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**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  bl ower  and exhaust  syst ems f or  
r emoval  of  f l ammabl e vapor s i ncl udi ng pai nt  spr ayi ng 
r esi due,  cor r osi ve f umes,  dust ,  and st ock conveyi ng.

Adher e t o UFC 1- 300- 02 Uni f i ed Faci l i t i es Gui de 
Speci f i cat i ons ( UFGS)  For mat  St andar d when edi t i ng 
t hi s gui de speci f i cat i on or  pr epar i ng new pr oj ect  
speci f i cat i on sect i ons.   Edi t  t hi s gui de 
speci f i cat i on f or  pr oj ect  speci f i c  r equi r ement s by 
addi ng,  del et i ng,  or  r evi s i ng t ext .   For  br acket ed 
i t ems,  choose appl i cabl e i t em( s)  or  i nser t  
appr opr i at e i nf or mat i on.

Remove i nf or mat i on and r equi r ement s not  r equi r ed i n 
r espect i ve pr oj ect ,  whet her  or  not  br acket s ar e 
present.

Comment s,  suggest i ons and r ecommended changes f or  
t hi s gui de speci f i cat i on ar e wel come and shoul d be 
submi t t ed as a Cr i t er i a Change Request  ( CCR) .

**************************************************************************

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on al so i ncl udes 
pl ast i c duct  syst ems f or  r emoval  of  nonf l ammabl e 
cor r osi ve f umes and vapor s.   Mat er i al s must  be 
sel ect ed by t he desi gner  t o sui t  pr oj ect  
r equi r ement s.   The syst em must  be desi gned i n 
accor dance wi t h NFPA 91.   Vent i l at i on and exhaust  
syst ems and component s f or  r emoval  of  smoke and 
gr ease l aden vapor s f r om commer ci al  t ype cooki ng 
equi pment  ar e cover ed i n Sect i on 11 05 40 COMMON 
WORK RESULTS FOR FOODSERVI CE EQUI PMENTand Sect i on 
23 00 00 AI R SUPPLY,  DI STRI BUTI ON,  VENTI LATI ON,  AND 
EXHAUST SYSTEMS.   Labor at or y f ume hoods ar e cover ed 
i n Sect i on 11 53 00 LABORATORY EQUI PMENT AND FUME 
HOODS.   The desi gn agency ( EFD,  OI CC,  PWC,  et c. )  
must  ensur e r evi ew of  t he vent i l at i on syst em desi gn 
by t he appr opr i at e Naval  Medi cal  Command ( NAVMEDCOM)  
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act i v i t y i n accor dance wi t h NAVOSH r equi r ement s.  For  
hi gh t emper at ur e appl i cat i ons,  t he desi gner  must  
speci f y speci al  f ans and duct  mat er i al  as r equi r ed 
f or  t he par t i cul ar  appl i cat i on.

**************************************************************************

**************************************************************************
NOTE:   The f ol l owi ng i nf or mat i on must  be shown on 
t he pr oj ect  dr awi ngs:

1.   Ar r angement  pl an and det ai l s  f or  f ans,  duct s,  
and accessor i es.

2.   Duct  pr essur e c l asses or  duct  oper at i ng 
pr essur es.   Desi gn duct  f or  maxi mum negat i ve 
pr essur e pr act i cal  t o accommodat e i mpr oper  oper at i on 
or  poor  mai nt enance.

3.   Equi pment  schedul es.

4.   Equi pment  f oundat i ons and suppor t s.

5.   St r uct ur al  suppor t s f or  duct s wher e r equi r ed.

6.   The desi gn of  i ndust r i al  vent i l at i on syst ems and 
t he edi t i ng of  t hi s sect i on shoul d be per f or med by 
pr of essi onal  engi neer s or  i ndust r i al  hygi eni st s wi t h 
a sound knowl edge of  i ndust r i al  vent i l at i on.   Desi gn 
shoul d conf or m t o t he ACGI H- 2092S I ndust r i al  
Vent i l at i on:   A Manual  Of  Recommended Pr act i ce;  ASSE 
Z9. 2,  Fundament al s Gover ni ng t he Desi gn and 
Oper at i on of  Local  Exhaust  Vent i l at i on Syst ems;  AI HA 
Z9. 3,  Spr ay Fi ni shi ng Oper at i ons -  Saf et y Code f or  
Desi gn,  Const r uct i on and Vent i l at i on;  UFC 3- 410- 04N,  
" I ndust r i al  Vent i l at i on" ;  and ot her  r ef er ences as 
appl i cabl e.   Fan ar r angement s shoul d be sel ect ed t o 
el i mi nat e syst em ef f ect s i dent i f i ed i n ANSI / AMCA 201.

**************************************************************************

PART 1   GENERAL

1. 1   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y  
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be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.

**************************************************************************

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 201 ( 2002;  R 2011)  Fans and Syst ems

AMCA 210 ( 2016)  Labor at or y Met hods of  Test i ng Fans 
f or  Aer odynami c Per f or mance Rat i ng

AMCA 211 ( 2013;  Rev 2017)  Cer t i f i ed Rat i ngs Pr ogr am 
Pr oduct  Rat i ng Manual  f or  Fan Ai r  
Performance

AMCA 300 ( 2014)  Rever ber ant  Room Met hod f or  Sound 
Test i ng of  Fans

AMCA 301 ( 2014)  Met hods f or  Cal cul at i ng Fan Sound 
Rat i ngs f r om Labor at or y Test  Dat a

AMCA 500- D ( 2018)  Labor at or y Met hods of  Test i ng 
Damper s f or  Rat i ng

AMCA 99 ( 2016)  St andar ds Handbook

AMCA 99- 0401 ( 1986)  Cl assi f i cat i ons f or  Spar k Resi st ant  
Construction

AMCA CRP ( Onl i ne)  Di r ect or y of  Pr oduct s Li censed 
Under  t he AMCA I nt er nat i onal  Cer t i f i ed 
Rat i ngs Pr ogr am

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

AHRI  1060 I - P ( 2014)  Per f or mance Rat i ng of  Ai r - t o- Ai r  
Heat  Exchanger s f or  Ener gy Recover y 
Vent i l at i on Heat  Equi pment

AMERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( ABMA)

ABMA 11 ( 2014)  Load Rat i ngs and Fat i gue Li f e f or  
Rol l er  Bear i ngs

ABMA 9 ( 2015)  Load Rat i ngs and Fat i gue Li f e f or  
Bal l  Bear i ngs

AMERI CAN CONFERENCE OF GOVERNMENTAL I NDUSTRI AL HYGI ENI STS ( ACGI H)

ACGIH-2092S ( 2004)  I ndust r i al  Vent i l at i on:   A Manual  
of  Recommended Pr act i ce
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AMERI CAN I NSTI TUTE OF STEEL CONSTRUCTI ON ( AI SC)

AI SC 360 ( 2016)  Speci f i cat i on f or  St r uct ur al  St eel  
Buildings

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2015;  Er r at a 1 2015;  Er r at a 2 2016)  
St r uct ur al  Wel di ng Code -  St eel

AWS D1. 3/ D1. 3M ( 2018)  St r uct ur al  Wel di ng Code -  Sheet  
Steel

AWS Z49. 1 ( 2012)  Saf et y i n Wel di ng and Cut t i ng and 
Al l i ed Pr ocesses

ASTM I NTERNATI ONAL ( ASTM)

ASTM A1011/ A1011M ( 2018a)  St andar d Speci f i cat i on f or  St eel  
Sheet  and St r i p,  Hot - Rol l ed,  Car bon,  
St r uct ur al ,  Hi gh- St r engt h Low- Al l oy,  
Hi gh- St r engt h Low- Al l oy wi t h I mpr oved 
For mabi l i t y ,  and Ul t r a- Hi gh St r engt h

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A167 ( 2011)  St andar d Speci f i cat i on f or  
St ai nl ess and Heat - Resi st i ng 
Chr omi um- Ni ckel  St eel  Pl at e,  Sheet ,  and 
Strip

ASTM A36/ A36M ( 2014)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A653/ A653M ( 2017)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM B117 ( 2016)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B152/ B152M ( 2013)  St andar d Speci f i cat i on f or  Copper  
Sheet ,  St r i p,  Pl at e,  and Rol l ed Bar

ASTM C582 ( 2009)  Cont act - Mol ded Rei nf or ced 
Ther moset t i ng Pl ast i c ( RTP)  Lami nat es f or  
Cor r osi on- Resi st ant  Equi pment

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM D1330 ( 2004;  R 2010)  Rubber  Sheet  Gasket s

ASTM D1654 ( 2008;  R 2016;  E 2017)  St andar d Test  
Met hod f or  Eval uat i on of  Pai nt ed or  Coat ed 
Speci mens Subj ect ed t o Cor r osi ve 
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Environments

ASTM D1927 ( 1981;  R 1988)  Ri gi d Pol y( Vi nyl  Chl or i de)  
Pl ast i c Sheet

ASTM D2000 ( 2012;  R 2017)  St andar d Cl assi f i cat i on 
Syst em f or  Rubber  Pr oduct s i n Aut omot i ve 
Applications

ASTM D2564 ( 2012)  St andar d Speci f i cat i on f or  Sol vent  
Cement s f or  Pol y( Vi nyl  Chl or i de)  ( PVC)  
Pl ast i c Pi pi ng Syst ems

ASTM D2665 ( 2014)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Dr ai n,  
Wast e,  and Vent  Pi pe and Fi t t i ngs

ASTM D4167 ( 2015)  Fi ber - Rei nf or ced Pl ast i c Fans and 
Blowers

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2010;  Ver si on 1. 1)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA I CS 1 ( 2000;  R 2015)  St andar d f or  I ndust r i al  
Cont r ol  and Syst ems:  Gener al  Requi r ement s

NEMA I CS 2 ( 2000;  R 2005;  Er r at a 2008)  I ndust r i al  
Cont r ol  and Syst ems Cont r ol l er s,  
Cont act or s,  and Over l oad Rel ays Rat ed 600 V

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA MG 1 ( 2016;  SUPP 2016)  Mot or s and Gener at or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 65 ( 1993)  Pr ocessi ng and Fi ni shi ng of  Al umi num

NFPA 664 ( 2017)  St andar d f or  t he Pr event i on of  
Fi r es and Expl osi ons i n Wood Pr ocessi ng 
and Woodwor ki ng Faci l i t i es

NFPA 70 ( 2017;  ERTA 1- 2 2017;  TI A 17- 1;  TI A 17- 2;  
TI A 17- 3;  TI A 17- 4;  TI A 17- 5;  TI A 17- 6;  
TI A 17- 7;  TI A 17- 8;  TI A 17- 9;  TI A 17- 10;  
TI A 17- 11;  TI A 17- 12;  TI A 17- 13;  TI A 
17- 14;  TI A 17- 15;  TI A 17- 16;  TI A 17- 17 )  
Nat i onal  El ect r i cal  Code

NFPA 91 ( 2015)  St andar d f or  Exhaust  Syst ems f or  
Ai r  Conveyi ng of  Vapor s,  Gases,  Mi st s and 
Noncombust i bl e Par t i cul at e Sol i ds
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RUBBER MANUFACTURERS ASSOCI ATI ON ( RMA)

RMA I P- 20 ( 2007)  Speci f i cat i ons f or  Dr i ves Usi ng 
Cl assi cal  V- Bel t s and Sheaves.  
Speci f i cat i ons f or  A,  B,  C,  and D Cr oss 
Sections

RMA I P- 22 ( 2007)  Speci f i cat i ons f or  Dr i ves Usi ng 
Nar r ow V- Bel t s and Sheaves ( Joi nt  
RMA/ MPTA) ,  4t h Edi t i on

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
(SMACNA)

SMACNA 1378 ( 1995)  Ther mopl ast i c Duct  ( PVC)  
Const r uct i on Manual ,  2nd Edi t i on

SMACNA 1403 ( 2008)  Accept ed I ndust r y Pr act i ce f or  
I ndust r i al  Duct  Const r uct i on,  2nd Edi t i on

SMACNA 1520 ( 1999)  Round I ndust r i al  Duct  Const r uct i on 
St andar ds,  3r d Edi t i on

SMACNA 1922 ( 2004)  Rect angul ar  I ndust r i al  Duct  
Const r uct i on St andar ds,  2nd Edi t i on

SMACNA 1972 CD ( 2012)  HVAC Ai r  Duct  Leakage Test  Manual  -  
2nd Edi t i on

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC Pai nt  11 ( 1992;  E 2000)  Pai nt  Speci f i cat i on No.  
11Red I r on Oxi de,  Zi nc Chr omat e,  Raw 
Li nseed Oi l  and Al kyd Pr i mer

SSPC Pai nt  20 ( 2002;  E 2004)  Zi nc- Ri ch Pr i mer s ( Type I ,  
I nor gani c,  and Type I I ,  Or gani c)

SSPC SP 5/ NACE No.  1 ( 2007)  Whi t e Met al  Bl ast  Cl eani ng

SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MIL-DTL-12276 ( 2006;  Rev E;  Not i ce 1 2011;  Not i ce 2 
2016)  Var ni sh,  Phenol i c,  Baki ng

MIL-DTL-24441 ( 2009;  Rev D)  Pai nt ,  Epoxy- Pol yami de,  
Gener al  Speci f i cat i on f or

MIL-P-21035 ( 1991;  Rev B;  Not i ce 2 2003)  Pai nt ,  Hi gh 
Zi nc Dust  Cont ent ,  Gal vani z i ng Repai r  
(Metric)

MIL-PRF-23236 ( 2009;  Rev D)  Coat i ng Syst ems f or  Shi p 
Structures
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U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

CI D A- A- 272 ( Rev B;  Not i ce 1)  Caul k i ng Compounds

FS TT- S- 001543 ( Rev B;  Not i ce 1)  Seal i ng Compound:   
Si l i cone Rubber  Base ( For  Cal k i ng,  
Seal i ng,  and Gl azi ng i n Bui l di ngs and 
Ot her  St r uct ur es)

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910. 219 Mechani cal  Power  Tr ansmi ssi on Appar at us

UNDERWRI TERS LABORATORI ES ( UL)

UL 181 ( 2013;  Repr i nt  Apr  2017)  UL St andar d f or  
Saf et y Fact or y- Made Ai r  Duct s and Ai r  
Connectors

UL 214 ( 1997;  Rev t hr u Aug 2001)  Test s f or  
Fl ame- Pr opagat i on of  Fabr i cs and Fi l ms

UL 33 ( 2010;  Repr i nt  Apr  2015)  Heat  Responsi ve 
Li nks f or  Fi r e- Pr ot ect i on Ser vi ce

UL Bl d Mat  Di r ( updat ed cont i nuousl y onl i ne)  Bui l di ng 
Mat er i al s Di r ect or y

1. 2   GENERAL REQUI REMENTS

1. 2. 1   SMACNA Duct  Const r uct i on Manual s

The r ecommendat i ons i n t he Sheet  Met al  and Ai r  Condi t i oni ng Cont r act or s '  
Nat i onal  Associ at i on ( SMACNA)  duct  const r uct i on manual s must  be consi der ed 
mandat or y r equi r ement s.   Subst i t ut e t he wor d " must "  f or  " shoul d"  i n t hese 
manuals.

1. 2. 2   Fan Dat a

[ For  f ans i ncl ude f an cur ves or  r at i ng t abl es and der at i ng f act or s.   
] Pr ovi de cer t i f i ed per f or mance cur ves showi ng t ot al  pr essur e,  power ,  and 
mechani cal  ef f i c i ency ver sus f l ow r at e of  t he oper at i ng densi t y and f an 
speed.   Al l  ar eas of  unst abl e oper at i on must  be i ndi cat ed.   For  f ans 
equi pped wi t h adj ust abl e capaci t y  cont r ol s such as var i abl e i nl et  or  
vaneaxi al  f ans wi t h adj ust abl e bl ade set t i ngs,  mi ni mum and maxi mum 
per f or mance must  be i ndi cat ed al ong wi t h per f or mance f or  f i r e i nt er medi at e 
settings.

1. 2. 3   Nat ur al  Vent i l at i on

Eval uat e nat ur al  vent i l at i on f or  appr opr i at e spaces,  and desi gn ai r  
di st r i but i on syst ems t o oper at e i n t he same di r ect i on as nat ur al  
vent i l at i on t o r educe ener gy cost  of  pumpi ng out door  ai r .

1. 2. 4   I ndust r i al  Vent i l at i on and Exhaust  Syst ems

Submi t  dr awi ngs i ncl udi ng f an i nst al l at i on dr awi ngs;  duct  syst ems[  ,  
i ncl udi ng wel di ng and vehi c l e exhaust ] ;  suppor t s and anchor  l ocat i on and 
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l oad i mposed.

1. 2. 5   St ar t - Up Test s

Submi t  st ar t - up t est s r epor t s i n accor dance wi t h t he par agr aph TESTI NG,  
ADJUSTI NG,  AND BALANCI NG.   Submi t  f i nal  t est  r epor t  f or  [ t he]  syst em[ s]  
t est ed,  descr i bi ng al l  t est  appar at us,  i nst r ument at i on cal cul at i ons,  
f act or s,  f l ow coef f i c i ent s,  sound l evel s,  and equi pment  dat a based on 
ACGIH-2092S  r ecommended f or ms or  r easonabl e f acsi mi l es t her eof  t o sui t  
pr oj ect  condi t i ons.   Adj ust ment  and set t i ng dat a must  be i ncl uded i n t est  
r epor t .   Submi t  sound l evel  t est  r epor t s f or  hi gh noi se l evel  equi pment .

1. 2. 6   Rel at ed Requi r ement s

Conf or m t o Sect i on 23 03 00. 00 20 BASI C MECHANI CAL MATERI ALS AND METHODS as 
wel l  as addi t i onal  r equi r ement s speci f i ed her ei n.

1. 3   SUBMITTALS

**************************************************************************
NOTE:   Revi ew Submi t t al  Descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a " G"  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i c t  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i c t  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y  ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  
t he submi t t al  i s  r equi r ed f or  t he Sust ai nabi l i t y  
eNot ebook t o f ul f i l l  f eder al l y  mandat ed sust ai nabl e 
r equi r ement s i n accor dance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Locat e t he " S"  submi t t al  
under  t he SD number  t hat  best  descr i bes t he 
submi t t al  i t em.

Choose t he f i r st  br acket ed i t em f or  Navy,  Ai r  For ce 
and NASA pr oj ect s,  or  choose t he second br acket ed 
i t em f or  Ar my pr oj ect s.

**************************************************************************
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Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e [ f or  Cont r act or  Qual i t y  Cont r ol  
appr oval . ] [ f or  i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he 
" G"  desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  
t he Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance wi t h Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

I ndust r i al  Vent i l at i on and Exhaust  Syst ems;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Fans;  G[ ,  [ _____] ]

Damper s;  G[ ,  [ _____] ]

Fl exi bl e Connect or s

Fl exi bl e Duct ;  G[ ,  [ _____] ]

Gaskets

Pr ot ect i ve Coat i ng Mat er i al s

Sealants

Access Por t s;  G[ ,  [ _____] ]

Damper  Regul at or s;  G[ ,  [ _____] ]

Bl ast  Gat es;  G[ ,  [ _____] ]

Vi br at i on I sol at or s;  G[ ,  [ _____] ]

Duct wor k,  Dust  [ and Fume]  Col l ect i on

St eel  Duct s;  G[ ,  [ _____] ]

Fi ber gl ass Duct wor k;  G[ ,  [ _____] ]

Ther mopl ast i c Duct wor k;  G[ ,  [ _____] ]

Vehi c l e Tai l  Pi pe Exhaust  Syst em;  G[ ,  [ _____] ]

Wel di ng Fume Exhaust  Syst em;  G[ ,  [ _____] ]

Recycl ed Cont ent  of  Duct wor k St eel  Component s;  S

Recycl ed Cont ent  of  Pr ot ect i vel y Coat ed St eel  Duct s;  S

I ndoor  Ai r  Qual i t y f or  Duct  Seal ant s;  S

SD- 06 Test  Repor t s

Fan Test s,  i ncl udi ng Sound Power  Level  Test s;  G[ ,  [ _____] ]
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Vent i l at i on and Exhaust  Syst em St ar t - Up Test s;  G[ ,  [ _____] ]

Sound Level  Test s;  G[ ,  [ _____] ]

SD- 07 Cer t i f i cat es

Wel di ng Pr ocedur es;  G[ ,  [ _____] ]

Wel di ng Test  Agenda;  G[ ,  [ _____] ]

Wel di ng Test  Pr ocedur es;  G[ ,  [ _____] ]

Wel der s '  I dent i f i cat i on;  G[ ,  [ _____] ]

Fi ber gl ass Fan Ser vi cer  Exper i ence I nf or mat i on;  G[ ,  [ _____] ]

SD- 10 Oper at i on and Mai nt enance Dat a

Fans,  Dat a Package 2;  G[ ,  [ _____] ]

Vehi c l e Tai l  Pi pe Exhaust  Syst em,  Dat a Package 2;  G[ ,  [ _____] ]

Wel di ng Fume Exhaust  Syst em,  Dat a Package 2;  G[ ,  [ _____] ]

I ndust r i al  Vent i l at i on and Exhaust  Syst ems,  Dat a Package 2;  G[, 
[_____]]

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.

SD- 11 Cl oseout  Submi t t al s

Post ed Oper at i ng I nst r uct i ons

  Submi t  t ext  of  post ed oper at i ng i nst r uct i ons f or  vent i l at i on and 
exhaust  syst ems.

1. 4   QUALI TY ASSURANCE

1. 4. 1   Wel der s '  I dent i f i cat i on

Submi t  a l i s t i ng of  t he names and i dent i f i cat i on symbol s t o be used t o 
i dent i f y t he wor k per f or med by t he wel der  or  wel di ng oper at or  who af t er  
compl et i ng a wel ded j oi nt  must  i dent i f y i t  as hi s wor k by appl y i ng hi s 
assi gned symbol  f or  a per manent  r ecor d.

1. 4. 2   Fi ber gl ass Fan Ser vi cer  Exper i ence I nf or mat i on

Submi t  t ext .

1. 4. 3   Qual i f i ed Per sonnel

Oper at i ons i nvol v i ng j oi ni ng t her mopl ast i c duct wor k by sol vent  or  hot  gas 
and j oi ni ng f i ber gl ass duct wor k by l ami nat i ng must  be per f or med by 
per sonnel  cer t i f i ed by t he manuf act ur er  as qual i f i ed f or  t he wor k.

SECTI ON 23 35 19. 00 20  Page 14



1. 4. 4   Qual i f i cat i on of  Wel der s

Qual i f y each wel der  or  wel di ng oper at or  by t est s usi ng equi pment ,  wel di ng 
pr ocedur es and a base met al  and el ect r ode or  f i l l er  wi r e f r om t he same 
compat i bl e gr oup number  t hat  wi l l  be encount er ed i n t he appl i cabl e wel di ng 
t est  pr ocedur es.   Wel der s or  wel di ng oper at or s who make accept abl e 
pr ocedur e qual i f i cat i on t est  wel ds wi l l  be consi der ed per f or mance qual i f i ed 
f or  t he wel di ng pr ocedur e used.   Det er mi ne per f or mance qual i f i cat i on i n 
accor dance wi t h AWS D1. 1/ D1. 1M.   Not i f y t he Cont r act i ng Of f i cer  24 hour s i n 
advance as t o t he t i me and pl ace of  t est s[  and wher ever  pr act i cal  per f or m 
t he t est s at  t he wor k s i t e] .

1. 4. 5   TAB Requi r ement s

Requi r ement s ar e speci f i ed i n Sect i on 23 05 93 TESTI NG,  ADJUSTI NG AND 
BALANCI NG and Sect i on 23 08 01. 00 20 TESTI NG I NDUSTRI AL VENTI LATI ON SYSTEMS.

1. 5   POSTED OPERATI NG I NSTRUCTI ONS

Pr ovi de f or  vent i l at i on and exhaust  syst em.   I n addi t i on,  per manent l y mar k,  
dr i l l ,  and pi n as an i nt egr al  par t  of  devi ce,  f i nal  adj ust ment  and set t i ngs 
pur suant  t o t est i ng,  adj ust i ng,  and bal anci ng.

1. 6   SAFETY PRECAUTI ONS

1. 6. 1   Guar ds and Scr eens

Pr ovi de met al  per sonnel  saf et y guar ds f or  nor mal l y  accessi bl e unduct ed f an 
i nl et s and di schar ges and movi ng power  t r ansmi ssi on component s i n 
accor dance wi t h OSHA 29 CFR 1910. 219.

1. 6. 2   Welding

Conf or m t o AWS Z49. 1 f or  saf et y i n wel di ng and cut t i ng.

PART 2   PRODUCTS

2. 1   FANS,  GENERAL REQUI REMENTS FOR

2. 1. 1   Gener al  Per f or mance,  Component ,  and Ot her  Requi r ement s

Fans must  have cer t i f i ed per f or mance r at i ngs as evi denced by conf or mance t o 
t he r equi r ement s of  AMCA 211,  and must  be l i s t ed i n AMCA CRP,  or  must  be 
cur r ent l y el i gi bl e f or  such l i s t i ng.   Fans must  gener al l y  be i n accor dance 
with AMCA 99 unl ess super seded by ot her  r equi r ement s st at ed el sewher e 
her ei n.   Det er mi ne per f or mance dat a f or  f ans i n accor dance wi t h AMCA 210.   
Sel ect  f ans t o mi ni mi ze t he exposur e of  per sonnel  wor ki ng i n or  occupyi ng 
t he i mmedi at e i nst al l at i on ar ea.   The t ot al  sound power  l evel  of  t he f an 
t est s must  not  exceed 90 dBA when t est ed per  AMCA 300 and r at ed per  AMCA 301, 
or  i t  must  be pr ovi ded wi t h an appr opr i at e at t enuat i on devi ce or  devi ces.   
Schedul ed f an per f or mance i s t he per f or mance r equi r ed under  speci f i ed or  
i ndi cat ed i nst al l at i on condi t i ons wi t h speci f i ed or  i ndi cat ed accessor i es.   
The net  i nst al l ed ai r  per f or mance of  t he f an,  wi t h 
accessor i es/ appur t enances i n pl ace,  must  be suf f i c i ent  t o meet  t he 
schedul ed per f or mance wi t hi n t he l i mi t s of  t he f an r at i ng cer t i f i cat i on 
t ol er ance.   Af f i x  t he manuf act ur er ' s pr oduct  i dent i f i cat i on namepl at e t o 
each uni t .   Appl y addi t i onal  r equi r ement s f or  speci f i c  ser vi ce or  gener i c 
t ype or  c l ass of  f an.   I f  nonuni f or m ai r  f l ow condi t i ons ar e l i kel y t o be 
encount er ed,  cont act  t he f an manuf act ur er  t o ensur e t hat  t he f an i s  r at ed 
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f or  t he addi t i onal  f an i nl et  and out l et  ef f ect .   I nst al l  f ans t o mi ni mi ze 
f an syst em ef f ect  i n accor dance wi t h AMCA 201.   Fans must  be l i s t ed i n t he 
Di r ect or y of  Pr oduct s l i censed t o use AMCA seal .

2. 1. 2   Bear i ngs and Lubr i cat i on

**************************************************************************
NOTE:   Sl eeve t ype bear i ngs shoul d be speci f i ed or  
i ndi cat ed on dr awi ngs wher e l ow noi se l evel s ar e 
required.

**************************************************************************

Pr eci s i on ant i - f r i c t i on or  s l eeve t ype wi t h pr ovi s i ons f or  sel f - al i gnment  
and f or  r adi al  and t hr ust  l oads i mposed by t he ser vi ce.   Pr ovi de 
wat er - cool ed bear i ngs wher e r equi r ed f or  t he ser vi ce or  r ecommended by t he 
manufacturer.

2. 1. 2. 1   Ant i - f r i c t i on Bear i ngs

**************************************************************************
NOTE:
Cont i nuous 8- hour  ser vi ce          20, 000
Cont i nuous 24- hour  ser vi ce         40, 000
Cont i nuous 24- hour  ser vi ce         80, 000
( ext r eme r el i abi l i t y)

**************************************************************************

Const r uct ed of  s t eel  al l oys wi t h a cer t i f i ed L- 10 mi ni mum r at ed l i f e of  
[ 20, 000]  [ 40, 000]  [ 80, 000]  hour s under  l oad condi t i ons i mposed by t he 
ser vi ce.   Rat ed and sel ect ed i n accor dance wi t h ABMA 9 and ABMA 11.   
Pr ovi de wi t h dust - t i ght  seal s sui t abl e f or  envi r onment  and l ubr i cant  
pr essur es encount er ed;  cast  f er r ous met al  housi ng,  bol t ed- spl i t  pi l l ow 
bl ock t ype wher e l ocat ed wi t hi n f an casi ngs;  gr ease l ubr i cat ed wi t h 
pr ovi s i ons t o pr event  over heat i ng due t o excess l ubr i cant ;  sur f ace bal l  
check t ype gr ease suppl y f i t t i ngs.   Pr ovi de manual  or  aut omat i c gr ease 
pr essur e r el i ef  f i t t i ngs v i s i bl e f r om nor mal  mai nt enance l ocat i ons.   
I ncl ude l ubr i cat i on ext ensi on t ubes wher e necessar y t o f aci l i t at e saf e 
mai nt enance dur i ng oper at i on and f i l l  t ubes wi t h l ubr i cant  pr i or  t o 
equi pment  oper at i on.   Pr el ubr i cat ed,  seal ed,  ant i - f r i c t i on bear i ngs,  whi ch 
conf or m t o above speci f i ed mat er i al s and L- 10 l i f e r equi r ement s,  may be 
pr ovi ded f or  f ans r equi r i ng l ess t han 0. 37 kW 1/ 2 hor sepower .

2. 1. 2. 2   Sl eeve Bear i ngs

Pr emount ed,  sel f - al i gni ng,  cont i nuous oi l  suppl y,  s i ngl e or  doubl e r i ng 
l ubr i cat ed,  i nser t  t ype,  wi t h sui t abl e pr ovi s i ons f or  shaf t  expansi on and 
such t hr ust  as may be i mposed by ser vi ce l oads.   Pr ovi de wat er  cool i ng f or  
shaf t  sur f ace speed exceedi ng 6. 1 met er s per  second 1200 f eet  per  mi nut e.   
Pr ovi de each sl eeve bear i ng wi t h appr oxi mat el y 473 mL 16 ounce capaci t y 
const ant  l evel  oi l er  and oi l  l evel  gage.   I ncl ude on s l eeve bear i ng 
submi t t al  dat a:   Bear i ng manuf act ur i ng sour ce,  t ype,  l ubr i cant ,  c l ear ances,  
" L/ D"  r at i o,  ant i f r i c t i on met al ,  bel t  angl e,  shaf t  speed,  shaf t  cr i t i cal  
speed,  Br i nel l  har dness at  j our nal ,  and shaf t  sur f ace f i ni sh at  j our nal  i n 
micro-inches.

2. 1. 3   Mot or s and Mot or  St ar t er s

**************************************************************************
NOTE:   The mot or  cont r ol  r equi r ement s shoul d be 
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coor di nat ed wi t h t he El ect r i cal  Sect i on and wi l l  
depend on f i el d condi t i ons.   The f ol l owi ng t ypes of  
mot or  st ar t er s shoul d be used as a gui de onl y.   When 
el ect r i cal  power  c i r cui t s t o whi ch vent i l at i on and 
exhaust  equi pment  ar e connect ed ar e heavi l y l oaded,  
t he f ul l  vol t age acr oss t he l i ne st ar t i ng may r esul t  
i n excessi ve vol t age dr op on t he c i r cui t s.

Power  ( kW) Voltage Type St ar t er

Up t o 5 1/ 2 208-230 Acr oss- t he- l i ne magnet i c

5 1/ 2 t o 11 208-230 Acr oss- t he- l i ne magnet i c par t  wi ndi ng or  wye del t a

11 t o 22 3/ 8 460 Acr oss- t he- l i ne magnet i c par t  wi ndi ng or  wye del t a

Above 11 208-230 Par t  wi ndi ng or  wye del t a

Above 22 1/ 2 460 Par t  wi ndi ng or  wye del t a

Mot or  H. P. Voltage Type St ar t er

Up t o 7 1/ 2 208-230 Acr oss- t he- l i ne magnet i c

7 1/ 2 t o 15 208-230 Acr oss- t he- l i ne magnet i c par t  wi ndi ng or  wye del t a

15 t o 30 460 Acr oss- t he- l i ne magnet i c par t  wi ndi ng or  wye del t a

Above 15 208-230 Par t  wi ndi ng or  wye del t a

Above 30 460 Par t  wi ndi ng or  wye del t a

**************************************************************************

Conf or m t o NEMA MG 1 and NEMA I CS 1 and NEMA I CS 2.   Mot or s l ess t han 3/ 4 kW
 one hp must  meet  NEMA Hi gh Ef f i c i ency r equi r ement s.   Mot or s 3/ 4 kW one hp 
and l ar ger  must  meet  NEMA Pr emi um Ef f i c i ency r equi r ement s.   Mot or s must  not  
exceed 1800 r pm,  unl ess ot her wi se i ndi cat ed,  and must  be var i abl e- speed,  
[ [ open]  [ dr i ppr oof ]  encl osur e]  [ t ot al l y  encl osed f an cool ed]  [ expl osi on 
pr oof ]  t ype.   Pr ovi de [ manual ]  [ magnet i c- acr oss- t he- l i ne]  [ r educed vol t age]  
[ par t - wi ndi ng]  [ wye- del t a]  t ype mot or  st ar t er s wi t h [ gener al - pur pose NEMA 
1]  [ weat her  r esi st ant  NEMA 3R]  [ wat er t i ght  NEMA 4]  [ moi st ur e and dust t i ght  
NEMA 12]  encl osur e i n accor dance wi t h NEMA I CS 6.   Pr ovi de s i ngl e- phase 
mot or s wi t h i nher ent  t her mal  over l oad pr ot ect i on wi t h manual  r eset .  Pr ovi de 
t hr ee- phase mot or s wi t h t her mal  over l oad pr ot ect i on i n t he cont r ol  panel .  
Pr ovi de per manent l y l ubr i cat ed or  gr ease- l ubr i cat ed bal l  or  r ol l er  
bear i ngs;  auxi l i ar y l ubr i cat i on and r el i ef  f i t t i ngs on out s i de of  f an 
casi ng;  ar r ange gr ease l i nes t o mi ni mi ze pr essur e on bear i ng seal s.   Mot or  
power  must  not  be l ess t han br ake power  r equi r ed wi t h bl ades set  at  maxi mum 
pi t ch angl e at  any ai r  del i ver y f r om t he i ndi cat ed amount  down t o 50 
per cent  t her eof .
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2. 1. 4   Guar ds and Scr eens

Const r uct  guar ds and scr eens t o pr ovi de,  as appl i cabl e:   r equi r ed st r engt h 
and cl ear ance wi t h mi ni mal  r educt i on i n f r ee ar ea at  f an i nl et s and 
di schar ges;  cool i ng;  access panel s f or  t achomet er  r eadi ngs;  ease of  
sect i onal  di sassembl y f or  mai nt enance and i nspect i on f unct i ons wher e guar d 
t ot al  wei ght  exceeds 22. 70 kg 50 pounds;  weat her  pr ot ect i on wher e 
component s ar e weat her  exposed.   I nst al l ed guar ds and scr eens must  not  
negat e noi se cont r ol  and v i br at i on i sol at i on pr ovi s i ons. [   For  bur n 
pr ot ect i on,  i nsul at e sur f aces when ser vi ce t emper at ur es exceed 60 degr ees C 
140 degr ees F as par t  of  wor k under  Sect i on 23 07 00 THERMAL I NSULATI ON FOR 
MECHANI CAL SYSTEMS. ]

2. 1. 5   Power  Tr ansmi ssi on Component s

2. 1. 5. 1   Fan Dr i ves

[ Di r ect ]  [ or ]  [ V- bel t ]  t ype as i ndi cat ed.   V- bel t  dr i ves must  conf or m t o 
RMA I P- 20 and RMA I P- 22.   Dr i ves must  be appl i ed i n accor dance wi t h t he 
manuf act ur er ' s publ i shed r ecommendat i ons,  unl ess speci f i ed ot her wi se.   Base 
power  r at i ng of  a V- bel t  dr i ve on maxi mum pi t ch di amet er  of  sheaves.   
Pr ovi de c l assi cal  bel t  sect i on adj ust abl e sheave t ype,  wi t h a mi ni mum 
ser vi ce f act or  of  1. 5 f or  dr i ves wi t h mot or s r at ed up t o and i ncl udi ng 22 kW
 30 hp. [   Pr ovi de c l assi cal  sect i on or  nar r ow sect i on,  f i xed sheave or  
adj ust abl e sheave t ype wi t h a mi ni mum 1. 5 ser vi ce f act or  f or  dr i ves wi t h 
mot or s r at ed over  22 kW 30 hp. ] [   Pr ovi de at  l east  t wo bel t s f or  dr i ves 
wi t h mot or s r at ed one hp and above. ]

2. 1. 5. 2   Sheaves

St at i cal l y  and dynami cal l y bal anced,  machi ned cast  f er r ous met al  or  
machi ned car bon st eel ,  bushi ng t ype,  secur ed by key and keyway.   Pi t ch 
di amet er  or  f i xed sheaves and adj ust abl e sheaves,  when adj ust ed t o 
speci f i ed l i mi t s,  must  not  be l ess t han t hat  r ecommended by NEMA MG 1.   
Sel ect  adj ust abl e sheaves t hat  pr ovi de t he r equi r ed oper at i ng speed wi t h 
t he sheave set  at  mi dpoi nt  of  i t s  adj ust ment  r ange.   The adj ust ment  r ange 
f or  var i ous s i ze and t ype bel t s must  be:   16 per cent ,  mi ni mum f or  Cl assi cal  
sect i on bel t s;  12 per cent ,  mi ni mum f or  Nar r ow sect i on bel t s.  [ Bel t  
def l ect i on i n adj ust abl e sheave dr i ves must  not  exceed 1 1/ 2 degr ees. ]   
Pr ovi de compani on sheaves f or  adj ust abl e sheave dr i ves wi t h wi de gr oove 
spaci ng t o mat ch dr i v i ng sheaves,  except  t hat  st andar d f i xed pi t ch spaci ng 
may be used f or  al l  t wo- t hr ough- f our  gr oove dr i ves whose cent er - t o- cent er  
di mensi ons exceed t he f ol l owi ng:   " A"  and " B"  Sect i on 406 mm 16 i nches;  " C"  
Sect i on 635 mm 25 i nches;  " D"  Sect i on 914 mm 36 i nches.   Fur ni sh endl ess,  
st at i c di ssi pat i ng,  oi l - r esi st ant ,  synt het i c c l ot h or  f i l ament  r ei nf or ced 
el ast omer  const r uct i on bel t s.

2. 1. 6   Speci al  Const r uct i on f or  Hazar dous Ar eas

2. 1. 6. 1   Spark-Resistant

Const r uct  [ _____]  [ speci f i ed or  i ndi cat ed]  uni t s i n accor dance wi t h 
AMCA 99- 0401;  Type [ A]  [ B]  [ C] .   Pr ovi de [ Type B]  [ or ]  [ Type C]  
const r uct i on and el ect r i cal  gr oundi ng of  f an par t s and gr oundi ng t o 
bui l di ng st r uct ur e wher e f ume or  vapor  handl i ng syst ems conf or mi ng t o 
NFPA 91 ar e speci f i ed.   Do not  pl ace bear i ngs i n t he ai r  st r eam.
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2. 1. 6. 2   Expl osi on Pr oof

Const r uct  f ans t o AMCA 99- 0401,  Type [ A]  [ B]  [ C]  spar k- r esi st ant  
r equi r ement s wher e expl osi on- pr oof  el ect r i cal  component s ar e speci f i ed or  
i ndi cat ed t o conf or m t o NFPA 70,  Cl ass [ _____] ,  Gr oup [ _____] ,  Di v i s i on 
[ _____]  r equi r ement s.

2. 1. 7   Pr ot ect i ve Coat i ng f or  Fans

Pr epar e and coat  f ans as f ol l ows:   Repl ace bol t s r equi r ed t o pr ovi de access 
or  adj ust ment  and nor mal l y t hr eaded i nt o t he coat ed sur f ace wi t h st uds or  
bol t s havi ng heads cont i nuousl y wel ded i nsi de.   Omi t  shar p edges,  
sel f - t appi ng scr ews,  and per manent  t hr eads pr ot r udi ng i nt o t he coat ed 
sur f ace.   El i mi nat e hai r l i ne cr acks and shar p i nsi de cor ner s by cont i nuous 
wel di ng,  br azi ng,  or  f i l l i ng wi t h hi gh mel t i ng poi nt  sol der .   Seal  i mpel l er  
hub t o t he shaf t .   Const r uct  housi ng spl i t  t o use ext er nal  t hr oughbol t s.  
Fl ange i nl et  and out l et  and consi der  as f an i nt er i or .   Peen or  gr i nd wel ds 
smoot h,  and gr i nd out s i de cor ner s t o appr oxi mat el y 1. 60 mm 1/ 16 i nch 
r adi us.  Sandbl ast  met al  sur f aces t o whi t e met al  i n accor dance wi t h 
SSPC SP 5/ NACE No.  1.   Coat  i nt er i or  sur f aces of  housi ng i n cont act  wi t h 
ai r st r eam,  i ncl udi ng i nl et ,  i mpel l er  and shaf t ,  f l ange f aces,  shaf t  seal ,  
[ ext er i or  sur f aces of  housi ng]  [ ,  and bear i ng and mot or  pedest al ] .   Do not  
coat  bear i ngs,  coupl i ng,  mot or ,  dr i ve,  or  ot her  auxi l i ar i es. [   Pr epar e and 
coat  st ai nl ess st eel  shaf t . ] [   Fi ni sh f an i n accor dance wi t h t he 
manuf act ur er ' s st andar d pr act i ce. ] [   Coat  f an wi t h [ phenol i c]  [ epoxy]  
[ _____] . ] [   Coat  f an as i ndi cat ed. ]   St at i cal l y  and dynami cal l y bal ance t he 
f an i n t wo pl anes af t er  coat i ng and f i ni shi ng,  and wher e mat er i al  has been 
r emoved,  r ef i ni sh and r ebal ance t he f an as speci f i ed her ei n.

2. 2   CENTRI FUGAL FANS

2. 2. 1   Gener al  Requi r ement s f or  Cent r i f ugal  Fans

**************************************************************************
NOTE:   See Sect i on 22 05 48. 00 20 MECHANI CAL SOUND,  
VI BRATI ON,  AND SEI SMI C CONTROL f or  gui dance gi ven i n 
gui de speci f i cat i on t echni cal  not es.   Def i ni t e 
r equi r ement s shoul d be speci f i ed i n cont r act  
speci f i cat i on f or  bi dder s '  i nf or mat i on.

**************************************************************************

Pr ovi de f an of  [ f or war d- cur ved]  [ r adi al ]  [ backwar d i ncl i ned]  [ ai r f oi l ]  t ype 
bl ades wi t h [ manual ]  [ or ]  [ aut omat i c i nl et  vanes [ as i ndi cat ed] ] .   Ar r ange 
f ans f or  i ndi cat ed ser vi ce,  and const r uct  f or  t he appl i cabl e AMCA 99Class 
pr essur e r at i ngs as i ndi cat ed f or  syst em desi gn pr essur e and t emper at ur e.   
Fan shaf t  must  be sol i d st eel ,  gr ound and f i ni shed as r equi r ed f or  t he 
ser vi ce,  wi t h f i r st  cr i t i cal  speed a mi ni mum 25 per cent  hi gher  t han 
cat al oged f an speed.   Sel ect  f an f or  maxi mum ef f i c i ency,  mi ni mum noi se,  and 
st abi l i t y  dur i ng al l  modes of  syst em oper at i on.  [ Vi br at i on i sol at i on 
mount i ngs must  be spr i ng t ype and l i mi t  v i br at i on t r ansmi ssi bi l i t y  t o a 
maxi mum [ _____]  [ 5]  per cent  of  t he unbal anced f or ce at  l owest  equi pment  
speed,  unl ess ot her wi se speci f i ed or  i ndi cat ed. ]  Ar r angement  and dr i ves 
must  be as i ndi cat ed.

2. 2. 2   I ndust r i al  Exhaust er [ s]

**************************************************************************
NOTE:   Use i ndust r i al  exhaust er s f or  hi gh 
par t i cul at e l oadi ng appl i cat i ons.
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**************************************************************************

Si ngl e- wi dt h,  s i ngl e- i nl et  t ype ar r anged f or  i ndi cat ed ser vi ce and 
const r uct ed f or  dut y at  i ndi cat ed syst em desi gn pr essur e and t emper at ur e 
not  t o exceed [ 66]  [ 93]  [ 177]  [ 260]  [ 371]  degr ees C [ 150]  [ 200]  [ 350]  [ 500]  
[ 700]  degr ees F.   Cont i nuousl y wel ded [ car bon]  [ al l oy]  [ copper  bear i ng 
al l oy]  [ Type [ _____]  [ 304L]  [ 316L]  st ai nl ess]  [ st eel ]  [ [ _____]  al l oy 
al umi num]  scr ol l  wi t h r equi r ed r ei nf or cement ,  f l anged i nl et  and out l et  
connect i ons,  [ cone]  i nl et  [ bol t ed]  [ wel ded]  t o scr ol l  s i de sheet ,  t hr eaded 
and pl ugged scr ol l  dr ai n,  [ qui ck]  [ or ]  [ bol t ed]  access door  wi t h gasket ;  
[ Car bon]  [ al l oy]  [ Type [ _____]  st ai nl ess]  st eel  shaf t ,  [ f i t t ed wi t h]  [ heat  
s l i nger ]  [ shaf t  seal ]  [ gr ease l ubr i cat ed st uf f i ng box] ;  cont i nuousl y wel ded 
[ car bon]  [ al l oy]  [ copper  bear i ng al l oy]  [ Type [ _____]  [ 304L]  [ 316L]  
st ai nl ess]  [ st eel ]  [ _____ al l oy al umi num]  i mpel l er  assembl y.  [ _____]  
[ r adi al ]  [ paddl e t ype ( open r adi al ) ]  [ backpl at ed paddl e]  t ype i mpel l er  
bl ades [ wi t h i nl et  shr oud] . [   Pr ovi de pr ot ect i ve coat i ng of  [ _____] . ]  on 
f an sur f aces exposed t o [ ai r ]  [ f ume]  [ vapor ]  st r eam;  [ Mot or  must  be t ot al l y  
encl osed t ype. ]   Mount  compl et e assembl y i ncl udi ng mot or ,  power  
t r ansmi ssi on component s,  and guar ds on a common vi br at i on i sol at i on base 
wi t h spr i ng mount i ngs [ conf or mi ng t o r equi r ement s i ndi cat ed] .

2. 2. 3   Ut i l i t y  Set [ s]

Si ngl e- wi dt h,  s i ngl e- i nl et ,  nonover l oadi ng scr ol l  t ype.   Scr ol l  must  be 
[ i nt er mi t t ent l y]  [ or ]  [ cont i nuousl y]  wel ded [ car bon]  [ Type [ 304L]  [ 316L]  
st ai nl ess]  [ st eel ]  [ _____ al l oy al umi num]  wi t h r equi r ed r ei nf or cement ,  
[ f l anged i nl et  and out l et  connect i ons] ,  st r eaml i ne or i f i ce i nl et  bol t ed 
[ and gasket ed]  t o scr ol l  s i de sheet ,  [ t hr eaded and]  [ pl ugged]  [ pi ped]  
[ scr ol l  dr ai n, ]  [ access door  wi t h gasket ] . [   Car bon]  [ Type [ 304]  [ 316]  
st ai nl ess]  [ st eel ]  [ monel ]  shaf t  f i ni shed as r equi r ed [ and f i t t ed wi t h]  
[ heat  s l i nger ]  [ shaf t  seal ]  [ gr ease l ubr i cat ed st uf f i ng box] ;  wel ded 
[ car bon]  [ Type [ 304L]  [ 316L]  st ai nl ess]  [ st eel ]  [ _____ al l oy al umi num]  
i mpel l er  assembl y;  [ backwar d i ncl i ned]  f l at  or  s i ngl e t hi ckness ai r f oi l  
t ype i mpel l er  bl ades.   Pr ovi de pr ot ect i ve coat i ng of  [ _____]  f or  [ f an 
sur f aces exposed t o [ ai r ]  [ f ume]  [ vapor ]  st r eam and weat her . ]   Mot or  and 
power  t r ansmi ssi on component s must  be encl osed i n vent i l at ed weat her t i ght  
hood.  [ Di schar ge must  be f i t t ed wi t h an aut omat i c gr avi t y shut t er  
const r uct ed f r om [ speci f i ed st ai nl ess st eel ]  [ al umi num] . ] [   Mount  compl et e 
assembl y f r om i ndi v i dual  poi nt s of  suppor t  on r ai l s  and vi br at i on i sol at ed 
by doubl e- r ubber - i n- shear  mount i ngs]  [ conf or mi ng t o r equi r ement s i ndi cat ed] .

2. 2. 4   I n- l i ne Cent r i f ugal  Fans

Wel ded st eel  casi ngs,  cent r i f ugal  backwar d i ncl i ned bl ades,  st at i onar y 
di schar ge conver si on vanes,  i nt er nal  and ext er nal  bel t  guar ds and 
adj ust abl e mot or  mount s.   I nl et  and out l et  connect i ons f or  f an casi ngs t o 
duct  wor k and equi pment  casi ngs,  may be of  t he s l i p f i t  or  f l anged t ype.  
[ Pr ovi de guar ds f or  di schar ges.   Rat e f ans wi t h guar ds i n pl ace. ]   Ai r  must  
ent er  and l eave t he f an axi al l y .   I nl et  must  be st r eaml i ned and conver si on 
vanes must  el i mi nat e t ur bul ence and pr ovi de smoot h di schar ge ai r  f l ow.   
Encl ose f an bear i ngs and dr i ve shaf t s,  and i sol at e f r om t he ai r  st r eam.   
Fan bear i ngs must  be mechani cal l y  seal ed agai nst  dust  and di r t  and must  be 
sel f - al i gni ng,  pi l l ow bl ock bal l  or  r ol l er  t ype.   Mot or  and dr i ve must  be 
pr ovi ded by f an manuf act ur er .

2. 2. 5   Fi ber gl ass Cent r i f ugal  Fans

**************************************************************************
NOTE:   Show i nt ended ser vi ce on dr awi ng f an schedul e 
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or  speci f y her e.   Revi se par agr aph i f  speci al  
chemi cal  or  cor r osi on r esi st ance i s r equi r ed i n 
accor dance wi t h manuf act ur er ' s r ecommendat i ons.

**************************************************************************

ASTM D4167.   Const r uct  of  f i r e r et ar dant  f i ber gl ass wi t h a f l ame spr ead 
r at i ng at  l east  equal  t o or  l ess t han t hat  of  t he duct  syst em.   Housi ng and 
f an i mpel l er  must  be f i ber gl ass.   Shaf t  and f an suppor t  st and must  be st eel  
wi t h pr ot ect i ve coat i ng.   Pr ovi de ext er i or  gel  coat ,  coat i ng,  or  pai nt  wi t h 
ul t r avi ol et  l i ght  i nhi bi t i ng pr oper t i es f or  f ans exposed t o sunl i ght .  
Fi ber gl ass f ans must  be sui t abl e f or  [ t he i nt ended ser vi ce. ]  [ use i n 
[ _____] ] .   Pr ovi de wi t h f l anged out l et  [ and i nl et ]  connect i ons,  [ t hr eaded 
[ and pl ugged] ]  scr ol l  dr ai n,  bol t ed access and i nspect i on door s,  and epoxy 
coat ed st eel  f an base and mot or  mount .

2. 3   [ VANEAXI AL]  [ TUBEAXI AL]  FANS

Di r ect - connect ed wi t h adj ust abl e bl ade i mpel l er  or  V- bel t  dr i ven.   When 
di r ect  connect ed,  f ans must  be dr i ven by t ot al l y- encl osed,  ai r - over  ( TEAO) ,  
f l anged or  end mount ed mot or s.   When bel t - dr i ven,  pr ovi de i nt er nal  and 
ext er nal  bel t  guar ds and adj ust abl e mot or  mount s.

2. 3. 1   Fan I mpel l er  Bl ades

Ai r - f oi l  t ype [ wi t h st at i onar y gui de vanes] ,  desi gned t o pr ovi de t he 
ef f i c i ency [ and sound l evel ]  i ndi cat ed.   I n f an sel ect i on,  consi der  and 
account  f or  any l osses due t o t he s i ze of  t he mot or  i n r el at i on t o t he f an 
hub di amet er .   I mpel l er  bl ades of  di r ect - dr i ven f ans must  be adj ust abl e t o 
per mi t  var yi ng per f or mance over  a r ange of  vol ume and pr essur e.   I ndex t he 
hub t o f aci l i t at e set t i ng t he angl e of  t he bl ades uni f or ml y and accur at el y 
f r om mi ni mum t o maxi mum angl e;  pr ovi de st ops t o avoi d over l oadi ng mot or .   
Fur ni sh mot or  wi t h t he f act or y bl ade maxi mum set t i ng i ncl uded i n t he f an 
namepl at e dat a.

2. 3. 2   Fan Casi ngs

Cyl i ndr i cal ,  or  wel ded st eel  const r uct i on,  wi t h f l anged i nl et s and out l et s.  
Assembl e mot or  suppor t  [ and gui de vanes]  by wel di ng.   Pr ovi de casi ngs wi t h 
bol t ed or  hi nged access pl at es adequat e f or  i nspect i on and ser vi c i ng of  
i nt er nal  par t s.

2. 4   BATHROOM AND KI TCHEN FANS

**************************************************************************
NOTE:   Qui et  oper at i on wi l l  i ncr ease t he l i kel i hood 
t hat  occupant s wi l l  use f ans.

**************************************************************************

Power  used must  be a maxi mum of  13 wat t s f or  50 cf m f ans;  15 wat t s f or  70 
cf m f ans;  17 wat t s f or  90 cf m f ans;  and 20 wat t s f or  100 cf m f ans.   Noi se 
l evel s must  not  exceed 0. 5 sones f or  50 t o 70 cf m f ans;  1. 0 sones f or  90 
cf m f ans;  and 1. 5 sones f or  100 cf m f ans.   Fan l i ght s must  be compact  
fluorescent.
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2. 5   BASI C MATERI ALS

2. 5. 1   Coat ed and Uncoat ed Car bon St eel  Sheet s,  Pl at es,  and Shapes

2. 5. 1. 1   Mi l l  Gal vani zed St eel  Sheet

ASTM A653/ A653M,  l ock f or mi ng qual i t y ,  Coat i ng G- 90[ ,  204 degr ees C 400 
degr ees F,  maxi mum] .

2. 5. 1. 2   Mi l l  Gal vani zed St eel  Shapes

ASTM A36/ A36M gal vani zed i n accor dance wi t h [ ASTM A123/ A123M]  [
ASTM A653/ A653M].

2. 5. 1. 3   Uncoat ed ( Bl ack)  Car bon St eel  Sheet

ASTM A1011/ A1011M.

2. 5. 1. 4   Uncoat ed ( Bl ack)  Car bon St eel  Pl at es and Shapes

ASTM A36/ A36M.

2. 5. 2   Cor r osi on Resi st ant  ( St ai nl ess)  St eel

ASTM A167,  Type 304L or  Type 316L wi t h mi l l  f i ni sh,  except  as ot her wi se 
specified.

2. 5. 3   Cor r osi on Pr ot ect i on

Tr eat  equi pment  f abr i cat ed f r om f er r ous met al s t hat  do not  have a z i nc 
coat i ng conf or mi ng t o [ ASTM A123/ A123M]  [ ASTM A653/ A653M]  f or  pr event i on of  
cor r osi on wi t h a f act or y coat i ng or  pai nt  syst em t hat  wi l l  wi t hst and 125 
hour s i n a sal t - spr ay f og t est  except  t hat  equi pment  l ocat ed out door s must  
wi t hst and 500 hour s.   Per f or m sal t - spr ay f og t est  i n accor dance wi t h 
ASTM B117.   Each speci men must  have a st andar d scr i be mar k as def i ned i n 
ASTM D1654.   Upon compl et i on of  exposur e,  eval uat e and r at e t he coat i ng or  
pai nt  syst em i n accor dance wi t h pr ocedur es A and B of  ASTM D1654.   The 
r at i ng of  f ai l ur e at  t he scr i be mar k must  be not  l ess t han si x ( aver age 
cr eepage not  gr eat er  t han 3 mm 1/ 8 i nch) .   The r at i ng of  t he unscr i bed ar ea 
must  be l ess t han t en ( no f ai l ur e) .   Thi ckness of  coat i ng or  pai nt  syst em 
on t he act ual  equi pment  must  be i dent i cal  t o t hat  on t he t est  speci mens 
wi t h r espect  t o mat er i al s,  condi t i ons of  appl i cat i on,  and dr y- f i l m 
thickness.

2. 6   HEAT RECOVERY SYSTEMS

Heat  r ecover y syst ems must  be ut i l i zed i n vent i l at i on uni t s ( 100 per cent  
out s i de ai r  uni t s)  wher e t he t emper at ur e di f f er ent i al s bet ween suppl y ai r  
and exhaust  ai r  i s  s i gni f i cant .   Heat  r ecover y syst ems must  oper at e at  a 
mi ni mum of  70 per cent  ef f i c i ency.   The heat  r ecover y syst ems must  have 
f act or y- i nst al l ed mi cr opr ocessor  cont r ol l er  t hat  i n t ur n can be connect ed 
t o a Di r ect  Di gi t al  Cont r ol  ( DDC)  Bui l di ng Aut omat i on Syst em t o moni t or  
t emper at ur es,  [ wheel  oper at i on, ]  f i l t er  c l eanl i ness,  def r ost  cont r ol ,  and 
ot her  cr i t i cal  condi t i ons.   Pr ef i l t er s must  be pr ovi ded i n al l  heat  
r ecover y syst ems bef or e t he heat  r ecover y equi pment .

2. 6. 1   Uni t  Casi ng

**************************************************************************
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NOTE:   I ncl ude br acket ed sent ences unl ess condensat e 
dr ai n i s not  needed or  cr oss cont ami nat i on i s 
pr event ed by ot her  met hods.

**************************************************************************

Pr ovi de a sel f  suppor t i ng uni t  casi ng const r uct ed of  mi ni mum 1. 1 mm 0. 04 
i nches t hi ck ext r uded al umi num pr of i l es and al umi num zi nc sheet  st eel  t hat  
cr eat e a doubl e wal l . [   The base of  t he casi ng must  be const r uct ed as a 
cont i nuous condensat e dr ai n wi t h a t ot al  of  f our  connect i on 
possi bi l i t i es. ]   The casi ng bot t om,  t op,  and si des must  be i nsul at ed wi t h 
50 mm 2 i nch t hi ck f i br ous gl ass i nsul at i on wi t h a mi ni mum densi t y of  96 kg 
per  cubi c met er  6 l b per  cubi c f oot  or  anot her  mat er i al  wi t h equi val ent  
i nsul at i ng val ue. [   Pr ovi de a par t i t i on t o i sol at e t he exhaust  and suppl y 
ai r st r eams f r om each ot her  t o avoi d cr oss cont ami nat i on. ]   Par t i t i on must  
be a mi ni mum of  [ 1. 9] [ _____]  mm [ 0. 075] [ _____]  i nches [ gal vani zed st eel ]  
[ al umi num] .   Pr ovi de st ai nl ess st eel  casi ng f or  cor r osi ve ai r  st r eams.   The 
casi ng must  be desi gned f or  di agonal  mount i ng of  t he heat  exchanger  access 
f r om t he s i de f or  mai nt enance and cl eani ng.   The casi ng must  be desi gned 
wi t h an i nt egr al  def r ost  cont r ol  damper  on t he heat  exchanger  sect i on f or  
def r ost  cont r ol .   Pr ovi de f ul l  s i ze access door s f or  checki ng t he heat  
exchanger  sect i on.

2. 6. 2   Heat  Exchanger  Sect i on

[ 2. 6. 2. 1   Ent hal py Wheel

A desi ccant - i mpr egnat ed ent hal py wheel  wi t h var i abl e speed r ot ar y wheel  
must  be used i n t he suppl y and exhaust  syst ems.   Wheel s must  cont ai n medi a 
made of  a l i ght wei ght  pol ymer  t hat  i s  coat ed wi t h a cor r osi on- r esi st ant  
f i ni sh.   Et ched or  oxi di zed sur f aces ar e not  accept abl e.   Heat  t r ansf er  
sur f aces must  be coat ed wi t h a non- mi gr at i ng ( per manent l y bonded)  
absor bent . [   Desi ccant  must  be s i l i ca gel  f or  maxi mum l at ent  ener gy 
t r ansf er . ]   Wheel  must  al l ow l ami nar  f l ow but  not  r adi al ,  and pr event  
l eakage,  bypassi ng,  and cr oss cont ami nat i on by cr oss f l ow wi t hi n wheel .   
The wheel  must  have r ot or  seal s speci f i cal l y  desi gned t o l i mi t  
cr oss- cont ami nat i on,  and a r ot at i on det ect or .   Shoul d r ot at i on st op,  t he 
r ot at i on det ect or  must  al ar m t he HVAC cont r ol  syst em.   Wheel  must  not  
condense wat er  di r ect l y or  r equi r e a condensat e dr ai n f or  summer  or  wi nt er  
oper at i on.   Per f or mance r at i ng must  be i n accor dance wi t h AHRI  1060 I - P.

][ 2. 6. 2. 2   Heat  Pi pe

For  sensi bl e heat  r ecover y a r un- ar ound t ype heat  pi pe must  use r ef r i ger ant  
t o absor b heat  f r om t he ai r  st r eam at  t he ai r  i nt ake and r ej ect  t he heat  
back i nt o t he ai r  st r eam at  t he di schar ge of  t he ai r - handl i ng uni t .   The 
heat  t r ansf er  bet ween ai r  st r eams must  t ake pl ace i n a count er f l ow 
ar r angement .   The uni t  must  have no movi ng par t s and must  be one pi ece 
const r uct i on.   Tube cor e must  be [ 18] [ 25] [ _____]  mm [ 5/ 8] [ 1] [ _____]  i nch OD 
seaml ess al umi num t ubi ng per manent l y expanded i nt o t he f i ns t o f or m a f i r m,  
r i gi d and compl et e met al  pr essur e cont act  bet ween t he t ube and f i n col l ar  
of  al l  oper at i ng condi t i ons.   Pr ovi de copper  t ubes and copper  f i ns f or  
cor r osi ve ai r  st r eams.   Secondar y sur f aces must  be of  cont i nuous pl at e t ype 
al umi num f i ns,  [ 0. 18] [ _____]  mm [ 0. 007] [ _____]  i nch t hi ck,  and of  
cor r ugat ed desi gn t o pr oduce maxi mum heat  t r ansf er  ef f i c i enci es.   Syst em 
must  have sol enoi d val ve cont r ol  t o oper at e under  par t i al  l oad condi t i ons.

][ 2. 6. 2. 3   Run- ar ound Coi l

The r un- ar ound coi l s must  be used at  t he exhaust  di schar ge f r om t he 
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bui l di ng and at  t he f r esh ai r  i nt ake i nt o t he bui l di ng. [   A gl ycol  
r un- ar ound coi l  must  be used wi t h cont r ol  val ves and a pump f or  par t  l oad 
conditions.]

][ 2. 6. 2. 4   Sensi bl e Heat  Recover y Uni t

[ A cr oss- f l ow,  ai r - t o- ai r  ( z- duct )  heat  exchanger  must  r ecover  t he heat  i n 
t he exhaust  and suppl y ai r  st r eams.   Z- duct s must  be const r uct ed ent i r el y 
of  sheet  met al . ]  [ Heat  wheel s must  be used f or  sensi bl e heat  r ecover y.   
Uni t  must  have var i abl e speed dr i ve f or  cont r ol l i ng t he t emper at ur e l eavi ng 
t he uni t .   Wheel s must  cont ai n medi a made of  a l i ght wei ght  pol ymer  t hat  i s  
coat ed wi t h a cor r osi on- r esi st ant  f i ni sh.   Et ched or  oxi di zed sur f aces ar e 
not  accept abl e.   Wheel  must  al l ow l ami nar  f l ow but  not  r adi al ,  and pr event  
l eakage,  bypassi ng,  and cr oss cont ami nat i on by cr oss f l ow wi t hi n wheel .   
The wheel  must  have r ot or  seal s speci f i cal l y  desi gned t o l i mi t  
cr oss- cont ami nat i on,  and a r ot at i on det ect or .   Shoul d r ot at i on st op,  t he 
r ot at i on det ect or  must  al ar m t he HVAC cont r ol  syst em.   Wheel  must  not  
condense wat er  di r ect l y or  r equi r e a condensat e dr ai n f or  summer  or  wi nt er  
oper at i on.   Per f or mance r at i ng must  be i n accor dance wi t h AHRI  1060 I - P.]

] 2. 6. 3   Def r ost  Cont r ol  Damper  Sect i on

Pr ovi de an i nt egr al  def r ost  cont r ol  damper  sect i on wi t h el ect r i c  damper  
mot or  f or  def r ost  cont r ol  of  t he heat  exchanger  sect i on.   The def r ost  
cont r ol  damper s must  be mount ed upst r eam of  t he heat  exchanger  sect i on and 
must  be capabl e of  pr event i ng f r ost  bui l d- up on t he pl at es of  t he heat  
exchanger .   Dr ai n pan must  be st ai nl ess st eel .   The damper  mot or  must  be 
l ocat ed out s i de of  bot h ai r st r eams.

2. 6. 4   Angl e Fi l t er  Box

Pr ovi de a s i de access,  gal vani zed st eel  duct  mount ed f i l t er  box assembl y 
wi t h i nt egr al  hol di ng f r ames sui t abl e f or  accommodat i ng [ 50 mm2 i nch
] [ _____]  t hi ck f i l t er s wi t h a mi ni mum ef f i c i ency r epor t i ng val ue of  13.   
Pr ovi de f i l t er  box const r uct ed of  mi ni mum 1. 3 mm 0. 05 i nch t hi ck gal vani zed 
st eel  wi t h ext r uded al umi num t r acks and i ndi v i dual  uni ver sal  hol di ng f r ames 
wi t h pol yur et hane f oam gasket s and posi t i ve seal i ng c l i ps desi gned t o 
accommodat e var i ous st andar d s i ze f i l t er s i n var i ous ef f i c i ency r anges.   
Pr ovi de access door s wi t h posi t i ve seal i ng,  heavy dut y qui ck openi ng 
hal f - t wi st  l at ches and sponge neopr ene gasket i ng on each si de of  f i l t er  box 
f or  r emoval  and r epl acement  of  f i l t er s.   For  each f i l t er  box pr ovi de one 
magnehel i c gauge or  i ncl i ned manomet er  wi t h st at i c  pr essur e t aps,  shut - of f  
and vent  cocks,  and al umi num t ubi ng wi t h r ange 50 t o 1470 Pa 0. 0073 t o 0. 21 
psi.

2. 7   FI RE DAMPERS

**************************************************************************
NOTE:   Use 1 1/ 2 hour  r at ed damper  f or  up t o 2 hour  
f i r e wal l s.   Use 3 hour  r at ed damper  onl y f or  3 hour  
or  4 hour  f i r e wal l s.

**************************************************************************

Pr ovi de [ _____]  [ s i ngl e l eaf ]  [ gui l l ot i ne]  [ r ecessed]  [ hi nged]  [ t ype]  
[ cur t ai n t ype wi t h i nt er l ocki ng bl ades]  [ wi t h f r ame and oper at i ng mechani sm 
housed out - of - [ ai r ]  [ f ume]  [ vapor ]  st r eam, ]  const r uct ed and r at ed i n 
accor dance wi t h AMCA 500- D.   Fur ni sh damper s f or  i ndi cat ed st r eam f l ow,  t o 
equal  or  exceed f i r e r esi st ance r at i ng of  [ 1 1/ 2 hour s]  [ 3 hour s] .   Fi r e 
damper  must  be r at t l e- f r ee and must  cause a mi ni mum [ 5]  [ 10]  per cent  
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i ncr ease i n st r eam vel oci t y or  syst em st at i c pr essur e. [   For  [ _____]  
syst em[ s] ,  st r eam exposed mat er i al s of  const r uct i on must  be [ _____] . ]  
Pr ovi de bui l di ng penet r at i on col l ar s i n accor dance wi t h AMCA 500- D [ and 
NFPA 91] ,  [ unl ess ot her wi se i ndi cat ed] .   Pr ovi de one spar e f usi bl e l i nk f or  
t est i ng of  each f i r e damper  oper at i on and one spar e f usi bl e l i nk f or  each 
[ 10]  f i r e damper s,  but  not  l ess t han t wo.

2. 8   MI SCELLANEOUS MATERI ALS

2. 8. 1   Fi l l er  Met al ,  Wel di ng

AWS f i l l er  met al  speci f i cat i on and gr ade compat i bl e wi t h base mat er i al s t o 
devel op f ul l  j oi nt  st r engt h.

2. 8. 2   Fl ashi ng Mat er i al s

[ Mi l l  gal vani zed,  phosphat i zed,  st eel  sheet  wi t h mi ni mum spangl e,  
conf or mi ng t o ASTM A653/ A653M,  Coat i ng G90,  24 gage mi ni mum t hi ckness.   
Mi l l  No.  1 or  2D f i ni shed,  st ai nl ess st eel ,  f ul l y  anneal ed,  sof t  t emper ,  
conf or mi ng t o ASTM A167,  Type 304,  0. 38 mm 0. 015 i nch mi ni mum t hi ckness.   
Mi l l  f i ni shed copper ,  conf or mi ng t o ASTM B152/ B152M,  mi ni mum 1487 gr am per  
squar e met er  16 ounces per  squar e f oot . ] [   As speci f i ed i n Sect i on [ 07 60 00
]  FLASHI NG AND SHEET METAL. ]

2. 8. 3   Fl exi bl e Connect or s

2. 8. 3. 1   Gener al  Ser vi ce

Ai r t i ght ,  f i r e- r et ar dant ,  f ume and vapor  r esi st ant ,  chl or opr ene or  
chl or osul f onat ed pol yet hyl ene i mpr egnat ed,  woven f i br ous gl ass f abr i c,  
r at ed f or  cont i nuous ser vi ce at  121 degr ees C 250 degr ees F,  conf or mi ng t o 
UL 214,  wi t h 678 gr am per  squar e met er  20 ounce per  squar e yar d wei ght  f or  
ser vi ce at  498 Pa 2 i nches wat er  gage and under  and 1017 gr am per  squar e 
met er  30 ounce per  squar e yar d wei ght  f or  ser vi ce over  498 Pa 2 i nches wat er
 gage.   Pr ovi de wi t h or  wi t hout  i nt egr al  24 gage mi l l  gal vani zed sheet  
met al  connect or s.

2. 8. 3. 2   Acoust i c Ser vi ce

Pr ovi de as second l ayer  f or  nonpr essur e ser vi ce t o 60 degr ees C 140 degr ees 
F,  l eaded sheet  v i nyl ,  a mi ni mum 1. 40 mm 0. 055 i nches t hi ck,  wei ghi ng a 
mi ni mum 20. 60 kg per  squar e met er  0. 87 pounds per  squar e f oot ,  capabl e of  
10 dBA at t enuat i on i n 10 t o 10, 000 Hz r ange,  sui t abl e f or  sol vent  seam or  
over l ap j oi ni ng and bandi ng.

2. 8. 3. 3   [ Fume]  [ Dust  Col l ect i on]  Ser vi ce

[ 3 mm] [ 1/ 8 i nch]  [ _____]  t hi ck,  s i ngl e- pl y,  synt het i c f abr i c r ei nf or ced 
chl or opr ene sui t abl e f or  107 degr ees C 225 degr ees F.

2. 8. 3. 4   Hi gh Temper at ur e Ser vi ce

a.   Bel l ows t ype met al  expansi on j oi nt s,  t emper at ur e r ange mi nus 29 degr ees 
C t o [ 427]  [ 538]  degr ees C 20 degr ees F t o [ 800]  [ 1000]  degr ees F,  pl us 
or  mi nus 25 kPa 100 i nches wat er  gage [ wi t h i nt er i or  l i ner  [ and 
ext er i or  cover ] ] .

b.   Fabr i c r ei nf or ced,  i nsul at ed,  el ast omer i c cover  expansi on j oi nt  f or  
oper at i ng t emper at ur e up t o [ 204 degr ees C]  [ 400 degr ees F] [ _____]  
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[ bel t ]  [ or ]  [ f l ange]  t ype f or  [ 10 kPa gage]  [ 40 i nches wat er  gage]  
[ _____]  posi t i ve or  negat i ve pr essur e [ ,  wi t h i nt er i or  l i ner  or  baf f l e] .

2. 8. 4   Fl exi bl e Duct

**************************************************************************
NOTE:   The desi gner  must  i ndi cat e on t he dr awi ngs 
t he t ypes of  f l exi bl e duct  r equi r ed.

**************************************************************************

2. 8. 4. 1   Met al l i c  Type

Si ngl e- pl y [ z i nc- coat ed car bon st eel ]  [ mi l l  gal vani zed car bon st eel ]  [ Type 
316 st ai nl ess st eel ]  [ t wo- pl y al umi num] ,  [ sel f - suppor t i ng t o 2. 50 met er s 8 
f oot  spans]  wi t h cor r ugat ed and i nt er l ocked,  f ol ded and knur l ed t ype seam 
const r uct i on,  bendabl e wi t hout  damage t hr ough 180 degr ees wi t h a t hr oat  
r adi us appr oxi mat el y 10 t i mes t he duct  di amet er ,  ai r t i ght ,  r at ed f or  
posi t i ve or  negat i ve wor ki ng pr essur e of  3735 Pa 15 i nches wat er  gage at  [
177 degr ees C350 degr ees F f or  al umi num]  [ 343 degr ees C650 degr ees F f or  
gal vani zed st eel  and st ai nl ess st eel ]  UL 181,  Cl ass 1 r at ed,  conf or mi ng t o 
NFPA 91.

2. 8. 4. 2   Wi r e Rei nf or ced Fabr i c Type

El ast omer  i mpr egnat ed woven synt het i c f abr i c,  bonded t o and suppor t ed by 
cor r osi on pr ot ect ed or  cor r osi on r esi st ant  spr i ng st eel  hel i x ,  r at ed f or  
posi t i ve or  negat i ve wor ki ng pr essur e of  [ 3735 Pa gage at  121 degr ees C]  
[ 15 i nches wat er  gage at  250 degr ees F]  [ _____]  UL 181,  Cl ass 1 l abel ed.   
Pr ovi de wi t h manuf act ur er ' s st andar d met al l i c  connect i on col l ar  and 
cl ampi ng f ast ener  assembl y [ f i t t ed wi t h]  [ damper s]  [ and]  [ ext r act or s]  [ as 
indicated].

2. 8. 4. 3   Bal l  Joi nt s

Fabr i cat ed f r om cast  i r on or  f or med sheet  met al  wi t h out er  sect i ons secur ed 
wi t h bol t s.   Pr ovi de each hal f  of  t he bal l  j oi nt  wi t h t ubul ar  st ubs f or  
connect i ng duct s.

2. 8. 4. 4   Sl i p Joi nt s

Fabr i cat ed f r om t ubul ar  sheet  met al  sect i ons.   Pr ovi de out er  t ube wi t h 
f or med st eel  f l at  bar  c l amps.   Wher e r equi r ed or  i ndi cat ed,  pr ovi de a chai n 
or  ot her  means t o f i x  r el at i ve l ongi t udi nal  posi t i on of  out er  and i nner  
j oi nt  sect i ons.

2. 8. 5   Gaskets

2. 8. 5. 1   El ast omer  Buna N

Sheet ,  3 mm 1/ 8 i nch t hi ck,  conf or mi ng t o ASTM D2000,  Type 2BG410B14.

2. 8. 5. 2   El ast omer  Chl or opr ene

Sheet ,  3 mm 1/ 8 i nch t hi ck,  conf or mi ng t o ASTM D2000,  Type 2BE410B14.

2. 8. 5. 3   Rubber

Sheet ,  3 mm 1/ 8 i nch t hi ck r ed or  bl ack,  nat ur al ,  r ecl ai med,  synt het i c 
r ubber  or  mi xt ur e t her eof ,  conf or mi ng t o ASTM D1330.
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2. 8. 6   Pr ot ect i ve Coat i ng Mat er i al s

2. 8. 6. 1   Baked Unmodi f i ed Phenol i c

MIL-DTL-12276 ,  Type I I .

2. 8. 6. 2   Epoxy Coat i ng

Conf or m t o MIL-PRF-23236 ,  Type I ,  Cl ass 1 or  MIL-DTL-24441  syst em,  For mul a 
150 gr een pr i mer  0. 076 mm 3 mi l s,  For mul a 151 haze gr ay 0. 076 mm 3 mi l s,  
and For mul a 152 whi t e 0. 076 mm 3 mi l s.

2. 8. 6. 3   I nor gani c Zi nc Coat i ng

SSPC Pai nt  20,  Type I - C ( Sel f - cur e t ype) .

2. 8. 6. 4   Gal vani z i ng Repai r  Pai nt

Conf or m t o MIL-P-21035 .

2. 8. 7   Sealants

2. 8. 7. 1   Elastomeric

Seal ant  speci f i ed i n t hese speci f i cat i ons or  r ef er enced st andar ds as 
el ast omer i c or  wi t hout  f ur t her  qual i f i cat i on,  must  be s i l i cone,  
pol yur et hane,  pol ysul f i de,  pol y i sobut yl ene,  or  acr yl i c  t er pol ymer  sui t abl e 
f or  t he ser vi ce.   For  seal i ng of  nongasket ed duct  j oi nt s dur i ng f abr i cat i on 
or  assembl y,  seal ant  must  be pol yur et hane,  acr yl i c  t er pol ymer  or  
pol ysul f i de.   Seal ant s must  conf or m t o t he f ol l owi ng:

a.   Si l i cone:   Conf or mi ng t o FS TT- S- 001543,  s i ngl e component  t ype,  not  
r equi r i ng pr i med subst r at e,  wi t h manuf act ur er  publ i shed est i mat ed l i f e 
of  30 year s and a maxi mum 5 per cent  shr i nkage when cur ed.

b.   Pol yur et hane:   Conf or mi ng t o ASTM C920,  Type 2,  Cl ass A,  s i ngl e 
component  t ype,  not  r equi r i ng pr i med subst r at e,  wi t h manuf act ur er  
publ i shed est i mat ed l i f e of  20 year s and a maxi mum 10 per cent  shr i nkage 
when cur ed.

c.   Pol ysul f i de:   Conf or mi ng t o ASTM C920,  Type 2,  Cl ass A,  s i ngl e 
component  t ype,  not  r equi r i ng pr i med subst r at e,  wi t h manuf act ur er  
publ i shed est i mat ed l i f e of  20 year s and a maxi mum 10 per cent  shr i nkage 
when cur ed.

d.   Pol y i sobut yl ene/ But yl :   Conf or mi ng t o CI D A- A- 272,  Type 1,  s i ngl e 
component  t ype,  not  r equi r i ng pr i med subst r at e,  wi t h manuf act ur er  
publ i shed est i mat ed l i f e of  10 year s and a maxi mum 15 per cent  shr i nkage 
when cur ed.

e.   Acr yl i c  Ter pol ymer :   Conf or mi ng t o ASTM C920,  s i ngl e component  t ype,  
not  r equi r i ng pr i med subst r at e,  wi t h manuf act ur er ' s publ i shed est i mat ed 
l i f e of  20 year s and a maxi mum 10 per cent  shr i nkage when cur ed.

f .   Pr ovi de seal ant s and non- aer osol  adhesi ve pr oduct s meet i ng ei t her  
emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 ( use t he of f i ce or  
c l assr oom r equi r ement s,  r egar dl ess of  space t ype)  or  VOC cont ent  
r equi r ement s of  SCAQMD Rul e 1168 ( HVAC duct  seal ant s must  be c l assi f i ed 
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i n t he " Ot her "  cat egor y wi t hi n t he SCAQMD Rul e 1160 seal ant s t abl e) .   
Pr ovi de val i dat i on of  i ndoor  ai r  qual i t y  f or  duct  seal ant s.

2. 8. 7. 2   Heat  Shr i nki ng over  Round Ext er i or  Duct

Hi gh mol ecul ar  wei ght ,  i r r adi at ed pol yet hyl ene band wi t h i nt er i or  heat  
act i vat ed epoxy adhesi ve coat i ng f or  heat  shr i nki ng and epoxy ext r usi on 
over  r ound,  ext er i or ,  duct  j oi nt s.

2. 8. 7. 3   Har d Cast  Caul k i ng f or  Ext er i or  Duct s

Mi ner al  and adhesi ve i mpr egnat ed woven f i ber  t ape wi t h adhesi ve act i vat or  
f or  ext er i or  r ound or  r ect angul ar  duct  j oi nt s.

2. 8. 7. 4   Caul k i ng of  Bui l di ng Sur f ace Penet r at i on

Foamed si l i cones,  t wo- component ,  f i r e- r esi st ant ,  [ gamma r adi at i on 
r esi st ant ] ,  l ow- exot her m,  r oom t emper at ur e vul cani z i ng s i l i cone.

2. 9   SPECIALTIES

St eel ,  cast  i r on,  st ai nl ess st eel ,  nonf er r ous met al ,  or  pl ast i c t o mat ch 
duct  const r uct i on,  or  as i ndi cat ed.

2. 9. 1   Access Por t s,  Test

Wi t h gasket ed scr ew cap and f l ange,  t o sui t  exhaust  ser vi ce[ ,  25 mm one i nch
 nomi nal  pi pe s i ze] .

2. 9. 2   Damper  Regul at or s

I ncr ement al  posi t i on i ndi cat i ng and l ocki ng t ype,  wi t h sat i n f i ni sh chr ome 
pl at ed,  f l ush sur f ace mount i ng cover  and r egul at or  box wher e conceal ment  i s  
r equi r ed i n f i ni shed spaces.   For  spl i t t er  damper s,  pr ovi de spl i t t er  t i p 
mount ed t r unni on br acket s wi t h sel f - l ocki ng scr ew r egul at or  or  r ods wi t h 
ext er nal  swi vel  j oi nt  br acket s.

2. 9. 3   Bl ast  Gat es

Pr ovi de means f or  l ocki ng i n adj ust ed posi t i on wi t h bol t  and nut .

2. 9. 4   Cast  I r on Access Door

Cast  i r on f r ame,  [ hi nged and]  gasket ed cast  i r on door ,  qui ck c l osi ng c l amps 
f or  wat er t i ght  seal i ng[ ,  s i ze as i ndi cat ed] [ ,  152 by 229 mm 6 by 9 i nches 
mi ni mum si ze] .

2. 10   SUPPORTS AND HANGERS

**************************************************************************
NOTE:   The desi gner  must  desi gn al l  suppor t s,  
i ncl udi ng wi nd br aci ng f or  st acks,  and show al l  
i mpor t ant  det ai l s  on t he dr awi ngs.   SMACNA Accept ed 
I ndust r y Pr act i ce f or  I ndust r i al  Duct  Const r uct i on 
i s i l l ust r at i ve and does not  f i x  s i zes of  suppor t s 
or  al l owabl e l oads.   Ref er  t o SMACNA r ound and 
r ect angul ar  duct  const r uct i on st andar ds f or  desi gn 
t abl es and ot her  i nf or mat i on.

**************************************************************************

SECTI ON 23 35 19. 00 20  Page 28



2. 10. 1   Gener al  Requi r ement s f or  Suppor t i ng El ement s

Pr ovi de duct i ng syst ems and equi pment  suppor t i ng el ement s i ncl udi ng but  not  
l i mi t ed t o bui l di ng st r uct ur e at t achment s;  suppl ement ar y st eel ;  hanger  
r ods,  st anchi ons and f i x t ur es;  ver t i cal  duct  at t achment s;  hor i zont al  duct  
at t achment s;  anchor s;  suppor t s.   Desi gn suppor t i ng el ement s f or  st r esses 
i mposed by syst ems,  wi t h a mi ni mum saf et y f act or  of  4. 0 based on duct  bei ng 
50 per cent  f ul l  of  par t i cul at e conveyed.   Suppor t i ng el ement s must  conf or m 
to SMACNA 1403, SMACNA 1922, SMACNA 1520,  [ SMACNA 1378, ]  and NFPA 91,  as 
appl i cabl e,  and modi f i ed and suppl ement ar y r equi r ement s speci f i ed her ei n.   
Do not  use wel d st uds and powder  act uat ed anchor i ng devi ces t o suppor t  
mechani cal  syst ems component s wi t hout  pr i or  appr oval .

2. 10. 2   Ver t i cal  At t achment s

Pr ovi de i n accor dance wi t h SMACNA St andar ds,  except  mi l l  gal vani zed i r on 
st r aps must  be a mi ni mum of  25 mm one i nch wi de,  16 gage t hi ck.

2. 10. 3   Hor i zont al  At t achment s

Pr ovi de as i ndi cat ed i n accor dance wi t h SMACNA St andar ds.

2. 10. 4   Suppl ement ar y St eel

Pr ovi de wher e r equi r ed t o f r ame st r uct ur al  member s bet ween exi st i ng member s 
or  wher e st r uct ur al  member s ar e used i n l i eu of  commer ci al l y  r at ed 
suppor t s.   Such suppl ement ar y st eel  must  be f abr i cat ed i n accor dance wi t h 
the AI SC 360.

2. 10. 5   Vi br at i on I sol at or s

**************************************************************************
NOTE:   See Sect i on 22 05 48. 00 20 MECHANI CAL SOUND,  
VI BRATI ON,  AND SEI SMI C CONTROL f or  gui dance gi ven i n 
gui de speci f i cat i on t echni cal  not es.   Def i ni t e 
r equi r ement s shoul d be speci f i ed i n cont r act  
speci f i cat i on f or  bi dder s '  i nf or mat i on.

**************************************************************************

[ Pr ovi de v i br at i on i sol at or s wi t h i n- ser i es,  cont ai ned,  st eel  spr i ngs,  
chl or opr ene el ast omer  el ement s,  and f ast ener s f or  connect i ng t o bui l di ng 
st r uct ur e at t achment s.   Devi ces must  be l oaded by suppor t  syst em i n 
oper at i ng condi t i on t o pr oduce r equi r ed st at i c spr i ng def l ect i on wi t hout  
exceedi ng 75 per cent  of  devi ce maxi mum l oad r at i ng. ]  [ Conf or m t o Sect i on [
22 05 48. 00 20]  MECHANI CAL SOUND VI BRATI ON AND SEI SMI C CONTROL. ]

2. 11   DUCTWORK,  DUST [ AND FUME]  COLLECTI ON

2. 11. 1   Gener al  Requi r ement s f or  Dust  [ and Fume]  Col l ect i on Duct wor k

**************************************************************************
NOTE:   Del et e al l  wel ded seams and f l anged j oi nt s 
when not  r equi r ed.   However ,  f act or s such as wat er  
i nt r usi on under  negat i ve pr essur e i n weat her  
exposur e shoul d be consi der ed when const r uct i on 
whi ch i s not  l eak- t i ght  i s  per mi t t ed f or  t he 
pr oj ect .   Duct  conveyi ng f umes subj ect  t o 
condensat i on shoul d be l eak- t i ght .
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**************************************************************************

**************************************************************************
NOTE:   Use mat er i al s wi t h r ecycl ed cont ent  wher e 
appr opr i at e f or  use.   Ver i f y sui t abi l i t y ,  
avai l abi l i t y  wi t hi n t he r egi on,  cost  ef f ect i veness 
and adequat e compet i t i on bef or e speci f y i ng pr oduct  
r ecycl ed cont ent  r equi r ement s.

Resear ch has shown t hat  pr oduct s ar e avai l abl e 
meet i ng t he r ecycl ed cont ent  r equi r ement s st at ed 
below.

**************************************************************************

[ Wher e speci f i ed or  i ndi cat ed]  [ _____]  f abr i cat e syst em duct wor k f r om bl ack 
car bon st eel  [ ,  wi t h wel ded seams and f l anged and gasket ed j oi nt s] .   
Pr ovi de st eel  wi t h a mi ni mum of  70 per cent  r ecycl ed cont ent .   Pr ovi de dat a 
i dent i f y i ng per cent age of  r ecycl ed cont ent  of  duct wor k st eel  component s.   
Const r uct  duct  t o handl e [ _____]  [ wood dust ]  par t i cul at e wi t h an i nf l uent  
l oadi ng of  [ 15, 000 gr ai ns per  [ st andar d l i t er  per  second ( L/ s) ]  [ act ual  
L/ s] ]  [ 7, 000 gr ai ns per  [ st andar d cubi c f eet  per  mi nut e ( scf m) ]  [ act ual  
cubi c f eet  per  mi nut e ( acf m) ]  [ _____] ] .   Pr ovi de duct wor k i n accor dance 
wi t h best  pr act i ce r ecommendat i ons and r equi r ement s of  SMACNA 1922 and 
SMACNA 1520,  f or  [ Cl ass I ]  [ Cl ass I I ]  [ Cl ass I I I ]  [ Cl ass I V]  duct  and 
r equi r ement s speci f i ed or  i ndi cat ed.

2. 11. 2   Fabr i cat i on of  Dust  [ and Fume]  Col l ect i on Duct wor k

**************************************************************************
NOTE:   Del et e al l  wel ded seams and f l anged j oi nt s 
when not  r equi r ed.   However ,  f act or s such as wat er  
i nt r usi on under  negat i ve pr essur e i n weat her  
exposur e shoul d be consi der ed when const r uct i on 
whi ch i s not  l eak- t i ght  i s  per mi t t ed f or  t he 
pr oj ect .   Duct  conveyi ng f umes subj ect  t o 
condensat i on shoul d be l eak- t i ght .

**************************************************************************

Pr ovi de i ndi cat ed s i zes,  l engt hs and conf i gur at i on wi t hout  devi at i on unl ess 
ot her wi se appr oved.   Assembl e duct wor k ai r t i ght  [ as def i ned under  par agr aph 
DUCTWORK STRUCTURAL I NTEGRI TY AND LEAKAGE TESTI NG i n t hi s sect i on]  and 
i ncl ude necessar y r ei nf or cement s,  br aci ng,  suppor t s,  f r ami ng,  gasket i ng and 
f ast eni ng t o guar ant ee r i gi d const r uct i on and f r eedom f r om vi br at i on,  
ai r f l ow i nduced mot i on,  and excessi ve def l ect i on.   For  [ _____]  syst em,  
pr ovi de SMACNA Cl ass 1 const r uct i on wi t h any of  t he r ef er ence st andar d 
seams and connect i ons bei ng accept abl e [ ,  except  [ _____] ] .   For  [ _____]  
syst em,  pr ovi de SMACNA Cl ass [ 2]  [ 3]  [ 4]  const r uct i on wi t h wel ded duct  and 
f i t t i ng seams and wel ded compani on angl e or  Van- St one f l anges.   Wel di ng 
must  conf or m t o r equi r ement s speci f i ed her ei n.   Pr ovi de f l anges at  
[ br anches]  [ hoods, ]  [ equi pment ]  [ and]  [ encl osur e connect i ons, ]  wher e 
necessar y f or  ease of  access t o equi pment  or  mai nt enance di sassembl y,  and 
wher e i ndi cat ed.   Pr ovi de el bows and f i t t i ngs a mi ni mum 2 gages heavi er  
t han st r ai ght  duct s of  equal  di amet er .

2. 11. 3   Radi us El bows

Fabr i cat ed f r om but t  wel ded speci f i ed pi ece gor e sect i ons or  f r om f or med 
wel ded or  seaml ess t ubi ng t o a mi ni mum cent er l i ne r adi us of  [ 2. 0]  [ 2. 5]  
[ _____]  di amet er s.   Assembl e,  wel d,  and f i ni sh gr ound gor e sect i ons t o 
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el i mi nat e i nt er nal  pr oj ect i ons.   Const r uct  gor ed el bow i n accor dance wi t h 
t he f ol l owi ng:

 400 mm di amet er  and l ess  16 i nches 
di amet er  and l ess

Over  400 mm di amet er  Over  16 i nches di amet er

90 degr ee -  5 pi ece mi ni mum 90 degr ee -  7 pi ece mi ni mum

60 degr ee -  4 pi ece mi ni mum 60 degr ee -  6 pi ece mi ni mum

45 degr ee -  3 pi ece mi ni mum 45 degr ee -  5 pi ece mi ni mum

30 degr ee -  3 pi ece mi ni mum 30 degr ee -  4 pi ece mi ni mum

15 degr ee -  2 pi ece mi ni mum 15 degr ee -  3 pi ece mi ni mum

2. 11. 4   Fl anged Joi nt s

Gasket ed wi t h f ul l  f ace gasket s 3 mm 1/ 8 i nch t hi ck r ed or  bl ack r ubber  as 
speci f i ed under  par agr aph MI SCELLANEOUS MATERI ALS i n t hi s sect i on.

2. 11. 5   Access Door s

Pr ovi de hi nged,  gasket ed,  and f i t t ed wi t h snap- act i on c l osur es access 
door s.   Equi p access door  wi t h gasket s of  common weat her  st r i ppi ng t ype,  
f oamed,  c l osed- cel l ,  el ast omer  wi t h pr essur e sensi t i ve adhesi ve back.  
Pr ovi de c l eanout  adj acent  t o ever y bend and ver t i cal  r i ser .   I n hor i zont al  
duct  r uns,  l ocat e c l eanout  door  wi t h maxi mum of  spaci ng of  4 met er s 12 f eet  
f or  duct s 300 mm 12 i nches or  l ess i n di amet er  and 6 met er s 20 f eet  f or  
l ar ger  duct s.

2. 11. 6   Fl exi bl e Connect or s

[ Pr ovi de dr awband secur ed f l exi bl e connect or s,  conf or mi ng t o r equi r ement s 
speci f i ed under  par agr aph MI SCELLANEOUS MATERI ALS i n t hi s sect i on,  ut i l i z i ng
 3 mm 1/ 8 i nch t hi ck r ei nf or ced el ast omer ,  f abr i cat ed i nt o a cyl i ndr i cal  
shape by vul cani z i ng or  ot her wi se bondi ng l ongi t udi nal  seam. ]  [ Pr ovi de 
f l ange secur ed f l exi bl e connect or s,  conf or mi ng t o r equi r ement s speci f i ed 
under  par agr aph MI SCELLANEOUS MATERI ALS i n t hi s sect i on,  ut i l i z i ng bel l ows 
t ype met al  expansi on j oi nt .   Wher e ser vi ce t emper at ur e exceeds 149 degr ees C
 300 degr ees F,  i nser t  25 mm one i nch t hi ckness of  mi ner al  wool . ]

2. 12   PROTECTI VELY COATED STEEL DUCTS

Duct wor k,  Pr ot ect i vel y Coat ed St eel ,  For  Cor r osi ve Fume and Vapor  Exhaust :

2. 12. 1   Gener al  Requi r ement s f or  Pr ot ect i vel y Coat ed St eel  Duct wor k

**************************************************************************
NOTE:   Use mat er i al s wi t h r ecycl ed cont ent  wher e 
appr opr i at e f or  use.   Ver i f y sui t abi l i t y ,  
avai l abi l i t y  wi t hi n t he r egi on,  cost  ef f ect i veness 
and adequat e compet i t i on bef or e speci f y i ng pr oduct  
r ecycl ed cont ent  r equi r ement s.

Resear ch has shown t hat  pr oduct s ar e avai l abl e 
meet i ng t he r ecycl ed cont ent  r equi r ement s st at ed 
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below.
**************************************************************************

Fabr i cat e [ _____]  syst em duct wor k f r om bl ack car bon st eel  wi t h wel ded 
seams,  f l anged and gasket ed j oi nt s and pr ot ect i vel y coat ed i nt er i or  
sur f aces i ncl udi ng f l ange f aces,  pr ovi de st eel  wi t h a mi ni mum of  70 per cent  
r ecycl ed cont ent .   Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  
of  pr ot ect i vel y coat ed st eel  duct s.   Const r uct  duct wor k t o handl e [ _____]  
[ f umes]  [ condensi ng]  [ noncondensi ng]  [ vapor s]  cont ai ni ng [ _____] .   Spi r al  
wel ded duct  i s  pr ohi bi t ed.   Pr ovi ded duct wor k i n accor dance wi t h best  
pr act i ce r ecommendat i ons and r equi r ement s of  SMACNA 1922 and SMACNA 1520, 
f or  Cl ass [ I V]  [ _____]  duct .

2. 12. 2   Pr ot ect i ve Coat i ng

Pr ovi de [ _____]  [ and]  [ _____]  pr ot ect i ve coat i ngs as speci f i ed under  
PROTECTI VE COATI NG MATERI ALS,  a subpar agr aph of  MI SCELLANEOUS MATERI ALS i n 
t hi s sect i on.   Pr ovi de [ _____]  coat i ng t o i nt er i or  of  duct  [ and r el at ed 
f an]  sur f aces.   Coat  ext er i or  duct  [ and r el at ed f an]  sur f aces wi t h same 
pr ot ect i ve coat i ng as speci f i ed f or  ext er i or  sur f aces [ pr i med wi t h]  
[ i nor gani c z i nc coat i ng]  [ _____] . [   Ext er i or  f an sur f aces must  be f i ni shed 
[ pr ot ect i vel y coat ed]  [ pr i med]  [ as speci f i ed under  par agr aph,  " _____" . ] ] [   
Fi el d f i ni sh ext er i or  sur f aces whi ch have onl y been pr i med,  as speci f i ed i n 
Sect i on 09 90 00 PAI NTS AND COATI NGS. ]

2. 12. 3   Fabr i cat i on of  Pr ot ect i vel y Coat ed Duct wor k

Const r uct  pr ot ect i vel y coat ed duct wor k f or  cor r osi ve f ume and vapor  exhaust  
i n accor dance wi t h SMACNA 1922 and SMACNA 1520 and as speci f i ed her ei n.   
Pr ovi de i ndi cat ed s i zes,  l engt hs and conf i gur at i on wi t hout  devi at i on,  
unl ess ot her wi se appr oved.   Spi r al  wel ded duct  i s  pr ohi bi t ed.   I nst al l  
duct wor k t o be wat er  washabl e,  wat er t i ght ,  sel f - dr ai ni ng,  and ai r t i ght  [ as 
def i ned under  par agr aph DUCTWORK STRUCTURAL I NTEGRI TY AND LEAKAGE TESTI NG 
i n t hi s sect i on] .   Pr ovi de necessar y r ei nf or cement s,  br aci ng suppor t s,  
f r ami ng,  gasket i ng,  and dr ai nage pr ovi s i ons,  and f ast eni ng t o guar ant ee 
r i gi d const r uct i on and f r eedom f r om vi br at i on,  ai r f l ow i nduced mot i on,  and 
excessi ve def l ect i on.   Ri gi d const r uct i on i s r equi r ed t o pr event  damage t o 
or  f ai l ur e of  pr ot ect i ve coat i ng dur i ng const r uct i on,  t r anspor t ,  er ect i on,  
and on- of f  syst em oper at i on.   Onl y compani on angl e f l anged j oi nt s must  be 
per mi t t ed.  Wel d duct i ng and f i t t i ngs seams.   Avoi d seams i n bot t om 80 mm 3 
i nchesof  duct i ng and i n cor ner s wher ever  pr act i cal  by bendi ng of  cor ner s 
and ar r angi ng seams hi gh i n t he s i de sheet s or  t op sheet .   Cr acks,  l aps,  
shar p i nsi de cor ner s,  shar p shear ed edges,  wel d " i c i c l es, "  f l ux,  pi t s,  wel d 
spat t er ,  bur r s,  and s i mi l ar  def ect s whi ch cont r i but e t o coat i ng 
di scont i nui t i es must  be el i mi nat ed by t he f ol l owi ng:   a)   wel di ng 
cont i nuousl y,  b)   gr i ndi ng of  met al  f l ush wi t h sur f ace or  t o 0. 8 mm 1/ 32 
i nch r adi us or  t o maxi mum r adi us per mi t t ed by t hi nner  met al s,  c)  Ut i l i z i ng 
ot her  f abr i cat i on t echni ques and subsequent  sur f ace pr epar at i on abr asi ve 
bl ast i ng.   Removed f r om t he j ob s i t e f or  r epai r  r ej ect ed duct i ng not  
conf or mi ng t o t hese r equi r ement s and whi ch exhi bi t  coat i ng t hi ckness 
def i c i ency.   Wel di ng must  conf or m t o r equi r ement s speci f i ed her ei n.   
Cont i nuousl y wel d compani on f l ange angl es t o t he i nsi de of  t he duct  and 
i nt er mi t t ent l y wel d wi t h 25 mm one i nch wel ds ever y 100 mm 4 i nches on 
out s i de of  duct .   I nt er mi t t ent l y wel d gi r t h and t r ansver se r ei nf or cement s 
t o duct  sur f ace f or  25 mm one i nch on 152 mm 6 i nch cent er s or  spot  wel ded 
on 100 mm 4 i nch cent er s.   Wel d and gr i nd f l ange and r ei nf or cement  angl es 
at  cor ner s or  ends t o f or m cont i nuous f r ames.   Pr ovi de f l anges at  
[ br anches, ]  [ hoods, ]  [ equi pment ]  [ and]  [ encl osur e connect i ons, ]  wher e 
necessar y f or  ease of  access t o equi pment  or  mai nt enance di sassembl y,  and 
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wher e i ndi cat ed.   Li mi t  duct  l engt hs i n accor dance wi t h s i ze,  t o per mi t  
compl et e and r eady access f or  wel di ng,  gr i ndi ng,  bl ast i ng,  coat i ng,  coat i ng 
cont i nui t y checki ng and t est i ng,  and vi sual  i nspect i on dur i ng f abr i cat i on 
and i mmedi at el y pr i or  t o er ect i on.

2. 12. 4   Radi us El bows

Fabr i cat ed r adi us el bows f r om but t  wel ded speci f i ed pi ece gor e sect i ons or  
f r om f or med wel ded or  seaml ess t ubi ng t o a mi ni mum cent er l i ne r adi us of  
[ 2. 0]  [ _____]  di amet er s and pr ef er abl y 2. 5 t i mes t he duct  di amet er .  
Assembl e,  wel d,  and f i ni sh gr ound gor e sect i ons t o pr event  i nt er nal  
cr evi ces and pr oj ect i ons.   Const r uct  gor ed el bow i n accor dance wi t h t he 
following:

 400 mm di amet er  and l ess  16 i nches 
di amet er  and l ess

Over  400 mm di amet er  Over  16 i nches di amet er

90 degr ee -  5 pi ece mi ni mum 90 degr ee -  6 pi ece mi ni mum

60 degr ee -  4 pi ece mi ni mum 60 degr ee -  5 pi ece mi ni mum

45 degr ee -  3 pi ece mi ni mum 45 degr ee -  4 pi ece mi ni mum

30 degr ee -  3 pi ece mi ni mum 30 degr ee -  3 pi ece mi ni mum

15 degr ee -  2 pi ece mi ni mum 15 degr ee -  2 pi ece mi ni mum

2. 12. 5   Fl anged Joi nt s

Gasket ed wi t h f ul l - f ace gasket s whi ch ar e one- pi ece,  heat ,  adhesi ve or  
sol vent  vul cani zed,  or  bonded and assembl ed t o pr event  dr ai nage and l i mi t  
ext r usi on or  cavi t y at  j oi nt .

2. 12. 6   Access and Cl eanout  Door  Openi ngs

Pr ovi de access pl at es upst r eam and downst r eam of  equi pment  i nst al l ed i n 
duct wor k,  at  l ocat i ons t o f aci l i t at e duct  c l eani ng ( such as i n hor i zont al  
r uns,  near  el bow j unct i ons,  and ver t i cal  r uns) ,  and wher e i ndi cat ed.   For  
duct s 300 mm 12 i nches di amet er  or  l ess,  l ocat e c l eanout  or  access openi ngs 
a mi ni mum of  3. 70 met er s 12 f eet  apar t .   Pr ovi de 250 by 300 mm 10 by 12 
i nches mi ni mum si ze access openi ng;  unl ess ot her wi se i ndi cat ed or  pr event ed 
by duct  di mensi on.   Locat e openi ng a mi ni mum of  80 mm 3 i nches f r om bot t om 
of  duct .   Fr ame access openi ngs by wel ded and gr ound mi t er  j oi nt  5 mm 3/ 16 
i nch t hi ck st r ap i r on,  or  angl e i r on,  wi t h 6 mm 1/ 4 i nch st ai nl ess st eel  
bol t  or  st ud assembl y t o duct  on 100 mm 4 i nch cent er s.   Fabr i cat e pl at es 
out  of  300 ser i es cor r osi on- r esi st ant  st eel  or  pol yvi nyl  chl or i de f aced 
sheet  backed by 16 gage sheet  met al ,  r ei nf or ced as r equi r ed f or  l ar ger  
s i zes,  or  const r uct ed of  heavi er  gage met al .   Ensur e onl y cor r osi on 
r esi st ant  mat er i al s ar e expose t o duct  i nt er i or .   Pr ovi de one " U"  handl e on 
access pl at es t hr ough 250 by 300 mm 10 by 12 i nches and t wo " U"  handl es on 
l ar ger  s i zes.   Locat e access openi ngs at  poi nt s whi ch wi l l  per mi t  r eady 
access t o duct  i nt er nal s wi t h no duct  cut t i ng.   Wher e access t hr ough 
equi pment  or  access door s speci f i ed her ei n i s not  avai l abl e at  a speci f i c  
poi nt ,  pr ovi de 200 mm 8 i nch di amet er  gasket ed access pl at es spaced on 
maxi mum 3 met er s 10 f oot  cent er s.   Wher e penet r at i on of  duct  sur f aces i s 
appr oved or  speci f i ed,  pr ovi de 300 ser i es cor r osi on r esi st ant  st eel  
f ast ener  assembl i es.   Pr ovi de hex t ype,  cadmi um pl at ed f l ange f ast ener  
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bol t s and nut s and [ 3 mm1/ 8 i nch t hi ck aci d r esi st ant  chl or opr ene]  [ 3 mm1/ 8 
i nch t hi ck Buna N]  j oi nt  gasket s.

2. 13   THERMOPLASTI C DUCTWORK

**************************************************************************
NOTE:   Duct  syst ems of  pl ast i c mat er i al  may be used 
t o handl e onl y nonf l ammabl e cor r osi ve f umes and 
vapor  when convent i onal  met al  duct  syst ems wi l l  not  
be adequat e.

**************************************************************************

**************************************************************************
NOTE:   SMACNA Ther mopl ast i c Duct  ( PVC)  Const r uct i on 
Manual  i s  appl i cabl e t o f ume exhaust  syst ems 
const r uct i on and i nst al l at i on r equi r ement s f or  r ound 
and r ect angul ar  PVC duct wor k f or  posi t i ve and 
negat i ve pr essur e syst ems oper at i ng i n envi r onment s 
up t o 27 degr ees C at  498 Pa,  1493 Pa,  and 2488 Pa 
80 degr ees F at  2 i nches,  6 i nches,  and 10 i nches 
wat er  gage.   The r equi r ement s of  t hi s st andar d ar e 
appl i cabl e speci f i cal l y  t o Cl asses 12454- B and 
12454- C PVC compounds as def i ned i n ASTM D1784,  
Ri gi d Pol y( Vi nyl  Chl or i de)  ( PVC)  Compounds and 
Chl or i nat ed Pol y( Vi nyl  Chl or i de)  ( CPVC)  Compounds.   
The desi gner  must  i ndi cat e on t he dr awi ngs t he 
st at i c pr essur e c l assi f i cat i on ( 498 Pa,  1493 Pa,  or  
2488 Pa2 i nches,  6 i nches,  or  10 i nches wat er  gage 
posi t i ve or  negat i ve)  t o whi ch each duct  syst em ( or  
each por t i on of  a duct  syst em)  i s  t o be const r uct ed.

**************************************************************************

2. 13. 1   Ductwork

Const r uct  duct wor k,  f i t t i ngs,  hoods,  and accessor i es i n accor dance wi t h 
SMACNA 1378 and NFPA 91.   Fabr i cat e suppl ement ar y st eel  i n accor dance wi t h 
the AI SC 360.

2. 13. 2   Pr oduct  Requi r ement s

Pr ovi de duct  syst em f r om a manuf act ur er  r ecogni zed i n t he f i el d of  
f abr i cat i on of  PVC mat er i al .   Fabr i cat i ng per sonnel  must  be cer t i f i ed by 
t he manuf act ur er  as qual i f i ed t o per f or m t he wor k i n accor dance wi t h t he 
speci f i ed r equi r ement s.

2. 13. 3   Basi c Duct wor k Mat er i al s

Fabr i cat e duct s,  hoods,  accessor i es and component s i n sheet  f or m f r om 
mat er i al s conf or mi ng t o ASTM D1927,  [ Type I ,  Gr ade 1]  [ Type I ,  Gr ade 2] .   
Ut i l i ze ext r usi ons of  t he same compounds as speci f i ed f or  duct .   Sol vent  
cement  must  conf or m t o ASTM D2564.   Const r uct  met al  component s,  when 
per mi t t ed t o be l ocat ed i nt er i or  t o t he duct ,  of  [ Type]  [ 304 or  304L]  [ 316 
or  316L]  [ _____]  [ cor r osi on r esi st ant  st eel ]  [ _____] .

2. 13. 4   Fasteners

Wher e penet r at i on of  duct  sur f aces i s appr oved or  speci f i ed,  pr ovi de Type 
316 cor r osi on r esi st ant  st eel  f ast ener  assembl i es encapsul at ed wi t h 
pol yest er  on duct  i nt er i or ,  unl ess t ot al  di sassembl y i s i nt ended.   Pr ovi de 
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f l ange f ast ener  bol t s and nut s of  hex t ype onl y,  cadmi um pl at ed,  unl ess 
exposed t o cor r osi ve f umes;  i n whi ch case pr ovi de Type 316 st ai nl ess st eel .  
Equi p bol t ed assembl i es wi t h t wo over si zed washer s,  except  wher e assembl ed 
wi t h met al l i c  r ei nf or cement  cont act .  Pl ast i c bol t i ng i s pr ohi bi t ed.

2. 13. 5   Joi nt  Gasket s

Pr ovi de [ 3 mm1/ 8 i nch t hi ck aci d r esi st ant  chl or opr ene. ]  [ 3 mm1/ 8 i nch 
t hi ck Buna N. ]

2. 13. 6   Fabrication

Const r uct  wat er  washabl e,  wat er t i ght ,  sel f - dr ai ni ng,  and ai r t i ght  duct wor k 
as speci f i ed or  i ndi cat ed.   Pr ovi de r equi r ed r ei nf or cement s,  br aci ng,  
suppor t s,  f r ami ng,  gasket i ng,  seal i ng,  r esi l i ent  mount i ng,  dr ai nage 
pr ovi s i ons,  and f ast eni ng t o guar ant ee r i gi d const r uct i on and f r eedom f r om 
vi br at i on,  ai r f l ow i nduced mot i on and noi se,  and excessi ve def l ect i on at  
speci f i ed maxi mum syst em pr essur e and vel oci t y.

2. 13. 6. 1   Flanges

Pr ovi de f l anges at  al l  br anches on maxi mum 6 met er s 20 f oot  cent er s i n 
duct i ng s i zed 400 mm 16 i nches and under ,  on maxi mum 2. 40 met er s 8 f oot  
cent er s i n duct  s i zed over  400 mm 16 i nches,  wher e r equi r ed f or  ease of  
access t o equi pment ,  at  hoods,  encl osur e connect i ons and wher e i ndi cat ed.   
Fur ni sh one pi ece,  heat ,  adhesi ve,  or  sol vent  vul cani zed or  bonded f ul l  
f ace gasket s at  f l ange j oi nt s.

2. 13. 6. 2   Access Pl at es

Pr ovi de access pl at es upst r eam and downst r eam of  equi pment  i n duct s at  
l ocat i ons t o f ac i l i t at e duct  c l eani ng,  and wher e i ndi cat ed.   Locat e access 
openi ngs a mi ni mum of  50 mm 2 i nches above bot t om of  duct  and ext er nal l y 
f r ame wi t h wel ded and gr ound mi t er  j oi nt  st eel  whi ch i s i sol at ed f r om duct  
i nt er i or .   Const r uct  access pl at e wi t h PVC on i nt er i or  s i de,  backed wi t h 
st eel  on ext er i or  s i de.   Pr ovi de st ai nl ess st eel  access pl at e f ast ener s.   
For  duct wor k c l eani ng access,  pr ovi de 200 mm 8 i nch di amet er  gasket ed 
access pl at es on maxi mum 3 met er s 10 f oot  on cent er s,  except  wher e access 
i s avai l abl e t hr ough an ai r  t er mi nal  devi ce or  ot her  r equi r ed access.

2. 14   FI BERGLASS DUCTWORK

**************************************************************************
NOTE:   Duct  syst ems of  pl ast i c mat er i al  may be used 
t o handl e onl y nonf l ammabl e cor r osi ve f umes and 
vapor  when convent i onal  met al  duct  syst ems wi l l  not  
be adequat e.

**************************************************************************

Duct wor k,  Fi ber gl ass f or  Nonf l ammabl e [ Cor r osi ve]  [ Fume]  [ Vapor ]  Exhaust :

2. 14. 1   Fi ber gl ass Duct wor k

Const r uct  duct wor k,  f i t t i ngs,  accessor i es,  and mat er i al  of  const r uct i on i n 
accor dance wi t h NFPA 91,  and ASTM C582.   Fabr i cat e suppl ement ar y st eel  i n 
accor dance wi t h t he AI SC 360.
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2. 14. 2   Basi c Duct wor k Mat er i al s

**************************************************************************
NOTE:   Fi l l  i n r esi n char act er i st i cs f r om ASTM C582 
i f  necessar y.   Ver i f y sui t abi l i t y  of  Type 316 
st ai nl ess st eel  f or  t he speci f i c  chemi cal  exposur e;  
f or  exampl e,  chr omi c aci d at t acks Type 316 st ai nl ess 
st eel .   Revi se as r equi r ed.

**************************************************************************

**************************************************************************
NOTE:   Desi gner  must  ver i f y t hat  pr oduct s meet i ng 
t he i ndi cat ed mi ni mum r ecycl ed cont ent  ar e 
avai l abl e,  pr ef er abl y f r om at  l east  t hr ee sour ces,  
t o ensur e adequat e compet i t i on.   I f  not ,  wr i t e i n 
sui t abl e r ecycl ed cont ent  val ues t hat  r ef l ect  
avai l abi l i t y  and compet i t i on.

**************************************************************************

Fabr i cat e duct s,  accessor i es and component s i n sheet  f or m f r om mat er i al s 
conf or mi ng t o ASTM C582 [ ,  RTP [ _____] ] .   Pr ovi de ext er i or  gel  coat ,  
coat i ng or  pai nt  wi t h ul t r avi ol et  l i ght  i nhi bi t i ng pr oper t i es f or  duct s 
exposed t o sunl i ght .   Const r uct  met al  component s,  when per mi t t ed t o be 
l ocat ed i nt er i or  t o t he duct ,  of  Type 316 cor r osi on r esi st ant  st eel .

2. 14. 3   Fasteners

Wher e penet r at i on of  duct  sur f aces i s appr oved or  speci f i ed,  pr ovi de Type 
316 cor r osi on r esi st ant  st eel  f ast ener  assembl i es encapsul at ed wi t h 
pol yest er  on duct  i nt er i or ,  unl ess t ot al  di sassembl y i s i nt ended.   Pr ovi de 
f l ange f ast ener  bol t s and nut s of  hex t ype onl y,  cadmi um pl at ed,  unl ess 
exposed t o cor r osi ve f umes;  i n whi ch case pr ovi de Type 316 st ai nl ess st eel .  
Equi p bol t ed assembl i es wi t h t wo over si zed washer s,  except  wher e assembl ed 
wi t h met al l i c  r ei nf or cement  cont act .   Pl ast i c bol t i ng i s pr ohi bi t ed.

2. 14. 4   Joi nt  Gasket s

Pr ovi de [ 3 mm1/ 8 i nch t hi ck aci d r esi st ant  chl or opr ene. ]  [ 3 mm1/ 8 i nch 
t hi ck Buna N. ]

2. 14. 5   Fabrication

Const r uct  wat er  washabl e,  wat er t i ght ,  sel f - dr ai ni ng,  and ai r t i ght  duct wor k 
as speci f i ed or  i ndi cat ed.   Pr ovi de r equi r ed r ei nf or cement s,  br aci ng,  
suppor t s,  f r ami ng,  gasket i ng,  seal i ng,  r esi l i ent  mount i ng,  dr ai nage 
pr ovi s i ons,  and f ast eni ng t o guar ant ee r i gi d const r uct i on and f r eedom f r om 
vi br at i on,  ai r f l ow i nduced mot i on and noi se,  and excessi ve def l ect i on at  
speci f i ed maxi mum syst em pr essur e and vel oci t y.

2. 14. 5. 1   Flanges

Pr ovi de f l anges at  al l  br anches on maxi mum 6 met er s 20 f oot  cent er s i n 
duct i ng s i zed 400 mm 16 i nches and under ,  on maxi mum 2. 40 met er s 8 f oot  
cent er s i n duct  s i zed over  400 mm 16 i nches,  wher e r equi r ed f or  ease of  
access t o equi pment ,  at  hoods,  encl osur e connect i ons and wher e i ndi cat ed.   
Fur ni sh one pi ece,  heat ,  adhesi ve,  or  sol vent  vul cani zed or  bonded f ul l  
f ace gasket s at  f l ange j oi nt s.   Pr ovi de f l anges at  di ssi mi l ar  mat er i al  
j oi nt s,  such as bet ween f i ber gl ass r ei nf or ced pl ast i c ( FRP)  and PVC.
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2. 14. 5. 2   Access Pl at es

Pr ovi de access pl at es upst r eam and downst r eam of  equi pment  i n duct s at  
l ocat i ons t o f ac i l i t at e duct  c l eani ng,  and wher e i ndi cat ed.   Locat e access 
openi ngs at  l east  50 mm 2 i nches above bot t om of  duct  and ext er nal l y f r ame 
wi t h wel ded and gr ound mi t er  j oi nt  st eel  whi ch i s i sol at ed f r om duct  
i nt er i or .   Const r uct  access pl at e wi t h f i ber gl ass on i nt er i or  s i de,  backed 
wi t h st eel  on ext er i or  s i de.   Pr ovi de Type 316 st ai nl ess st eel  access pl at e 
f ast ener s.   For  duct wor k c l eani ng access,  pr ovi de 200 mm 8 i nch di amet er  
gasket ed access pl at es on not  mor e t han 3 met er s 10 f oot  cent er s,  except  
wher e access i s avai l abl e t hr ough an ai r  t er mi nal  devi ce or  ot her  r equi r ed 
access pr ovi s i on.

2. 15   VEHI CLE TAI L PI PE EXHAUST SYSTEM

**************************************************************************
NOTE:   Speci f i cat i ons i ncl uded ar e f or  mai nt enance 
wor k.   Dynamomet er  appl i cat i ons r equi r e r evi sed 
speci f i cat i ons wi t h speci al  consi der at i ons f or  hi gh 
t emper at ur es i nvol ved.   Fol l owi ng ar e kW/ cms 
hor sepower / cf m of  exhaust  gas r ecommendat i ons f or  
s i z i ng syst em and hoses f or  mai nt enance wor k 
applications.

Mai nt enance- gasol i ne:   223 ( kW/ 0. 07 m3/ 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- char ged di esel :   t o 373/ 0. 66 500/ 1400
**************************************************************************

2. 15. 1   Gener al  Requi r ement s f or  Vehi c l e Tai l  Pi pe Exhaust  Syst em

Pr ovi de a hangi ng [ exposed over head]  [ di sappear i ng over head]  [ di sappear i ng 
under f l oor ]  [ nondi sappear i ng ( pl ug- i n under f l oor ) ]  t ype vehi c l e t ai l  pi pe 
exhaust  syst em.   Const r uct  and i nst al l  i n accor dance wi t h appl i cabl e 
r equi r ement s of  NFPA 91.

2. 15. 2   Ductwork

Const r uct  duct s and mi t er  or  st amped f i t t i ngs wi t h gal vani zed st eel .   Duct  
sheet  met al  gages must  conf or m t o Cl ass I  i n SMACNA 1922 and SMACNA 1520.

2. 15. 2. 1   Suct i on Si de Duct wor k

Const r uct  suct i on s i de duct wor k wi t h l ock gr oove seam l ongi t udi nal  j oi nt s.   
Connect  c i r cumf er ent i al  j oi nt s bet ween sect i ons wi t h push- on or  bead and 
cr i mp t ype,  secur ed wi t h a mi ni mum 4 r i vet s or  scr ews on duct s up t o and 
i ncl udi ng 100 mm 4 i nches di amet er ,  and wi t h scr ews or  r i vet s a mi ni mum 80 
mm 3 i nches on cent er  on l ar ger  s i zes of  duct .   Lap j oi nt s i n t he di r ect i on 
of  ai r  f l ow.   On di sappear i ng over head syst ems,  assembl e r ol l er  duct  
sect i ons usi ng pop r i vet s.   Sol der  al l  j oi nt s or  const r uct  duct wor k 
l eak- t i ght  as f or  di schar ge s i de duct wor k bel ow.

2. 15. 2. 2   Di schar ge Si de Duct wor k

Const r uct  duct wor k on t he di schar ge s i de of  t he f an l eak- t i ght  wi t h j oi nt s 
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and seams wel ded,  br azed,  or  sol der ed.   Pr ovi de f l anges wi t h sui t abl e 
gasket s,  wher e r equi r ed.   Repai r  damaged gal vani z i ng wi t h gal vani z i ng 
r epai r  compound.

2. 15. 3   Fan

**************************************************************************
NOTE:   The cr i t er i a f or  speci al  AMCA const r uct i on 
f or  pr ot ect i ve coat i ng can be f ur t her  del i neat ed 
her e or  i ncor por at ed i nt o r ef er enced par agr aph,  i f  
t hi s i s  t he onl y f an.   Speci f y wel ded Cl ass I I  
const r uct i on onl y wher e r equi r ed.

**************************************************************************

**************************************************************************
NOTE:   See Sect i on 22 05 48. 00 20,  MECHANI CAL SOUND,  
VI BRATI ON,  AND SEI SMI C CONTROL f or  gui dance gi ven i n 
gui de speci f i cat i on t echni cal  not es.   Def i ni t e 
r equi r ement s shoul d be speci f i ed i n cont r act  
speci f i cat i on f or  bi dder s '  i nf or mat i on.

**************************************************************************

Compl y wi t h par agr aph CENTRI FUGAL FANS i n t hi s sect i on [ ,  subpar agr aph 
UTI LI TY SET, ]  and speci al  r equi r ement s f or  pr ot ect i ve coat i ngs. [   Pr ovi de 
uni t  of  al l  wel ded const r uct i on,  ut i l i z i ng mi ni mum 14- gage car bon st eel  i n 
AMCA Cl ass I I  const r uct i on. ]  [ I nt er nal  and ext er nal  pr ot ect i ve coat i ng must  
be manuf act ur er ' s st andar d,  engi neer ed qual i t y  t ype,  wi t h pr oper t i es 
compar abl e t o [ ai r - dr y or  baked phenol i c, ]  [ or ]  [ epoxy]  appl i ed i n mul t i pl e 
coat s of  0. 10 t o 0. 15 mm 4 t o 6 mi l  dr y f i l m t hi ckness. ]  [ Mount  ent i r e 
assembl y f or  v i br at i on i sol at i on on st r uct ur al  st eel  base and spr i ng or  
el ast omer  t ype i sol at or s wi t h mi ni mum t r ansmi ssi bi l i t y  of  [ 10]  [ 5]  
per cent . ] [   Pr ovi de spl i t  s l eeve or  f l exi bl e connect i on at  f an i nl et . ]

2. 15. 4   Fl exi bl e Tai l  Pi pe Exhaust  Tubi ng and Connect or s

Pr ovi de i nt er l ocki ng hel i cal  seam met al l i c  t ype const r uct i on of  0. 3 mm 
0. 012 i nch mi ni mum t hi ckness up t o and i ncl udi ng 150 mm 6 i nch di amet er  and 
0. 51 mm 0. 020 i nch mi ni mum t hi ckness over  150 mm 6 i nches di amet er  Type 
302,  304,  or  321 cor r osi on- r esi st ant  st eel  [ wi t h i nsi de di amet er ]  [ and 
l engt h as shown. ]  [ of ]  [ 80]  [ 100]  [ 125]  [ 150]  [ 200] mm and [ _____]  met er s i n 
l engt h [ 3]  [ 4]  [ 5]  [ 6]  [ 8]  [ i nches]  and [ _____]  f eet  i n l engt h.   Connect  t o 
duct  by wel di ng or  wi t h scr ews or  f l anged j oi nt  wi t h gasket  [ and f i t  wi t h 
t ai l  pi pe adapt er s const r uct ed of  mi ni mum 20 gage Type 300 or  400 Ser i es 
st ai nl ess st eel ,  and whi ch i ncl ude pr ovi s i ons f or  secur e t ai l  pi pe 
at t achment ] .   Secur e hose t er mi nal  connect i ons by scr ews,  c l amps,  or  
f l anged connect i ons. [   Pr ovi de wi nch oper at ed hose assembl y. ]

2. 15. 5   Suppor t i ng El ement s

Suppor t  duct i ng [ as i ndi cat ed]  wi t h ant i - sway br aci ng t o r esi st  per cept i bl e 
movement  i n r esponse t o f or ces i mposed by f l exi bl e t ubi ng l ocat i on on 
handl i ng.   Suspend t ubi ng f r om over head l ocat i on and pr ovi de means t o r ai se 
and l ower  f or  use.   Assembl e suspensi on syst em wi t h r i gi d pul l ey r est r ai nt ,  
3 mm 1/ 8 i nch di amet er  ai r cr af t  cabl e,  pul l eys,  and manual l y oper at ed wi nch 
f i t t ed wi t h saf et y r at chet  l ock and sl i p r esi st ant  hand gr i p.
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2. 16   WELDI NG FUME EXHAUST SYSTEM

2. 16. 1   Gener al  Requi r ement s f or  Wel di ng Fume Exhaust  Syst em

Pr ovi de a [ hangi ng]  [ l ong r each t ype]  wel di ng f ume exhaust  syst em as 
speci f i ed and i ndi cat ed.   Const r uct  and i nst al l  i n accor dance wi t h 
appl i cabl e r equi r ement s of  NFPA 91.

2. 16. 2   Ductwork

Const r uct  duct s and st amped f i t t i ngs wi t h gal vani zed st eel .   Duct  sheet  
met al  gages must  conf or m t o Cl ass I  i n SMACNA 1922 and SMACNA 1520.

2. 16. 2. 1   Suct i on Si de Duct wor k

Const r uct  suct i on s i de duct wor k wi t h l ock gr oove seam l ongi t udi nal  j oi nt s.   
Connect  c i r cumf er ent i al  j oi nt s bet ween sect i ons wi t h push- on or  cr i mp and 
bead t ype,  secur ed wi t h a mi ni mum 4 r i vet s or  scr ews up t o and i ncl udi ng 
100 mm 4 i nches di amet er ,  and wi t h scr ews or  r i vet s a maxi mum 80 mm 3 i nches
 on cent er  on l ar ger  s i zes of  duct .   Lap j oi nt s i n t he di r ect i on of  ai r  
flow.

2. 16. 2. 2   Di schar ge Si de Duct wor k

Const r uct  duct wor k on t he di schar ge s i de of  t he f an l eak- t i ght  wi t h j oi nt s 
and seams wel ded,  br azed,  or  sol der ed.   Pr ovi de f l anges wi t h sui t abl e 
gasket s,  wher e r equi r ed.   Repai r  damaged gal vani z i ng wi t h gal vani z i ng 
r epai r  compound.

2. 16. 3   Fan

**************************************************************************
NOTE:   The cr i t er i a f or  speci al  AMCA const r uct i on 
f or  pr ot ect i ve coat i ng can be f ur t her  del i neat ed 
her e or  i ncor por at ed i nt o r ef er enced par agr aph,  i f  
t hi s i s  t he onl y f an.   Speci f y wel ded Cl ass I I  
const r uct i on onl y wher e r equi r ed.

**************************************************************************

**************************************************************************
NOTE:   See Sect i on 22 05 48. 00 20 MECHANI CAL SOUND,  
VI BRATI ON,  AND SEI SMI C CONTROL f or  gui dance gi ven i n 
gui de speci f i cat i on t echni cal  not es.   Def i ni t e 
r equi r ement s shoul d be speci f i ed i n cont r act  
speci f i cat i on f or  bi dder s '  i nf or mat i on.

**************************************************************************

Compl y wi t h par agr aph CENTRI FUGAL FANS [ ,  subpar agr aph UTI LI TY SET, ]  i n 
t hi s Sect i on and speci al  r equi r ement s f or  pr ot ect i ve coat i ngs. [   Pr ovi de 
uni t  of  al l  wel ded const r uct i on,  ut i l i z i ng a mi ni mum 14- gage car bon st eel  
i n AMCA Cl ass I I  const r uct i on. ] [   I nt er nal  and ext er nal  pr ot ect i ve coat i ng 
must  be manuf act ur er ' s st andar d,  engi neer ed qual i t y  t ype,  wi t h pr oper t i es 
compar abl e t o [ ai r - dr y or  baked phenol i c, ]  [ or ]  [ epoxy]  appl i ed i n mul t i pl e 
coat s of  0. 10 t o 0. 15 mm 4 t o 6 mi l  dr y f i l m t hi ckness. ]  [ Mount  ent i r e 
assembl y f or  v i br at i on i sol at i on on st r uct ur al  st eel  base and spr i ng or  
el ast omer  t ype i sol at or s wi t h a mi ni mum t r ansmi ssi bi l i t y  of  [ 10]  [ 5]  
per cent . ] [   Pr ovi de spl i t  s l eeve or  f l exi bl e connect i on at  f an i nl et . ]
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2. 16. 4   Fl exi bl e Wel di ng Fume Exhaust  Tubi ng and Connect or s

Pr ovi de cor r osi on pr ot ect ed,  spr i ng st eel  hel i x  r ei nf or ced,  neopr ene 
i mpr egnat ed,  woven f i br ous gl ass f abr i c l ami nat e,  f l exi bl e t ubi ng wi t h 
cuf f ed ends or  equi val ent  const r uct i on,  and wi t h an i nsi de di amet er  [ and 
l engt h as shown. ]  of  [ 100]  [ 125]  [ 150]  mm [ and [ _____]  met er s i n l engt h]  
[ 4]  [ 5]  [ 6]  i nches [ and [ _____]  f eet  i n l engt h] .   Connect  t o duct  wi t h 
c l amp or  gasket ed f l ange [ and f i t  wi t h swi vel  connect ed coni cal  f ume hood,  
const r uct ed of  mi ni mum 20 gage al umi num [ or  26 gage gal vani zed st eel ]  [ or  
ABS pl ast i c]  and f i t t ed wi t h 13 mm 1/ 2 i nch mesh i nt ake scr een and magnet s 
f or  hol di ng r ecept or  i n f i xed l ocat i on] .   Secur e t ubi ng t o t er mi nal  devi ces 
by c l ampi ng. [   Pr ovi de spr i ng or  wei ght  count er bal anced suppor t i ng ar ms f or  
f l exi bl e hose sect i on of  l ong r each syst em. ]

2. 16. 5   Suppor t i ng El ement s

Suppor t  duct i ng [ as i ndi cat ed]  wi t h ant i - sway br aci ng t o r esi st  per cept i bl e 
movement  i n r esponse t o f or ces i mposed by f l exi bl e t ubi ng l ocat i on on 
handl i ng.   Suspend t ubi ng f r om over head l ocat i on [ and pr ovi de means t o 
r ai se and l ower  f or  use] . [   Assembl e suspensi on syst em wi t h r i gi d pul l ey 
r est r ai nt ,  3 mm 1/ 8 i nch di amet er  ai r cr af t  cabl e,  pul l eys,  and manual l y 
oper at ed wi nch f i t t ed wi t h saf et y r at chet  l ock and sl i p r esi st ant  hand 
gr i p. ]  [ Suppor t  movabl e por t i on of  l ong r each syst em wi t h br acket s. ]  
Obser ve t hat  hood r emai n i n a f i xed posi t i on af t er  manual  adj ust ment .

2. 17   STACKHEADS

Provide SMACNA 1403 no l oss t ype st ackheads f or  ver t i cal  di schar ge t o t he 
at mospher e unl ess i ndi cat ed ot her wi se.   Weat her  caps ar e pr ohi bi t ed.   
Pr ovi de br aci ng or  guy wi r es f or  wi nd l oads on st acks as i ndi cat ed.   
Di schar ge st acks shoul d be ver t i cal  and t er mi nat e at  a poi nt  wher e hei ght  
or  vel oci t y pr event s r eent r y of  exhaust  ai r .

PART 3   EXECUTI ON

3. 1   INSTALLATION

3. 1. 1   I nst al l at i on Requi r ement s

**************************************************************************
NOTE:   Duct wor k f or  Cl ass 2,  3,  and 4 ser vi ce and 
suppor t i ng el ement s must  be abl e t o sust ai n wor ki ng 
l i ve l oads i mposed by duct i ng 50 per cent  f i l l ed wi t h 
par t i cul at e mat er i al  bei ng conveyed.   Pr ovi de 
suppl ement ar y st r uct ur al  st eel  f or  t he suppor t  of  
syst em component s.

**************************************************************************

I nst al l  i n accor dance t o NFPA 91,  and SMACNA 1922,  and SMACNA 1520.   
Pr ovi de mount i ng and suppor t s f or  equi pment ,  duct wor k,  and accessor i es,  
i ncl udi ng st r uct ur al  suppor t s,  hanger s,  v i br at i on i sol at or s,  st ands,  c l amps 
and br acket s,  access door s,  bl ast  gat es,  and damper s.   I nst al l  accessor i es 
i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons.   Const r uct  posi t i ve 
pr essur e duct  i nsi de bui l di ngs ai r t i ght .

3. 1. 1. 1   Wood Faci l i t i es

**************************************************************************
NOTE:   I ncl ude par agr aphs when appr opr i at e.   For  
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ot her  pr oj ect s,  edi t  as r equi r ed and i ncl ude 
appr opr i at e r ef er ences.

**************************************************************************

For  [ wood pr ocessi ng]  [ and]  [ woodwor ki ng]  f aci l i t i es,  conf or m t o NFPA 664.

3. 1. 1. 2   Al umi num Faci l i t i es

**************************************************************************
NOTE:   I ncl ude par agr aphs when appr opr i at e.   For  
ot her  pr oj ect s,  edi t  as r equi r ed and i ncl ude 
appr opr i at e r ef er ences.

**************************************************************************

For  al umi num [ pr ocessi ng]  [ and]  f i ni shi ng f aci l i t i es,  conf or m t o NFPA 65.

3. 1. 2   El ect r i cal  Gr ound Cont i nui t y

Wher e el ect r i cal  gr ound cont i nui t y i s  r equi r ed,  pr ovi de br azed connect i on 
i nsul at ed,  mul t i - st r and,  copper  wi r e j umper s acr oss poi nt s of  
di scont i nui t y.   Pr ovi de connect i on t o gr ound and cont i nui t y t est i ng as par t  
of  t he wor k of  Di v i s i on 16.

3. 1. 3   Speci al  I nst al l at i on Requi r ement s

Speci al  i nst al l at i on r equi r ement s f or  pr ot ect i vel y coat ed st eel  duct wor k 
f or  cor r osi ve f ume and vapor  exhaust :   Sl ope hor i zont al  duct s [ 25]  [ _____]  
mm i n [ 12]  [ _____]  met er s [ one]  [ _____]  i nch i n [ 40]  [ _____]  f eet  i n t he 
di r ect i on of  ai r  f l ow or  [ 25]  [ _____]  i n [ 3]  [ _____]  met er s [ one]  [ _____]  
i nch i n [ 10]  [ _____]  f eet  i n t he di r ect i on opposi t e t o ai r f l ow.   Wher e 
necessar y,  s l ope duct  t o common dr ai nage poi nt .   Pr ovi de dr ai ns at  l ow 
poi nt s,  at  i nt er nal  duct  r est r i c t i ons,  at  base of  r i ser s and wher e 
i ndi cat ed.   Pr ovi de dr ai n connect i ons of  25 mm one i nch pi pe s i ze cor r osi on 
r esi st ant  st eel  coupl i ngs wel ded t o duct  and pr ovi ded wi t h 
pol yt et r af l uor oet hyl ene past e l ubr i cat ed PVC pl ug wher e dr ai nage pi pi ng i s 
not  i ndi cat ed.   Pr ovi de dr ai n l i nes wi t h a t r ap of  25 mm one i nch gr eat er  
dept h t han t he posi t i ve or  negat i ve pr essur e i n t he duct  but  not  l ess t han 
50 mm 2 i nches.   Pr ovi de duct  suppor t  syst em t o i ncl ude addi t i onal  wei ght  
due t o col l ect i on or  [ condensat e]  [ and]  washi ng wat er  i n nondr ai nabl e 
def l ect ed sur f ace and ot her  ar eas.   Pr ovi de duct  suppor t s and bui l di ng 
st r uct ur e at t achment s i n accor dance wi t h SMACNA 1922 and SMACNA 1520.

3. 1. 4   Speci al  Requi r ement s f or  I nst al l at i on of  Ther mopl ast i c Duct wor k

Requi r ement s f or  i nst al l at i on of  t her mopl ast i c duct wor k f or  nonf l ammabl e 
cor r osi ve f ume and vapor  exhaust :

3. 1. 4. 1   Slope

Sl ope hor i zont al  duct s [ 25]  [ _____]  mm i n [ 12]  [ _____]  met er s [ one]  [ _____]  
i nch i n [ 40]  f eet  i n t he di r ect i on of  ai r f l ow or  [ 25]  [ _____]  i n [ 3]  
[ _____]  met er s [ one]  [ _____]  i nch i n [ 10]  [ _____]  f eet  i n opposi t e t o t he 
di r ect i on of  ai r f l ow.   Wher e necessar y,  s l ope duct  t o common dr ai nage poi nt .

3. 1. 4. 2   Drains

Pr ovi de dr ai ns at  al l  l ow poi nt s,  at  i nt er nal  t o duct  dr ai nage 
r est r i c t i ons,  at  base of  r i ser s,  and wher e i ndi cat ed.   Pr ovi de dr ai n 
connect i ons of  25 mm one i nch I PS coupl i ngs wi t h pol yt et r af l uor oet hyl ene 
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past e l ubr i cat ed pl ug wher e dr ai nage pi pi ng i s not  i ndi cat ed,  and wher e 
pi pi ng i s i ndi cat ed,  pr ovi de PVC Type DWV pi pi ng conf or mi ng t o ASTM D2665 
t o poi nt s i ndi cat ed.   Pr ovi de t r ap of  25 mm one i nch gr eat er  dept h t han t he 
posi t i ve or  negat i ve pr essur e i n t he duct  but  not  l ess t han 50 mm 2 i nches.

3. 1. 4. 3   Duct  Suppor t s

I sol at e duct  suppor t  cont act  sur f aces f r om suppor t i ng st eel  by 6 mm 1/ 4 i nch
 t hi ck c l osed- cel l  f oamed cel l ul ar  el ast omer  i nsul at i on mat er i al  of  a wi dt h 
gr eat er  t han suppor t .   Pr ovi de duct  suppor t  syst em t o i ncl ude addi t i onal  
wei ght  due t o col l ect i on of  condensat e and washi ng wat er  i n nondr ai nabl e,  
def l ect ed sur f ace and ot her  ar eas.

3. 1. 5   Speci al  Requi r ement s f or  I nst al l at i on of  Fi ber gl ass Duct wor k

Requi r ement s f or  i nst al l at i on of  f i ber gl ass duct wor k f or  nonf l ammabl e 
cor r osi ve f ume and vapor  exhaust :

3. 1. 5. 1   Slope

Sl ope hor i zont al  duct s [ 25]  [ _____]  mm i n [ 12]  [ _____]  met er s [ one]  [ _____]  
i nch i n [ 40]  [ _____]  f eet  i n t he di r ect i on of  ai r f l ow or  [ 25]  [ _____]  mm i n 
[ 3]  [ _____]  met er s [ one]  [ _____]  i nch i n [ 10]  [ _____]  f eet  i n opposi t e t o 
t he di r ect i on of  ai r f l ow.   Wher e necessar y,  s l ope duct  t o common dr ai nage 
point.

3. 1. 5. 2   Drains

Pr ovi de dr ai ns at  al l  l ow poi nt s,  at  i nt er nal  dr ai nage r est r i c t i ons,  at  
base of  r i ser s,  and wher e i ndi cat ed.   Pr ovi de dr ai n connect i ons of  25 mm 
one i nch I PS coupl i ngs wi t h pol yt et r af l uor oet hyl ene past e l ubr i cat ed pl ug 
wher e dr ai nage pi pi ng i s not  i ndi cat ed,  and wher e pi pi ng i s i ndi cat ed,  
pr ovi de PVC Type DWV pi pi ng conf or mi ng t o ASTM D2665 t o poi nt s i ndi cat ed.   
Pr ovi de a t r ap of  one i nch gr eat er  dept h t han t he posi t i ve or  negat i ve 
pr essur e i n t he duct  but  not  l ess t han 50 mm 2 i nches.

3. 1. 5. 3   Duct  Suppor t s

I sol at e duct  suppor t  cont act  sur f aces f r om suppor t i ng st eel  by 6 mm 1/ 4 i nch
 t hi ck c l osed- cel l  f oamed cel l ul ar  el ast omer  i nsul at i on mat er i al  of  a wi dt h 
gr eat er  t han suppor t .   Desi gn duct  suppor t i ng syst em t o i ncl ude addi t i onal  
wei ght  due t o col l ect i on of  condensat e and washi ng wat er  i n nondr ai nabl e,  
def l ect ed sur f ace and ot her  ar eas.

3. 1. 6   Mi scel l aneous Sheet  Met al  Wor k

Pr ovi de [ _____]  and [ _____] ,  f abr i cat ed f r om [ mi l l  gal vani zed st eel ]  [ bl ack 
st eel  and pr ot ect i vel y coat ed]  [ al umi num]  [ _____] ,  as i ndi cat ed.   Sheet  
met al  t hi ckness,  r ei nf or cement  and f abr i cat i on,  wher e not  i ndi cat ed,  must  
conf or m t o SMACNA 1403.

3. 1. 7   Bui l di ng Penet r at i ons

3. 1. 7. 1   Gener al  Penet r at i on Requi r ement s

Pr ovi de pr oper l y  s i zed,  f abr i cat ed,  l ocat ed,  and t r ade coor di nat ed s l eeves 
and pr epar ed openi ngs,  f or  duct  mai ns,  br anches,  and ot her  i t em 
penet r at i ons,  dur i ng t he const r uct i on of  t he sur f ace t o be penet r at ed.  
Pr ovi de s l eeves f or  r ound duct  380 mm 15 i nches and smal l er  and pr epar ed 
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openi ngs f or  r ound duct  l ar ger  t han 380 mm 15 i nches and squar e or  
r ect angul ar  duct .   Fabr i cat e s l eeves,  except  as ot her wi se speci f i ed or  
i ndi cat ed,  f r om 20 gage,  1. 00 mm 0. 0396 i nch t hi ck mi l l  gal vani zed sheet  
met al .  Sl eeves penet r at i ng l oad bear i ng sur f aces must  be st andar d wei ght  
gal vani zed st eel  pi pe.   Pr ovi de r oof  penet r at i ons as shown i n SMACNA 1403.

3. 1. 7. 2   Fr amed Openi ng

Pr ovi de f r amed openi ngs i n accor dance wi t h appr oved shop dr awi ngs.   Ref er  
t o par agr aph FI RE DAMPERS i n t hi s  sect i on,  f or  r el at ed wor k.

3. 1. 7. 3   Clearances

Pr ovi de a mi ni mum 25 mm one i nch c l ear ance bet ween penet r at i ng and 
penet r at ed sur f aces.   Fi l l  c l ear ance space wi t h bul k f i br ous gl ass or  
mi ner al  wood [ or  f oamed si l i cone]  and seal  and cl ose.

3. 1. 7. 4   Tightness

Penet r at i on must  be [ weat her t i ght ]  [ f i r epr oof  wher e f i r e r at ed sur f aces ar e 
penet r at ed]  [ vapor t i ght  t o pr event  vapor  t r ansmi ssi on t o condi t i oned 
spaces]  [ sound t i ght  t o pr event  sound t r ansmi ssi on t o or  bet ween nor mal l y 
occupi ed or  f i ni shed spaces]  [ del et er i ous or  hazar dous subst ance- t i ght  
wher e]  [ t oxi c]  [ f l ammabl e]  [ _____]  [ subst ances or  gases coul d mi gr at e] .

3. 1. 7. 5   Sealants

Pr ovi de seal ant  of  [ _____]  [ el ast omer i c]  t ype [ or  f oamed si l i cone t ype] ,  as 
speci f i ed under  par agr aph SEALANTS i n t hi s sect i on.   Appl y t o oi l  f r ee 
sur f aces t o a mi ni mum 10 mm 3/ 8 i nch dept h.

3. 1. 7. 6   Cl osur e Col l ar s

Pr ovi de a mi ni mum 100 mm 4 i nches wi de,  unl ess ot her wi se i ndi cat ed,  f or  
exposed duct s and i t ems on each s i de of  penet r at ed sur f ace,  except  wher e 
equi pment  i s  i nst al l ed.   I nst al l  col l ar  t i ght  agai nst  t he sur f ace and f i t  
snugl y ar ound penet r at i ng i t em wi t hout  cont act .   Gr i nd shar p edges smoot h 
t o pr event  damage t o penet r at i ng sur f ace.   Fabr i cat e col l ar s f or  r ound duct s
 380 mm 15 i nches i n di amet er  or  l ess f r om 20 gage,  1. 00 mm 0. 0396 i nch 
nomi nal  t hi ckness,  mi l l  gal vani zed st eel .   At t ach col l ar s a mi ni mum of  4 
f ast ener s t o wher e t he openi ng i s  300 mm 12 i nches i n di amet er  or  l ess,  and 
a mi ni mum of  8 f ast ener s wher e t he openi ng i s 500 mm 20 i nches i n di amet er  
or  l ess.   Fabr i cat e col l ar s f or  squar e and r ect angul ar  duct s wi t h a maxi mum 
si de of  380 mm 15 i nches or  l ess f r om 20 gage,  1. 00 mm 0. 0396 i nch nomi nal  
t hi ckness,  mi l l  gal vani zed st eel .   Fabr i cat e col l ar s f or  r ound,  squar e,  and 
r ect angul ar  duct s wi t h mi ni mum di mensi on over  380 mm 15 i nches f r om 18 gage,
 1. 40 mm 0. 0516 i nch i n nomi nal  t hi ckness,  mi l l  gal vani zed st eel .   I nst al l  
col l ar s wi t h f ast ener s a maxi mum of  150 mm 6 i ncheson cent er . [   Wher e 
penet r at i ng i t ems ar e i r r egul ar l y  shaped and wher e appr oved,  smoot hl y 
f i ni shed,  f i r e- r et ar dant ,  f oamed si l i cone el ast omer  may be ut i l i zed wi t hout  
c l osur e col l ar . ]

3. 1. 8   I nst al l at i on of  Fi r e Damper s

I nst al l  f i r e damper s at  l ocat i ons i ndi cat ed.   Pr ovi de uni t s and connect i ng 
duct wor k i n accor dance wi t h appl i cabl e pr ovi s i ons of  [ NFPA 91, ]  [
UL Bl d Mat  Di r ,] AMCA 500- D [ and UL 33] ,  [ and as i ndi cat ed] .   I nst al l  
r et ai ni ng angl es,  s l eeves,  br eak- away connect i ons,  and duct  access door s at  
each damper ,  as r equi r ed.   Mi ni mum t hi ckness of  s l eeves must  be 14 gage [ ,  
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except  as ot her wi se i ndi cat ed] .   Duct  access door s must  be hi nged [ and 
f i t t ed wi t h UL l i s t ed gl ass v i ewi ng por t  assembl y] .   Pr i or  t o accept ance,  
s i mul at e condi t i ons t o cause each uni t  t o f unct i on aut omat i cal l y .   Appl y 
saf e,  nonf l ame,  heat  sour ce t o f usi bl e l i nks and r epl ace t est  act i vat ed 
f usi bl e l i nks.

3. 1. 9   I nst al l at i on of  Fl exi bl e Connect or s

Fl exi bl y connect  duct  connect ed and vi br at i on i sol at ed f ans [ ,  duct s 
cr ossi ng bui l di ng expansi on j oi nt s]  and speci f i ed or  i ndi cat ed component s 
[ ,  except  wher e di r ect  connect i ons ar e speci f i ed or  i ndi cat ed] .   When f ans 
ar e st ar t ed,  st opped,  or  oper at i ng,  f l exi bl e connect or  sur f aces must  be 
cur vi l i near ,  f r ee of  st r ess i nduced by mi sal i gnment  or  f an r eact i on f or ces,  
and must  not  t r ansmi t  v i br at i on.   Leakage must  not  be per cept i bl e t o t he 
hand when pl aced wi t hi n 150 mm 6 i nches of  t he f l exi bl e connect or  sur f ace 
or  j oi nt .   Pr ovi de a mi ni mum of  150 mm 6 i nches and a maxi mum of  610 mm 2 
f eet  act i ve l engt h wi t h a mi ni mum of  25 mm one i nch of  s l ack,  secur ed at  
each end by f ol di ng i n t o 24 gage sheet  met al  or  by met al  col l ar  f r ames.

3. 1. 10   I nst al l at i on of  Suppor t s

3. 1. 10. 1   Selection

Sel ect  duct  and equi pment  suppor t  syst em t aki ng i nt o account  t he best  
pr act i ce r ecommendat i ons and r equi r ement s of  SMACNA 1922, SMACNA 1520,  and 
NFPA 91;  l ocat i on and pr ecedence of  wor k under  ot her  sect i ons;  
i nt er f er ences of  var i ous pi pi ng and el ect r i cal  wor k;  f aci l i t y  equi pment ;  
bui l di ng conf i gur at i on;  st r uct ur al  and saf et y f act or  r equi r ement s;  
v i br at i on and i mposed l oads under  nor mal  and abnor mal  ser vi ce condi t i ons.   
I ndi cat ed suppor t  s i zes,  conf i gur at i ons,  and spaci ngs ar e t he mi ni mal  t ype 
of  suppor t i ng component  r equi r ed f or  nor mal  l oads.   Wher e i nst al l ed l oads 
ar e excessi ve f or  t he nor mal  suppor t  spaci ngs,  pr ovi de heavi er  dut y 
component s or  r educe t he el ement  spaci ng.   Af t er  syst em st ar t - up,  r epl ace 
or  cor r ect  suppor t  el ement s whi ch v i br at e and cause noi se or  possi bl e 
f at i gue f ai l ur e.   Exer ci se speci al  car e t o pr event  cascadi ng f ai l ur e.

3. 1. 10. 2   Gener al  Requi r ement  f or  Suppor t s

**************************************************************************
NOTE:   See Sect i on 22 05 48. 00 20 MECHANI CAL SOUND,  
VI BRATI ON,  AND SEI SMI C CONTROL f or  gui dance gi ven i n 
gui de speci f i cat i on t echni cal  not es.   Def i ni t e 
r equi r ement s shoul d be speci f i ed i n cont r act  
speci f i cat i on f or  bi dder s '  i nf or mat i on.

**************************************************************************

Secur el y at t ach suppor t i ng el ement s t o bui l di ng st r uct ur al  st eel  or  
st r uct ur al  s l abs.   Wher e suppor t s ar e r equi r ed bet ween bui l di ng st r uct ur al  
member s pr ovi de suppl ement ar y st r uct ur al  st eel  as speci f i ed f or  wor k under  
t hi s sect i on.   On submi t t al s show l ocat i on of  suppor t s and anchor s and 
l oads i mposed on each poi nt  of  suppor t  or  anchor .   Do not  hang duct wor k or  
equi pment  f r om pi pi ng,  or  ot her  duct s or  equi pment .   At t ach suppor t s t o 
st r uct ur al  f r ami ng member  and concr et e s l ab.   Do not  anchor  suppor t s t o 
met al  decki ng unl ess a means i s pr ovi ded and appr oved f or  pr event i ng t he 
anchor  f r om punct ur i ng t he met al  decki ng.   Wher e suppor t s ar e r equi r ed,  
bet ween st r uct ur al  f r ami ng member s,  pr ovi de sui t abl e i nt er medi at e met al  
f r ami ng.   Wher e C- cl amps ar e used,  pr ovi de r et ai ner  c l i ps.   A maxi mum span 
of  3 met er s 10 f eet  must  exi st  bet ween any t wo poi nt s,  wi t h l esser  spans as 
speci f i ed or  as r equi r ed by duct  assembl i es,  i nt er f er ences,  and l oads 
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i mposed or  per mi t t ed.   Pr ovi de a mi ni mum one set  of  t wo ver t i cal  suppor t  
el ement s f or  each poi nt  of  suppor t  and each l engt h of  duct ,  except  as 
ot her wi se speci f i ed.   I nst al l  suppor t s on bot h s i des of  al l  duct  t ur ns,  
br anch f i t t i ngs,  and t r ansi t i ons.   Cr oss- br ace hanger s suf f i c i ent l y  t o 
el i mi nat e sway.   Per f or at ed st r ap hanger s ar e pr ohi bi t ed.   Wher e duct wor k 
syst em cont ai ns heavy equi pment ,  hang such equi pment  i ndependent l y of  t he 
duct wor k. [   Duct  suppor t s must  be v i br at i on i sol at ed f r om st r uct ur e at  
poi nt s i ndi cat ed. ] [   Pr ovi de v i br at i on i sol at or s i n i ndi cat ed di schar ge 
duct i ng syst em f or  a mi ni mum di st ance of  [ 15 met er s]  [ 50 f eet ]  [ _____]  
beyond t he f an.   Coor di nat e def l ect i on of  duct  and equi pment  mount i ngs and 
conf or m t o Sect i on [ 22 05 48. 00 20]  MECHANI CAL SOUND VI BRATI ON AND SEI SMI C 
CONTROL. ] [   The l ocat i on of  suppor t i ng el ement s must  be l i mi t ed by t he 
al l owabl e l oad on t he pur l i n whi ch must  be l i mi t ed t o t hat  no gr eat er  t han 
t he moment  pr oduced by 4450 Newt on one Ki p l oad at  mi d- span of  pur l i n.   
When t he hanger  l oad exceeds t hese l i mi t s,  pr ovi de r ei nf or c i ng of  pur l i n[ s]  
or  addi t i onal  suppor t  beam[ s] .   When an addi t i onal  beam i s used,  t he beam 
must  bear  on t he t op chor d of  t he r oof  t r usses and bear i ng must  be over  
gusset  pl at es of  t op chor d.   St abi l i ze beam by connect i on t o r oof  pur l i n 
al ong bot t om f l ange. ]

3. 1. 10. 3   Met hods of  At t achment

Cl amp,  or  wel d when appr oved,  at t achment  t o bui l di ng st r uct ur al  st eel  i n 
accor dance wi t h AWS D1. 1/ D1. 1M.   Const r uct  masonr y anchor s sel ect ed f or  
over head appl i cat i ons of  f er r ous mat er i al s onl y.   I nst al l  masonr y anchor s 
i n r ot ar y,  non- per cussi on,  el ect r i c  dr i l l ed hol es.   Sel f - dr i l l i ng anchor s 
may be used pr ovi ded masonr y dr i l l i ng i s per f or med wi t h el ect r i c  hammer s 
sel ect ed and appl i ed i n such a manner  as t o pr event  concr et e spal l i ng or  
cr acki ng.   Pneumat i c t ool s ar e pr ohi bi t ed.

3. 1. 11   Welding

Wel di ng t est  agenda must  be done i n accor dance wi t h t he appl i cabl e 
pr ovi s i ons of  AWS D1. 1/ D1. 1M and AWS D1. 3/ D1. 3M.

3. 1. 12   Test  Por t s

**************************************************************************
NOTE:   The desi gner  must  i ndi cat e on t he dr awi ngs 
t he l ocat i on of  t est  por t s r equi r ed f or  pr oper  
t est i ng,  i ncl udi ng st at i c pr essur e,  vel oci t y 
pr essur e,  and t est  openi ngs f or  sampl i ng di schar ge 
st ack or  duct .   See ACGI H- 2092S I ndust r i al  
Vent i l at i on:   A Manual  Of  Recommended Pr act i ce f or  
r ecommendat i ons i n t he chapt er  on t est i ng.

**************************************************************************

Pr ovi de t est  access por t s at  poi nt s r equi r ed f or  wor k under  par agr aph 
TESTI NG,  ADJUSTI NG,  AND BALANCI NG i n t hi s sect i on.   Locat e t est  por t s i n 
st r ai ght  duct  as f ar  as pr act i cal  downst r eam of  f ans,  change of  di r ect i on 
f i t t i ngs,  t akeof f s,  i nt er i or  t o duct  accessor i es,  and l i ke t ur bul ent  f l ow 
areas.

3. 1. 13   Duct wor k Cl eani ng

Pr ot ect  duct  openi ngs f r om const r uct i on debr i s usi ng t empor ar y caps,  
f l anges,  or  ot her  appr oved means.   Cl ean duct wor k i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons [ and t he Nor t h Amer i can I nsul at i on 
Manuf act ur er s Associ at i on ( NAI MA)  Gui de on Cl eani ng of  Duct  Boar d 
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Mat er i al s] . [   Cl ean di r t y duct  i nt er i or  wi t h hi gh vel oci t y wat er  and 
oi l - f r ee ai r  st r eams or  by vacuum cl eani ng as r equi r ed by pr oj ect  
condi t i ons.   ] [ Test  wat er t i ght  duct  wor k f or  pr oper  suppor t ,  l eakage,  and 
unaccept abl e dr ai nage pr ovi s i ons by i nt er mi t t ent l y  spr ayi ng i nt er i or  wi t h 
gar den hose nozzl e,  at  a r at e of  0. 2 l i t er  per  second 3 gal l ons per  mi nut e,  
exer ci s i ng car e t o pr event  excessi ve wat er  accumul at i on. ]   Af t er  
const r uct i on i s compl et e but  accessi bl e and pr i or  t o accept ance,  r emove al l  
const r uct i on debr i s f r om ext er i or  sur f aces.   Do not  c l ose duct  i nspect i on 
por t s unt i l  i nspect ed by t he Cont r act i ng Of f i cer .

3. 1. 14   Pr ot ect i ve Coat i ng Wor k

3. 1. 14. 1   Gener al  Requi r ement s f or  Pr ot ect i ve Coat i ng Wor k

Pr ovi de pr ot ect i ve coat i ng on i nt er i or  [ and ext er i or ]  sur f aces of  [ _____]  
[ and]  [ i nt er i or ]  [ and]  [ ext er i or ]  sur f aces of  [ _____]  wi t h [ _____]  syst em 
as speci f i ed her eaf t er .   Pr i me coat  ext er i or  sur f aces of  [ _____]  [ and]  
[ _____]  wi t h [ _____]  [ i nor gani c z i nc coat i ng as par t  of  wor k under  t hi s 
sect i on]  [ . ]  [ ,  f or  f i el d f i ni shi ng of  ext er i or  sur f aces as par t  of  wor k 
under  Sect i on [ 09 90 00]  PAI NTS AND COATI NGS. ]   Br ush pr i mer ,  or  pr ot ect i ve 
coat i ng wher e no pr i mer  i s speci f i ed,  ont o cor ner s and i nt o cr evi ces and 
wel ds,  wor ki ng t he mat er i al  i nt o i r r egul ar  sur f aces f or  a hol i day f r ee 
finish.

3. 1. 14. 2   Baked,  Unmodi f i ed Phenol i c Syst em

a.   Gener al :   The f ol l owi ng must  gover n f or  a pr ot ect i ve coat i ng syst em 
based on unmodi f i ed phenol - f or mal dehyde r esi n i nt ended f or  shop 
appl i cat i on t o [ bl ack car bon st eel ]  [ _____]  sur f aces i n [ f ume]  [ vapor ]  
exhaust  ser vi ce wi t h possi bi l i t y  of  mat er i al s concent r at i on by 
condensat i on and subsequent  evapor at i on.   Shop appl y coat i ng by an 
appl i cat or  appr oved or  l i censed by t he coat i ng manuf act ur er .

b.   Sur f ace Pr epar at i on:   Cl ean and bl ast  sur f aces wi t h dr y abr asi ve t o 
" Whi t e Met al "  and cr i t i cal  pr of i l e and anchor  pat t er n i n accor dance 
with SSPC SP 5/ NACE No.  1,  and r equi r ement s and r ecommendat i ons of  t he 
coat i ng manuf act ur er .

c.   Appl i cat i on:   The compl et e syst em must  i ncl ude t he appl i cat i on of  t wo 
coat s of  r ed pi gment ed base f ol l owed by not  l ess t han one coat  of  t he 
c l ear  f i ni sh,  t o pr ovi de a t ot al  mi ni mum dr y f i l m t hi ckness of  [ 0. 15 mm]
 [ 6 mi l s]  [ _____] .   Appl y coat i ng mat er i al s by convent i onal  i ndust r i al  
pr essur e spr ay equi pment .   Use onl y t hose t hi nner s and cl eaner s i n 
amount s r ecommended by t he manuf act ur er .   Heat - cur e each coat  bet ween 
coat s and bake sur f aces af t er  t he l ast  coat  i n accor dance wi t h 
manuf act ur er ' s appl i cabl e publ i shed i nst r uct i ons and speci f i c  
i nst r uct i ons f or  t he speci f i ed appl i cat i on.   Baki ng t i me bet ween coat s 
must  be a mi ni mum 1 1/ 2 t o 2 hour s at  93 t o 121 degr ees C 200 t o 250 
degr ees F.   Baki ng af t er  t op coat  must  be one hour  at  93 t o 177 degr ees 
C 200 t o 350 degr ees F,  pl us 2 hour s f i nal  bake at  a t emper at ur e of  
[ 177]  [ 204]  degr ees C [ 350]  [ 400]  degr ees F.   Ot her  baki ng schedul es t o 
achi eve r equi r ed qual i t y  coat i ng may be pr oposed.

d.   Repai r :   Ret ur n damaged sur f aces t o t he appl i cat or ' s shop f or  r epai r ,  
unl ess ot her wi se appr oved by t he Cont r act i ng Of f i cer .

3. 1. 14. 3   I nor gani c Zi nc Coat i ng Syst em

a.   Gener al  Requi r ement s,  I nor gani c Zi nc Coat i ng Syst em:   The f ol l owi ng 
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must  gover n f or  a pr ot ect i ve coat i ng syst em pr i mer  based on i nor gani c 
z i nc coat i ng i nt ended f or  shop appl i cat i on t o [ _____]  [ speci f i ed]  bl ack 
car bon st eel  sur f aces wi t h subsequent  f i el d f i ni shi ng wi t h compat i bl e 
t i e coat  and [ epoxy]  [ acr y l i c  l at ex]  [ modi f i ed acr yl i c ]  [ chl or i nat ed 
r ubber ]  t op coat  [ appl i ed as par t  of  wor k under  Sect i on 09 90 00 PAI NTS 
AND COATI NGS. ]

b.   Sur f ace Pr epar at i on:   SSPC SP 5/ NACE No.  1.

c.   Appl i cat i on:   Appl y one coat  at  [ 0. 05 t o 0. 10]  [ 0. 10 t o 0. 13]  mm [ 2 t o 
3]  [ 3 t o 5]  mi l s  dr y f i l m t hi ckness by ai r l ess or  convent i onal  spr ay 
equi pment .   Use onl y t hose t hi nner s and cl eaner s i n amount s r ecommended 
by t he manuf act ur er .

d.   Repai r :   Fi el d r epai r  damaged sur f aces i n accor dance wi t h 
manuf act ur er ' s i nst r uct i ons.

3. 1. 14. 4   Fi el d I nspect i on of  Pr ot ect i ve Coat i ng Wor k

Vi sual l y i nspect  coat ed sur f aces f r om a maxi mum di st ance of  1. 5 met er s 5 
f eet  wi t h speci al  at t ent i on gi ven t o cor ner s and cr evi ces.   Check coat i ng 
t hi ckness i n accor dance wi t h SSPC Pai nt  11.   Per f or m i nspect i on i mmedi at el y 
pr i or  t o er ect i on of  duct wor k and equi pment  and i n t he pr esence of  t he 
Cont r act i ng Of f i cer .   Repai r  coat i ng as r equi r ed.   Appl y addi t i onal  coat i ng 
i f  t hi ckness i s not  suf f i c i ent .

3. 1. 15   Fact or y and Fi el d Pai nt i ng and Fi ni shi ng

3. 1. 15. 1   Fact or y Wor k

Fact or y f i ni sh i nt er i or  f er r ous met al  and ot her  speci f i ed met al l i c  
equi pment  and component  sur f aces wi t h manuf act ur er ' s st andar d sur f ace 
pr epar at i on,  pr i mer ,  and f i ni sh coat i ng.   Fact or y f i ni sh ext er i or  t o 
bui l di ng space f er r ous met al  sur f aces and ot her  ext er i or  t o bui l di ng and 
i nt er i or  t o bui l di ng met al l i c  or  nonmet al l i c  sur f aces wi t h speci f i ed 
pr ot ect i ve coat i ng syst em i n accor dance wi t h t he par agr aph PROTECTI VE 
COATI NG MATERI AL i n t hi s sect i on and ot her wi se wi t h manuf act ur er ' s st andar d 
sur f ace pr epar at i on,  pr i mer  and f i ni sh whi ch meet  t he r equi r ement s of  
par agr aph CORROSI ON PREVENTI ON.

3. 1. 15. 2   Fi el d Wor k

Touch- up or  i f  necessar y,  r epai nt  f act or y appl i ed f i ni shes whi ch ar e 
mar r ed,  damaged,  or  degr aded dur i ng shi ppi ng,  st or age,  handl i ng,  or  
i nst al l at i on t o mat ch t he or i gi nal  f i ni sh.   Cl ean and pr i me f i el d or  shop 
f abr i cat ed f er r ous met al s r equi r ed f or  t he i nst al l at i on speci f i ed under  
t hi s sect i on i n accor dance wi t h t he appl i cabl e pr ovi s i ons of  Sect i on [
09 90 00]  PAI NTS AND COATI NGS.   Pai nt i ng of  sur f aces not  ot her wi se 
speci f i ed and f i ni sh pai nt i ng of  i t ems onl y pr i med at  t he f act or y or  
el sewher e,  ar e speci f i ed as par t  of  t he wor k under  Sect i on [ 09 90 00]  
PAI NTS AND COATI NGS.

3. 2   TESTI NG,  ADJUSTI NG,  AND BALANCI NG

3. 2. 1   Duct wor k St r uct ur al  I nt egr i t y and Leakage Test i ng

**************************************************************************
NOTE:   I n addi t i on t o s i gni f i cant  ener gy l osses,  ai r  
l eakage f r om HVAC duct s and ai r  handl i ng uni t s can 
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cause si gni f i cant  I AQ pr obl ems due t o unexpect ed 
ai r f l ow bet ween i ndoor s and out door s,  and bet ween 
ar eas wi t hi n t he bui l di ng.   Ai r  l eakage f r om suppl y 
or  r et ur n duct  wor k cont r i but es t o t he condensat i on 
of  humi d ai r  i n bui l di ng cavi t i es and/ or  on t he 
nei ghbor i ng sur f aces.   Ai r  l eakage can be especi al l y  
pr obl emat i c f or  duct s or  AHUs t hat  ar e l ocat ed 
out s i de t he condi t i oned spaces.

**************************************************************************

I nspect  and t est  syst ems pr essur e r at ed hi gher  t han 498 Pa 2 i nches wat er  
gage f or  st r uct ur al  i nt egr i t y and l eakage as syst ems or  sect i ons dur i ng 
const r uct i on but  af t er  er ect i on,  as wor k pr ogr esses,  i n syst em or  sect i on 
l engt hs not  exceedi ng 30 met er s 100 f eet .   Test  f or  st r uct ur al  i nt egr i t y at  
[ _____]  per cent  i n excess of  syst em f an posi t i ve or  negat i ve t ot al  
pr essur e.   Test  f or  l eakage at  [ _____]  per cent  i n excess of  syst em f an 
posi t i ve or  negat i ve t ot al  pr essur e. [   Leakage t est  pr ocedur e and appar at us 
must  be i n accor dance wi t h SMACNA 1972 CD.   Tot al  l eakage,  pr or at ed t o 
l engt h of  duct  under  t est ,  must  not  exceed one per cent  of  syst em capaci t y. ]
[   Conf i r m t hat  duct  l eakage i s l ess t han t hr ee per cent  of  coi l  ai r f l ow f or  
new syst ems and l ess t han si x per cent  f or  exi st i ng syst ems. ]   Do not  per mi t  
l eakage i n posi t i ve pr essur e duct s i n bui l di ngs car r y i ng f l ammabl e or  t oxi c 
materials.

3. 2. 2   Power  Tr ansmi ssi on Component s Adj ust ment

Test  and adj ust  V- bel t s and sheaves f or  pr oper  al i gnment  and t ensi on 
pr el i mi nar y t o oper at i on and af t er  72 hour s of  oper at i on at  f i nal  speed,  i n 
t he pr esence of  t he Cont r act i ng Of f i cer .   Bel t s on dr i ve s i de must  be 
uni f or ml y l oaded,  not  bounci ng. [   Al i gn di r ect - dr i ve coupl i ngs t o l ess t han 
hal f  of  manuf act ur er ' s al l owabl e r ange of  mi sal i gnment . ]

3. 2. 3   Pr el i mi nar y Test s

Conduct  an oper at i onal  t est  on t he ent i r e exhaust  duct  syst ems,  component s,  
and equi pment  f or  a per i od of  not  l ess t han 6 hour s af t er  power  
t r ansmi ssi on component s ar e adj ust ed.   Repl ace f i l t er s,  i f  any,  af t er  
pr el i mi nar y t est s and pr i or  t o conduct i ng f i nal  accept ance t est s.

3. 2. 4   Test i ng,  Adj ust i ng,  and Bal anci ng Wor k

Per f or m wor k i n accor dance wi t h t he appl i cabl e and r ecommended pr ocedur es 
of :   ACGIH-2092S .   Pr ovi de appar at us,  cer t i f i ed,  cal i br at ed,  
i nst r ument at i on i ncl udi ng t hat  t o measur e sound l evel s,  mot or  cur r ent ,  and 
power  f act or .   Unl ess appr oved ot her wi se,  i nst r ument s must  be l i mi t ed t o 
manomet er s and appr oved aner oi d t ype gages ( such as a Magnehel i c) .  
Vel omet er s may be used f or  l ow vel oci t y measur ement s i f  appr oved by t he 
Cont r act i ng Of f i cer .

3. 2. 5   Syst ems Vol ume Accept ance Cr i t er i a

Syst ems f i nal  vol ume must  be wi t hi n t he f ol l owi ng l i mi t s:

Fan:   Pl us 10 per cent ,  mi nus zer o per cent  of  desi gn vol ume at  desi gn 
temperature

Hood or  Equi pment :   Pl us or  mi nus [ 5]  [ 10]  per cent  of  desi gn vol ume at  
desi gn t emper at ur e
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Not e:   Tol er ances must  be t aken on c l ean or  di r t y condi t i ons as i ndi cat ed 
on t he dr awi ngs.

3. 2. 6   Sound Level  Test s

Repor t  t o t he Cont r act i ng Of f i cer  i n wr i t i ng,  sound l evel s hi gher  t han 84 
dBA at  hoods or  at  wor ker s '  nor mal  oper at i ng posi t i ons at  equi pment  i n 
addi t i on t o bei ng i ncl uded i n t he r equi r ed t est  r epor t s.

3. 3   SYSTEM[ S]  OPERATI ON DEMONSTRATI ON

Af t er  syst ems and equi pment  t est i ng,  adj ust i ng,  and bal anci ng has been 
compl et ed and accept ed,  demonst r at e t he compl et e and cor r ect  f unct i oni ng of  
syst ems equi pment  and cont r ol s by oper at i on t hr ough nor mal  r anges and 
sequences,  and by s i mul at i on of  abnor mal  condi t i ons,  [ i ncl udi ng t he manual  
t r i ppi ng of  f i r e damper s] .   Manual l y and aut omat i cal l y  cause ever y devi ce 
t o f unct i on as i nt ended.   Readj ust ,  as necessar y,  any set t i ngs and af t er  
suf f i c i ent  oper at i ng t i me,  but  not  l ess t han [ 6]  [ _____]  hour s,  ver i f y 
abi l i t y  of  equi pment  and cont r ol s t o est abl i sh and mai nt ai n st abl e and 
accur at e oper at i on and r equi r ed syst em per f or mance.   Not e any abnor mal  
devi at i ons,  such as excessi ve v i br at i on,  noi se,  and heat ,  bi ndi ng damper  
mechani sms,  and i ncor r ect  f an r ot at i on.   Make any necessar y r epai r s,  
r epl acement s or  adj ust ment s.

3. 4   SCHEDULE

Some met r i c measur ement s i n t hi s sect i on ar e based on mat hemat i cal  
conver si on of  i nch- pound measur ement s,  and not  on met r i c measur ement s 
commonl y agr eed on by t he manuf act ur er s or  ot her  par t i es.   The i nch- pound 
and met r i c measur ement s shown ar e as f ol l ows:

Products Inch-Pound Metric

a.   Mot or s:  Capaci t y = 7 1/ 2 hp = 5 1/ 2 kW

= 15 hp = 11 kW

= 30 hp = 22 3/ 8 kW

b.   Gasket s:  Thi ckness = 1/ 8 i nch = 3 mm

        - -  End of  Sect i on - -
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