 1 micron water droplets. The ultrasonic unit rmnust
be installed in the ductwork. The hum difiers nust consune |ess than 33
watts per |b/hr 100 btu per |b/hr of water introduced to the air stream
Water with a total dissolved solids level of less than 5 ng/L 5 ppn nust
be supplied to the hum difier. The piezoelectric transducers nust be
capabl e of a mi ninum of 10,000 hours of continuous operation. Provide a
manual on-off switch [remptely located][ or ]J[integral with the

hum difier]. Unit nmust have an internal solenoid valve for drain comrand
fromthe internal controller and nmust automatically drain if the

hum difier is idle for 72 hours. Hum difier nmust be designed for easy

mai nt enance and must not require renoving or di sconnecting sheet netal

duct work for ordinary cleaning and service procedure. Hum distat nust be
furni shed by the hum difier manufacturer and nust be factory calibrated in
percent relative humdity.

12.9.4 El ectrode Steam Humi difier

Provi de steam el ectrode hunidifiers to generate steam from potable water.
Unit nust utilize an el ectrode steamcylinder. The cylinder nust be

repl aceabl e assenbly that conplies with UL 499. Unit cabinet nust be
sheet netal enclosure wi th baked enanel finish and nust be hinged or
feature a renpvabl e access door. The cabinet nust feature integra
control panel. Unit nust have internal drain water tenpering to 60
degrees C 140 degrees F and a drain punp systemconplete with integra
punp di scharge check valve, integral float switch, reservoir, and punp
notor assenbly. Provide unit with supply donestic water backfl ow
preventer.
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.9.4.1 Unit Mounted Distribution Manifold

Provide unit nounted manifold with integral fan to discharge vapor
directly into occupi ed space.

.9.4.2 Renmot e Mount Bl ower Pack

Provi de renote nount bl ower pack with integral fan to di scharge vapor
directly into occupi ed space. Steam must be constructed of 316 stainless
steel. The steamline nmust have a constant slope (m nimum upsl ope of 10
degrees or m ni num downsl ope of 2 degrees), and have no restrictions in
the line.

.9.5 Gas Fired Steam Hum difier

Provi de natural gas-fired hum difier to generate steam from potabl e
water. Unit cabinet nmust be sheet netal enclosure with baked enanel

finish and nust be hinged or feature a renovabl e access door. |Insul ated
hum difier tank nmust ensure safe surface tenperature. The cabinet nust
feature integral control panel. Unit nust feature at Category |V seal ed

conbusti on condensi ng appliance featuring a stainless steel conbustion
chanber/ heat exchanger. The burner nust be capable of no less than 5:1
nodul ation with an overall efficiency of 90 percent. Humidifier is to
feature variable speed bl ower, nodul ati ng gas val ve, precision water fill
and is to have internal safeties. Unit nust have internal drain water
tenmpering to 60 degrees C 140 degrees F[ and a drain punp system conpl ete
with integral punp discharge check valve, integral float swtch,
reservoir, and punp notor assenbly]. Provide unit with supply donestic
wat er backfl ow preventer.

.9.5.1 Duct Munted Manifol d

Provi de renote duct nmounted stainless steel humdifier manifold.
Distributor nmust be sized to have a nmaxi mum absorption | ength of ten

feet. Provide type 316 stainless steel tubing and fittings for steam and
st eam condensat e i n accordance ASTM A269/ A269N. Pi pe nmust be suitable for
150 percent of humidifier steam pressure and tenperature. Pipe insulation
must be in accordance with Section 23 07 00 THERVAL | NSULATI ON FOR
MECHANI CAL SYSTEMS. Installation of steam and steam condensate between
hum di fier and manifold in accordance with manufacturer's requirenents.

Unit installation and venting nmust conply with NFPA 54. Intake air and
flue vent nust be per paragraph VENT CONNECTI ONS and nust be stainless
steel. Intake and flue nust be installed per humdifier manufacturers

recomrendat i ons.

.9.6 Qper ation

Hum di fier nmust be controlled by a manual |y adj ustable hum distat[ |ocated
i n occupi ed spaces][ with sensing bulb in[ return][ supply]]. Humdifier
nmust operate when the furnace operates.

10 DUCT FURNACE
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NOTE: Al umi ni zed steel heat exchangers will be
satisfactory in nost applications. Onmt the
alumni zed steel if the project is in a Corrosion
Prone Location. Refer to UFC 1-200-01 for
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definition of Corrosion Prone Locations.
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Duct furnace nust be in accordance with ANSI Z783.8/ CSA 2.6. Furnace mnust
be [power][gravity]-vented type. Furnace nmust have automatic ignition
Furnace nust enpl oy netered conmbustion air with enclosed draft diverter
(no open flue collar). Furnace heat exchangers nust be [al unini zed
steel][ or ][stainless steel]. Furnace nust have m ni num steady state
thermal efficiency of 80 percent at maxi numrated capacity and 75 percent
at mininumrated capacity that is provided and all owed by the controls.
Furnace nmust be provided with a [space][di scharge air] thernmostat which
controls the unit's burner

2.11 [ HEATI NG AND VENTI LATI NG UNI TS] [ HEATI NG ONLY MAKEUP Al R UNI TS]

Units must be equi pped for and adjusted to burn [natural]J[liquified

petrol eunf[dual fuel natural/liquified petroleun] gas. Each heater mnust
be provided with a gas pressure regulator that will satisfactorily limt
the main gas burner supply pressure. Heaters nmust have an internittent or
interrupted electrically ignited pilot or a direct electric ignition
system Safety controls must conformto the ANSI standard specified for
each heater. Munting brackets and hardware must be furni shed by the
heat er manufacturer and nmust be factory finished to match the supported
equi pnent .
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NOTE: Sel ect paragraph bel ow for Heating and
Ventilation Unit or Heating Only Makeup Air Unit
with heating coil. Coordinate with paragraph Coils.
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[ Provide [single-zone drawthrough type][ or ][single-zone bl owthrough
type][ or Junits as indicated. Units must include fan(s), coils, airtight
i nsul ated casing,[ prefilters,][ secondary filter sections,][ and]]

di ffuser sections where indicated,][ air blender,][ adjustable V-belt
drives, belt guards for externally nounted notors,][ directly driven
notors,] access sections where indicated,[ mxing box,][ conbination
sectional filter-mxing box,][ [pan][drystean[spray type] hum difier,]

vi bration-isol ators, and appurtenances required for specified operation .
Provide vibration isolators as indicated. Physical dinensions of each air
handl i ng unit nust be suitable to fit space allotted to the unit with the
capacity indicated. Provide unit that is rated in accordance with AHR 430.

1]2.11.1 [Direct Fired Heating and Ventilating Units][Heating Only Makeup
Air Units]

Units nmust be in accordance with ANSI 783.4/CSA 3.7. Direct fired

[ heating and ventilating units][heating only nmakeup air units] use outdoor
air[ and return air] directly ducted to the heater. The products of
conbustion generated by the heater are released into the air stream being
heated. Heaters nmust be equipped with[ notorized [inlet][, return][ and
]J[outlet]][ backdraft] danpers,[ discharge air diffuser,][ duct collar,]]
air filters,][ mxing box][ and][ bird screen]. Gas control valve nust be
[single-stage][two stage][nodul ating] type. Maxinumair tenperature rise
during mnimum burner fire nmust be 2 degrees C 5 degrees F. Fan nust be

[ singl e-speed][two speed, with | ow speed approxi mately two-thirds of high
speed][vari able speed]. Modtorized [inlet][ and ]J[outlet] danpers nust be
cl osed when the unit is shut down. Danpers must be interlocked to prevent
burner operation when danmpers are closed. Heaters nmust be provided with a
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[ space] [di scharge air] thernostat, a lowlimt air streamthernostat, and
an anbient air thernmostat. The [space][discharge air] thernopstat nust
control the gas control valve. The lowlimt air streamthernostat nust
shut down the entire unit if the discharge air tenperature drops bel ow the
[ space] [di scharge] thernpstat setting. The anbient air thernpstat nust
shut down the burner if the outdoor air exceeds the [discharge][space]

t hernostat setting.

11.2 Indirect Fired [Heating and Ventilating Units][Heating Only Makeup
r Units]

Units nmust be in accordance with ANSI and CSA Standards. Indirect fired
[heating and ventilating units][heating only nmakeup air units] use heat
exchanger to isolate products of conbustion generated by the heaters from
the air stream being heated. Heaters nmust be equi pped with[ notorized
[inlet,] [return,][ and ]J[outlet]] [backdraft] danpers,[ discharge air

di ffuser,][ duct collar,][ air filters,][m xing box,][ and][ bird
screen]. Gas control valve nust be [single-stage][two stage][ nodul ati ng]
type. Maxinmumair tenperature rise during mnimmburner fire nust be 2
degrees C 5 degrees F. Fan nust be [single-speed][two speed, with | ow
speed approximately two-thirds of high speed][variable speed]. Mdtorized
[inlet][ and ]J[outlet] danpers nust be closed when the unit is shut down.
Danpers must be interlocked to prevent burner operation when danpers are
closed. Heaters nust be provided with a [space][discharge air]
thernostat, a lowlinmt air streamthernostat, and an anmbient air
thernostat. The [space][discharge air] thernostat nust control the gas
control valve. The lowlimt air streamthernostat must shut down the
entire unit if the discharge air tenperature drops bel ow the

[ space] [di scharge] thernpstat setting. The anbient air thernpstat nust
shut down the burner if the outdoor air exceeds the [discharge][space]

t hernostat setting.

11.3 Coils
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NOTE: Research local conditions to determ ne the

ef fect of corrosive atnosphere on dissinilar

netals. Were coils are to be installed in
corrosion-prone | ocations, as defined in UFC
1-200-01, and locations with air-pollution or water
qual ity causing corrosion issues, choose coated
coils and fins listed in a, b, and c, and materials
and thickness providing the best |ife-cycle-cost for
the best corrosion resistance in these |ocations.

For existing installations within ESC C3, 4, and C5
| ocations, where installation space is |imted and
coatings cannot be used, choose the nore robust
material items d or e. Coatings tend to require
nore space as the coating limts the maxi num face
vel ocities across the coils which plausibly results
in a larger unit size. In other |ocations, specify
coil and fin conbinations based on past experience
with the suitability of these materials in dealing
with the | ocal conditions.

a. Copper coil and alum num fins, coated.

b. Copper coil and copper fins, coated.
c. Alum numcoil and alum num fins, coated.
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d. Alum numcoil and al um num fins, uncoated.
e. Copper coil and copper fins, uncoated.

Provi de either phenolic, vinyl or

epoxy/ el ectrodeposition coating. For coils with
relatively close fin spacing, the phenolic or
epoxy/ el ectrodeposition coating is preferred, as

t hese have | ess tendency to bridge across the fins
than vinyl, better thermal conductivity than vinyl

and in many conditions weathers better than vinyl.
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Provi de fin-and-tube type coils constructed of seam ess [copper][red
brass] tubes and [alum num [ or ][copper] fins nechanically bonded or

sol dered to the tubes.[ Provide copper tube wall thickness that is a

m ni mum of [0.406][0.508][0.6096] nm [0.016][0.020][0.024] inches.][
Provide red brass tube wall thickness that is a mininumof [0.89][1.24] mr
[0.035] [0.049] inches.][ Provide alumnumfins that are [0.14][0.19] nmv
[0.0055][0.0075] inch mininumthickness.][ Provide copper fins that are
0.114 mr 0.0045 inch mninumthickness.] Provide casing and tube support
sheets that are not lighter than 1.6 mr 16 gauge gal vani zed steel, fornmed
to provide structural strength. Wen required, provide nmultiple tube
supports to prevent tube sag. Mount coils for counterflow service. Rate
and certify coils to neet the requirements of AHRI 410.[ Provide factory
appl i ed phenolic, vinyl, or epoxy/electrodeposition coating uniformy
applied to all coil surfaces without material bridging between fins.
Provi de conplete coil encapsulation and a uniformdry filmthickness of
0.8 - 1.2 mls on all surface areas including fin edges. Coating mnust
have a corrosion durability through testing of no | ess than 5000 hours
salt spray per ASTM B117.]

.11.3.1 Water Coils

Install water coils with a pitch of not Iess than 10 nm i 1/8 inch/foot of
the tube Iength toward the drain end. Use headers constructed of cast
iron, welded steel or copper. Furnish each coil with a plugged vent and
drain connection extending through the unit casing. Provide renovable
water coils with drain pans. Pressure test coils in accordance with

UL 1995.

.11.3.2 St eam Heating Coils

Construct steamcoils fromcast semi steel, welded steel or copper headers,
and [red brass][copper] tubes. Construct headers fromcast iron, wel ded
steel or copper. Provide fin tube and header section that float within
the casing to allow free expansion of tubing for coils subject to high
pressure steam service. Provide each coil with a field or factory
install ed vacuum breaker. Provide single-tube type coils with tubes not
less than 13 nmr 1/2 inch outside dianeter, except for steam preheat coils.
Provi de supply headers that distribute steamevenly to all tubes at the

i ndi cated steam pressure. Factory test coils to ensure that, when
supplied with a uniformface velocity, tenmperature across the |eaving side
is uniformw th a maxi mum variation of no nore than 5 percent. Pressure
test coils in accordance with UL 1995.

.11.3.3 El ectric Heating Coi
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NOTE: Use this paragraph for Navy projects only.
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Provide an electric duct heater coil in accordance with UL 1995 and NFPA 70.
Provi de duct- or unit-mounted coil. Provide [nickel chrom umresistor
single stage, strip][nickel chromumresistor, single stage, strip or
stainless steel, fin tubular] type coil. Provide coil with a built-in or
surface-mounted high-linmt thernostat interlocked electrically so that the
coil cannot be energized unless the fan is energi zed. Provide gal vani zed
steel or alum numcoil casing and support brackets. Munt coil to

el im nate noi se from expansion and contraction and for conplete
accessibility for service.

.11.4 Unit Casing
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NOTE: Carefully consider the selected casing
construction based on material availability and
installed l|ocation (indoor, outdoor, or outdoor
corrosion prone). Refer to UFC 1-200-01 for
definition of Corrosion Prone Locations.
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Casing nust be insulated [single][double] wall panels constructed of

m ni mum 18- gage [gal vani zed sheet steel with factory painting as specified
i n paragraph FACTORY PAINTING|[ or J[corrosion-resisting sheet stee
conforming to ASTM A167, type 316][ or ]J[alumnumw th factory painting as
specified in paragraph FACTORY PAINTING . Reinforce casing with [angles][a
formed structural netal frane] and provided with easily renmovabl e panel s

| ocated for access to all parts of the equi pnent. Ensure that the casing
and insulation are designed to lint noise and vibration wthin acceptable
| evel s. Qutdoor heaters must be weatherized. Dissimlar materials nust
be separated by appropriate neans to avoid creation of galvanic cells.

.11.5 Fans

Fan must be [centrifugal][airfoil][backward curve][m xed flow [ pl enunj
type. Statically and dynamically balance fan and notor. Fan ratings are
to be determ ned in accordance with AMCA 210. Mdtor nust be heavy-duty,
permanently lubricated type with [belt-drive][direct-drive]. Provide fan
assenbly with internal vibration isolation

.12 FACTORY PAI NTI NG

Equi pnrent painting nust be factory or shop applied, and nmust be as
speci fied herein, and provided under each individual section

12,1 Factory Painting of |ndoor Equi prent

I ndoor Equi pnent nust be coated with a nmanufacturer's factory-applied
finish that nmeets the foll owi ng requirenents:

a. The finish system designed for the equi pmrent nust have been tested in
accordance with Federal Test Method Standard No. 141 (Method 6061) and
passed the 125-hour salt-spray fog test of that standard. The film
t hi ckness of the factory painting systemapplied on the equi pnent nust
not be less than the filmthickness used on the successful test
speci mens.

b. If manufacturer's standard factory painting systemis being proposed
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for use on surfaces subject to working tenperatures above 50 degrees C
120 degrees F, the factory painting system nmust be designed for
service at the finished surface's working tenperature and nust neet
the test requirenents specified above for Federal Test Method Standard
No. 141 when the finished surface tenperature is at the service
wor ki ng tenperature.
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NOTE: Select the first set of brackets for outdoor
equi prent in | ocations that do not neet the
definition of Corrosion Prone Locations as defined
in UFC 1-200-01. Select the second set of brackets
for outdoor equi pnent in Corrosion Prone Locations
as defined in UFC 1-200-01. Wen using the
Corrosion Prone Location paragraph also edit Section
09 90 00 PAINTS AND COATI NGS, Part 3, "MPl Division
5: Exterior Metal, Ferrous And Non-Ferrous Paint
Tabl e" to include Division 23 and include the
appropriate netallic surfaces included in this
specification (gal vani zed steel or alum num.
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[2.12.2 Factory Painting of Qutdoor Equi pnent

Qut door equi pnment nust be coated with a manufacturer's factory-applied
finish that nmeets the foll owi ng requirenents:

a.

The finish system designed for the equi pnent nust have been tested in
accordance with Federal Test Method Standard No. 141 (Method 6061) and
passed the 500-hour salt-spray fog test of that standard. The film

t hi ckness of the factory painting systemapplied on the equi pnent nust
not be less than the filmthickness used on the successful test

speci mens.

I f manufacturer's standard factory painting systemis being proposed
for use on surfaces subject to working tenperatures above 50 degrees C
120 degrees F, the factory painting system nmust be designed for
service at the finished surface's working tenmperature and nust neet
the test requirenents specified above for Federal Test Method Standard
No. 141 when the finished surface tenperature is at the service

wor ki ng t enperature.

1[2.12.3 Factory Painting of Exterior Equi pnent in Corrosion Prone
Locati ons

a.

Gal vani zed Steel: Provide three-part coating system Epoxy Priner /
WAt er borne Light Industrial Coating as specified in Section 09 90 00
PAI NTS AND COATI NGS.

Type 316 or Duplex Stainless Steel: No requirenment for factory
pai nti ng.

Al umi num Provide either coating or anodi zed finish that neets the
foll owi ng requirenents:

(1) Coating Provide three-part coating system Waterborne Light

I ndustrial Coating as specified in Section 09 90 00 PAINTS AND
COATI NGS.
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(2) Anodi zed finish: Cean exposed al um num surfaces and provide an
anodi zed finish conform ng to AA DAF45 and AAVA 611. Finish nust
be Architectural Cass I (0.0175 mm 0.7 m | or thicker),
desi gnati on AA- MLO- C22-[ A41, clear (natural)][A42, integra
color][A44, electrolytically deposited color] anodized.

12.12. 4 Shop Applied Painting of Equi pnent

Shop applied painting nust nmeet same requirenments as factory painting.
Field retouch only if approved by the Contracting Oficer. Qherw se,
return equi pment to the factory for refinishing.

PART 3 EXECUTI ON
3.1 EXAM NATI ON

After becoming famliar with all details of the work, verify al
di mrensions in the field, and advise the Contracting Oficer of any
di screpancy before perform ng the work

3.2 | NSTALLATI ON
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NOTE: Reference NFPA 31 for oil-fired units.
Ref erence NFPA 54 for gas-fired units. Reference
NFPA 58 for liquid petroleumgas-fired units.
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The warm air heating systeminstallation nmust be in accordance with the
manufacturer's witten instructions and be in conpliance with the
requirenents contained in ICC IBC, ICCIM, |CCIPC, NFPA 90A or NFPA 90B,

and[ NFPA 31][ NFPA 54][ NFPA 58].

Conbustion air supply and ventilation nust be in accordance with[ NFPA 31
][ NFPA 54][ NFPA 58]. Systens and equi prment i ncl ude:

a. Self-contained furnaces - Installation |Instructions
[ b. Vent connections - Installation Instructions
][c. Controls - Installation Instructions
][d. Danpers - Installation Instructions
][e. Ar filters - Installation Instructions
][f. Humdifiers - Installation Instructions
][g. Duct Furnace - Installation Instructions
][h. Heating and Ventilating Units - Installation Instructions
][i. Heating Only Makeup Air Units - Installation Instructions

1[3.2.1 Sei sm ¢
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NOTE: Select first bracket for Navy projects.
Sel ect second bracket for all others and coordi nate
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any other required references with Section
23 05 48.19 [SEISM C] BRACI NG FOR HVAC.

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

[Provide vibration isolation, seisnmc bracing and sound data as specified
in Sections 22 05 48.00 20 MECHANI CAL SCUND, VI BRATION, AND SElI SM C
CONTROL and 23 05 48.19 [SEI SM C] BRACI NG FOR HVAC. ][ Provi de seismc
bracing as specified in Section 23 05 48.19 [ SEI SM C] BRACI NG FOR HVAC. ]

1[3.2.2 Anti-Terrorism
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NOTE: Review UFC 4-010-01 DoD M ni mum Antiterrorism
St andards For Buil dings and revise requirenents and

use to edit section bel ow.
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Provi de outdoor air intakes, relief air, and exhaust openings with | ow

| eakage danpers that are automatically closed when the enmergency air

di stribution shutoff switch is activated. Exterior wall penetrations for
out door air intakes nust be a mnimmof 3 neters 10 feet above grade.
Emergency air distribution shutoff switches nust clearly | abeled and

| ocated in an accessible location. Switch nmust be rmushroomtype
pushbutton with plastic clear cover.[ |If shutting down an exhaust system
will violate building or fire codes or create an unsafe condition, then

t he exhaust system nay continue to operate.]

Mount all overhead utilities and other fixtures weighing 14 kil ogranms 31
pounds or nore (excluding distributed systems such as piping networks that
collectively exceed that weight) using either rigid or flexible systens to
mnimze the likelihood that they will fall and injure building

occupants. Design all equi pnent nountings to resist forces of 0.5 tines

t he equi pnent weight in any horizontal direction and 1.5 tines the

equi prent wei ght in the downward direction. Requirenment nust does not
precl ude the need to design equi pment mountings for forces required by
other criteria such as seisnic standards.

13.2.3 Fur naces

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

manuf acturer, unless otherw se indicated on drawi ngs. Anchor bolts and
sl eeves must be set accurately using properly constructed tenpl ates.
Anchor bolts, when enbedded in concrete, must be provided with wel ded-on
pl ates on the head end and guarded agai nst damage until equipment is
installed. Equiprent bases nust be |evel ed, using jacks or steel wedges,
and when resting on concrete nust be neatly grouted-in with a
non-shrinking type of grout. Equiprment nust be |ocated as indicated and
in such a manner that working space is available for all necessary

servi cing, such as shaft renoval, replacing, or adjusting drives, notors,
or shaft seals, air filters, access to automatic controls, humdifiers,
and lubrication. Electrical isolation nmust be provided between dissimlar
netals for the purpose of nminimzing galvanic corrosion. The interior of
cabi nets or casings nust be cleaned before conpletion of installation
The furnace must be connected to the vent or chimmey with the specified
connectors, draft regulators, draft |oads, and induced draft fans, as
applicable, in accordance with NFPA 211
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3.

2.4 Automatic Vent Danpers

Automatic vent danpers must be installed in accordance with
ANSI Z21. 66/ CGA 6. 14.

.2.5 Hum di fiers

Hum difiers nmust be installed in accordance wi th nmanufacturer's
instructions and in an arrangenment that will permt access and ease of

mai nt enance. Provide water piping, drain, manual shut-off valve, and

sol enoi d val ves when required for type of humidifier furnished and instal
in accordance with the | CC | PC and paragraph SYSTEM DESCRI PTION. Drain
lines nmust be provided for hum difiers and nmust be piped to drains shown.
Hum difiers installed in a bypass arrangenent must be provided with an

i ntegral damper that can be conveniently operated to regulate or shut off
flow through the humdifier. To permt humidifier operation, a nmanua

ON- OFF switch nust be provided near the humidifier. The ONOFF switch may
be integral with the humdifier. Provide an access door in the ductwork
| ocated two feet downstream of the humidifier for verifying operation and
i nspecting the ductwork. Wen humidifier is installed in glass fiber
ductwor k, ductwork must be adequately reinforced to support the

hum difier.[ For reservoir or re-circulating type humdifier, the
autonmatic bl eed nmust be connected to the hum difier drain.]

.2.6 Access Panel s

Access panel s must be provided for conceal ed val ves, vents, controls,
danpers, and itenms requiring inspection or maintenance. Access panels
nust be of sufficient size and so | ocated that the concealed itens nay be
servi ced and mai ntained or conpletely renoved for replacenent. Access
panel s nust be as specified in[ Section 05 50 13 M SCELLANEOUS METAL
FABRI CATI ONS] [ Section 05 51 33 METAL LADDERS][ Section 05 52 00 METAL
RAI LI NGS] [ Section 05 51 00 METAL STAI RS].

2.7 Fl exi bl e Connectors

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

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

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

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

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

Pre-insul ated flexible connectors and flexible duct nmust 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, nust be of the type reconmended by the connector
or duct manufacturer and nust be provided at the intervals recommended.

. 2.8 Sl eeved and Franed Openi ngs

Space between the sleeved or framed opening and the duct or the duct
i nsul ati on must be packed as specified in Section 07 84 00 FI RESTOPPI NG
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for fire rated penetrations. For non-fire rated penetrations, the space
nmust be packed as specified in Section 07 92 00 JO NT SEALANTS.

3.2.9 Duct wor k

Duct wor k and accessories nust be in accordance with Section 23 30 00 HVAC
Al R DI STRI BUTI ON

3.2.10 Alr Filters

Air filters nmust be installed[ in heater casings][ in return air ducts at
furnaces][ in return air grilles]. Fans or blowers nust not be operated
until filters are installed. After conpletion of tests and before the
building is accepted by the Governnent, the Contractor nust[ provide a new
second set of replaceable filters, where utilized][ clean the permanent
type filters]. Performand docunent that proper |Indoor Air Quality During
Construction procedures have been followed; this includes providing
docunent ati on showi ng that after construction ends, and prior to
occupancy, [new filters were provided and installed][the permanent filters
were cl eaned].

3.2.11 Dust Control

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

3.2.12 I nsul ation

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

3.2.13 Duct Test Hol es
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NOTE: The | ocation of duct test holes will be shown
on the drawings. Locate holes so as to inplenment
the requirenents of Section 23 05 93 TESTI NG

ADJUSTI NG, AND BALANCI NG FOR HVAC.

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

Hol es with closures or threaded holes with plugs nust be provided in ducts
and pl enuns as indicated or where necessary for the use of pitot tube in
bal ancing the air system Extensions, conplete with cap or plug, nust be
provi ded where the ducts are insul ated.

3.2.14 Condensate Coll ection and Di sposa

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

NOTE: Coordi nate coll ecti on system arrangenent and
condensat e disposal nethod with installation
nmechani cal and installation environnental

Rk Ik kR IR R R Ok O e S O R AR Rk I R O o O R R R S O I S S S

For high efficient, condensing type units provide condensate collection
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system consi sting of p-traps, acid neutralizers,[ condensate punp,] and
corrosion resistant piping. Provide drains for heating unit and exhaust
vents. All condensate must be captured and appropriately treated prior to
entering sanitary systemor discharging to outdoors. |Install systemin
accordance manufacturer's installation instructions, |ICC IM and | CC | PC
requi renents. Provide piping as specified in Section 22 00 00 PLUMBI NG
GENERAL PURPCSE. Provide [dedicated collection system per heating
unit][conbined collection systemserving nmultiple heating units].

.2.15 Fuel -G | System

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

.2.16 Fuel - Gas Supply System

Fuel -gas supply system nust be installed in accordance with Section
23 11 20 FACILITY GAS PI PI NG

.3 FI ELD PAI NTI NG

Finish painting of items only prinmed at the factory or surfaces not
specifically noted otherw se, are specified in paragraph SYSTEM
DESCRI PTI ON

.4 CLEANI NG

Ducts, plenunms, and casings nust be thoroughly cleaned of all debris and
blown free of all small particles of rubbish and dust and then nust be
vacuum cl eaned before installing outlet faces. Equi pment nust be wi ped
clean, with all traces of oil, dust, dirt, or paint spots renpved.
Tenporary filters nmust be provided prior to startup of all fans that are
operated during construction, and new filters nust be installed after al
construction dirt has been renoved fromthe buil ding, the ducts, plenuns,
casings, and other itens specified have been vacuum cl eaned, and after
conpletion of all tests. Systemnust be naintained in this clean
condition until final acceptance. Bearings nust be properly lubricated
with oil or grease as recomended by the manufacturer. Belts nust be
tightened to proper tension. All equipnment requiring adjustment nust be
adjusted to setting indicated or directed. Fans nust be adjusted to the
speed indicated by the manufacturer to nmeet specified conditions.

.5 FI ELD QUALI TY CONTRCL

I nspect equi pnent when it is delivered to the job site. The right is
reserved to inspect any equi pnent at the plant of the manufacturer, during
or after manufacture. Inspect and repair all refractory after
installation and prior to startup. Continually inspect equiprment during
installation, after installation, and during the tests. Upon conpletion
and prior to acceptance, performtests and furnish all necessary equi pment
and materials required for the tests as specified herein to denpnstrate
that warmair heating systemis in conpliance with contract requirenents.
Make all tests under the direction of the[ Contracting Oficer]]
Contractor Quality Control representative]. Read all indicating
instruments no |less frequently than at hal f-hour intervals.

.6 TESTS

Upon conpl etion and prior to acceptance of the installation, furnish al
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equi pment, instrunents, materials, |abor, and supervision required for the
tests as specified. Submt proposed test procedures for ductwork |eak and
performance tests, at least 2 weeks prior to the start of related testing.

a. 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.

b. Defects disclosed by the tests nmust be rectified. Tests nmust be made
under the direction and subject to the approval of the Contracting
Oficer. Al indicating instrunments nust be read at 1/2-hour
intervals unless otherwi se directed by the Contracting Oficer
Submit proposed System Di agrans, at |east 2 weeks prior to start of
rel ated testing.

c. Systemdiagrans that show the |ayout of equi pnent and ductwork, and
typed condensed operation manual s expl ai ni ng preventative nai ntenance
procedures, nethods of checking the systemfor normal safe operation
and procedures for safely starting and stopping the system nust be
framed under glass or lam nated plastic. After approval, these itens
nmust be posted where directed.

d. Subnit test reports for the ductwork | eak test and the performance
tests in booklet form upon conpletion of testing. Reports nmnust
docunent phases of tests perfornmed including initial test summary,
repairs/adjustments made, and final test results.

3.7 TESTI NG, ADJUSTI NG, AND BALANCI NG

[ Testing, adjusting, and bal ancing requirenments are specified in Section
23 05 93 TESTI NG, ADJUSTI NG AND BALANCI NG FOR HVAC. Testing, adjusting,
and bal anci ng must begin only when the air supply and distribution
i ncluding controls, has been conpleted, with the exception of performance
tests.

][Performin accordance with SMACNA 1780, Chapter VII, "Air System TAB
Procedures,"” to achieve and confirm conpliance with draw ngs and
specifications; prepare conplete report of final test results.

13.7.1 Firing Tests

a. Test combustion controls and equi pnent with[ each] specified fuel at
100 percent rated |oad. Denonstrate satisfactory snoke-count nunbers
and combustion efficiency. Mintain firing for at |east 4 hours[, and
where hi gh-1 ow of f conbustion controls are provided, operate the
furnace for one hour at low fire and 3 hours at high fire]. During
tests, verify proper operation of controls. Adjust burners for
maxi mum ef fi ci ency using Orsat or sinilar apparatus.

b. Record tenperature rises across heat exchangers.

c. Mnimumrequirenments for satisfactory conbustion efficiency nust be
[10.0 percent carbon dioxide for oil burners][ and ][8.5 percent
carbon di oxide for gas burners].[ Mnimmtenperatures of flue gas at
the stack rmust be 38 degrees C 100 degrees F above the flue-gas dew
points.] The observed smoke at all firing rates during the prescribed
tests nust not exceed that indicated by a nunmber 2 spot for the
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burners firing a distillate fuel or gas and a nunber 4 spot for
burners firing a residual type fuel on the Shell-Bacharach scal e.

[3.7.2 Operating Test

Performthe followi ng operating tests to denonstrate satisfactory
[furnace][ and ]J[hunmidifier] operation. Check burner safety controls by
simulating flane failure in accordance with the nanufacturer's
instructions. Operate furnace for a period sufficient to make the

foll owi ng observations and record the follow ng data but in no case |ess
than one hour. These tests may be run concurrent with fire tests
specified below to the extent practical. Denonstrate satisfactory
operation of all heat-regulating controls and safety controls.[ GObserve
the hum difier for satisfactory operation and check hum difier drain to

i nsure proper drainage.][ Record humidity of air entering and | eaving the
hum difier during steady state furnace operation.] Record tenperature
rise across the heat exchanger under all firing rates after equilibrium
condi tions have been reached at each firing rate. Record anmeter and
voltneter readings for the [furnace motor][, ][circulating blower notor][,
]J[induced draft fan notor][, ][ and J[hum difier notor].

13.7.3 Per f or mance Tests

3.

3.

After testing, adjusting, and bal anci ng has been conpl eted as specified,
each system nust be tested as a whole to see all itens performas integra
parts of the system and tenperatures and conditions are evenly controll ed
t hroughout the building. Corrections and adjustnents must be conducted by
an experienced engi neer. Tests must cover a period of not less than

[ ] days for each system and must denonstrate that the entire system
is functioning according to the specifications. Coincidental chart
recordi ngs nust be nade at points indicated on the drawi ngs for the
duration of the tinme period and nmust record the tenperature at space
thernpstats or space sensors,[ the humidity at the hum distat(s)

| ocation(s),] and the outdoor air tenperature[ and humidity] in an

i medi atel y adj acent shaded and weat her protected outdoor area.

8 FI ELD ACCEPTANCE PROCEDURES
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NOTE: Use the follow ng equi pment test paragraphs
for systens with inputs greater than 400,000 Btu's
per hour or other special installations.
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8.1 Fiel d Acceptance Test Plans and Test Reports

a. Mnufacturer's Test Plans: Wthin [120] | ] cal endar days after
contract award, submit the Field Acceptance Test Plan. Field
acceptance test plans nust devel oped by the furnace manufacturer
detailing recoomended field test procedures for that particular type
and size of equipnent. Field acceptance test plans devel oped by the
installing Contractor, or the equi prment sal es agency furnishing the
equi prent, will not be acceptable.

The Contracting Oficer will review and approve the field acceptance
test plan for each of the furnaces prior to comrencenent of field
testing of the furnaces. The approved field acceptance test plans
nmust be the plan and procedures followed for the field acceptance
tests of the furnaces and resultant test reporting.
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Coordinated testing: Indicate in each field acceptance test plan when
work required by this section requires coordination with test work
requi red by other specification sections. Furnish test procedures for
the sinultaneous or integrated testing of furnace controls which
interlock and interface with controls factory prewired or externa
controls for the equi pnment provided under Section [23 09 00

| NSTRUMENTATI ON AND CONTROL FOR HVAC] [ 23 09 53.00 20 SPACE TEMPERATURE
CONTROL SYSTEMS]

Prerequisite testing: Equipnent for which perfornmance testing is
dependent upon the conpletion of the work covered by Section [23 05 93
TESTI NG, ADJUSTI NG AND BALANCI NG FOR HVAC][ SMACNA 1780] must have
that work conpleted as a prerequisite to testing work under this
section. Indicate in each field acceptance test plan when such
prerequisite work is required.

Test procedure: Indicate in each field acceptance test plan each
equi pmrent manufacturers published installation, start-up, and field
acceptance test procedures. Include in each test plan a detailed

st ep-by-step procedure for testing automatic controls provided by the
manuf acturer. Each test plan nmust include the required test reporting
forms to be conpleted by the Contractor's testing representatives.
Procedures nust be structured to test the controls through all nobdes
of control to confirmthat the controls are performng with the

i nt ended sequence of control

Controllers nust be verified to be properly calibrated and have the
proper set point to provide stable control of their respective
equi pnent .

Performance variables: Each test plan nust |ist performance vari abl es
that are required to be neasured or tested as part of the field test.

Include in the listed variabl es performance requirenments indicated on
t he equi pnent schedul es on the design drawi ngs. Manufacturer mnust
furnish with each test procedure a description of acceptable results
t hat have been verifi ed.

Job specific: Each test plan nust be job specific and nust address
the particular itemof equipnment and particul ar conditions which exist
with this contract. Generic or general preprinted test procedures are
not acceptabl e.

Speci al i zed conponents: Each test plan rmust include procedures for
field testing and field adjusting specialized conponents, such
tenperature control valves, or pressure control valves.

Fi el d Acceptance Testing

Equi prent Requiring Test Reports: Each sel f-contai ned furnace nust
be field acceptance tested in conpliance with its approved field
acceptance test plan and the resulting field acceptance test report
subm tted for approval

Manuf acturer's recommended testing: Conduct the nanufacturer's
recommend field testing in conpliance with the approved test plan.]|
Furnish a factory trained field representative authorized by and to
represent the equi pment manufacturer throughout the conplete execution
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of the field acceptance testing.]

c. Operational test: Conduct a continuous 24 hour operational test for
each item of equi pment. Equi pnent shutdown before the test period is
conpl eted must result in the test period being started again and run
for the required duration. For the duration of each test period,
conpil e an operational |og of each item of equipnent. Log required
entries every two hours. Use the test report forns for |ogging the
operational variables. Submt test |Iogs for each test period.

d. Notice of tests: Conduct the manufacturer's recomended tests and the
operational tests; record the required data using the approved
reporting forns. Notify the Contracting Officer in witing at | east
15 cal endar days prior to the testing. Wthin 30 cal endar days after
acceptabl e compl etion of testing, submt each test report for review
and approval .

e. Report forms: Type data entries and witing on the test report
fornms. Conpleted test report forns for each item of equi pnent nust be
revi ewed, approved, and signed by the Contractor's test director and
the QC manager. The manufacturer's field test representative mnust
revi ew, approve, and sign the report of the manufacturer's reconmended
test. Signatures nmust be acconpani ed by the person's nane typed.

f. Deficiency resolution: The test requirenents acceptably net;
deficiencies identified during the tests nust be corrected in
conpliance with the manufacturer's recomendati ons and corrections
retested in order to verify conpliance.

9 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 the nenbers of the operating staff as
designated by the Contracting Officer. WMke the training period consi st
of a total of | ] hours of normal working time and start it after al
wor k specified herein is functionally conpleted and the Performance Tests
have been approved. Conduct field instruction that covers all of the
itens contained in the Operation and Mai ntenance Manual s, manufacturer’s
troubl eshooting and repair nanuals, as well as denonstrations of routine
mai nt enance operations. Submt the proposed On-site Training schedul e
concurrently with the Operation and Mi ntenance Manual s, manufacturer's
t roubl eshooti ng and repair nanuals, and at |east 14 days prior to
conducting the training course.

.10 I NSTRUCTI ON TO GOVERNVENT PERSONNEL

VWhen specified in other sections, furnish the services of conpetent
instructors to give full instruction to the designated Government

personnel in the adjustnent, operation, and nai ntenance, including
pertinent safety requirenents, of the specified equi pment or system
Instructors nmust be thoroughly famliar with all parts of the installation
and nust be trained in operating theory as well as practical operation and
mai nt enance work. Instruction nust be given during the first regular work
week after the equi pment or system has been accepted and turned over to
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the Governnent for regular operation. Wen significant changes or

nodi fications in the equi pnent or system are nmade under the terns of the
contract, provide additional instruction to acquaint the operating
personnel with the changes or nodifications.

-- End of Section --
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