EE R R Ik R I R R R I I O I R R I R O I R R I R R I I O R O

USACE / NAVFAC / AFCESA / NASA UFGS-23 35 19.00 20 (February 2010)

Preparing Activity: NAVFAC Super sedi ng
UFGS-23 35 19.00 20 (July 2006)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS
Ref erences are in agreenent with UVRL dated April 2010
Kok kkkkkkkkkkkkkkkkkkkkkkkkkkkhhkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk ok ok ok ok ok ok k
SECTI ON TABLE OF CONTENTS
DI VI SION 23 - HEATI NG VENTI LATI NG AND Al R CONDI TI ONI NG
SECTI ON 23 35 19.00 20
| NDUSTRI AL VENTI LATI ON AND EXHAUST

02/ 10

PART 1 GENERAL

1.1 REFERENCES
1.2 GENERAL REQUI REMENTS
1.2.1 SMACNA Duct Construction Manual s
1.2.2 Fan Dat a
1.2.3 Natural Ventilation
1.2.4 Industrial Ventilation and Exhaust Systens
1.2.5 Start-Up Tests
1.2.6 Rel at ed Requirenents
1.3 SUBM TTALS
1.4 QUALITY ASSURANCE
1.4.1 Welders' ldentification
1.4.2 Fi bergl ass Fan Servicer Experience Information
1.4.3 Qual i fied Personnel
1.4.4 Qualification of Wlders
1.4.5 TAB Requirenents
1.5 ENVI RONVENTAL REQUI REMENTS
1.6 POSTED OPERATI NG | NSTRUCTI ONS
1.7 SAFETY PRECAUTI ONS
1.7.1 Guards and Screens
1.7.2 Vel di ng
1.8 SUSTAI NABLE DESI GN REQUI REMENTS
1.8.1 Local / Regi onal Materials

PART 2 PRCODUCTS

FANS, GENERAL REQUI REMENTS FOR

General Performance, Conponent, and O her Requirenents
Bearings and Lubrication

.1 Anti-friction Bearings

.2 Sl eeve Beari ngs

Motors and Motor Starters

Quards and Screens

Power Transm ssion Conponents

5.1 Fan Drives

NN

NN
NERPRPNNERE

1
2
1.
1.
.3
4
5
1.

SECTION 23 35 19.00 20 Page 1



NOANNONNNNNNN

NNONN

NN ® NN N

NNNONNNNONNNGONNNNCNNNNC o o

PNNEDN

NI
— O AWN R

CTOINNNN O

PONNNNOO w ¢
TAWOOOONRFR IWNUOUOURTENR

PR OR

9\1

3 3 90~ 00 00 00 00 B 0O 0O OV YT W W W 00 0000 WWN T

&%

5.2 Sheaves
Speci al Construction for Hazardous Areas
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Gasket s
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Protective Coating Materials
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NOTE: This gui de specification covers the

requi renents for blower and exhaust systens for
renoval of flammabl e vapors including paint spraying
resi due, corrosive funes, dust, and stock conveyi ng.

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

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

Comment s and suggestions on this guide specification
are wel come and should be directed to the technica
proponent of the specification. A listing of

Techni cal Proponents, including their organization
designation and tel ephone nunber, is on the Internet.

Recommended changes to a UFGS should be subnmitted as
a Criteria Change Request (CCR)
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NOTE: This gui de specification also includes

pl astic duct systens for renoval of nonflammabl e
corrosive funes and vapors. Materials shall be

sel ected by the designer to suit project

requi renents. The system shall be designed in
accordance with NFPA 91. Ventilation and exhaust
systenms and conponents for renoval of snoke and
grease | aden vapors from conmerci al type cooking
equi pnent are covered in Section 11 05 40 COMVON
WORK RESULTS FOR FOODSERVI CE EQUI PMENTand Secti on
23 00 00 AIR SUPPLY, DI STRI BUTI ON, VENTI LATI ON, AND
EXHAUST SYSTEMS. Laboratory fune hoods are covered
in Section 11 53 00 LABORATORY EQUI PMENT AND FUME
HOODS. The design agency (EFD, O CC, PWC, etc.)
shal | ensure review of the ventilation system design
by the appropriate Naval Medical Comand ( NAVMEDCOM)
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activity in accordance with NAVOSH requi renents. For
hi gh tenperature applications, the designer nust
specify special fans and duct nmaterial as required
for the particular application
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NOTE: The followi ng information shall be shown on
t he project draw ngs:

1. Arrangenent plan and details for fans, ducts,
and accessori es.

2. Duct pressure classes or duct operating
pressures. Design duct for naxinmm negative
pressure practical to acconmpdate inproper operation
or poor maintenance.

3. Equi prent schedul es.
4. Equi pnrent foundations and supports.
5. Structural supports for ducts where required.

6. The design of industrial ventilation systens and
the editing of this section should be performed by
pr of essi onal engi neers or industrial hygienists with
a sound know edge of industrial ventilation. Design
shoul d conformto the ACA H 2092S I ndustri al
Ventilation: A Manual O Recommended Practice; AlHA
Z9. 2, Fundanental s Governing the Design and
Operation of Local Exhaust Ventilation Systens; AlHA
79.3, Spray Finishing Operations - Safety Code for
Desi gn, Construction and Ventilation; UFC 3-410- 04N,
"Industrial Ventilation"; and other references as
applicable. Fan arrangenents should be selected to
elimnate systemeffects identified in ANSI/AMCA 201.
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PART 1 GENERAL

1.1 REFERENCES
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NOTE: This paragraph is used to list the
publications cited in the text of the guide
specification. The publications are referred to in
the text by basic designation only and listed in
thi s paragraph by organi zati on, designation, date,
and title.

Use the Reference Wzard' s Check Reference feature
when you add a RID outside of the Section's
Reference Article to automatically place the
reference in the Reference Article. Al so use the
Ref erence Wzard's Check Reference feature to update
the issue dates.

Ref erences not used in the text will automatically
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be deleted fromthis section of the project
speci ficati on when you choose to reconcile
references in the publish print process.
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The publications listed below forma part of this specification to the
extent referenced. The publications are referred to within the text by the
basi ¢ designation only.

Al R MOVEMENT AND CONTROL ASSOCI ATI ON | NTERNATI ONAL ( AMCA)
AMCA 201 (2002) Fans and Systens

AMCA 210 (2007) Laboratory Methods of Testing Fans
for Aerodynam c Perfornmance Rating

AMCA 211 (2005) Certified Ratings Progranme -
Product Rating Manual for Air Fan
Per f or mance

AMCA 300 (2005) Reverberant Room Met hod for Sound
Testing of Fans

AMCA 301 (2006; |INT 2007; Errata 2008) Methods for
Cal cul ating Fan Sound Ratings from
Laboratory Test Data

AMCA 500-D (1998) Laboratory Methods of Testing
Danpers for Rating

AMCA 99 (2003) Standards Handbook

AMCA 99- 0401 (1986) d assifications for Spark Resistant

Construction
AMCA Li censed Products (Online) Directory of Products Licensed
Under the AMCA International Certified
Rati ngs Program
Al R- CONDI TI ONI NG, HEATI NG AND REFRI GERATI ON | NSTI TUTE (AHRI)
ANSI / AHRI 1060 (2005) Perfornmance Rating of Air-to-Air
Heat Exchangers for Energy Recovery
Ventil ation Heat Equi pnent
AMERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( ABMVR)

ABMA 11 (1990; R 2008) Load Ratings and Fati gue
Life for Roller Bearings

ABMA 9 (1990; R 2008) Load Ratings and Fatigue
Life for Ball Bearings

AMERI CAN CONFERENCE OF GOVERNMENTAL | NDUSTRI AL HYG ENI STS (ACA H)

ACA H 2092S (2004) Industrial Ventilation: A Manual
of Recommended Practice
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AMERI CAN | NSTI TUTE OF STEEL CONSTRUCTI ON (Al SC)

ANSI / Al SC 360 (2005) Specification for Structural Steel
Bui | di ngs, with Comentary

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

ASHRAE 52. 2 (2007; Addenda B 2008; Errata 2009) Method
of Testing General Ventilation
Ai r-C eani ng Devices for Renoval
Efficiency by Particle Size

ASHRAE 55 (2004; Errata 2007; Addenduma, b & d-g)
Thermal Environmental Conditions for Hunman
Qccupancy

ASHRAE 62. 1 (2007; Addenda a, b, e, f and h 2008;

Errata 2009) Ventilation for Acceptable
I ndoor Air Quality

AMERI CAN VELDI NG SCCI ETY ( AW5)

AWS D1.1/D1. 1M (2008; Errata 2008) Structural Wl ding
Code - Steel
AWS D1. 3/ D1. 3M (2008; Errata 2008) Structural Welding

Code - Sheet Steel

AWS Z749. 1 (2005) Safety in Wlding, Cutting and
Al'lied Processes

ASTM | NTERNATI ONAL ( ASTM

ASTM A 1011/ A 1011M (2009b) Standard Specification for Steel,
Sheet, and Strip, Hot-Rolled, Carbon,
Structural, H gh-Strength Low Al l oy and
H gh-Strength Low Alloy with | nproved
Formability and U tra-H gh Strength

ASTM A 123/ A 123M (2009) Standard Specification for Znc
(Hot-Di p Gal vani zed) Coatings on Iron and
Steel Products

ASTM A 167 (1999; R 2009) Standard Specification for
St ai nl ess and Heat - Resi sting
Chrom um Ni ckel Steel Plate, Sheet, and
Strip

ASTM A 36/ A 36M (2008) Standard Specification for Carbon
Structural Steel

ASTM A 653/ A 653M (2009a) Standard Specification for Steel
Sheet, Zinc-Coated (Gal vani zed) or
Zinc-lron Al oy-Coated (Gl vanneal ed) by
the Hot-Di p Process

ASTM B 117 (2009) Standing Practice for QOperating
Salt Spray (Fog) Apparatus
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ASTM B 152/ B 152M (2009) Standard Specification for Copper
Sheet, Strip, Plate, and Rolled Bar

ASTM C 582 (2009) Contact- Ml ded Rei nforced
Thernosetting Plastic (RTP) Lani nates for
Cor r osi on- Resi st ant Equi pnent

ASTM C 920 (2008) Standard Specification for
El astoneric Joint Seal ants
ASTM D 1330 (2004) Rubber Sheet Gaskets
ASTM D 1654 (2008) Eval uation of Painted or Coated

Speci mens Subj ected to Corrosive
Envi ronnment s

ASTM D 1927 (1981; R 1988) Rigid Poly(Vinyl Chloride)
Pl asti c Sheet

ASTM D 2000 (2008) Standard O assification Systemfor
Rubber Products in Autonotive Applications

ASTM D 2564 (2004e1) Standard Specification for
Sol vent Cenments for Poly(Vinyl Chloride)
(PVC) Plastic Piping Systens

ASTM D 2665 (2009) Standard Specification for
Pol y(Vi nyl Chloride) (PVC) Plastic Drain,
Waste, and Vent Pipe and Fittings

ASTM D 4167 (1997; R 2007) Fiber-Reinforced Plastic
Fans and Bl owers

BAY AREA Al R QUALI TY MANAGEMENT DI STRI CT (Bay Area AQWD)

Bay Area AQWD Rule 8-51 (1992; R 2001) Adhesive and Seal ant
Product s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMVA | CS 1 (2000; R 2005; R 2008) Standard for
Industrial Control and Systens: Ceneral
Requi rement s

NEMA | CS 2 (2000; Errata 2006; R 2005; Errata 2008)
Standard for Controllers, Contactors, and
Overl oad Rel ays Rated 600 V

NEMA | CS 6 (1993; R 2001; R 2006) Standard for
Encl osures

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

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

NFPA 65 (1993) Processing and Finishing of Al um num

SECTION 23 35 19.00 20 Page 9



NFPA 664 (2007) Standard for the Prevention of
Fires and Expl osions in Wod Processing
and Whodworking Facilities

NFPA 70 (2008; AMD 1 2008) National Electrical Code

NFPA 91 (2010) Standard for Exhaust Systens for
Air Conveying of Vapors, CGases, Msts and
Nonconbusti bl e Particul ate Solids

RUBBER MANUFACTURERS ASSOCI ATI ON ( RMA)
RVA | P-20 (2007) Specifications for Drives Using
Classical V-Belts and Sheaves.

Specifications for A, B, C, and D Cross
Secti ons

RMVA | P-22 (2007) Specifications for Drives Using
Narrow V-Belts and Sheaves

SHEET METAL AND Al R CONDI TI ONI NG CONTRACTORS' NATI ONAL ASSQOCI ATl ON

( SMACNA)

SVACNA 1143 (1985) HVAC Air Duct Leakage Test Manual,
1st Edition

SIVACNA 1378 (1995) Thernopl astic Duct (PVC)
Construction Manual, 2nd Edition

SIVACNA 1403 (2008) Accepted Industry Practice for
I ndustrial Duct Construction, 2nd Edition

SMVACNA 1520 (1999) Round Industrial Duct Construction
St andards, 2nd Edition

SIVACNA 1922 (2004) Rectangul ar I ndustrial Duct

Construction Standards, 2nd Edition
SOQUTH COAST Al R QUALI TY MANAGEMENT DI STRI CT ( SCAQWD)

SCAQWD Rul e 1168 (1989; R 2005) Adhesive and Seal ant
Appl i cations

THE SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)
SSPC Paint 11 (1992; E 2000) Paint Specification No.

11Red Iron Oxide, Zinc Chromate, Raw
Linseed G| and Al kyd Pri ner

SSPC Pai nt 20 (2002; E 2004) Zinc-Rich Priners (Type I,
I norganic, and Type |Il, O ganic)
SSPC SP 5 (2007) White Metal Blast d eaning

U. S. DEPARTMENT OF DEFENSE ( DOD)
M L- DTL- 12276 (2006; Rev E) Varnish, Phenolic, Baking

M L- DTL- 24441 (2009; Rev D) Paint, Epoxy-Polyani de,
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Ceneral Specification for

M L- P-21035 (2003; Rev B; Notice 2) Paint, Hi gh Zinc
Dust Content, Galvanizing Repair (Metric)

M L- PRF- 23236 (2009; Rev D) Coating Systens for Ship
Structures

U S. CGENERAL SERVI CES ADM NI STRATI ON ( GSA)
FS A-A-272 (Rev A, Notice 2) Caul ki ng Conpounds
FS TT-S- 001543 (Rev A) Sealing Conmpound: Silicone Rubber
Base (For Cal king, Sealing, and dazing in
Bui I di ngs and Ot her Structures)
U. S. GREEN BUI LDI NG COUNCI L (USGBC)
LEED (2002; R 2005) Leadership in Energy and
Envi ronmental Design(tm G een Building
Rating System for New Construction
( LEED- NO)
U S. NATI ONAL ARCHI VES AND RECORDS ADM NI STRATI ON ( NARA)
29 CFR 1910. 219 Mechani cal Power Transmi ssion Appar at us

UNDERWRI TERS LABORATORI ES (UL)

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

UL 214 (1997; Rev thru Aug 2001) Tests for
FI ane- Propagati on of Fabrics and Filns

UL 33 (2003; R 2004 thru 2005) Standard for Heat
Responsi ve Links for Fire-Protection
Service

UL Bld Mat Dir (2009) Building Materials Directory

.2 GENERAL REQUI REMENTS
2.1 SMACNA Duct Constructi on Manual s

The recomendations in the Sheet Metal and Air Conditioning Contractors'
Nati onal Association (SMACNA) duct construction nmanual s shall be considered
mandatory requirenments. Substitute the word "shall" for "should" in these
manual s.

.2.2 Fan Dat a

[ For fans include fan curves or rating tables and derating factors.]
Provide certified performance curves showi ng total pressure, power, and
mechani cal efficiency versus flow rate of the operating density and fan
speed. All areas of unstable operation shall be indicated. For fans

equi pped wi th adjustabl e capacity controls such as variable inlet or

vaneaxi al fans with adjustable blade settings, mninmmand nmaxi mum
performance shall be indicated along with performance for fire internedi ate
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1.

settings.

.2.3 Nat ural Ventil ation

Eval uate natural ventilation for appropriate spaces, and design air
distribution systens to operate in the same direction as natural
ventilation to reduce energy cost of punping outdoor air.

.2.4 I ndustrial Ventilation and Exhaust Systens

Subnmit drawings including fan installation drawi ngs; duct systens [,
i ncludi ng wel di ng and vehicle exhaust]; supports and anchor |ocation and
| oad i nmposed.

.2.5 Start-Up Tests

Subnmit start-up tests reports in accordance with the paragraph entitled
"Testing, Adjusting and Bal ancing." Submit final test report for [the]
systenfs] tested, describing all test apparatus, instrunmentation

cal cul ations, factors, flow coefficients, sound | evels, and equi prent data
based on ACA H 2092S reconmended forns or reasonable facsimles thereof to
suit project conditions. Adjustnent and setting data shall be included in
test report. Submit sound | evel test reports for high noise |evel

equi prent .

.2.6 Rel at ed Requirenents

Conformto Section 23 03 00.00 20 BASI C MECHANI CAL MATERI ALS AND METHCDS as
wel | as additional requirenents specified herein.

3 SUBM TTALS

Rk Ik kR IR R R I kO S S R Rk Rk S Rk Ik kS b O I R I R

NOTE: Subnmittals nust be limted to those necessary
for adequate quality control. The inportance of an
itemin the project should be one of the prinary
factors in determining if a subnmittal for the item
shoul d be required.

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

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

(Engi neering Division or other organization in the
District OOfice); "AO for Area Ofice; "RO for
Resident O fice; and "PO' for Project Ofice. Codes
following the "G' typically are not used for Navy
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proj ects.
Submittal itenms not designated with a "G' are
considered as being for information only for Arny

projects and for Contractor Quality Control approval
for Navy projects.

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

Covernment approval is required for submittals with a "G designation;
submittals not having a "G' designation are [for Contractor Quality Control
approval .][for information only. Wen used, a designation follow ng the
"G' designation identifies the office that will review the submttal for
the CGovernment.] The follow ng shall be submitted in accordance with
Section 01 33 00 SUBM TTAL PROCEDURES:
SD- 02 Shop Drawi ngs
I ndustrial ventilation and exhaust systens; G
SD- 03 Product Data

Fans; G

Danpers; G

Fl exi bl e connectors

Fl exi bl e duct; G

Gasket s

Protective coating materials

Seal ants; (LEED)

Submit nmanufacturer's product data, indicating VOC content.]

Access ports; G

Danper regul ators; G

Bl ast gates; G

Vi bration isolators; G

Duct wor k, Dust [and Fune] Collection

Steel ducts; G

Fi ber gl ass ductwork; G

Ther nmopl astic ductwork; G

Submit docurentation indicating percentage of post-industrial

and post-consuner recycled content per unit of product. Indicate

relative dollar value of recycled content products to total dollar

val ue of products included in project.

Vehicle tail pipe exhaust system G

Wl di ng funme exhaust systenm; G
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1

4

4.

1

Local / Regi onal WMaterials

Submit documentation indicating distance between manufacturing
facility and the project site. Indicate distance of raw nmateri al
origin fromthe project site. Indicate relative dollar val ue of
| ocal /regional naterials to total dollar value of products
i ncluded in project.]

SD-07 Certificates

Wel di ng procedures; G
Wl di ng test agenda; G
Wl di ng test procedures; G

Wl ders' identification; G

Fi bergl ass fan servicer experience information; G

SD-06 Test Reports

Fan tests, including sound power |evel tests; G
Ventilation and exhaust systemstart-up tests; G

Sound | evel tests; G

SD-10 Operation and Mai ntenance Data

Fans, Data Package 2; G

Vehicle tail pipe exhaust systen, Data Package 2; G

Wel di ng fune exhaust systen, Data Package 2; G

I ndustrial ventilation and exhaust systens, Data Package 2; G

Submit in accordance with Section 01 78 23 OPERATI ON AND
MAI NTENANCE DATA.

SD-11 C oseout Submittals

Post ed operating instructions

Submit text of posted operating instructions for ventilation and

exhaust systens.

QUALI TY ASSURANCE
Wel ders' Identification

Subnmit a listing of the names and identification synbols to be used to

identify the work performed by the wel der or wel di ng operator who after

completing a welded joint shall identify it as his work by applying his

assi gned synbol for a permanent record.
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4.2 Fi ber gl ass Fan Servicer Experience Information
Submit text.
. 4.3 Qual i fied Personne

Qperations involving joining thernoplastic ductwork by solvent or hot gas
and joining fiberglass ductwork by | am nating shall be perforned by
personnel certified by the manufacturer as qualified for the work.

.4.4 Qualification of Welders

Qualify each wel der or wel ding operator by tests using equipment, welding
procedures and a base netal and electrode or filler wire fromthe same
compati bl e group nunber that will be encountered in the applicable welding
test procedures. Welders or welding operators who nmake acceptabl e
procedure qualification test welds will be considered performance qualified
for the welding procedure used. Deternine performance qualification in
accordance with AW5 D1.1/D1.1V. Notify the Contracting O ficer 24 hours in
advance as to the time and place of tests [and wherever practical perform
the tests at the work site].

.4.5 TAB Requi renents

Requirenments are specified in Section 23 05 93 TESTI NG ADJUSTI NG AND
BALANCI NG and Section 23 08 01.00 20 TESTI NG | NDUSTRI AL VENTI LATI ON SYSTEMS.

.5 ENVI RONVENTAL REQUI REMENTS

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

NOTE: Effective delivery and mixing of fresh air
within a building contributes to the foll owi ng LEED
credit: EQ.
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For proper |ndoor Environmental Quality, maintain positive pressure within
the building. Ventilation shall neet or exceed ASHRAE 62.1 and al

publ i shed addenda. Meet or exceed filter media efficiency as tested in
accordance with ASHRAE 52.2. Thermal confort shall meet or exceed ASHRAE 55.

.6 POSTED OPERATI NG | NSTRUCTI ONS

Provide for ventilation and exhaust system |In addition, permanently mark,
drill, and pin as an integral part of device, final adjustnent and settings
pursuant to testing, adjusting, and bal anci ng.

T SAFETY PRECAUTI ONS

7.1 GQuards and Screens

Provi de netal personnel safety guards for normally accessible unducted fan
inlets and di scharges and novi ng power transnission conponents in
accordance with OSHA 29 CFR 1910. 219.

. 7.2 Wl di ng

Conformto AW Z49.1 for safety in welding and cutting.
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1.8 SUSTAI NABLE DESI GN REQUI REMENTS

1.8.1 Local / Regi onal Materials

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

NOTE: Using local materials can help mninze
transportation inpacts, including fossil fuel
consunption, air pollution, and | abor

Rk bk b R IR R R O kO b S O R Rk Rk R ok O S O R R R Ik kS I O I b Rk R

Use materials or products extracted, harvested, or recovered, as well as
manuf actured, within a [800][__ ] kiloneter [500][__ ] mleradius from
the project site, if available froma mnimumof three sources.

PART 2 PRODUCTS
2.1 FANS, CGENERAL REQUI REMENTS FOR
2.1.1 CGeneral Performance, Conponent, and O her Requirenents

Fans shall have certified performance ratings as evi denced by conformance
to the requirenments of AMCA 211, and shall be listed in

AMCA Li censed Products, or shall be currently eligible for such listing.
Fans shall generally be in accordance with AMCA 99 unl ess superseded by

ot her requirenents stated el sewhere herein. Deternine perfornmance data for
fans in accordance with AMCA 210. Select fans to mnimze the exposure of
personnel working in or occupying the imrediate installation area. The
total sound power |level of the fan tests shall not exceed 90 dBA when
tested per AMCA 300 and rated per AMCA 301, or it shall be provided with an
appropriate attenuation device or devices. Scheduled fan perfornmance is
the performance required under specified or indicated installation
conditions with specified or indicated accessories. The net installed air
performance of the fan, with accessories/appurtenances in place, shall be
sufficient to neet the schedul ed performance within the limts of the fan
rating certification tolerance. Affix the manufacturer's product
identification naneplate to each unit. Apply additional requirenents for
specific service or generic type or class of fan. |If nonuniformair flow
conditions are likely to be encountered, contact the fan manufacturer to
ensure that the fan is rated for the additional fan inlet and outlet
effect. Install fans to mnimze fan systemeffect in accordance with
AMCA 201. Fans shall be listed in the Directory of Products |icensed to
use AMCA seal

2.1.2 Beari ngs and Lubrication

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: Sl eeve type bearings should be specified or
i ndi cated on draw ngs where | ow noise |levels are
required.
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Precision anti-friction or sleeve type with provisions for self-alignnent
and for radial and thrust |oads inposed by the service. Provide

wat er - cool ed bearings where required for the service or recomended by the
manuf act urer.

2.1.2.1 Anti-friction Bearings

EE R R R S I R I R I R I O I R R R R I O S R R I R I I R S R R S R R R O
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2.

NOTE:

Cont i nuous 8- hour service 20, 000
Cont i nuous 24-hour service 40, 000
Cont i nuous 24-hour service 80, 000

(extrene reliability)

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

Constructed of steel alloys with a certified L-10 mininumrated life of
[ 20, 000] [40,000] [80,000] hours under |oad conditions inposed by the
service. Rated and selected in accordance with ABVA 9 and ABVA 11
Provide with dust-tight seals suitable for environnment and | ubricant
pressures encountered; cast ferrous metal housing, bolted-split pillow
bl ock type where |located within fan casings; grease lubricated with
provisions to prevent overheating due to excess |ubricant; surface bal
check type grease supply fittings. Provide nmanual or automatic grease
pressure relief fittings visible fromnornmal maintenance | ocations.

I ncl ude |ubrication extension tubes where necessary to facilitate safe
mai nt enance during operation and fill tubes with lubricant prior to
equi prent operation. Prelubricated, sealed, anti-friction bearings, which
conformto above specified materials and L-10 life requirenents, may be
provided for fans requiring less than 0.37 kW 1/2 horsepower.

.1.2.2 Sl eeve Bearings

Premount ed, self-aligning, continuous oil supply, single or double ring
lubricated, insert type, with suitable provisions for shaft expansi on and
such thrust as may be inposed by service | oads. Provide water cooling for
shaft surface speed exceeding 6.1 neters per second 1200 feet per mnute.
Provi de each sl eeve bearing with approximately 473 nL 16 ounce capacity
constant level oiler and oil |evel gage. Include on sleeve bearing
submittal data: Bearing manufacturing source, type, lubricant, clearances,
"L/D" ratio, antifriction metal, belt angle, shaft speed, shaft critica
speed, Brinell hardness at journal, and shaft surface finish at journal in
m cro-i nches.

1.3 Motors and Mbtor Starters

Rk Rk kR IR R R I kO e O O R AR R R R Rk kO I R R I O S R Rk o

NOTE: The notor control requirenments should be
coordinated with the Electrical Section and will
depend on field conditions. The follow ng types of
notor starters should be used as a guide only. Wen
el ectrical power circuits to which ventilation and
exhaust equi prent are connected are heavily | oaded,
the full voltage across the line starting may result
in excessive voltage drop on the circuits.

Power (kW Vol t age Type Starter
Up to 5 1/2 208- 230 Across-the-line magnetic
51/2 to 11 208- 230 Across-the-1ine nagnetic
part w nding or we
del ta
11 to 22 3/8 460 Across-the-1line

magnetic, part w nding
or we delta
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Power (k Vol t age Type Starter

Above 11 208- 230 Part wi nding or we
delta
Above 22 1/2 460 Part wi nding or we delta
Motor H. P. Vol t age Type Starter
U to 7 1/2 208- 230 Across-the-line nmagnetic
7 1/2 to 15 208- 230 Across-the-line nmagnetic
part w nding or we
delta
15 to 30 460 Across-the-1ine

magnetic, part w nding
or we delta

Above 15 208- 230 Part wi nding or we
delta
Above 30 460 Part wi nding or we delta

EZE IR R R S I R R I I O R R R Ok S R R I R R R I O R O O

Conformto NEMA MG 1 and NEMA |CS 1 and NEVA ICS 2. Mdtors less than 3/4 kW
1 hp shall nmeet NEMA High Efficiency requirenents. Mtors 3/4 kW 1 hp and
| arger shall neet NEMA Premium Efficiency requirenents. Mtors shall not
exceed 1800 rpm unless otherw se indicated, and shall be vari abl e- speed,
[[open] [dripproof] enclosure] [totally enclosed fan cool ed] [expl osion
proof] type. Provide [manual] [rmagnetic-across-the-line] [reduced voltage]
[part-wi nding] [we-delta] type motor starters with [general -purpose NEMA
1] [weat her resistant NEMA 3R] [watertight NEMA 4] [noisture and dusttight
NEMA 12] enclosure in accordance with NEMA | CS 6. Provide single-phase
notors with inherent thermal overload protection with manual reset. Provide
t hree-phase notors with thermal overload protection in the control panel.
Provi de permanently lubricated or grease-lubricated ball or roller
bearings; auxiliary lubrication and relief fittings on outside of fan
casing; arrange grease lines to mnimze pressure on bearing seals. Mtor
power shall not be | ess than brake power required with bl ades set at
maxi mum pitch angle at any air delivery fromthe indicated anount down to
50 percent thereof.

.1.4 Guards and Screens

Construct guards and screens to provide, as applicable: required strength
and clearance with mnimal reduction in free area at fan inlets and

di scharges; cooling; access panels for tachoneter readi ngs; ease of
sectional disassenbly for mai ntenance and inspection functions where guard
total weight exceeds 22.70 kg 50 pounds; weather protection where
conponents are weat her exposed. Installed guards and screens shall not
negate noi se control and vibration isolation provisions. [For burn
protection, insulate surfaces when service tenperatures exceed 60 degrees C
140 degrees F as part of work under Section 23 07 00 THERMAL | NSULATI ON FOR
MECHANI CAL SYSTEMS. ]
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2.1.5 Power Transmi ssion Conponents
2.1.5.1 Fan Drives

[Direct] [or] [V-belt] type as indicated. V-belt drives shall conformto
RVA | P-20 and RVA | P-22. Drives shall be applied in accordance with the
manuf acturer's published recommendati ons, unless specified otherwi se. Base
power rating of a V-belt drive on maxi num pitch dianeter of sheaves.

Provi de cl assical belt section adjustable sheave type, with a m ni mum
service factor of 1.5 for drives with notors rated up to and including 22 kW
30 hp. [Provide classical section or narrow section, fixed sheave or

adj ustabl e sheave type with a minimum 1.5 service factor for drives with
notors rated over 22 kW 30 hp.] [Provide at |least two belts for drives with
notors rated one hp and above.]

2.1.5.2 Sheaves

Statically and dynami cal ly bal anced, nmachined cast ferrous netal or

machi ned carbon steel, bushing type, secured by key and keyway. Pitch

di ameter or fixed sheaves and adj ustabl e sheaves, when adjusted to
specified limts, shall not be less than that recomended by NEVA MG 1.

Sel ect adj ustabl e sheaves that provide the required operating speed with
the sheave set at midpoint of its adjustnment range. The adjustnent range
for various size and type belts shall be: 16 percent, m ninmum for

Cl assical section belts; 12 percent, mininumfor Narrow section belts.
[Belt deflection in adjustable sheave drives shall not exceed 1 1/2
degrees.] Provide conpani on sheaves for adjustable sheave drives with w de
groove spacing to match driving sheaves, except that standard fixed pitch
spaci ng may be used for all two-through-four groove drives whose
center-to-center dinensions exceed the following: "A" and "B" Section 406
mr 16 inches; "C' Section 635 nmm 25 inches; "D' Section 914 mr 36 inches.
Furni sh endl ess, static dissipating, oil-resistant, synthetic cloth or
filament reinforced el astomer construction belts.

2.1.6 Speci al Construction for Hazardous Areas
2.1.6.1 Spar k- Resi st ant

Construct [__ ] [specified or indicated] units in accordance with
AMCA 99-0401; Type [A] [B] [C]. Provide [Type B] [or] [Type C
construction and el ectrical grounding of fan parts and grounding to
bui l di ng structure where fume or vapor handling systems conforning to
NFPA 91 are specified. Do not place bearings in the air stream

2.1.6.2 Expl osi on Pr oof

Construct fans to AMCA 99-0401, Type [A] [B] [C spark-resistant

requi renents where expl osi on-proof electrical conmponents are specified or
indicated to conformto NFPA 70, Cass [__ ], Goup [___ ], Division
[ ] requirenents.

2.1.7 Protective Coating for Fans

Prepare and coat fans as follows: Replace bolts required to provide access
or adjustnent and norrmally threaded into the coated surface with studs or
bol ts havi ng heads continuously wel ded inside. Onit sharp edges,

sel f-tappi ng screws, and permanent threads protruding into the coated
surface. Elimnate hairline cracks and sharp inside corners by continuous
wel di ng, brazing, or filling with high nelting point solder. Seal inpeller
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hub to the shaft. Construct housing split to use external throughbolts.
Flange inlet and outlet and consider as fan interior. Peen or grind welds
snoot h, and grind outside corners to approximately 1.60 nm 1/ 16 inch

radi us. Sandbl ast netal surfaces to white netal in accordance with SSPC SP 5
Coat interior surfaces of housing in contact with airstream including
inlet, inpeller and shaft, flange faces, shaft seal, [exterior surfaces of
housing] [, and bearing and notor pedestal]. Do not coat bearings,
coupling, nmotor, drive, or other auxiliaries. [Prepare and coat stainless
steel shaft.] [Finish fan in accordance with the manufacturer's standard
practice.] [Coat fan with [phenolic] [epoxy] [ ].] [Coat fan as
indicated.] Statically and dynamically balance the fan in two planes after
coating and finishing, and where material has been renoved, refinish and
rebal ance the fan as specified herein

2.2 CENTRI FUGAL FANS

2.2.1 CGeneral Requirenents for Centrifugal Fans
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NOTE: See Section 22 05 48.00 20 MECHANI CAL SOUND
VI BRATI ON, AND SEI SM C CONTROL for guidance given in
gui de specification technical notes. Definite

requi renents should be specified in contract
specification for bidders' information.
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Provide fan of [forward-curved] [radial] [backward inclined] [airfoil] type
bl ades with [manual] [or] [automatic inlet vanes [as indicated]]. Arrange
fans for indicated service, and construct for the applicable AMCA 99C ass
pressure ratings as indicated for system design pressure and tenperature.
Fan shaft shall be solid steel, ground and finished as required for the
service, with first critical speed a m nimum 25 percent higher than
cat al oged fan speed. Select fan for maxi mum effici ency, m ninum noise, and
stability during all npdes of system operation. [Vibration isolation
nountings shall be spring type and limt vibration transmssibility to a
maximum[__ ] [5] percent of the unbal anced force at | owest equi pnent
speed, unless otherw se specified or indicated.] Arrangenent and drives
shal | be as indicated.

2.2.2 I ndustrial Exhauster][s]
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NOTE: Use industrial exhausters for high
particul ate | oadi ng applicati ons.
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Single-width, single-inlet type arranged for indicated service and
constructed for duty at indicated systemdesign pressure and tenperature
not to exceed [66] [93] [177] [260] [371] degrees C [150] [200] [350] [500]
[ 700] degrees F. Continuously wel ded [carbon] [alloy] [copper bearing
alloy] [Type [___ ] [304L] [316L] stainless] [steel] [[___
alum nunj scroll with required reinforcenent, flanged inlet and outl et
connections, [cone] inlet [bolted] [welded] to scroll side sheet, threaded
and plugged scroll drain, [quick] [or] [bolted] access door w th gasket;
[Carbon] [alloy] [Type [ ___ ] stainless] steel shaft, [fitted with] [heat
slinger] [shaft seal] [grease lubricated stuffing box]; continuously wel ded
[carbon] [alloy] [copper bearing alloy] [Type [__ ] [304L] [316L]
stainless] [steel] [ alloy alum num inpeller assenbly. [ ]
[radial] [paddl e type (open radial)] [backplated paddle] type inpeller
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bl ades [with inlet shroud]. [Provide protective coating of __
surfaces exposed to [air] [fume] [vapor] stream [Mdtor shall be totally
encl osed type.] Munt conpl ete assenbly including notor, power
transm ssi on conmponents, and guards on a common vibration isolation base
with spring nountings [conform ng to requirenments indicated].

. 2.3 Uility Set[s]

Si ngl e-wi dt h, single-inlet, nonoverloading scroll type. Scroll shall be
[intermttently] [or] [continuously] welded [carbon] [Type [304L] [ 316L]
stainless] [steel] [_ all oy aluminum with required reinforcenent,
[flanged inlet and outlet connections], streamine orifice inlet bolted
[and gasketed] to scroll side sheet, [threaded and] [plugged] [piped]
[scroll drain,] [access door with gasket]. [Carbon] [Type [304] [316]
stainless] [steel] [monel] shaft finished as required [and fitted with]

[ heat slinger] [shaft seal] [grease |lubricated stuffing box]; welded
[carbon] [Type [304L] [316L] stainless] [steel] [__ al l oy al um nuni

i mpel | er assenbly; [backward inclined] flat or single thickness airfoi
type inpeller blades. Provide protective coating of [ ] for [fan
surfaces exposed to [air] [fume] [vapor] stream and weather.] Mdtor and
power transm ssion components shall be enclosed in ventil ated weat herti ght
hood. [Di scharge shall be fitted with an automatic gravity shutter
constructed from [specified stainless steel] [alumnuni.] [Mount conplete
assenbly from i ndividual points of support on rails and vibration isolated
by doubl e-rubber-in-shear mountings] [conformng to requirenents indicated].

.2.4 In-1ine Centrifugal Fans

Wel ded steel casings, centrifugal backward inclined bl ades, stationary

di scharge conversion vanes, internal and external belt guards and

adj ustabl e notor nounts. Inlet and outlet connections for fan casings to
duct work and equi pnent casings, may be of the slip fit or flanged type.

[ Provi de guards for discharges. Rate fans with guards in place.] Air
shall enter and leave the fan axially. Inlet shall be streamined and
conversi on vanes shall elimnate turbul ence and provi de snooth discharge
air flow. Enclose fan bearings and drive shafts, and isolate fromthe air
stream Fan bearings shall be nmechanically seal ed agai nst dust and dirt
and shall be self-aligning, pillow block ball or roller type. Mdtor and
drive shall be provided by fan manufacturer.

. 2.5 Fi bergl ass Centrifugal Fans
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NOTE: Show i ntended service on drawi ng fan schedul e
or specify here. Revise paragraph if special
chemical or corrosion resistance is required in
accordance with manufacturer's reconmendati ons.
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ASTM D 4167. Construct of fire retardant fiberglass with a flane spread
rating at least equal to or less than that of the duct system Housing and
fan inpeller shall be fiberglass. Shaft and fan support stand shall be
steel with protective coating. Provide exterior gel coat, coating, or
paint with ultraviolet light inhibiting properties for fans exposed to
sunlight. Fiberglass fans shall be suitable for [the intended service.]
[use in[__ 1]. Provide with flanged outlet [and inlet] connections,
[threaded [and plugged]] scroll drain, bolted access and inspection doors,
and epoxy coated steel fan base and notor nount.
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2.3 [ VANEAXI AL] [ TUBEAXI AL] FANS

Direct-connected with adjustable blade inpeller or V-belt driven. When
direct connected, fans shall be driven by totally-enclosed, air-over
(TEAO), flanged or end nounted notors. When belt-driven, provide interna
and external belt guards and adjustable notor nounts.

2.3.1 Fan | npeller Bl ades

Air-foil type [with stationary gui de vanes], designed to provide the
efficiency [and sound |l evel] indicated. |In fan selection, consider and
account for any |losses due to the size of the nmotor in relation to the fan
hub di ameter. Inpeller blades of direct-driven fans shall be adjustable to
permt varying performance over a range of volume and pressure. |ndex the
hub to facilitate setting the angle of the blades uniformy and accurately
fromm ni mumto nmaxi mum angl e; provide stops to avoid overl oadi ng notor
Furni sh notor with the factory bl ade maxi num setting included in the fan
nanepl at e dat a.

2.3.2 Fan Casi ngs

Cylindrical, or welded steel construction, with flanged inlets and outlets.
Assenbl e notor support [and gui de vanes] by wel ding. Provide casings with
bolted or hinged access pl ates adequate for inspection and servicing of
internal parts.

2.4 BATHROOM AND Kl TCHEN FANS
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NOTE: Quiet operation will increase the |ikelihood
that occupants will use fans.
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Power used shall be a maxi mumof 13 watts for 50 cfmfans; 15 watts for 70
cfmfans; 17 watts for 90 cfmfans; and 20 watts for 100 cfm fans. Noise
| evel s shall not exceed 0.5 sones for 50 to 70 cfmfans; 1.0 sones for 90
cfmfans; and 1.5 sones for 100 cfmfans. Fan lights shall be conpact
fl uorescent.

2.5 BASI C MATERI ALS

2.5.1 Coat ed and Uncoated Carbon Steel Sheets, Plates, and Shapes

2.5.1.1 M1l Gal vani zed Steel Sheet

ASTM A 653/ A 653, lock formng quality, Coating G90[, 204 degrees C 400
degrees F, maximni.

2.5.1.2 M 11 Gal vani zed Steel Shapes

ASTM A 36/ A 36N gal vani zed in accordance with [ASTM A 123/ A 123V [
ASTM A 653/ A 653V].

2.5.1.3 Uncoat ed (Bl ack) Carbon Steel Sheet

ASTM A 1011/ A 1011M.
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2.5.1.4 Uncoat ed (Bl ack) Carbon Steel Plates and Shapes
ASTM A 36/ A 36M.
.5.2 Corrosion Resistant (Stainless) Stee

ASTM A 167, Type 304L or Type 316L with mill finish, except as otherwi se
speci fi ed.

.5.3 Corrosion Protection

Treat equipnent fabricated fromferrous netals that do not have a zinc
coating conformng to [ASTM A 123/ A 123N [ASTM A 653/ A 653N for
prevention of corrosion with a factory coating or paint systemthat wll

wi thstand 125 hours in a salt-spray fog test except that equi prment |ocated
outdoors shall wthstand 500 hours. Perform salt-spray fog test in
accordance with ASTM B 117. Each specinmen shall have a standard scribe
mark as defined in ASTM D 1654. Upon conpl eti on of exposure, evaluate and
rate the coating or paint systemin accordance with procedures A and B of
ASTM D 1654. The rating of failure at the scribe mark shall be not |ess
than six (average creepage not greater than 3 mr 1/8 inch). The rating of
the unscribed area shall be less than ten (no failure). Thickness of
coating or paint systemon the actual equi pnent shall be identical to that
on the test specinens with respect to materials, conditions of application,
and dry-filmthickness.

.6 HEAT RECOVERY SYSTEMS

Heat recovery systens shall be utilized in ventilation units (100 percent
outside air units) where the tenperature differentials between supply air
and exhaust air is significant. Heat recovery systens shall operate at a
m ni mum of 70 percent efficiency. The heat recovery systens shall have
factory-installed mcroprocessor controller that in turn can be connected
to a Direct Digital Control (DDC) Building Automation Systemto nonitor
tenmperatures, [wheel operation,] filter cleanliness, defrost control, and
other critical conditions. Prefilters shall be provided in all heat
recovery systens before the heat recovery equi pnent.

.6.1 Unit Casing
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NOTE: Include bracketed sentences unl ess condensate
drain is not needed or cross contam nation is

prevented by ot her nethods.
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Provide a self supporting unit casing constructed of mninur 1.1 mr 0. 04

i nches thick extruded al um num profiles and al um num zi nc sheet steel that
create a double wall. [The base of the casing shall be constructed as a
conti nuous condensate drain with a total of four connection

possibilities.] The casing bottom top, and sides shall be insulated with
50 mm 2 inch thick fibrous glass insulation with a mninmumdensity of 96 kg
per cubic neter 6 | b per cubic foot or another material w th equival ent
insulating value. [Provide a partition to isolate the exhaust and supply
airstreans fromeach other to avoid cross contam nation.] Partition shal
be a mnimmof [1.9]][__ ] mv [0.075][__ ] inches [gal vani zed steel]
[aluminun]. Provide stainless steel casing for corrosive air streams. The
casing shall be designed for diagonal nounting of the heat exchanger access
fromthe side for maintenance and cleaning. The casing shall be designed
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2.

with an integral defrost control damper on the heat exchanger section for
defrost control. Provide full size access doors for checking the heat
exchanger section.

6.2 Heat Exchanger Section

[2.6.2.1 Ent hal py Whee

A desi ccant-i npregnat ed ent hal py wheel with variable speed rotary whee
shal |l be used in the supply and exhaust systens. \Wheels shall contain
nedi a made of a |ightweight polynmer that is coated with a
corrosion-resistant finish. Etched or oxidized surfaces are not
acceptable. Heat transfer surfaces shall be coated with a non-mgrating
(permanently bonded) absorbent. [Desiccant shall be silica gel for maxi num
| atent energy transfer.] \Weel shall allow |am nar flow but not radial,
and prevent | eakage, bypassing, and cross contam nation by cross flow
within wheel. The wheel shall have rotor seals specifically designed to
[imt cross-contamnation, and a rotation detector. Should rotation stop,
the rotation detector shall alarmthe HVAC control system \Wheel shall not
condense water directly or require a condensate drain for summer or w nter
operation. Performance rating shall be in accordance with ANSI/AHRI 1060.

1[2.6.2.2 Heat Pi pe

For sensible heat recovery a run-around type heat pipe shall use
refrigerant to absorb heat fromthe air streamat the air intake and reject
the heat back into the air streamat the discharge of the air-handling
unit. The heat transfer between air streans shall take place in a
counterflow arrangenent. The unit shall have no noving parts and shall be
one piece construction. Tube core shall be [18][25][__ ] m

[5/8][1] ___ ] inch OD seam ess al um num tubi ng permanently expanded into
the fins to forma firm rigid and conplete nmetal pressure contact between
the tube and fin collar of all operating conditions. Provide copper tubes
and copper fins for corrosive air streanms. Secondary surfaces shall be of
continuous plate type alumnumfins, [0.18][ ] mv [0.007]]__ ] inch
thick, and of corrugated design to produce maxi mum heat transfer
efficiencies. Systemshall have sol enoid valve control to operate under
partial |oad conditions.

1[2.6.2.3 Run- ar ound Coi

The run-around coils shall be used at the exhaust discharge fromthe
building and at the fresh air intake into the building. [A glyco
run-around coil shall be used with control valves and a punp for part |oad
condi tions.]

1[2.6.2.4 Sensi bl e Heat Recovery Unit

[A cross-flow, air-to-air (z-duct) heat exchanger shall recover the heat in
the exhaust and supply air streans. Z-ducts shall be constructed entirely
of sheet netal.] [Heat wheels shall be used for sensible heat recovery.
Unit shall have variable speed drive for controlling the tenperature

| eaving the unit. Weels shall contain nedia made of a |ightwei ght pol yner
that is coated with a corrosion-resistant finish. Etched or oxidized
surfaces are not acceptable. Weel shall allow |amnar flow but not

radi al, and prevent |eakage, bypassing, and cross contami nati on by cross
flow within wheel. The wheel shall have rotor seals specifically designed
to limt cross-contamination, and a rotation detector. Should rotation
stop, the rotation detector shall alarmthe HVAC control system \Wee
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shal | not condense water directly or require a condensate drain for summrer
or winter operation. Performance rating shall be in accordance wth
ANSI / AHRI 1060. ]

12.6.3 Def rost Control Danper Section

Provide an integral defrost control danper section with electric danper
nmotor for defrost control of the heat exchanger section. The defrost
control danpers shall be mounted upstream of the heat exchanger section and
shal | be capabl e of preventing frost build-up on the plates of the heat
exchanger. Drain pan shall be stainless steel. The danper notor shall be
| ocat ed outside of both airstreans.

2.6.4 Angle Filter Box

Provi de a side access, gal vani zed steel duct nmounted filter box assenbly
with integral holding frames suitable for accommpdating [50 M2 i nch
11 ] thick filters with a mnimum efficiency reporting value of 13.
Provide filter box constructed of minimunm 1.3 mr 0.05 inch thick gal vani zed
steel with extruded al umi numtracks and individual universal holding franes
wi t h pol yuret hane foam gaskets and positive sealing clips designed to
acconmpdat e vari ous standard size filters in various efficiency ranges.
Provi de access doors with positive sealing, heavy duty quick opening

hal f-tw st | atches and sponge neoprene gasking on each side of filter box
for removal and replacenent of filters. For each filter box provide one
magnehel i ¢ gauge or inclined manometer with static pressure taps, shut-off
and vent cocks, and alum numtubing with range 50 to 1470 Pa 0.0073 to 0.21

psi .
2.7 FI RE DAMPERS
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NOTE: Use 1 1/2 hour rated danmper for up to 2 hour
fire walls. Use 3 hour rated danper only for 3 hour
or 4 hour fire walls.
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Provide [ __ ] [single leaf] [guillotine] [recessed] [hinged] [type]
[curtain type with interlocking blades] [with frane and operating mechani sm
housed out-of-[air] [fune] [vapor] stream] constructed and rated in
accordance with AMCA 500-LC. Furnish danpers for indicated streamflow, to
equal or exceed fire resistance rating of [1 1/2 hours] [3 hours]. Fire
danper shall be rattle-free and shall cause a mninum[5] [10] percent
increase in streamvelocity or systemstatic pressure. [For [__ ]
systenfs], stream exposed materials of construction shall be [__ ].

Provi de buil ding penetration collars in accordance with AMCA 500-D [ and
NFPA 91], [unless otherw se indicated]. Provide one spare fusible link for
testing of each fire danmper operation and one spare fusible link for each
[10] fire danpers, but not |ess than two.

2.8 M SCELLANEQUS MATERI ALS
2.8.1 Filler Metal, Welding

AWS filler netal specification and grade conpatible with base materials to
develop full joint strength.
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2.8.2 Fl ashing Materials

[MII galvani zed, phosphatized, steel sheet with m ni rum spangl e,
conformng to ASTM A 653/ A 653, Coating &0, 24 gage m ni num t hi ckness.
MIIl No. 1 or 2D finished, stainless steel, fully anneal ed, soft tenper,

conformng to ASTM A 167, Type 304, 0.38 mr 0.015 inch mni numthi ckness.
M1l finished copper, conformng to ASTM B 152/ B 152V, m ni nurr 1487 gram
per square nmeter 16 ounces per square foot.] [As specified in Section |
07 60 00] FLASHI NG AND SHEET METAL. ]

2.8.3 Fl exi bl e Connectors
2.8.3.1 Ceneral Service

Airtight, fire-retardant, fume and vapor resistant, chloroprene or

chl orosul fonat ed pol yet hyl ene i npregnat ed, woven fibrous gl ass fabric,
rated for continuous service at 121 degrees C 250 degrees F, conforning to
UL 214, with 678 gram per square neter 20 ounce per square yard wei ght for
service at 498 Pa 2 inches water gage and under and 1017 gram per square
meter 30 ounce per square yardwei ght for service over 498 Pa 2 inches water
gage. Provide with or without integral 24 gage m |l gal vani zed sheet neta
connect ors.

2.8.3.2 Acoustic Service

Provi de as second | ayer for nonpressure service to 60 degrees C 140 degrees
F, | eaded sheet vinyl, a mnimunm 1.40 mr 0. 055 inchesthick, weighing a

m ni murr 20. 60 kg per square neter 0.87 pounds per square foot, capable of
10 dBA attenuation in 10 to 10,000 Hz range, suitable for solvent seam or
overlap joining and bandi ng.

2.8.3.3 [ Fumre] [Dust Coll ection] Service

[3 MM [1/8 inch] [__ ] thick, single-ply, synthetic fabric reinforced
chl oroprene suitable for 107 degrees C 225 degrees F

2.8.3.4 H gh Tenperature Service

a. Bellows type netal expansion joints, tenperature range m nus 29 degrees
Cto [427] [538] degrees C 20 degrees F to [800] [1000] degrees F, plus
or minus 25 kPa 100 inches water gage [with interior liner [and
exterior cover]].

b. Fabric reinforced, insulated, elastomeric cover expansion joint for
operating tenperature up to [204 degrees C] [400 degrees F][ ]
[belt] [or] [flange] type for [10 kPa gage] [40 i nches water gage]

] positive or negative pressure [, with interior liner or baffle].

2.8.4 Fl exi bl e Duct
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NOTE: The designer shall indicate on the draw ngs
the types of flexible duct required.
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2.8.4.1 Metallic Type

Single-ply [zinc-coated carbon steel] [m || gal vanized carbon steel] [Type
316 stainless steel] [two-ply alum num, [self-supporting to 2.50 neters 8
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foot spans] with corrugated and interlocked, folded and knurled type seam
construction, bendable w thout damage t hrough 180 degrees with a throat
radi us approximately 10 times the duct dianmeter, airtight, rated for
positive or negative working pressure of 3735 Pa 15 inches water gage at |
177 degrees C 350 degrees F for alum nun] [343 degrees C650 degrees F for
gal vani zed steel and stainless steel] UL 181, Class 1 rated, confornmng to
NFPA 91.

.8.4.2 Wre Reinforced Fabric Type

El ast oner i npregnated woven synthetic fabric, bonded to and supported by
corrosion protected or corrosion resistant spring steel helix, rated for
positive or negative working pressure of [3735 Pa gage at 121 degrees (
[15 inches water gage at 250 degrees F] [__ ] UL 181, dass 1 |abel ed.
Provide with manufacturer's standard nmetallic connection collar and
clanping fastener assenbly [fitted with] [danpers] [and] [extractors] [as
i ndi cated].

.8.4.3 Ball Joints

Fabricated fromcast iron or fornmed sheet netal with outer sections secured
with bolts. Provide each half of the ball joint with tubular stubs for
connecting ducts.

.8.4.4 Slip Joints

Fabricated fromtubul ar sheet netal sections. Provide outer tube with
fornmed steel flat bar clanps. Were required or indicated, provide a chain
or other neans to fix relative longitudinal position of outer and inner
joint sections.

.8.5 Gasket s

.8.5.1 El ast omer Buna N

Sheet, 3 mr 1/8 inch thick, conformng to ASTM D 2000, Type 2BG410B14.
.8.5.2 El ast omer Chl or oprene

Sheet, 3 mm 1/8 inch thick, conformng to ASTM D 2000, Type 2BE410B14.
.8.5.3 Rubber

Sheet, 3 mr 1/8 inch thick red or black, natural, reclaimed, synthetic
rubber or mixture thereof, conformng to ASTM D 1330.

.8.6 Protective Coating Materials

.8.6.1 Baked Unnodified Phenolic

M L-DTL- 12276, Type |1

.8.6.2 Epoxy Coati ng

Conformto M L-PRF-23236, Type |, Cass 1 or M L-DTL-24441 system Fornul a

150 green priner 0.076 mr 3 mls, Formula 151 haze gray 0.076 mr 3 mls
and Formul a 152 white 0.076 mr 3 mils.
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2.8.6.3 I norgani ¢ Zinc Coating
SSPC Pai nt 20, Type |1-C (Self-cure type).
2.8.6.4 Gal vani zi ng Repair Paint
Conformto M L-P-21035

2.8.7 Seal ant s

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

NOTE: VOCs may be emitted from duct seal ant during
the curing process. However, nost fiberglass duct
work is assenbled using UL 181 approved duct tape,
which is applied to the exterior of the duct board
and is not exposed to the air steam These tapes
have little or no VOCs. Using | ow VOC products
contributes to the following LEED credit: EX.
Include VOC submittal if pursuing this LEED credit,
and coordinate with Section 01 33 29 LEED(tm
DOCUMENTATI ON
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2.8.7.1 El ast oneric

Seal ant specified in these specifications or referenced standards as

el astoneric or without further qualification, shall be silicone,

pol yur et hane, pol ysul fide, polyisobutylene, or acrylic terpolymer suitable
for the service. For sealing of nongasketed duct joints during fabrication
or assenbly, sealant shall be pol yurethane, acrylic terpolymer or

pol ysul fide. Sealants shall conformto the follow ng:

a. Silicone: Conforming to FS TT-S-001543, single conponent type, not
requiring prined substrate, with manufacturer published estinated life
of 30 years and a maxi num 5 percent shri nkage when cured.

b. Polyurethane: Conforming to ASTM C 920, Type 2, Cass A single
conponent type, not requiring prined substrate, wi th manufacturer
published estimated life of 20 years and a maxi num 10 percent shrinkage
when cured

c. Polysulfide: Conforming to ASTM C 920, Type 2, Cass A single
conponent type, not requiring prined substrate, with manufacturer
published estimated life of 20 years and a maxi num 10 percent shrinkage
when cured.

d. Polyisobutylene/Butyl: Conforming to FS A-A-272, Type 1, single
conponent type, not requiring prined substrate, with manufacturer
published estimated life of 10 years and a maxi num 15 percent shrinkage
when cured.

e. Acrylic Terpolymer: Conformng to ASTM C 920, single conponent type,
not requiring primed substrate, with nmanufacturer's published estinmated
life of 20 years and a naxi mum 10 percent shrinkage when cured.

[f. Total volatile organic compounds (VCOCs) shall not exceed the limts of
SCAQVD Rul e 1168 nor the limts of Bay Area AQVD Rule 8-51.]
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2.

.8.7.2 Heat Shrinking over Round Exterior Duct

Hi gh nol ecul ar wei ght, irradiated pol yethyl ene band with interior heat
acti vated epoxy adhesive coating for heat shrinking and epoxy extrusion
over round, exterior, duct joints.

.8.7.3 Hard Cast Caul king for Exterior Ducts

M neral and adhesive inpregnated woven fiber tape with adhesive activator
for exterior round or rectangul ar duct joints.

.8.7.4 Caul ki ng of Building Surface Penetration

Foamed silicones, two-component, fire-resistant, [ganma radi ation
resistant], |ow exotherm roomtenperature vul canizing silicone.

.9 SPECI ALTI ES

Steel, cast iron, stainless steel, nonferrous netal, or plastic to match
duct construction, or as indicated.

.9.1 Access Ports, Test

Wth gasketed screw cap and flange, to suit exhaust service[, 25 mr one inch
nomi nal pi pe size].

.9.2 Danper Regul ators

I ncrenmental position indicating and | ocking type, with satin finish chrone
pl ated, flush surface nounting cover and regul ator box where conceal ment is
required in finished spaces. For splitter danpers, provide splitter tip
mount ed trunnion brackets with self-locking screw regulator or rods wth
external sw vel joint brackets.

.9.3 Bl ast Gates

Provi de neans for |ocking in adjusted position with bolt and nut.

.9.4 Cast |Iron Access Door

Cast iron frame, [hinged and] gasketed cast iron door, quick closing clanps
for watertight sealing[, size as indicated][, 152 by 229 mr 6 by 9 inches
m ni mum si ze] .

10 SUPPORTS AND HANGERS
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NOTE: The designer shall design all supports,

i ncluding wind bracing for stacks, and show al

i nportant details on the drawi ngs. SMACNA Accepted
I ndustry Practice for Industrial Duct Construction
is illustrative and does not fix sizes of supports
or allowable | oads. Refer to SMACNA round and
rectangul ar duct construction standards for design

tabl es and ot her infornmation
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2.10.1 CGeneral Requirenents for Supporting El enments

2.

2

Provi de ducting systens and equi prrent supporting el enents including but not
l[imted to building structure attachnents; supplenentary steel; hanger

rods, stanchions and fixtures; vertical duct attachnents; horizontal duct
attachnents; anchors; supports. Design supporting elenents for stresses

i nposed by systens, with a mninmmsafety factor of 4.0 based on duct being
50 percent full of particul ate conveyed. Supporting elenents shall conform
to SMACNA 1403, SMACNA 1922, SMACNA 1520, [ SMACNA 1378,] and NFPA 91, as
appl i cable, and nodified and suppl enentary requirenments specified herein.

Do not use weld studs and powder actuated anchoring devices to support
nechani cal systens conponents without prior approval.

.10.2 Vertical Attachnents

Provide in accordance with SMACNA Standards, except nmill gal vani zed iron
straps shall be a mininumof 25 mr one inch wi de, 16 gage thick.

.10.3 Hori zontal Attachnents

Provide as indicated in accordance with SMACNA St andards.

.10.4 Suppl emrentary Stee

Provide where required to franme structural menbers between existing nenbers
or where structural menbers are used in lieu of commercially rated
supports. Such suppl enentary steel shall be fabricated in accordance with
t he ANSI/ Al SC 360.

.10.5 Vi bration Isolators
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NOTE: See Section 22 05 48.00 20 MECHANI CAL SOUND,
VI BRATI ON, AND SEI SM C CONTROL for guidance given in
gui de specification technical notes. Definite

requi renents should be specified in contract
specification for bidders' information
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[Provide vibration isolators with in-series, contained, steel springs,

chl oroprene el astoner el enents, and fasteners for connecting to building
structure attachnents. Devices shall be | oaded by support systemin
operating condition to produce required static spring deflection w thout
exceedi ng 75 percent of device maxinmumload rating.] [Conformto Section [
22 05 48.00 20] MECHANI CAL SOUND VI BRATI ON AND SEI SM C CONTROL. ]

11 DUCTWORK, DUST [ AND FUME] COLLECTI ON

11,1 CGeneral Requirenents for Dust [and Funme] Coll ection Ductwork
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NOTE: Delete all welded seans and fl anged joints
when not required. However, factors such as water
i ntrusi on under negative pressure in weather
exposure shoul d be consi dered when construction
which is not |leak-tight is permtted for the
project. Duct conveying fumes subject to
condensati on shoul d be | eak-tight.
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NOTE: Designer nust verify that products neeting
the indicated nmininmumrecycled content are
avai l abl e, preferably fromat |east three sources,
to ensure adequate conpetition. |If not, wite in
sui tabl e recycl ed content values that reflect

availability and conpetition.
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[Where specified or indicated] [ ] fabricate system ductwork from bl ack
carbon steel [, with wel ded seans and fl anged and gasketed joints], m ninmm

[5][100] ____ ] percent post-consuner recycled content, or nininmm
[20]1[40][ ] percent post-industrial recycled content. Construct duct to
handle [ __ ] [wood dust] particulate with an influent |oading of [15, 000

grains per [standard liter per second (L/s)] [actual L/s]] [7,000 grains
per [standard cubic feet per mnute (scfm] [actual cubic feet per mnute

(actm] [___ 1]1. Provide ductwork in accordance with best practice
recomendati ons and requirements of SMACNA 1922 and SMACNA 1520, for [d ass
I] [Cass Il] [Cass I1l1] [Aass IV] duct and requirenents specified or

i ndi cat ed.

.11.2 Fabrication of Dust [and Fune] Collection Ductwork
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NOTE: Delete all welded seans and fl anged joints
when not required. However, factors such as water
i ntrusi on under negative pressure in weather
exposure shoul d be consi dered when construction
which is not |eak-tight is pernitted for the
project. Duct conveying fumes subject to

condensati on shoul d be |eak-tight.
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Provi de indicated sizes, |lengths and configuration w thout deviation unless
ot herwi se approved. Assenble ductwork airtight [as defined under paragraph
entitled "Ductwork Structural Integrity and Leakage Testing," in this
section] and include necessary reinforcenents, bracing, supports, fram ng,
gasketing and fastening to guarantee rigid construction and freedom from
vibration, airflow induced notion, and excessive deflection. For [ ]
system provide SMACNA Class 1 construction with any of the reference
standard seans and connections being acceptable [, except [__ 11. For
[ ] system provide SMACNA Class [2] [3] [4] construction with wel ded
duct and fitting seanms and wel ded compani on angl e or Van-Stone fl anges.
Wl di ng shall conformto requirenents specified herein. Provide flanges at
[ branches] [hoods,] [equipnent] [and] [encl osure connections,] where
necessary for ease of access to equi pnment or mmintenance di sassenbly, and
where indicated. Provide elbows and fittings a mninum 2 gages heavier
than straight ducts of equal dianeter

.11.3 Radi us El bows

Fabricated frombutt wel ded specified piece gore sections or fromforned
wel ded or seam ess tubing to a minimumcenterline radius of [2.0] [2.5]
[ ] dianeters. Assenble, weld, and finish ground gore sections to
elimnate internal projections. Construct gored el bow in accordance with
the foll ow ng:
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400 mm di aneter and | ess Over 400 nm di anet er

16 inches dianeter and | ess Over 16 inches di aneter
90 degree - 5 piece ninimm 90 degree - 7 piece ninimm
60 degree - 4 piece m ni mum 60 degree - 6 piece m ni mum
45 degree - 3 piece m ni num 45 degree - 5 piece mnimum
30 degree - 3 piece ninimm 30 degree - 4 piece ninimm
15 degree - 2 piece m ninum 15 degree - 3 piece m ni num

2.11. 4 Fl anged Joints

Gasketed with full face gaskets 3 mr 1/8 inch thick red or black rubber as
speci fi ed under paragraph, "M scellaneous Materials," in this section.

2.11.5 Access Doors

Provi de hinged, gasketed, and fitted with snap-action cl osures access
doors. Equip access door with gaskets of common weat her stripping type,
foaned, closed-cell, elastoner with pressure sensitive adhesive back.
Provi de cl eanout adjacent to every bend and vertical riser. |In horizontal
duct runs, l|locate cleanout door with maxi mum of spacing of 4 neters 12 feet
for ducts 300 mr 12 inches or less in diameter and 6 nmeters 20 feet for

| arger ducts.

2.11.6 Fl exi bl e Connectors

[ Provi de drawband secured flexible connectors, conformng to requirenents
speci fi ed under paragraph, "M scellaneous Materials," in this section,
utilizing 3 mr 1/8 inch thick reinforced el astonmer, fabricated into a
cylindrical shape by vul cani zing or otherw se bondi ng | ongitudi nal seam]
[ Provide flange secured flexible connectors, conforming to requirenents
speci fi ed under paragraph entitled "M scell aneous Materials," in this
section, utilizing bellows type netal expansion joint. Were service
tenperature exceeds 149 degrees C 300 degrees F, insert 25 nmm one inch
thi ckness of mneral wool.]

2.12 PROTECTI VELY COATED STEEL DUCTS
Ductwork, Protectively Coated Steel, For Corrosive Fume and Vapor Exhaust:

2.12.1 General Requirenents for Protectively Coated Steel Ductwork
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NOTE: Designer nust verify that products neeting
the indicated minimumrecycled content are

avail abl e, preferably fromat |east three sources,
to ensure adequate conpetition. |If not, wite in
sui tabl e recycl ed content val ues that reflect

avai lability and conpetition.
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Fabricate [ ] system ductwork from bl ack carbon steel with wel ded
seans, flanged and gasketed joints and protectively coated interior
surfaces including flange faces, using a mninmumof [5][10]] ] percent
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post -consuner recycled content, or a mininumof [20][40][__ ] percent
post-industrial recycled content. Construct ductwork to handle [__ ]
[fumes] [condensing] [noncondensing] [vapors] containing [ ]. Spira

wel ded duct is prohibited. Provided ductwork in accordance with best
practice recomrendati ons and requirenents of SMACNA 1922 and SMVACNA 1520,
for dass [IV] |

.12.2 Protective Coating

Provide [ ] [and] [__ ] protective coatings as specified under
"Protective Coating Materials" subparagraph of paragraph entitled

"M scel | aneous Materials," in this section. Provide | ] coating to
interior of duct [and related fan] surfaces. Coat exterior duct [and
related fan] surfaces with same protective coating as specified for
exterior surfaces [prined with] [inorganic zinc coating] [__ .

[Exterior fan surfaces shall be finished [protectively coated] [prinmed] [as
speci fi ed under paragraph, " ".1]1 [Field finish exterior surfaces

whi ch have only been prined, as specified in Section 09 90 00 PAINTS AND
COATI NGS. ]

.12.3 Fabrication of Protectively Coated Ductwork

Construct protectively coated ductwork for corrosive funme and vapor exhaust
in accordance with SVMACNA 1922 and SMACNA 1520 and as specified herein.
Provi de indicated sizes, lengths and configuration w thout deviation,

unl ess otherw se approved. Spiral welded duct is prohibited. Instal
ductwork to be water washable, watertight, self-draining, and airtight [as
defined under paragraph entitled "Ductwork Structural Integrity and Leakage
Testing," in this section]. Provide necessary reinforcenents, bracing
supports, fram ng, gasketing, and drai nage provisions, and fastening to
guarantee rigid construction and freedom from vibration, airflow induced
noti on, and excessive deflection. Rigid construction is required to
prevent damage to or failure of protective coating during construction
transport, erection, and on-off system operation. Only conpanion angle
flanged joints shall be permtted. Weld ducting and fittings seans. Avoid
seans in bottonm 80 mr 3 inchesof ducting and in corners wherever practica
by bending of corners and arranging seans high in the side sheets or top
sheet. Cracks, laps, sharp inside corners, sharp sheared edges, weld
"icicles," flux, pits, weld spatter, burrs, and simlar defects which
contribute to coating discontinuities shall be elimnated by the

following: a) welding continuously, b) grinding of nmetal flush with
surface or to 0.8 mm 1/32 inch radius or to nmaxi mumradi us permtted by
thinner nmetals, c¢) Uilizing other fabrication techniques and subsequent
surface preparation abrasive blasting. Renoved fromthe job site for
repair rejected ducting not conformng to these requirements and which

exhi bit coating thickness deficiency. Wlding shall conformto

requi renents specified herein. Continuously weld conpani on flange angl es
to the inside of the duct and intermttently weld with 25 nr one inch wel ds
every 100 mr 4 inches on outside of duct. Intermittently weld girth and
transverse reinforcenments to duct surface for 25 mr one inch on 152 mr 6
inch centers or spot welded on 100 mm 4 inch centers. Wld and grind
flange and reinforcenent angles at corners or ends to form continuous
franmes. Provide flanges at [branches,] [hoods,] [equipnent] [and]

[ encl osure connections,] where necessary for ease of access to equi pnent or
mai nt enance di sassenbly, and where indicated. Limt duct lengths in
accordance with size, to pernit conmplete and ready access for wel ding,
grinding, blasting, coating, coating continuity checking and testing, and
vi sual inspection during fabrication and inediately prior to erection.
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2.

.12. 4 Radi us El bows

Fabricated radius el bows frombutt wel ded specified piece gore sections or
fromfornmed wel ded or seanl ess tubing to a mninmumcenterline radi us of
[2.0] [___ ] dianeters and preferably 2.5 tinmes the duct dianeter.
Assenbl e, weld, and finish ground gore sections to prevent interna
crevices and projections. Construct gored el bow in accordance with the
fol | owi ng:

400 mm di aneter and | ess Over 400 mm di aneter

16 inches dianeter and |ess Over 16 inches dianeter
90 degree - 5 piece m ni mum 90 degree - 6 piece m nimm
60 degree - 4 piece nmnimm 60 degree - 5 piece ninimm
45 degree - 3 piece mni num 45 degree - 4 piece mnimum
30 degree - 3 piece mninmm 30 degree - 3 piece mnimm
15 degree - 2 piece mnimum 15 degree - 2 piece m nimm

.12.5 Fl anged Joints

Gasketed with full-face gaskets which are one-pi ece, heat, adhesive or
sol vent vul cani zed, or bonded and assenbled to prevent drainage and limt
extrusion or cavity at joint.

.12.6 Access and C eanout Door Qpenings

Provi de access pl ates upstream and downstream of equi pnent installed in
ductwork, at locations to facilitate duct cleaning (such as in horizonta
runs, near el bow junctions, and vertical runs), and where indicated. For
ducts 300 mm 12 inches dianmeter or |ess, |ocate cleanout or access openings
a mnimmof 3.70 neters 12 feet apart. Provide 250 by 300 mr 10 by 12

i nches m ni mum si ze access opening; unless otherw se indicated or prevented
by duct di nension. Locate opening a mninumof 80 mr 3 inches from bottom
of duct. Frame access openings by wel ded and ground miter joint 5 mr 3/16
inch thick strap iron, or angle iron, with 6 mr 1/4 inch stainless stee
bolt or stud assenbly to duct on 100 mv 4 inch centers. Fabricate plates
out of 300 series corrosion-resistant steel or polyvinyl chloride faced
sheet backed by 16 gage sheet netal, reinforced as required for |arger
sizes, or constructed of heavier gage metal. Ensure only corrosion
resistant materials are expose to duct interior. Provide one "U' handle on
access plates through 250 by 300 mr 10 by 12 inches and two "U' handl es on
| arger sizes. Locate access openings at points which will permt ready
access to duct internals with no duct cutting. Were access through

equi pnent or access doors specified herein is not available at a specific
poi nt, provide 200 mm 8 inch dianmeter gasketed access pl ates spaced on

maxi murr 3 neters 10 foot centers. Wiere penetration of duct surfaces is
approved or specified, provide 300 series corrosion resistant stee

fastener assenblies. Provide hex type, cadm um plated flange fastener
bolts and nuts and [3 mr 1/8 inch thick acid resistant chloroprene] [3 m
1/8 inch thick Buna N joint gaskets.

13 THERMOPLASTI C DUCTWORK
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NOTE: Duct systens of plastic material nmay be used
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to handl e only nonflanmabl e corrosive funes and
vapor when conventional netal duct systens will not
be adequat e.

IR R R R R R RS EEEEEREEEEEEEEEREEEREREEEREEEEREEEREEEEEEREEEEEEEEEEEEEEREEEEEEREEEEEESE]
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NOTE: SMACNA Thernopl astic Duct (PVC) Construction
Manual is applicable to fune exhaust systens
construction and installation requirenents for round
and rectangul ar PVC ductwork for positive and
negative pressure systens operating in environnents
up to 27 degrees C at 498 Pa, 1493 Pa, and 2488 Pa
80 degrees F at 2 inches, 6 inches, and 10 inches
wat er gage. The requirenents of this standard are
applicable specifically to O asses 12454-B and
12454- C PVC conpounds as defined in ASTM D 1784,

Ri gid Poly(Vinyl Chloride) (PVC Conpounds and

Chl ori nated Pol y(Vinyl Chloride) (CPVC) Conpounds.
The designer shall indicate on the draw ngs the
static pressure classification (498 Pa, 1493 Pa, or
2488 Pa 2 inches, 6 inches, or 10 inches water gage
positive or negative) to which each duct system (or
each portion of a duct systen) is to be constructed.

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

2.13.1 Duct wor k

Construct ductwork, fittings, hoods, and accessories in accordance with
SIVACNA 1378 and NFPA 91. Fabricate supplenentary steel in accordance with
the ANSI/ Al SC 360.

2.13.2 Product Requirenents

Provi de duct systemfroma manufacturer recognized in the field of
fabrication of PVC nmaterial. Fabricating personnel shall be certified by
the manufacturer as qualified to performthe work in accordance with the
speci fied requirenents.

2.13.3 Basi ¢ Ductwork Materials

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

NOTE: Designer nust verify that products neeting
the indicated nminimumrecycled content are

avail abl e, preferably fromat |east three sources,
to ensure adequate conpetition. |If not, wite in
sui tabl e recycl ed content val ues that reflect

avai lability and conpetition.

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

Fabricate ducts, hoods, accessories and conponents in sheet form from
materials conformng to ASTM D 1927, [Type |, Gade 1] [Type |, Gade 2].
Content shall be a mininumof [5][10][_ ] percent post-consuner recycled
content, or a minimumof [20][40][___ ] percent post-industrial recycled
content. UWilize extrusions of the sane conpounds as specified for duct.
Sol vent cenent shall conformto ASTM D 2564. Construct metal conponents,
when permtted to be located interior to the duct, of [Type] [304 or 304L]
[316 or 316L] [__ ] [corrosion resistant steel] [ ].
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2.13. 4 Fast eners

Were penetration of duct surfaces is approved or specified, provide Type
316 corrosion resistant steel fastener assenblies encapsulated with

pol yester on duct interior, unless total disassenbly is intended. Provide
flange fastener bolts and nuts of hex type only, cadm um plated, unless
exposed to corrosive funmes; in which case provide Type 316 stainless steel.
Equi p bolted assenblies with two oversized washers, except where assenbl ed
with nmetallic reinforcement contact. Plastic bolting is prohibited.

2.13.5 Joi nt Gaskets

Provide [3 mml/8 inch thick acid resistant chloroprene.] [3 nml/8 inch
thick Buna N.]

2.13.6 Fabri cation

Construct water washable, watertight, self-draining, and airtight ductwork
as specified or indicated. Provide required reinforcenents, bracing,
supports, fram ng, gasketing, sealing, resilient mounting, drainage

provi sions, and fastening to guarantee rigid construction and freedom from
vibration, airflow induced noti on and noi se, and excessive deflection at
speci fi ed maxi mum system pressure and vel ocity.

2.13.6.1 Fl anges

Provide flanges at all branches on maxinur 6 neters 20 foot centers in
ducting sized 400 mm 16 i nches and under, on maxi mun 2.40 neters 8 foot
centers in duct sized over 400 nm 16 inches, where required for ease of
access to equi pnment, at hoods, enclosure connections and where indicated.
Furni sh one piece, heat, adhesive, or solvent vul canized or bonded ful
face gaskets at flange joints.

2.13.6.2 Access Pl ates

Provi de access pl ates upstream and downstream of equi pnent in ducts at
locations to facilitate duct cleaning, and where indicated. Locate access
openi ngs a m ni mum of 50 nr 2 inches above bottom of duct and externally
franme with wel ded and ground mter joint steel which is isolated from duct
interior. Construct access plate with PVC on interior side, backed with
steel on exterior side. Provide stainless steel access plate fasteners.
For ductwork cl eaning access, provide 200 nmr 8 inchdi anmeter gasketed access
pl ates on maxi munr 3 nmeters 10 foot on centers, except where access is
avai l abl e through an air term nal device or other required access.

2.14 FI BERGLASS DUCTWORK

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

NOTE: Duct systens of plastic material may be used
to handl e only nonfl ammabl e corrosive funes and
vapor when conventional netal duct systens will not
be adequat e.

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

Ductwork, Fiberglass for Nonflanmabl e [ Corrosive] [Fune] [Vapor] Exhaust:
2.14.1 Fi ber gl ass Duct work

Construct ductwork, fittings, accessories, and material of construction in
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accordance with NFPA 91, and ASTM C 582. Fabricate supplenentary steel in
accordance with the ANSI/ Al SC 360.

2.14.2 Basi ¢ Ductwork Materials

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

NOTE: Fill in resin characteristics fromASTM C 582
if necessary. Verify suitability of Type 316

stainl ess steel for the specific chen cal exposure;
for exanple, chromc acid attacks Type 316 stainless
steel. Revise as required.

EE R R R S I R I R I R I O I R R R I R S R R I R R R R R S R R R
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NOTE: Designer nust verify that products neeting
the indicated mninmumrecycled content are
avai l abl e, preferably fromat |east three sources,
to ensure adequate conpetition. |If not, wite in
sui tabl e recycl ed content values that reflect

availability and conpetition.
EE IR R I Sk S S I S S S I R R R Rk I S Sk S I Sk I R R Ik I S I R Sk I O R I

Fabricate ducts, accessories and conponents in sheet formfrommaterials
conformng to ASTM C 582 [, RTP ]. Content shall be a mni num of
[5][10][___ ] percent post-consumer recycled content, or a mninmm of
[20][40][ ] percent post-industrial recycled content. Provide exterior
gel coat, coating or paint with ultraviolet light inhibiting properties for
ducts exposed to sunlight. Construct netal conponents, when pernitted to

be located interior to the duct, of Type 316 corrosion resistant steel.
2.14.3 Fast eners

VWere penetration of duct surfaces is approved or specified, provide Type
316 corrosion resistant steel fastener assenblies encapsulated with

pol yester on duct interior, unless total disassenbly is intended. Provide
fl ange fastener bolts and nuts of hex type only, cadm um plated, unless
exposed to corrosive funmes; in which case provide Type 316 stainless steel.
Equi p bolted assenblies with two oversized washers, except where assenbl ed
with nmetallic reinforcement contact. Plastic bolting is prohibited.

2.14. 4 Joi nt Gaskets

Provide [3 mml/8 inch thick acid resistant chloroprene.] [3 nml/8 inch
thick Buna N.]

2.14.5 Fabri cation

Construct water washable, watertight, self-draining, and airtight ductwork
as specified or indicated. Provide required reinforcenments, bracing,
supports, fram ng, gasketing, sealing, resilient mounting, drainage

provi sions, and fastening to guarantee rigid construction and freedom from
vibration, airflow induced noti on and noi se, and excessive deflection at
speci fi ed maxi mum system pressure and vel ocity.

2.14.5.1 Fl anges
Provide flanges at all branches on maxinur 6 neters 20 foot centers in

ducting sized 400 nmm 16 inches and under, on maxi mun 2.40 neters 8 foot
centers in duct sized over 400 nm 16 inches, where required for ease of
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2

access to equi prent, at hoods, enclosure connections and where indicated.
Furni sh one piece, heat, adhesive, or solvent vul canized or bonded ful
face gaskets at flange joints. Provide flanges at dissimlar material
joints, such as between fiberglass reinforced plastic (FRP) and PVC.

.14.5.2 Access Pl ates

Provi de access pl ates upstream and downstream of equi pnent in ducts at

| ocations to facilitate duct cleaning, and where indicated. Locate access
openings at least 50 mr 2 inches above bottom of duct and externally frane
with wel ded and ground miter joint steel which is isolated from duct
interior. Construct access plate with fiberglass on interior side, backed
with steel on exterior side. Provide Type 316 stainless steel access plate
fasteners. For ductwork cl eaning access, provide 200 mr 8 inch dianeter
gasketed access plates on not nore than 3 neters 10 foot centers, except
where access is available through an air termnal device or other required
access provision.

15 VEHI CLE TAI L PI PE EXHAUST SYSTEM

Rk Rk R IR R R I kO AR Rk R Rk kO kO I IR I O I bk S A R R

NOTE: Specifications included are for maintenance
wor k. Dynanoneter applications require revised
specifications with special considerations for high
tenperatures involved. Following are kWcns

hor sepower/ cfm of exhaust gas recommendati ons for

si zing system and hoses for maintenance work
applications.

Mai nt enance-gasoline: 223 (kWO0.07 nB/s; 261/0.09;
373/0.19 299 (HP)/150 (CFM; 350/200; 500/ 400

Mai nt enance-di esel : 224/0.19; 373/0.28; 522/0. 47
300/ 400; 500/600; 700/1000

Tur bo-charged diesel: to 373/0.66 500/1400

EZE IR R R S R R R I I O R R R Ok S R R R R I R I R I O R I O

.15.1 CGeneral Requirenents for Vehicle Tail Pipe Exhaust System

Provi de a hangi ng [ exposed overhead] [disappearing overhead] [disappearing
underfl oor] [nondi sappearing (plug-in underfloor)] type vehicle tail pipe
exhaust system Construct and install in accordance with applicable

requi rements of NFPA 91.

.15.2 Duct wor k

Construct ducts and miter or stanped fittings with gal vani zed steel. Duct
sheet netal gages shall conformto Cass | in SMACNA 1922 and SMACNA 1520.

.15.2.1 Suction Side Ductwork

Construct suction side ductwork with | ock groove seam | ongi tudinal joints.
Connect circunferential joints between sections with push-on or bead and
crimp type, secured with a minimum4 rivets or screws on ducts up to and
including 100 my 4 inches dianmeter, and with screws or rivets a m nimm 80
nr 3 inches on center on larger sizes of duct. Lap joints in the direction
of air flow. On disappearing overhead systens, assenble roller duct
sections using pop rivets. Solder all joints or construct ductwork
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| eak-tight as for discharge side ductwork bel ow
2.15.2.2 Di scharge Si de Ductwork

Construct ductwork on the discharge side of the fan | eak-tight with joints
and seans wel ded, brazed, or soldered. Provide flanges with suitable
gaskets, where required. Repair damaged gal vani zi ng with gal vani zi ng
repair conpound.

2.15. 3 Fan

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

NOTE: The criteria for special AMCA construction
for protective coating can be further delineated
here or incorporated into referenced paragraph, if
this is the only fan. Specify welded Cass Il
construction only where required.
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NOTE: See Section 22 05 48.00 20, MECHANI CAL SOUND
VI BRATI ON, AND SEI SM C CONTROL for guidance given in
gui de specification technical notes. Definite

requi renents should be specified in contract
specification for bidders' information

Rk Rk kIR Rk S S O e S S S AR Rk R O R Rk Ik kS I O R SRR o

Conply with paragraph entitled "Centrifugal Fans," in this section [,
subparagraph "Utility Set,"] and special requirenents for protective
coatings. [Provide unit of all welded construction, utilizing m ninmm
14- gage carbon steel in AMCA Cass Il construction.] [Internal and externa
protective coating shall be manufacturer's standard, engineered quality
type, with properties conparable to [air-dry or baked phenolic,] [or]

[ epoxy] applied in nmultiple coats of 0.10 to 0.15 mr 4 to 6 ml| dry film
thickness.] [Mount entire assenbly for vibration isolation on structura
steel base and spring or elastonmer type isolators with m ninmm
transmssibility of [10] [5] percent.] [Provide split sleeve or flexible
connection at fan inlet.]

2.15.4 Fl exi bl e Tail Pi pe Exhaust Tubing and Connectors

Provide interlocking helical seamnetallic type construction of 0.3 nmr
0.012 inch mnimum thickness up to and including 150 nv 6 inch di aneter and
0.51 mr 0.020 inch m ni mum thi ckness over 150 mr 6 inches dianeter Type
302, 304, or 321 corrosion-resistant steel [with inside dianeter] [and

| ength as shown.] [of] [80] [100] [125] [150] [200]mmand [__ ] meters in
length [3] [4] [5] [6] [8] [inches] and [_ ] feet in length. Connect to
duct by welding or with screws or flanged joint with gasket [and fit with
tail pipe adapters constructed of m ni mum 20 gage Type 300 or 400 Series
stai nl ess steel, and which include provisions for secure tail pipe
attachment]. Secure hose term nal connections by screws, clanps, or

fl anged connections. [Provide wi nch operated hose assenbly.]

2.15.5 Supporting El enents
Support ducting [as indicated] with anti-sway bracing to resist perceptible
noverrent in response to forces inposed by flexible tubing | ocation on

handl i ng. Suspend tubing from overhead | ocati on and provi de neans to raise
and | ower for use. Assenble suspension systemwith rigid pulley restraint,
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3 mr 1/8 inch dianeter aircraft cable, pulleys, and manually operated w nch
fitted with safety ratchet lock and slip resistant hand grip.

.16  VELDI NG FUMVE EXHAUST SYSTEM
.16.1 CGeneral Requirenents for Wl ding Fume Exhaust System

Provide a [hanging] [long reach type] wel ding fume exhaust system as
specified and indicated. Construct and install in accordance wth
appl i cabl e requirenents of NFPA 91

.16.2 Duct wor k

Construct ducts and stanped fittings with gal vani zed steel. Duct sheet
nmetal gages shall conformto Class | in SMACNA 1922 and SMACNA 1520.

.16.2.1 Suction Side Ductwork

Construct suction side ductwork with |l ock groove seam | ongitudi nal joints.
Connect circunferential joints between sections with push-on or crinp and
bead type, secured with a mnimm4 rivets or screws up to and including

100 mr 4 inches diameter, and with screws or rivets a maxi nunm 80 nm 3 inches
on center on larger sizes of duct. Lap joints in the direction of air

flow.

.16.2.2 Di scharge Si de Ductwork

Construct ductwork on the discharge side of the fan |l eak-tight with joints
and seans wel ded, brazed, or soldered. Provide flanges with suitable
gaskets, where required. Repair danaged gal vani zi ng wi th gal vani zi ng
repair conpound.

.16. 3 Fan

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

NOTE: The criteria for special AMCA construction
for protective coating can be further delineated
here or incorporated into referenced paragraph, if
this is the only fan. Specify wel ded O ass |
construction only where required.
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NOTE: See Section 22 05 48.00 20 MECHANI CAL SOUND
VI BRATI ON, AND SEI SM C CONTROL for guidance given in
gui de specification technical notes. Definite

requi renents should be specified in contract
specification for bidders' information.
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Conply with paragraph entitled "CENTRI FUGAL FANS" [, subparagraph "Utility
Set,"] in this Section and special requirenents for protective coatings.
[Provide unit of all welded construction, utilizing a m nimum 14-gage
carbon steel in AMCA Class Il construction.] [Internal and externa
protective coating shall be nmanufacturer's standard, engineered quality
type, with properties conparable to [air-dry or baked phenolic,] [or]

[ epoxy] applied in multiple coats of 0.10 to 0.15 mr 4 to 6 ml dry film
thickness.] [Mount entire assenbly for vibration isolation on structura
steel base and spring or elastoner type isolators with a mininum
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transmssibility of [10] [5] percent.] [Provide split sleeve or flexible
connection at fan inlet.]

2.16.4 Fl exi bl e Wl di ng Fune Exhaust Tubi ng and Connectors

Provi de corrosion protected, spring steel helix reinforced, neoprene

i mpregnat ed, woven fibrous glass fabric lamnate, flexible tubing with
cuffed ends or equivalent construction, and with an inside diameter [and

l ength as shown.] of [100] [125] [150] nm[and __ meters in |ength] [4]
[5] [6] inches [and feet in length]. Connect to duct with clanp or
gasketed flange [and fit with sw vel connected conical funme hood,
constructed of mninmum 20 gage al um num [or 26 gage gal vani zed steel] [or
ABS plastic] and fitted with 13 mr 1/2 inch mesh intake screen and nmagnets
for holding receptor in fixed |location]. Secure tubing to term nal devices
by clamping. [Provide spring or weight counterbal anced supporting arns for
flexi ble hose section of |long reach system]

2.16.5 Supporting El enents

Support ducting [as indicated] with anti-sway bracing to resist perceptible
noverment in response to forces inposed by flexible tubing | ocation on
handl i ng. Suspend tubing from overhead | ocation [and provi de neans to

rai se and | ower for use]. [Assenble suspension systemwth rigid pulley
restraint, 3 nr 1/8 inch dianeter aircraft cable, pulleys, and manually
operated winch fitted with safety ratchet |lock and slip resistant hand
grip.] [Support nmovable portion of long reach systemw th brackets.]
hserve that hood remain in a fixed position after nmanual adjustnent.

2.17 STACKHEADS

Provi de SMACNA 1403 no | oss type stackheads for vertical discharge to the
at nosphere unl ess indicated otherwi se. Wather caps are prohibited.

Provi de bracing or guy wires for wind | oads on stacks as indicated.

Di scharge stacks should be vertical and termnate at a point where hei ght
or velocity prevents reentry of exhaust air.

PART 3 EXECUTI ON
3.1 | NSTALLATI ON

3.1.1 Install ati on Requirenents

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

NOTE: Ductwork for Cass 2, 3, and 4 service and
supporting elenents shall be able to sustain working
live | oads inposed by ducting 50 percent filled with
particul ate material being conveyed. Provide

suppl enentary structural steel for the support of
syst em conponent s.

Rk bk bk R IR R R Sk O O e S R S AR Rk R R Rk I ok O kI R R I O b I R

Install in accordance to NFPA 91, and SMACNA 1922, and SMACNA 1520.

Provi de nounting and supports for equi pnent, ductwork, and accessories,
including structural supports, hangers, vibration isolators, stands, clanps
and brackets, access doors, blast gates, and danmpers. Install accessories
in accordance with the manufacturer's instructions. Construct positive
pressure duct inside buildings airtight.
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3

3.

.1.1.1 Wod Facilities

Rk bk bk A IR R R Sk O O S R S AR R Rk O o O IR Ik S I S b R R

NOTE: | ncl ude paragraphs when appropriate. For
other projects, edit as required and include
appropriate references.

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

For [wood processing] [and] [woodworking] facilities, conformto NFPA 664.

.1.1.2 Al um num Facilities

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

NOTE: | ncl ude paragraphs when appropriate. For
other projects, edit as required and include
appropriate references.

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

For al um num [ processing] [and] finishing facilities, conformto NFPA 65.
1.2 El ectrical Ground Continuity

Were el ectrical ground continuity is required, provide brazed connection
insulated, multi-strand, copper wire junpers across points of
discontinuity. Provide connection to ground and continuity testing as part
of the work of Division 16.

. 1.3 Speci al Installation Requirenents

Special installation requirenents for protectively coated steel ductwork
for corrosive fune and vapor exhaust: Slope horizontal ducts [25] [ ]
mmin [12] [__ ] meters [one] [__ ] inchin[40] [___ ] feet in the
direction of air flowor [25] [__ ] in[3] [ ] meters [one] [__ ]

inch in[10] [___ ] feet in the direction opposite to airflow. \Were
necessary, slope duct to common drai nage point. Provide drains at |ow
points, at internal duct restrictions, at base of risers and where

i ndi cated. Provide drain connections of 25 mr one inch pipe size corrosion
resi stant steel couplings welded to duct and provided with

pol ytetrafl uor oet hyl ene paste |ubricated PVC plug where drainage piping is
not indicated. Provide drain lines with a trap of 25 mr one inch greater
depth than the positive or negative pressure in the duct but not |ess than
50 mm 2 inches. Provide duct support systemto include additional weight
due to collection or [condensate] [and] washing water in nondrainable

defl ected surface and other areas. Provide duct supports and buil ding
structure attachnments in accordance with SMACNA 1922 and SMACNA 1520.

1.4 Speci al Requirenents for Installation of Thernoplastic Ductwork

Requi rements for installation of thermoplastic ductwork for nonflamabl e
corrosive fune and vapor exhaust:

.1.4.1 Sl ope

Sl ope horizontal ducts [25] [__ ] mmin [12] [__ ] meters [one] [___ ]
inch in [40] feet in the direction of airflowor [25] [_ ] in [3]

[ ] meters [one] [__ ] inch in[10] [___ ] feet in opposite to the

direction of airflow \Were necessary, slope duct to conmon drai nage point.
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3.1.4.2 Dr ai ns

Provide drains at all low points, at internal to duct drainage
restrictions, at base of risers, and where indicated. Provide drain
connections of 25 mm one inch IPS couplings with polytetrafl uoroethyl ene
paste lubricated plug where drai nage piping is not indicated, and where
piping is indicated, provide PVC Type DW piping conform ng to ASTM D 2665
to points indicated. Provide trap of 25 mm one inch greater depth than the
positive or negative pressure in the duct but not less than 50 mr 2 inches.

3.1.4.3 Duct Supports
| sol ate duct support contact surfaces from supporting steel by 6 mr 1/4 inch
thick closed-cell foaned cellular elastoner insulation material of a width
greater than support. Provide duct support systemto include additiona
wei ght due to collection of condensate and washi ng wat er in nondrainabl e,
defl ected surface and ot her areas.

3.1.5 Speci al Requirenents for Installation of Fiberglass Ductwork

Requirenments for installation of fiberglass ductwork for nonflamrabl e
corrosive fune and vapor exhaust:

3.1.5.1 Sl ope

Sl ope horizontal ducts [25] [__ ] min [12] [__ ] meters [one] [__ ]
inch in [40] [___ ] feet in the direction of airflowor [25] [__ ] mMmin
[3) [ ] meters [one] [__ ] inchin[10] [___ ] feet in opposite to

the direction of airflow \Were necessary, slope duct to common drai nage
poi nt .

3.1.5.2 Dr ai ns

Provide drains at all low points, at internal drainage restrictions, at
base of risers, and where indicated. Provide drain connections of 25 mv
one inch IPS couplings with polytetrafluoroethylene paste |ubricated plug
wher e drainage piping is not indicated, and where piping is indicated,
provi de PVC Type DW piping conformng to ASTM D 2665 to points indicated.
Provide a trap of one inch greater depth than the positive or negative
pressure in the duct but not less than 50 mv 2 inches.

3.1.5.3 Duct Supports

| sol ate duct support contact surfaces from supporting steel by 6 mr 1/4 inch
thick closed-cell foaned cellular elastoner insulation material of a width
greater than support. Design duct supporting systemto include additiona
wei ght due to collection of condensate and washi ng water in nondrainabl e,
defl ected surface and ot her areas.

3.1.6 M scel | aneous Sheet Metal Work
Provide [ ] and [ ], fabricated from[m |l gal vani zed steel] [black
steel and protectively coated] [aluminum [__ ], as indicated. Sheet

nmetal thickness, reinforcement and fabrication, where not indicated, shal
conformto SMACNA 1403.
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3.

3.

1.7 Bui | di ng Penetrations
1.7.1 Ceneral Penetration Requirenents

Provi de properly sized, fabricated, |ocated, and trade coordinated sl eeves
and prepared openings, for duct mains, branches, and other item
penetrations, during the construction of the surface to be penetrated.
Provi de sl eeves for round duct 380 mm 15 inches and smaller and prepared
openi ngs for round duct |arger than 380 mr 15 i nches and square or
rectangul ar duct. Fabricate sleeves, except as otherw se specified or

i ndi cated, from 20 gage, 1.00 mr 0.0396 inch thick m |l gal vani zed sheet
netal . Sleeves penetrating | oad bearing surfaces shall be standard wei ght
gal vani zed steel pipe. Provide roof penetrations as shown in SVACNA 14083.

.1.7.2 Framed Openi ng

Provi de framed openings in accordance with approved shop drawi ngs. Refer
to paragraph entitled "Fire Danpers,” in this section, for related work.

.1.7.3 Cl ear ances

Provide a m nimunr 25 nr one inch clearance between penetrating and
penetrated surfaces. Fill clearance space with bulk fibrous glass or
m neral wood [or foaned silicone] and seal and cl ose.

.1.7.4 Ti ght ness

Penetration shall be [weathertight] [fireproof where fire rated surfaces
are penetrated] [vaportight to prevent vapor transm ssion to conditioned
spaces] [sound tight to prevent sound transm ssion to or between nornally
occupi ed or finished spaces] [del eterious or hazardous substance-ti ght
where] [toxic] [flammable] [__ ] [substances or gases could mgrate].

.1.7.5 Seal ant s
Provi de sealant of [ ] [elastomeric] type [or foaned silicone type], as
speci fied under paragraph entitled "Sealants,” in this section. Apply to

oil free surfaces to a mininur 10 mm 3/8 inch depth

.1.7.6 Cl osure Coll ars

Provide a mininmun 100 nr 4 inches w de, unless otherw se indicated, for
exposed ducts and itenms on each side of penetrated surface, except where
equiprment is installed. Install collar tight against the surface and fit
snugly around penetrating itemw thout contact. Gind sharp edges snooth
to prevent damage to penetrating surface. Fabricate collars for round ducts
380 mr 15 inches in dianeter or less from 20 gage, 1.00 mr 0.0396 inch
nom nal thickness, mll galvanized steel. Attach collars a m nimum of 4
fasteners to where the opening is 300 mr 12 inches in dianmeter or |ess, and
a mnimum of 8 fasteners where the opening is 500 mr 20 inches in dianeter
or less. Fabricate collars for square and rectangul ar ducts with a maxi mum
side of 380 mr 15 inches or |less from 20 gage, 1.00 mr 0.0396 i nch noni na

thickness, nm |l gal vani zed steel. Fabricate collars for round, square, and
rectangul ar ducts wi th m ni mrum di mensi on over 380 mr 15 inches from 18 gage,
1.40 mr 0.0516 inch in nomnal thickness, nill galvanized steel. Instal

collars with fasteners a maxi mum of 150 mr 6 incheson center. [Were
penetrating itens are irregularly shaped and where approved, snoothly
finished, fire-retardant, foaned silicone elastomer may be utilized wi thout
closure collar.]
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3.

1.8 Installation of Fire Danpers

Install fire danpers at |ocations indicated. Provide units and connecting
ductwork in accordance with applicable provisions of [ NFPA 91,] [

UL Bld Mat Dir,] AMCA 500-D [and UL 33], [and as indicated]. Instal

retai ning angl es, sleeves, break-away connections, and duct access doors at
each damper, as required. M nimumthickness of sleeves shall be 14 gage [,
except as otherw se indicated]. Duct access doors shall be hinged [and
fitted with UL listed glass view ng port assenbly]. Prior to acceptance,
simulate conditions to cause each unit to function automatically. Apply
safe, nonflame, heat source to fusible links and replace test activated
fusible |inks.

.1.9 Install ati on of Fl exi bl e Connectors

Fl exi bl y connect duct connected and vibration isolated fans [, ducts
crossing buil ding expansion joints] and specified or indicated conmponents
[, except where direct connections are specified or indicated]. Wen fans
are started, stopped, or operating, flexible connector surfaces shall be
curvilinear, free of stress induced by msalignment or fan reaction forces,
and shall not transmt vibration. Leakage shall not be perceptible to the
hand when placed within 150 mr 6 i nches of the flexible connector surface
or joint. Provide a mninmmof 150 mr 6 i nches and a maxi mum of 610 mr 2
feet active length with a mnimumof 25 nm one inch of slack, secured at
each end by folding in to 24 gage sheet netal or by netal collar framnes.

.1.10 Install ati on of Supports

.1.10.1 Sel ection

Sel ect duct and equi pment support systemtaking into account the best
practice recomrendati ons and requirenents of SMACNA 1922, SMACNA 1520, and
NFPA 91; location and precedence of work under other sections;
interferences of various piping and el ectrical work; facility equipnent;
bui l di ng configuration; structural and safety factor requirenents;

vi bration and inposed | oads under nornal and abnormal service conditions.

I ndi cat ed support sizes, configurations, and spacings are the mninml type
of supporting conponent required for normal |oads. Where installed |oads
are excessive for the normal support spacings, provide heavier duty
conponents or reduce the el ement spacing. After systemstart-up, replace
or correct support el enents which vibrate and cause noi se or possible
fatigue failure. Exercise special care to prevent cascading failure.

.1.10.2 Ceneral Requirenment for Supports
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NOTE: See Section 22 05 48.00 20 MECHANI CAL SOUND,
VI BRATI ON, AND SEI SM C CONTRCL for guidance given in
gui de specification technical notes. Definite

requi renents should be specified in contract
specification for bidders' information
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Securely attach supporting elenents to building structural steel or
structural slabs. Were supports are required between building structura
menbers provi de suppl ementary structural steel as specified for work under
this section. On submttals show | ocation of supports and anchors and

| oads i nposed on each point of support or anchor. Do not hang ductwork or
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equi pment from pi ping, or other ducts or equipnent. Attach supports to
structural fram ng nenber and concrete slab. Do not anchor supports to
nmet al decking unless a neans is provided and approved for preventing the
anchor from puncturing the netal decking. Were supports are required,

bet ween structural fram ng nenbers, provide suitable internedi ate netal
fram ng. Wiere C-clanps are used, provide retainer clips. A nmaxi num span
of 3 nmeters 10 feet shall exist between any two points, with | esser spans
as specified or as required by duct assenblies, interferences, and | oads

i nposed or permitted. Provide a m ninmmone set of two vertical support

el ements for each point of support and each |length of duct, except as

ot herwi se specified. |Install supports on both sides of all duct turns,
branch fittings, and transitions. Cross-brace hangers sufficiently to
elimnate sway. Perforated strap hangers are prohi bited. Were ductwork
system cont ai ns heavy equi pnent, hang such equi pnent independently of the
ductwork. [Duct supports shall be vibration isolated fromstructure at
points indicated.] [Provide vibration isolators in indicated discharge
ducting systemfor a mninmmdistance of [15 neters] [50 feet][_ ]
beyond the fan. Coordi nate deflection of duct and equi pnent nountings and
conformto Section [22 05 48.00 20] MECHANI CAL SCUND VI BRATI ON AND SEI SM C
CONTROL.] [The location of supporting elements shall be Iimted by the

al l owabl e I oad on the purlin which shall be Iimted to that no greater than
the nmonent produced by 4450 Newton one Kip |l oad at md-span of purlin

When the hanger | oad exceeds these Iimts, provide reinforcing of purlin[s]
or additional support beanis]. Wen an additional beamis used, the beam
shal |l bear on the top chord of the roof trusses and bearing shall be over
gusset plates of top chord. Stabilize beam by connection to roof purlin

al ong bottom fl ange. ]

.1.10.3 Met hods of Attachnent

Cl anp, or weld when approved, attachnent to building structural steel in
accordance with AW D1.1/D1.1N. Construct masonry anchors sel ected for

overhead applications of ferrous materials only. Install nmasonry anchors
in rotary, non-percussion, electric drilled holes. Self-drilling anchors
may be used provided nasonry drilling is perforned with electric hamers

sel ected and applied in such a manner as to prevent concrete spalling or
cracking. Pneumatic tools are prohibited.

.1.11 Vel di ng

Wel di ng test agenda shall be done in accordance with the applicable
provi sions of AWS D1.1/D1.1V and AWS D1. 3/ D1. 3NV

.1.12 Test Ports

IR R R R E R RS EEEEEREEEEEEEEEEREEREEEEREEEEEEREEREEEEREEEEEEEEEEEEEREEEEEEREEEEE SRS

NOTE: The designer shall indicate on the draw ngs
the | ocation of test ports required for proper
testing, including static pressure, velocity
pressure, and test openings for sanpling discharge
stack or duct. See ACA H 2092S Industri al
Ventilation: A Manual O Recommended Practice for
recommendations in the chapter on testing.
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Provi de test access ports at points required for work under paragraph
entitled "Testing, Adjusting, and Balancing," in this section. Locate test
ports in straight duct as far as practical downstream of fans, change of
direction fittings, takeoffs, interior to duct accessories, and |ike
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turbul ent fl ow areas.
.1.13 Duct wor k Cl eani ng

Protect duct openings fromconstruction debris using tenporary caps,

fl anges, or other approved neans. C ean ductwork in accordance with

manuf acturer's recommendati ons [and the North Anerican |nsul ation
Manuf act urers Associ ation (NAIMA) Guide on C eaning of Duct Board
Materials]. [Clean dirty duct interior with high velocity water and
oil-free air streans or by vacuum cl eaning as required by project
conditions. ][Test watertight duct work for proper support, |eakage, and
unaccept abl e drai nage provisions by internmttently spraying interior with
garden hose nozzle, at a rate of 0.2 liter per second 3 gallons per mnute,
exercising care to prevent excessive water accumulation.] After
construction is conplete but accessible and prior to acceptance, remnove al
construction debris fromexterior surfaces. Do not close duct inspection
ports until inspected by the Contracting Oficer.

.1.14 Protective Coating Wrk
.1.14.1 CGeneral Requirenents for Protective Coating Wrk

Provi de protective coating on interior [and exterior] surfaces of [ ]
[and] [interior] [and] [exterior] surfaces of [ i ] system
as specified hereafter. Prine coat exterior surfaces of [ | ] [and]
[ ] with [ ] [inorganic zinc coating as part of work under this
section] [.] [, for field finishing of exterior surfaces as part of work
under Section [09 90 00] PAINTS AND COATINGS.] Brush prinmer, or protective
coating where no primer is specified, onto corners and into crevices and
wel ds, working the naterial into irregular surfaces for a holiday free
finish.

.1.14.2 Baked, Unnodi fied Phenolic System

a. GCeneral: The following shall govern for a protective coating system
based on unnodi fi ed phenol -formal dehyde resin i ntended for shop
application to [black carbon steel] [ ] surfaces in [funme] [vapor]

exhaust service with possibility of materials concentration by
condensati on and subsequent evaporation. Shop apply coating by an
applicator approved or licensed by the coating manufacturer

b. Surface Preparation: Cean and blast surfaces with dry abrasive to
"White Metal" and critical profile and anchor pattern in accordance
with SSPC SP 5, and requirenments and recomendati ons of the coating
manuf act urer.

c. Application: The conmplete systemshall include the application of two
coats of red pignmented base foll owed by not | ess than one coat of the
clear finish, to provide a total minimumdry filmthickness of [0.15 mij

[6 miIs] | ]. Apply coating materials by conventional industria
pressure spray equipnent. Use only those thinners and cleaners in
amounts reconmmended by the manufacturer. Heat-cure each coat between
coats and bake surfaces after the |last coat in accordance with
manuf acturer's applicable published instructions and specific
instructions for the specified application. Baking tine between coats
shall be a mnimum21 1/2 to 2 hours at 93 to 121 degrees C 200 to 250
degrees F. Baking after top coat shall be one hour at 93 to 177
degrees C 200 to 350 degrees F, plus 2 hours final bake at a
tenperature of [177] [204] degrees C [350] [400] degrees F. O her
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baki ng schedul es to achieve required quality coating nmay be proposed.

d. Repair: Return damaged surfaces to the applicator's shop for repair
unl ess ot herwi se approved by the Contracting Oficer

.1.14.3 I norgani ¢ Zinc Coating System

a. GCeneral Requirements, lnorganic Zinc Coating System The follow ng
shall govern for a protective coating system priner based on inorganic
zinc coating intended for shop application to | ] [specified] black
carbon steel surfaces with subsequent field finishing with conpatible
tie coat and [epoxy] [acrylic latex] [nodified acrylic] [chlorinated

rubber] top coat [applied as part of work under Section 09 90 00 PAINTS
AND COATI NGS. ]

b. Surface Preparation: SSPC SP 5.

c. Application: Apply one coat at [0.05 to 0.10] [0.10 to 0.13] mr [2 to
3] [3to 5] mls dry filmthickness by airless or conventional spray
equi prent. Use only those thinners and cleaners in amounts recomended
by the manufacturer.

d. Repair: Field repair danaged surfaces in accordance wth
manuf acturer's instructions.

.1.14. 4 Field I nspection of Protective Coating Wrk

Visually inspect coated surfaces froma maxi numdi stance of 1.5 neters 5
feet with special attention given to corners and crevices. Check coating
thi ckness in accordance with SSPC Paint 11. Performinspection i mediately
prior to erection of ductwork and equi prent and in the presence of the
Contracting Officer. Repair coating as required. Apply additional coating
if thickness is not sufficient.

.1.15 Factory and Field Painting and Fi ni shing
.1.15.1 Factory Work

Factory finish interior ferrous metal and other specified nmetallic

equi pnent and conponent surfaces with manufacturer's standard surface
preparation, priner, and finish coating. Factory finish exterior to
bui |l di ng space ferrous netal surfaces and other exterior to building and
interior to building netallic or nonmetallic surfaces with specified
protective coating systemin accordance with the paragraph entitled
"Protective Coating Material,"” in this section and otherwi se with

manuf acturer's standard surface preparation, priner and finish which neet
the requirenents of paragraph entitled "Corrosion Prevention."

.1.15.2 Field Wrk

Touch-up or if necessary, repaint factory applied finishes which are
marred, damaged, or degraded during shipping, storage, handling, or
installation to match the original finish. Cean and prine field or shop
fabricated ferrous netals required for the installation specified under
this section in accordance with the applicable provisions of Section [

09 90 00] PAINTS AND COATINGS. Painting of surfaces not otherw se
specified and finish painting of items only primed at the factory or

el sewhere, are specified as part of the work under Section [09 90 00]

PAI NTS AND COATI NGS
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3.2 TESTI NG, ADJUSTI NG, AND BALANCI NG

3.2.1 Ductwork Structural Integrity and Leakage Testing
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NOTE: |In addition to significant energy |osses, air
| eakage from HVAC ducts and air handling units can
cause significant |1 AQ problens due to unexpected
airfl ow between indoors and outdoors, and between
areas within the building. Air |eakage from supply
or return duct work contributes to the condensation
of humid air in building cavities and/or on the

nei ghbori ng surfaces. Air |eakage can be especially
probl ematic for ducts or AHUs that are | ocated

out side the conditioned spaces.
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| nspect and test systens pressure rated higher than 498 Pa 2 inches water
gage for structural integrity and | eakage as systems or sections during
construction but after erection, as work progresses, in systemor section

| engt hs not exceeding 30 neters 100 feet. Test for structural integrity at
[ ] percent in excess of systemfan positive or negative total

pressure. Test for |eakage at [ ] percent in excess of systemfan
positive or negative total pressure. [Leakage test procedure and apparatus
shall be in accordance with SMACNA 1143. Total |eakage, prorated to length
of duct under test, shall not exceed one percent of system capacity.]
[Confirmthat duct | eakage is |less than three percent of coil airflow for
new systens and | ess than six percent for existing systens.] Do not permt
| eakage in positive pressure ducts in buildings carrying flammble or toxic
mat eri al s.

3.2.2 Power Transm ssion Conponents Adj ust nent

Test and adjust V-belts and sheaves for proper alignment and tension
prelimnary to operation and after 72 hours of operation at final speed, in
the presence of the Contracting Oficer. Belts on drive side shall be
uniformy | oaded, not bouncing. [Align direct-drive couplings to |ess than
hal f of manufacturer's allowable range of nisalignnent.]

3.2.3 Prelimnary Tests

Conduct an operational test on the entire exhaust duct systens, conponents,
and equi pnent for a period of not |ess than 6 hours after power
transm ssi on conponents are adjusted. Replace filters, if any, after
prelimnary tests and prior to conducting final acceptance tests.

3.2. 4 Testing, Adjusting, and Bal anci ng Wrk

Perform work in accordance with the applicable and reconmended procedures
of :  ACG H 2092S. Provide apparatus, certified, calibrated,
instrumentation including that to neasure sound |levels, notor current, and
power factor. Unless approved otherwi se, instrunments shall be linted to
nmanomnet ers and approved aneroid type gages (such as a Magnehelic).

Vel oneters nmay be used for |ow velocity nmeasurenents if approved by the
Contracting Oficer.
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3.

2.5 Systens Vol ume Acceptance Criteria
Systens final volunme shall be within the following limts:

Fan: Plus 10 percent, mnus zero percent of design volunme at design
temperature

Hood or Equi pnent: Plus or mnus [5] [10] percent of design volune at
desi gn tenperature

Note: Tol erances shall be taken on clean or dirty conditions as indicated
on the draw ngs.

.2.6 Sound Level Tests

Report to the Contracting Oficer in witing, sound | evels higher than 84
dBA at hoods or at workers' nornal operating positions at equipnment in
addition to being included in the required test reports.

.3 SYSTEM S] OPERATI ON DEMONSTRATI ON

After systens and equi prent testing, adjusting, and bal anci ng has been
conpl eted and accepted, denonstrate the conplete and correct functioning of
systens equi prent and controls by operation through normal ranges and
sequences, and by sinulation of abnornal conditions, [including the manual

tripping of fire danpers]. Manually and automatically cause every device
to function as intended. Readjust, as necessary, any settings and after
sufficient operating tinme, but not less than [6] [__ ] hours, verify

ability of equipnment and controls to establish and naintain stable and
accurate operation and required system performance. Note any abnor nal
devi ations, such as excessive vibration, noise, and heat, binding danper
mechani sns, and incorrect fan rotation. Mke any necessary repairs,
repl acenents or adjustnents.

.4 WASTE MANAGEMENT
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NOTE: Diverting waste fromthe landfill contributes
to the followi ng LEED credit: MR2. Coordinate with
Section 01 74 19 CONSTRUCTI ON AND DEMOLI TI ON WASTE
MANAGEMENT
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Separate waste in accordance with the Waste Managenent Pl an, placi ng copper
materials, ferrous materials, and gal vani zed sheet netal in designated
areas for reuse. Cose and seal tightly all partly used adhesives and
solvents; store protected in a well-ventilated, fire-safe area at noderate
tenperature

.5 SCHEDULE

Sone nmetric neasurenents in this section are based on nat hematica
conversi on of inch-pound neasurenents, and not on netric neasurenents
commonly agreed on by the manufacturers or other parties. The inch-pound
and netric nmeasurenents shown are as follows:

Product s | nch- Pound Metric

a. Mot or s
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Pr oduct s | nch- Pound Metric
Capacity =7 1/2 hp =5 1/2 kW
= 15 hp = 11 kW
= 30 hp = 22 3/8 kW
Gasket s
Thi ckness = 1/8 inch = 3 mm

-- End of Section --
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