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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  war m ai r  heat i ng syst ems used 
pr i mar i l y  i n bar r acks,  of f i ces and ot her  s i mi l ar  
applications.

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) .

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

PART 1   GENERAL

**************************************************************************
NOTE:   Equi pment  l i s t ed i n t hi s sect i on i s not  
i nt ended f or  f ami l y housi ng appl i cat i ons.   Syst ems 
ar e f or  use pr i mar i l y  i n bar r acks,  of f i ces and ot her  
s i mi l ar  appl i cat i ons.

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

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,  
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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  
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.

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  Z21. 47/ CSA 2. 3 ( 2016)  Gas- Fi r ed Cent r al  Fur naces

ANSI  Z21. 66/ CGA 6. 14 ( 2015)  Aut omat i c  Vent  Damper  Devi ces f or  
Use wi t h Gas- Fi r ed Appl i ances

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 52. 2 ( 2012)  Met hod of  Test i ng Gener al  
Vent i l at i on Ai r - Cl eani ng Devi ces f or  
Removal  Ef f i c i ency by Par t i c l e Si ze

ASTM I NTERNATI ONAL ( ASTM)

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 A53/ A53M ( 2018)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A653/ A653M ( 2018)  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 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 
Environments

ASTM D1784 ( 2011)  St andar d Speci f i cat i on f or  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)  
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Compounds

ASTM D3359 ( 2017)  St andar d Test  Met hods f or  Rat i ng 
Adhesi on by Tape Test

ASTM D520 ( 2000;  R 2011)  Zi nc Dust  Pi gment

CSA GROUP ( CSA)

CSA Di r ect or y ( updat ed cont i nuousl y onl i ne)  Pr oduct  I ndex

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

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 211 ( 2019)  St andar d f or  Chi mneys,  Fi r epl aces,  
Vent s,  and Sol i d Fuel - Bur ni ng Appl i ances

NFPA 31 ( 2016)  St andar d f or  t he I nst al l at i on of  
Oi l - Bur ni ng Equi pment

NFPA 54 ( 2018)  Nat i onal  Fuel  Gas Code

NFPA 701 ( 2019)  St andar d Met hods of  Fi r e Test s f or  
Fl ame Pr opagat i on of  Text i l es and Fi l ms

NFPA 90A ( 2018)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

NFPA 90B ( 2018)  St andar d f or  t he I nst al l at i on of  
War m Ai r  Heat i ng and Ai r  Condi t i oni ng 
Systems

NORTH AMERI CAN I NSULATI ON MANUFACTURERS ASSOCI ATI ON ( NAI MA)

NAI MA AH116 ( 2002,  5t h Ed)  Fi br ous Gl ass Duct  
Const r uct i on St andar ds

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

SMACNA 1819 ( 2002)  Fi r e,  Smoke and Radi at i on Damper  
I nst al l at i on Gui de f or  HVAC Syst ems,  5t h 
Edition

SMACNA 1966 ( 2005)  HVAC Duct  Const r uct i on St andar ds 
Met al  and Fl exi bl e,  3r d Edi t i on

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

UNDERWRI TERS LABORATORI ES ( UL)

UL 1738 ( 2010;  Repr i nt  Nov 2014)  Vent i ng Syst ems 
f or  Gas- Bur ni ng Appl i ances,  Cat egor i es I I ,  
I I I  and I V
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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 296 ( 2017)  UL St andar d f or  Saf et y Oi l  Bur ner s

UL 441 ( 2016;  Repr i nt  Jul  2016)  UL St andar d f or  
Saf et yGas Vent s

UL 555 ( 2006;  Repr i nt  Aug 2016)  UL St andar d f or  
Saf et y Fi r e Damper s

UL 641 ( 2010;  Repr i nt  Apr  2018)  UL St andar d f or  
Saf et y Type L Low- Temper at ur e Vent i ng 
Systems

UL 727 ( 2018)  UL St andar d f or  Saf et y Oi l - Fi r ed 
Cent r al  Fur naces

UL 900 ( 2015)  St andar d f or  Ai r  Fi l t er  Uni t s

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

UL El ect r i cal  Const r uct n ( 2012)  El ect r i cal  Const r uct i on Equi pment  
Directory

UL Fi r e Resi st ance ( 2014)  Fi r e Resi st ance Di r ect or y

1. 2   SYSTEM DESCRI PTI ON

**************************************************************************
NOTE:   El ect r i cal  char act er i st i cs,  mot or  st ar t er  
t ype,  encl osur e t ype,  and maxi mum r pm shoul d be 
shown on t he dr awi ngs i n t he equi pment  schedul es.

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

Pr ovi de el ect r i cal  mot or - dr i ven equi pment  speci f i ed compl et e wi t h mot or ,  
mot or  st ar t er ,  and cont r ol s.   Unl ess ot her wi se speci f i ed,  el ect r i c  
equi pment ,  i ncl udi ng wi r i ng and mot or  ef f i c i enci es,  shal l  be i n accor dance 
wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   El ect r i cal  
char act er i st i cs and encl osur e t ype shal l  be as shown.   I nt egr al  s i ze mot or s 
shal l  be pr emi um ef f i c i ency t ype i n accor dance wi t h NEMA MG 1.   Pr ovi de 
mot or  st ar t er s compl et e wi t h t her mal  over l oad pr ot ect i on and ot her  
appur t enances necessar y.   Each mot or  shal l  be i n accor dance wi t h NEMA MG 1 
and shal l  be of  suf f i c i ent  s i ze t o dr i ve t he equi pment  at  t he speci f i ed 
capaci t y wi t hout  exceedi ng t he namepl at e r at i ng of  t he mot or .   Manual  or  
aut omat i c cont r ol  and pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he 
oper at i on speci f i ed,  and any cont r ol  wi r i ng r equi r ed f or  cont r ol s and 
devi ces,  but  not  shown,  shal l  be pr ovi ded.   Wher e t wo- speed or  
var i abl e- speed mot or s ar e i ndi cat ed,  sol i d- st at e var i abl e- speed cont r ol l er  
may be pr ovi ded t o accompl i sh t he same f unct i on.   Sol i d- st at e 
var i abl e- speed cont r ol l er s shal l  be ut i l i zed f or  mot or s r at ed 7. 45 kW 10 hp 
or  l ess.   Use adj ust abl e f r equency dr i ves f or  l ar ger  mot or s.

1. 3   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
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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.

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

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 . ]  [ 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 t o 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

Installation

SD- 03 Pr oduct  Dat a

Spar e Par t s
Tests
Syst em Di agr ams;  G[ ,  [ _____] ]
Qualifications
Fi el d Tr ai ni ng
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SD- 06 Test  Repor t s

Tests

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

Oper at i ng and Mai nt enance Manual s;  G[ ,  [ _____] ]

1. 4   QUALI TY ASSURANCE

Submi t  document at i on demonst r at i ng qual i f i cat i ons and successf ul  compl et i on 
of  s i mi l ar  ser vi ces on at  l east  5 pr oj ect s of  s i mi l ar  s i ze and scope,  at  
l east  2 weeks pr i or  t o submi t t al  of  ot her  i t ems r equi r ed by t hi s sect i on.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  equi pment  del i ver ed and pl aced i n st or age f r om t he weat her ,  
humi di t y and t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.

1. 6   EXTRA MATERI ALS

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  mat er i al  and equi pment  
speci f i ed,  af t er  appr oval  of  det ai l  dr awi ngs and not  l at er  t han [ _____]  
mont hs pr i or  t o t he dat e of  benef i c i al  occupancy.   I ncl ude i n t he dat a a 
compl et e l i s t  of  par t s and suppl i es,  wi t h cur r ent  uni t  pr i ces and sour ce of  
suppl y,  a r ecommended spar e par t s l i s t  f or  12 mont hs oper at i on,  and a l i s t  
of  t he par t s r ecommended by t he manuf act ur er  t o be r epl aced af t er  [ 1]  [ and]  
[ 3]  year ( s)  of  ser vi ce.

PART 2   PRODUCTS

**************************************************************************
NOTE:   I n or der  t o compl y wi t h Execut i ve Or der  13423 
and Publ i c Law 109- 58 ( Ener gy Pol i cy Act  of  2005) ,  
desi gns must  achi eve ener gy consumpt i on l evel s t hat  
ar e at  l east  30 per cent  bel ow t he l evel  r equi r ed by 
ASHRAE 90. 1 -  2004.   I n accor dance wi t h P. L.  109- 58 
( Ener gy Pol i cy Act  of  2005) ,  Execut i ve Or der  13423,  
and Feder al  Acqui s i t i on Regul at i on ( FAR)  23. 203 
Ener gy- ef f i c i ent  Pr oduct s shal l  meet  or  exceed t he 
per f or mance cr i t er i a f or  ENERGY STAR®- qual i f i ed or  
FEMP- desi gnat ed pr oduct s as l ong as t hese 
r equi r ement s ar e nonpr opr i et ar y.  The FEMP and ENERGY 
STAR pr oduct  r equi r ement s ar e avai l abl e on t he web 
at www. eer e. ener gy. gov/ f emp/ pr ocur ement  and 
www.energystar.gov/products .  Wher e ENERGY STAR or  
FEMP pr oduct s ar e not  appl i cabl e,  ener gy consumi ng 
pr oduct s and syst ems shal l  meet  or  exceed t he 
r equi r ement s of  ASHRAE 90. 1.

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

2. 1   MATERI ALS AND EQUI PMENT

2. 1. 1   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct  of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  t he pr oduct s and t hat  
essent i al l y  dupl i cat e equi pment  t hat  has been i n sat i sf act or y use at  l east  
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2 year s pr i or  t o bi d openi ng.

2. 1. 2   Nameplates

Secur e a pl at e t o each maj or  component  of  equi pment  cont ai ni ng t he 
manuf act ur er ' s name,  addr ess,  t ype or  st y l e,  model  or  ser i al  number ,  and 
cat al og number .   As appl i cabl e,  af f i x  an ENERGY STAR l abel  t o t he pr oduct .

2. 2   SELF- CONTAI NED FURNACE

**************************************************************************
NOTE:   I ndi cat e on t he dr awi ngs t he uni t ' s  t her mal  
out put  r equi r ed,  t he nomi nal  ai r  t emper at ur e r i se 
r equi r ed,  t he cal cul at ed ai r  f l ow r at e,  t he uni t ' s  
pr essur e r equi r ement s,  t he uni t ' s  ai r  di schar ge 
( i . e.  upf l ow,  downf l ow,  or  hor i zont al ) ,  et c.   These 
uni t s gener al l y  r ange i n s i ze f r om 11. 7 kW 40 MBt uh 
up t o 35. 1 kW 120 MBt uh.

Per  FEMP/ ENERGY STAR:  Gas- f i r ed f ur naces shal l  have 
an Annual  Fuel  Ut i l i zat i on Ef f i c i ency ( AFUE)  of  90 
per cent  or  gr eat er  and Oi l - f i r ed f ur naces shal l  have 
an AFUE of  83 per cent  or  gr eat er  f or  uni t s wi t h a 
heat  i nput  r at e of  l ess t han 66 kW 225, 000 Bt u/ h.

Per  ASHRAE 90. 1,  Tabl e 6. 8. 1E:
Gas- f i r ed f ur naces wi t h a heat  i nput  r at e of  66 kW 
225, 000 Bt u/ h and gr eat er  shal l  have a mi ni mum 
combust i on ef f i c i ency ( EC)  of  80 per cent .
Oi l - f i r ed f ur naces wi t h a heat  i nput  r at e of  66 kW 
225, 000 Bt u/ h and gr eat er  shal l  have a mi ni mum 
t her mal  ef f i c i ency ( ET)  of  81 per cent .
Gas- f i r ed duct  f ur naces,  gas- f i r ed uni t  heat er s and 
oi l - f i r ed uni t  heat er s shal l  have a mi ni mum 
combust i on ef f i c i ency ( EC)  of  80 per cent .

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

Pr ovi de a f ur nace whi ch i s a manuf act ur er ' s st andar d,  sel f - cont ai ned,  
f or ced ci r cul at ed ai r  heat i ng t ype f ur nace as i ndi cat ed.   Fur nace and 
f ur nace component s shal l  be compl et el y f act or y- assembl ed and wi r ed.   
Fur nace casi ng shal l  be f act or y i nsul at ed and be compat i bl e wi t h t he 
oper at i ng t emper at ur es.   Fur nace shal l  be pr ovi ded wi t h r emovabl e ser vi ce 
panel s whi ch al l ow access t o al l  i nt er nal  component s r equi r i ng c l eani ng,  
ser vi c i ng,  or  adj ust ment .

2. 2. 1   Gas- Fi r ed Uni t

Gas- f i r ed f ur nace shal l  be t he [ convent i onal ] [ hi gh ef f i c i ency,  condensi ng]  
t ype i n accor dance wi t h ANSI  Z21. 47/ CSA 2. 3.   Fur nace desi gn shal l  be 
cer t i f i ed by t he AMERI CAN GAS ASSOCI ATI ON LABORATORI ES ( AGA) .   Fur nace 
shal l  have a mi ni mum cer t i f i ed Annual  Fuel  Ut i l i zat i on Ef f i c i ency ( AFUE)  
[ of  not  l ess t han [ 90] [   ]  per cent ] [ as i ndi cat ed on t he dr awi ngs] .

2. 2. 2   Oi l - Fi r ed Uni t

Oi l - f i r ed f ur nace shal l  be i n accor dance wi t h UL 727 and have a mi ni mum 
cer t i f i ed Annual  Fuel  Ut i l i zat i on Ef f i c i ency ( AFUE)  [ of  [ 83] [   ]  
per cent ] [ as i ndi cat ed on t he dr awi ngs] .
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2. 3   FURNACE COMPONENTS

**************************************************************************
NOTE:   Del et e any of  t he f ol l owi ng par agr aphs whi ch 
ar e i nappl i cabl e t o a speci f i c  j ob ( i . e.  oil-fired 
components  or  gas- f i r ed component s) .   For  exampl e,  
oi l - f i r ed component s ar e i nappl i cabl e t o hi gh 
ef f i c i ency f ur naces and shoul d be del et ed when hi gh 
ef f i c i ency f ur naces ar e speci f i ed.

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

2. 3. 1   Oi l - Bur ni ng Component s

The equi pment  shal l  i ncl ude t he oi l  bur ner  mot or ,  i gni t i on equi pment  saf et y 
devi ces,  and accessor i es necessar y f or  a f ul l  aut omat i c syst em t hat  
conf or ms t o UL 296.   Oi l - f i r ed uni t s equi pped wi t h pr ogr ammi ng cont r ol s 
shal l  be f ur ni shed wi t h l ow oi l - pr essur e swi t ches i n t he f uel  suppl y 
pi pi ng.   Oi l - f i r ed uni t s not  equi pped wi t h pr ogr ammi ng cont r ol s shal l  be 
equi pped wi t h a del ayed openi ng or  shut of f  val ve.   The val ve shal l  
aut omat i cal l y  del ay del i ver y of  oi l  t o t he bur ner  unt i l  such t i me as t he 
combust i on ai r  f an and,  when appl i cabl e,  t he i nduced dr af t  f an ar e oper at ed 
at  r at ed speed.

2. 3. 2   Gas- Bur ni ng Component s

Gas- bur ni ng equi pment  shal l  i ncl ude t he gas bur ner s,  i gni t i on equi pment ,  
gas- cont r ol  val ve,  gas pi pi ng,  gas- pr essur e r egul at i ng val ve,  when 
appl i cabl e,  and accessor i es necessar y f or  a f ul l y  aut omat i c syst em t hat  i s  
l i s t ed i n CSA Di r ect or y.   Gas- f i r ed uni t s equi pped wi t h pr ogr ammi ng 
cont r ol s shal l  be f ur ni shed bot h wi t h hi gh and wi t h l ow gas suppl y pr essur e 
swi t ches i n t he f uel  suppl y pi pi ng.

2. 3. 3   I gni t i on Syst ems

2. 3. 3. 1   Gas- Fi r ed Uni t s

I gni t i on syst ems shal l  be of  t he di r ect  spar k,  hot  sur f ace,  or  i nt er r upt ed 
i nt er mi t t ent  t ype wi t h aut omat i c el ect r i c  i gni t i on.   The pi l ot s shal l  be of  
t he el ect r i cal l y- i gni t ed pr oven t ype.   Cont i nuous pi l ot s wi l l  not  be 
per mi t t ed.   Bur ner  shal l  be desi gned i n accor dance wi t h NFPA 54 and l ocat ed 
so t hat  par t s ar e pr ot ect ed agai nst  over heat i ng.   Pr ovi s i ons shal l  be made 
i n t he bur ner  housi ng f or  i nspect i on of  t he pi l ot  f l ame.

2. 3. 3. 2   Oi l - Fi r ed Uni t s

I gni t i on syst ems f or  oi l - f i r ed uni t s shal l  be of  t he [ di r ect - el ect r i cal  
spar k t ype]  [ di r ect - el ect r i c  spar k t ype or  i nt er r upt ed t ype]  i n accor dance 
with UL 296.

2. 3. 4   Suppl y Bl ower s

Bl ower s shal l  be cent r i f ugal  t ype.   Bl ower s shal l  be st at i cal l y  and 
dynami cal l y bal anced.   Lubr i cat i on poi nt s shal l  be l ocat ed or  ext ended,  as 
r equi r ed,  t o pr ovi de r eady access f or  per i odi c l ubr i cat i on.   The di r ect i on 
of  r ot at i on shal l  be c l ear l y and per manent l y mar ked on each bl ower  housi ng.  
Bl ower  speeds shal l  be s i ngl e,  or  mul t i speed,  as i ndi cat ed,  t o pr ovi de t he 
speci f i ed r ange of  ai r  t emper at ur e r i ses.   Di r ect - dr i ve bl ower s may have 
mul t i pl e speed mot or s t o change bl ower  speed.   Bel t - dr i ve bl ower s shal l  be 
pr ovi ded wi t h an adj ust abl e base and guar d or  encl osed i n t he uni t  casi ng.  
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The bel t  dr i ve shal l  be desi gned i n accor dance wi t h t he appl i cabl e Rubber  
Manuf act ur er ' s Associ at i on ( RMA)  power  t r ansmi ssi on bel t  speci f i cat i ons,  
wi t h a ser vi ce f act or  of  at  l east  1. 2.   Shaf t s shal l  be suppor t ed by a 
mi ni mum of  t wo sel f - al i gni ng bear i ngs.   Bl ower  speed shal l  be adj ust ed by 
t he use of  var i abl e pi t ch dr i ve sheaves.

2. 3. 5   Vent s f or  Convent i onal  f ur naces

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  hi gh ef f i c i ency 
f ur naces ar e speci f i ed.

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

A 8 mm 0. 3125 i nch di amet er  hol e shal l  be pr ovi ded i n t he vent  st ack not  
gr eat er  t han 152 mm 6 i nches f r om t he f ur nace f l ue out l et  f or  sampl i ng of  
t he exi t  gases.   A met hod shal l  be pr ovi ded t o seal  t he hol e t o pr event  
exhaust  gases f r om ent er i ng t he i ndoor  space when sampl es ar e not  bei ng 
t aken.   Each exhaust  st ack shal l  be pr ovi ded compl et e wi t h bi r d scr een and 
r ai n hood.

2. 3. 5. 1   Gas- Fi r ed Uni t s

Vent  pi pi ng shal l  be i n accor dance wi t h UL 441,  [ Type B]  [ Type BW] .  Vent  
shal l  conf or m t o NFPA 211 and NFPA 54.   Pl ast i c mat er i al s pol yet her i mi de 
( PEI )  and pol yet her sul f one ( PES)  ar e f or bi dden t o be used f or  vent  pi pi ng 
of  combust i on gases.

2. 3. 5. 2   Oi l - Fi r ed Uni t s

Vent  pi pi ng shal l  be i n accor dance wi t h UL 641,  Type L.   Vent  shal l  conf or m 
to NFPA 211.   Pl ast i c mat er i al s pol yet her i mi de ( PEI )  and pol yet her sul f one 
( PES)  ar e f or bi dden t o be used f or  vent  pi pi ng of  combust i on gases.

2. 3. 6   Vent s f or  Hi gh Ef f i c i ency Fur naces

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  gas- f i r ed hi gh 
ef f i c i ency,  condensi ng t ype f ur naces ar e not  used.   
Convent i onal  vent s ar e not  needed f or  condensi ng 
f ur naces due t o t he l ow exhaust  ai r  t emper at ur e.   
Pr ecaut i ons shoul d be t aken due t o t he aci di c 
condi t i on of  t he condensat e.   The l ocat i on and si ze 
of  t he vent s shoul d be shown on t he dr awi ngs.   
Consul t  NFPA 54,  UL 1738,  and avai l abl e vendor  dat a 
t o desi gn t he vent s.   The vent s can be mount ed on 
t he r oof  or  ext er i or  wal l  wi t h pr oper  separ at i on.   
The vent s shoul d be ext ended above t he t ypi cal  snow 
l evel .   Vent s shoul d be l ocat ed i n such a manner  as 
t o pr event  vandal i sm and t o pr event  di schar ge of  
condensat e acr oss wal kways.

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

Di r ect  vent i ng shal l  be used f or  condensi ng t ype f ur naces.   Bot h t he ai r  
i nt ake and exhaust  vent s shal l  be s i zed and l ocat ed as i ndi cat ed on t he 
dr awi ngs and as r ecommended by t he boi l er  manuf act ur er .   A separ at e 
combust i on ai r  i nt ake vent  and exhaust  shal l  be pr ovi ded f or  each f ur nace.   
Pl ast i c mat er i al s pol yet her i mi de ( PEI )  and pol yet her sul f one ( PES)  ar e 
f or bi dden t o be used f or  vent  pi pi ng of  combust i on gases.
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2. 3. 6. 1   Combust i on Ai r  I nt ake Vent

The combust i on ai r  i nt ake pi pi ng shal l  be const r uct ed of  Schedul e 40 PVC i n 
accor dance wi t h ASTM D1784.   The vent  shal l  be sui t abl e f or  t he t emper at ur e 
at  t he f ur nace combust i on ai r  i nt ake connect i on poi nt .   Each i nt ake shal l  
be pr ovi ded compl et e wi t h bi r d scr een.

2. 3. 6. 2   Exhaust  Vent

The exhaust  vent  pi pi ng shal l  be const r uct ed of  Schedul e 40 CPVC or  
st ai nl ess st eel  i n accor dance wi t h UL 1738 and t he f ur nace manuf act ur er ' s 
r ecommendat i ons.   The exhaust  vent  shal l  be sui t abl e f or  t he maxi mum 
ant i c i pat ed f ur nace exhaust  t emper at ur e and shal l  wi t hst and t he cor r osi ve 
ef f ect s of  t he condensat e.   A 8 mm 0. 3125 i nch di amet er  hol e shal l  be 
pr ovi ded i n t he st ack not  gr eat er  t han 152 mm 6 i nches f r om t he f ur nace 
f l ue out l et  f or  sampl i ng of  t he exi t  gases.   A met hod shal l  be pr ovi ded t o 
seal  t he hol e t o pr event  exhaust  gases f r om ent er i ng t he i ndoor  space when 
sampl es ar e not  bei ng t aken.   Each exhaust  st ack shal l  be pr ovi ded compl et e 
wi t h bi r d scr een.

2. 4   AI R CONDI TI ONI NG EQUI PMENT

Cool i ng coi l s,  condenser s and r el at ed equi pment  shal l  be as speci f i ed i n 
Sect i on [ 23 81 00 DECENTRALI ZED UNI TARY HVAC EQUI PMENT] [ 23 82 00. 00 20 
TERMI NAL HEATI NG AND COOLI NG UNI TS] .

2. 5   CONTROLS

**************************************************************************
NOTE:   I ndi cat e t he desi r ed sequence of  oper at i on on 
t he dr awi ngs.   Dependi ng on t he f uel  t ype and si ze,  
some manuf act ur er s of f er  s i ngl e st age,  t wo st age,  or  
var i abl e speed oper at i on.   Pr i or  t o speci f y i ng t wo 
st age or  var i abl e speed oper at i on,  coor di nat e t he 
sel ect i on wi t h f ur nace manuf act ur er s.   Consi der  t he 
use of  pr ogr ammabl e t her most at s f or  f aci l i t i es t hat  
wi l l  exper i ence l oad var i at i ons due t o t i me of  
occupancy.   For  pr oj ect s t hat  i nvol ve onl y 
t her most at i c f ur nace cont r ol s,  consi der  movi ng t he 
appr opr i at e por t i ons of  speci f i cat i on Sect i on 
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC t o 
t hi s par agr aph.

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

Fur nace cont r ol s shal l  be pr ovi ded by t he f ur nace manuf act ur er  as an 
i nt egr al  par t  of  t he f ur nace.   El ect r oni c cont r ol s  shal l  be pr ovi ded.   The 
cont r ol s shal l  al l ow f or  [ s i ngl e st age]  [ t wo st age]  [ var i abl e speed]  
oper at i on.   Cont r ol s shal l  be pr ovi ded as speci f i ed i n Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC.

2. 6   AUTOMATI C VENT DAMPERS

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  hi gh ef f i c i ency 
f ur naces ar e speci f i ed.

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

Aut omat i c vent  damper s shal l  be pr ovi ded i n t he vent s of  al l  gas bur ni ng 
equi pment  t hat  uses i ndoor  ai r  f or  combust i on.   Vent  damper s shal l  conf or m 
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to ANSI  Z21. 66/ CGA 6. 14.

2. 7   HUMIDIFIERS

**************************************************************************
NOTE:   Del et e i nappl i cabl e par agr aphs.   Ver i f y st eam 
avai l abi l i t y  i f  s t eam humi di f i er s ar e speci f i ed.  
Reci r cul at i ng or  r eser voi r  t ype wi l l  not  be used 
wi t hout  aut omat i c bl eed wher e t he suppl y wat er  has a 
mi ner al  cont ent  gr eat er  t han 4 gr ams per  l i t er  0. 53 
ounces per  gal l on.   Capaci t y shal l  be comput ed as 
r ecommended by AHRI  630 assumi ng aver age bui l di ng 
const r uct i on and si ngl e gl ass wi ndows ar e used i n 
calculations.

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

2. 7. 1   St eam Spr ay Type

St eam spr ay humi di f i er s shal l  i nj ect  st eam di r ect l y i nt o t he [ sur r oundi ng 
ai r ]  [ or ]  [ ai r  s t r eam]  as i ndi cat ed.   [ Si ngl e gr i d humi di f i er s shal l  
consi st  of  a s i ngl e copper  di st r i but i on gr i d wi t h pi pe connect i on on one 
end and cap on t he ot her  end.   Aut omat i c st eam cont r ol  val ves and condenser  
t r aps shal l  be f i el d- i nst al l ed. ]   [ Encl osed gr i d shal l  be housed i n a 
copper  encl osur e wi t h a bui l d- i n condensat e dr ai n connect i on.   Exposed gr i d 
shal l  be wi ck wr apped. ]   [ Package t ype st eam spr ay humi di f i er s shal l  be 
equi pped t o t r ap out  and t o r e- evapor at e condensat e and t o suppl y dr y st eam 
t o a s i ngl e di st r i but i on gr i d.   Gr i d shal l  be st eam j acket ed and condensat e 
dr ai ned.   Uni t  shal l  t r ap excess condensat e t o r et ur n syst em.   Package t ype 
st eam spr ay humi di f i er s shal l  have modul at i ng el ect r i c ,  el ect r oni c,  or  
pneumat i c st eam cont r ol  val ve,  as i ndi cat ed. ]   St eam spr ay humi di f i er s 
shal l  be r at ed f or  humi di f y i ng capaci t y i n kg pounds of  st eam per  hour  and 
at  st eam pr essur e as i ndi cat ed.

2. 7. 2   St eam Di f f user  Type

Di f f user  uni t s shal l  be of  a desi gn t hat  wi l l  separ at e any condensat e f r om 
st eam suppl y and pr ovi de posi t i ve dr ai n of  condensat e t o wast e and suppl y 
dr y st eam onl y t o ai r  st r eam.   Humi di f i er s may be i nst al l ed on s i ngl e or  
mul t i pl e uni t s.   Al l  mat er i al s shal l  be [ noncor r osi ve mat er i al s]  [ Type 300 
st ai nl ess st eel . ]

2. 7. 3   Operation

Humi di f i er  shal l  be cont r ol l ed by a manual l y adj ust abl e humi di st at  [ l ocat ed 
i n l i v i ng spaces]  [ wi t h sensi ng bul b i n [ r et ur n]  [ suppl y] ] .   Humi di f i er  
shal l  oper at e when t he f ur nace oper at es.   Humi di st at  shal l  be cal i br at ed i n 
per cent  r el at i ve humi di t y and shal l  be f ur ni shed by t he humi di f i er  
manufacturer.

2. 8   AI R FI LTERS

**************************************************************************
NOTE:   Nor mal l y,  r epl aceabl e t ype f i l t er s shal l  be 
speci f i ed;  however ,  per manent  t ype f i l t er s may be 
i ncl uded i n t he pr oj ect  speci f i cat i ons pr ovi ded 
mai nt enance f aci l i t i es ar e avai l abl e f or  c l eani ng.  
Ref er ences t o i nappl i cabl e f i l t er  t ypes wi l l  be 
deleted.

**************************************************************************
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Ai r  Fi l t er s shal l  be l i s t ed i n accor dance wi t h r equi r ement s of  UL 900. 

2. 8. 1   Repl aceabl e Medi a f i l t er s

Repl aceabl e medi a f i l t er s shal l  be t he [ dr y- medi a]  [ v i scous adhesi ve]  t ype,  
of  t he s i ze r equi r ed t o sui t  t he appl i cat i on.   Fi l t er i ng medi a shal l  be not  
l ess t han 50 mm 2 i nches t hi ck f i br ous gl ass medi a pad suppor t ed by a 
st r uct ur al  wi r e gr i d or  woven wi r e mesh.   Pad shal l  be encl osed i n a 
hol di ng f r ame of  not  l ess t han 1. 6 mm ( 16 gauge)  16 gauge gal vani zed st eel ,  
and equi pped wi t h qui ck- openi ng mechani sm f or  changi ng f i l t er  medi a.   The 
ai r  f l ow capaci t y of  t he f i l t er  shal l  be based on net  f i l t er  f ace vel oci t y 
not  exceedi ng [ 1. 5]  [ _____]  m/ s [ 300]  [ _____]  f pm,  wi t h i ni t i al  r es i st ance 
of  [ 32]  [ _____]  Pa [ 0. 13]  [ _____]  i nches wat er  gauge.   Aver age ef f i c i ency 
shal l  be not  l ess t han [ _____]  per cent  when t est ed accor di ng t o ASHRAE 52. 2.

2. 8. 2   Sect i onal  Cl eanabl e Fi l t er s

Cl eanabl e f i l t er s shal l  be [ 25]  [ 50]  mm [ 1]  [ 2]  i nches t hi ck.   Vi scous 
adhesi ve shal l  be pr ovi ded i n 20 l i t er  5 gal l on cont ai ner s i n suf f i c i ent  
quant i t y f or  12 c l eani ng oper at i ons and not  l ess t han 1 l i t er  1 quar t  f or  
each f i l t er  sect i on.   One washi ng and char gi ng t ank shal l  be pr ovi ded f oe 
ever y 100 f i l t er  sect i ons or  f r act i on t her eof .   Each washi ng and char gi ng 
uni t  shal l  consi st  of  a t ank and [ s i ngl e]  [ doubl e]  dr ai n r ack mount ed on 
l egs.   Dr ai n r ack shal l  be pr ovi ded wi t h di v i der s and par t i t i ons t o 
pr oper l y suppor t  t he f i l t er s i n t he dr ai ni ng posi t i on.

2. 9   FUEL- OI L SYSTEMS

Fuel  oi l  syst ems shal l  conf or m t o Sect i on 33 56 10 FACTORY- FABRI CATED FUEL 
STORAGE TANKS.

2. 10   FUEL- GAS SUPPLY SYSTEM

Fuel - gas suppl y syst em shal l  be as speci f i ed i n Sect i on 23 11 25 FACI LI TY 
GAS PI PI NG and Sect i on 33 51 15 NATURAL- GAS/ LI QUI D PETROLEUM GAS 
DISTRIBUTION.

2. 11   DUCTWORK COMPONENTS

**************************************************************************
NOTE:   The appr opr i at e pr essur e c l assi f i cat i on f r om 
SMACNA 1966,  i nc l udi ng poi nt s of  changes i n pr essur e 
c l assi f i cat i on,  wi l l  be not ed on t he dr awi ngs.

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

2. 11. 1   Met al  Duct wor k

Al l  aspect s of  met al  duct wor k const r uct i on,  i ncl udi ng al l  f i t t i ngs and 
component s,  shal l  compl y wi t h SMACNA 1966 unl ess ot her wi se speci f i ed.   
El bows shal l  be r adi us t ype wi t h a cent er l i ne r adi us of  1- 1/ 2 t i mes t he 
wi dt h or  di amet er  of  t he duct  wher e space per mi t s.   Ot her wi se,  el bows 
havi ng a mi ni mum r adi us equal  t o t he wi dt h or  di amet er  of  t he duct  or  
squar e el bows wi t h f act or y f abr i cat ed t ur ni ng vanes may be used.   St at i c 
pr essur e Cl ass 125,  250,  and 500 Pa 1/ 2,  1,  and 2 i nch w. g.  duct wor k shal l  
meet  t he r equi r ement s of  Seal  Cl ass C.   Cl ass 750 t hr ough 2500 Pa 3 t hr ough 
10 i nch shal l  meet  t he r equi r ement s of  Seal  Cl ass A.   Seal ant s shal l  
conf or m t o f i r e hazar d c l assi f i cat i on speci f i ed i n Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.   Pr essur e sensi t i ve t ape shal l  not  be 
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used as a seal ant .   Spi r al  l ock seam duct ,  and f l at  oval  shal l  be made wi t h 
duct  seal ant  and l ocked wi t h not  l ess t han 3 equal l y spaced dr i ve scr ews or  
ot her  appr oved met hods i ndi cat ed i n SMACNA 1966.   The seal ant  shal l  be 
appl i ed t o t he exposed mal e par t  of  t he f i t t i ng col l ar  so t hat  t he seal er  
wi l l  be on t he i nsi de of  t he j oi nt  and f ul l y  pr ot ect ed by t he met al  of  t he 
duct  f i t t i ng.   One br ush coat  of  t he seal ant  shal l  be appl i ed over  t he 
out s i de of  t he j oi nt  t o at  l east  50 mm 2 i nch band wi dt h cover i ng al l  scr ew 
heads and j oi nt  gap.   Dent s i n t he mal e por t i on of  t he s l i p f i t t i ng col l ar  
wi l l  not  be accept abl e.

2. 11. 1. 1   Transitions

Di ver gi ng ai r  f l ow t r ansi t i ons shal l  be made wi t h each si de pi t ched out  a 
maxi mum of  15 degr ees,  f or  an i nc l uded angl e of  30 degr ees.   Tr ansi t i ons 
f or  conver gi ng ai r  f l ow shal l  be made wi t h each si de pi t ched i n a maxi mum 
of  30 degr ees,  f or  an i ncl uded angl e of  60 degr ees,  or  shal l  be as 
i ndi cat ed.   Fact or y- f abr i cat ed r educi ng f i t t i ngs f or  syst ems usi ng r ound 
duct  sect i ons when f or med t o t he shape of  t he ASME shor t  f l ow nozzl e,  need 
not  compl y wi t h t he maxi mum angl es speci f i ed.

2. 11. 1. 2   I nsul at ed Nonmet al l i c  Fl exi bl e Duct  Runout s

Fl exi bl e duct  r unout s shal l  be used onl y wher e i ndi cat ed.   Runout s l engt h 
shal l  be as shown on t he dr awi ngs,  but  shal l  not  exceed 3 m 10 f eet .   
Runout s shal l  be pr ei nsul at ed,  f act or y f abr i cat ed,  and shal l  compl y wi t h 
NFPA 90A and UL 181.   Ei t her  f i el d or  f act or y appl i ed vapor  bar r i er  shal l  
be pr ovi ded.   Wher e coi l  i nduct i on or  hi gh vel oci t y uni t s ar e suppl i ed wi t h 
ver t i cal  ai r  i nl et s,  a st r eaml i ned and vaned and mi t er ed el bow t r ansi t i on 
pi ece shal l  be pr ovi ded f or  connect i on t o t he f l ex i bl e duct  or  hose.   The 
l ast  el bow t o t hese uni t s,  ot her  t han t he ver t i cal  ai r  i nl et  t ype,  shal l  be 
a di e- st amped el bow and not  a f l exi bl e connect or .   I nsul at ed f l exi bl e 
connect or s may be used as r unout s.   The i nsul at ed mat er i al  and vapor  
bar r i er  shal l  conf or m t o t he r equi r ement s of  Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.   The i nsul at i on mat er i al  sur f ace shal l  
not  be exposed t o t he ai r  st r eam.

2. 11. 1. 3   Gener al  Ser vi ce Duct  Connect or s

A f l exi bl e duct  connect or  appr oxi mat el y 150 mm 6 i nches i n wi dt h shal l  be 
pr ovi ded wher e sheet  met al  connect i ons ar e made t o f ans or  wher e duct s of  
di ssi mi l ar  met al s ar e connect ed.   For  r ound/ oval  duct s,  t he f l exi bl e 
mat er i al  shal l  be secur ed by st ai nl ess st eel  or  z i nc- coat ed,  i r on 
c l i nch- t ype dr aw bands.   For  r ect angul ar  duct s,  t he f l exi bl e mat er i al  
l ocked t o met al  col l ar s shal l  be i nst al l ed usi ng nor mal  duct  const r uct i on 
met hods.   The composi t e connect or  syst em shal l  compl y wi t h NFPA 701 and be 
c l assi f i ed as " f l ame- r et ar ded f abr i cs"  i n UL Bl d Mat  Di r .

2. 11. 2   Fi br ous Gl ass Duct wor k

**************************************************************************
NOTE:   Fi br ous gl ass duct s wi l l  not  be used i n 
duct wor k syst ems f or  medi cal  f aci l i t i es or  i n c l ean 
r ooms wi t h r equi r ement s equal  t o or  exceedi ng Cl ass 
100.   Ref er  t o AFR 88- 15 f or  use on Ai r  For ce 
projects.

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

Fi br ous gl ass duct wor k may be pr ovi ded i n l i eu of  sheet  met al  duct wor k 
except  t hat  f i br ous gl ass duct wor k wi l l  not  be al l owed i n f an and equi pment  
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r ooms,  wher e subj ect  t o t r af f i c  or  weat her  damage,  f or  out s i de ai r  i nt akes,  
f or  r i ser s of  mor e t han t wo st or i es,  i n k i t chen or  f ume exhaust  duct s,  t o 
convey sol i ds or  cor r osi ve gases,  i n concr et e,  f or  bur i al  bel ow gr ade,  as 
casi ngs or  housi ngs,  or  i n syst ems used f or  l i f e suppor t  syst ems.   Fi br ous 
gl ass duct wor k,  i ncl udi ng component s,  shal l  be f abr i cat ed i n accor dance 
with NAI MA AH116 wher e t he vel oci t y and t he st at i c pr essur e ar e wi t hi n i t s  
scope.   Wher e t he vel oci t y or  st at i c pr essur e exceeds t hese l i mi t s,  t he 
duct wor k manuf act ur er  shal l  cer t i f y  t hat  t he duct wor k i s i nt ended f or  t he 
vel oci t i es and pr essur es t o be encount er ed,  and t hat  t he pr oposed 
i nst al l at i on meet s al l  per f or mance cr i t er i a speci f i ed her ei n f or  met al  
duct wor k.   Fi br ous gl ass duct wor k shal l  have t he t her mal  equi val ent  of  t he 
i nsul at i on speci f i ed f or  met al  duct wor k i n Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.   Fi el d or  f act or y f abr i cat ed f i br ous 
gl ass duct wor k shal l  conf or m t o UL 181,  Cl ass 1.   Duct  wal l  penet r at i ons,  
t r aver se j oi nt s and l ongi t udi nal  seams shal l  be seal ed as i nst r uct ed by t he 
manuf act ur er  by one of  t he met hods pr escr i bed by NAI MA AH116,  wher e 
appl i cabl e,  except  t hat  pr essur e sensi t i ve t ape shal l  not  be used as a 
seal ant .   Al l  i t ems necessar y f or  a compl et e i nst al l at i on shal l  be pr ovi ded 
as speci f i ed f or  sheet  met al  duct  syst ems.

2. 11. 3   Duct wor k Accessor i es

2. 11. 3. 1   Duct  Access Door s

**************************************************************************
NOTE:   Pr ovi de duct  access door s at  r egul ar  
i nt er val s t o f ac i l i t at e t he c l eani ng of  duct  syst ems 
f or  appl i cat i ons r equi r i ng c l ean ai r  suppl i es,  such 
as hospi t al s,  l abor at or i es,  el ect r oni cs ser vi c i ng 
and si mi l ar  act i v i t i es.

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

Access door s shal l  be pr ovi ded i n duct wor k wher e i ndi cat ed and at  al l  ai r  
f l ow measur i ng pr i mar i es,  aut omat i c damper s,  f i r e damper s,  coi l s ,  
t her most at s,  and ot her  appar at us r equi r i ng ser vi ce and i nspect i on i n t he 
duct  syst em,  and unl ess ot her wi se shown,  shal l  conf or m t o SMACNA 1966.   
Access door s shal l  be pr ovi ded upst r eam and downst r eam of  ai r  f l ow 
measur i ng pr i mar i es and heat i ng and cool i ng coi l s.   Door s shal l  be mi ni mum 
375 by 450 mm 15 by 18 i nches,  unl ess ot her wi se shown.   Wher e duct  s i ze 
wi l l  not  accommodat e t hi s s i ze door ,  t he door s shal l  be made as l ar ge as 
pr act i cabl e.   Door s 600 by 600 mm 24 by 24 i nches or  l ar ger  shal l  be 
pr ovi ded wi t h f ast ener s oper abl e f r om bot h s i des.   Door s i n i nsul at ed duct s 
shal l  be t he i nsul at ed t ype.

2. 11. 3. 2   Fi r e Damper s

**************************************************************************
NOTE:   The desi gner  must  i ndi cat e on t he dr awi ngs 
t he l ocat i on of  each f i r e damper  and det ai l s  of  t he 
damper  i nst al l at i ons.   Fi r e damper s must  be pr ovi ded 
i n accor dance wi t h NFPA 90A.   Thr ee- hour  r at ed f i r e 
damper s must  be speci f i cal l y  i dent i f i ed on pl ans.

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

Fi r e damper s shal l  be 1- 1/ 2 hour  f i r e r at ed unl ess ot her wi se i ndi cat ed.   
Fi r e damper s shal l  conf or m t o t he r equi r ement s of  NFPA 90A and UL 555.   
Fi r e damper s shal l  be aut omat i c oper at i ng t ype and shal l  have a dynami c 
r at i ng sui t abl e f or  t he maxi mum ai r  vel oci t y and pr essur e di f f er ent i al  t o 
whi ch i t  wi l l  be subj ect ed.   Fi r e damper s shal l  be appr oved f or  t he 
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speci f i ed appl i cat i on,  and shal l  be i nst al l ed i n accor dance wi t h t hei r  
l i s t i ng.   Fi r e damper s shal l  be equi pped wi t h a st eel  s l eeve or  adequat el y 
s i zed f r ame i nst al l ed i n such a manner  t hat  di sr upt i on of  t he at t ached 
duct wor k,  i f  any,  wi l l  not  i mpai r  t he oper at i on of  t he damper .   Sl eeves or  
f r ames shal l  be equi pped wi t h per i met er  mount i ng angl es at t ached on bot h 
s i des of  t he wal l  or  f l oor  openi ng.   Duct wor k i n f i r e- r at ed f l oor - cei l i ng 
or  r oof - cei l i ng assembl y syst ems wi t h ai r  duct s t hat  pi er ce t he cei l i ng of  
t he assembl i es shal l  be const r uct ed i n conf or mance wi t h UL Fi r e Resi st ance.   
Fi r e damper s shal l  be [ cur t ai n t ype wi t h damper  bl ades]  [ i n t he ai r  st r eam]  
[ out  of  t he ai r  st r eam]  [ or ]  [ s i ngl e bl ade t ype]  [ or ]  [ mul t i - bl ade t ype] .   
Damper s shal l  not  r educe t he duct  or  t he ai r  t r ansf er  openi ng 
cr oss- sect i onal  ar ea.   Damper s shal l  be i nst al l ed so t hat  t he cent er l i ne of  
t he damper  dept h or  t hi ckness i s l ocat ed i n t he cent er l i ne of  t he wal l ,  
par t i t i on of  f l oor  s l ab dept h or  t hi ckness.   Unl ess ot her wi se i ndi cat ed,  
t he i nst al l at i on det ai l s  gi ven i n SMACNA 1819 and i n manuf act ur er ' s 
i nst r uct i ons f or  f i r e damper s shal l  be f ol l owed.

2. 11. 3. 3   Spl i t t er s and Manual  Bal anci ng Damper s

**************************************************************************
NOTE:   Desi gner  wi l l  i ndi cat e al l  vol ume damper s on 
t he dr awi ngs.   Di f f user  and r egi st er  vol ume damper s 
wi l l  not  be used f or  bal anci ng.

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

Spl i t t er s and manual  bal anci ng damper s shal l  be f ur ni shed wi t h accessi bl e 
oper at i ng mechani sms.   Wher e oper at or s occur  i n f i ni shed por t i on of  t he 
bui l di ng,  oper at or s shal l  be chr omi um pl at ed wi t h al l  exposed edges 
r ounded.   Spl i t t er s shal l  be oper at ed by quadr ant  oper at or s or  5 mm 3/ 16 
i nch r od br ought  t hr ough t he s i de of  t he duct  wi t h l ocki ng set scr ew and 
bushi ng.   Two r ods ar e r equi r ed on spl i t t er s over  200 mm 8 i nches.   Manual  
vol ume cont r ol  damper s shal l  be oper at ed by l ocki ng- t ype quadr ant  
oper at or s.   Damper s and spl i t t er s shal l  be 2 gauges heavi er  t han t he duct  
i n whi ch i nst al l ed.   Unl ess ot her wi se i ndi cat ed,  mul t i l eaf  damper s shal l  be 
opposed bl ade t ype wi t h maxi mum bl ade wi dt h of  300 mm 12 i nches.   Access 
door s or  panel s shal l  be pr ovi ded f or  al l  conceal ed damper  oper at or s and 
l ocki ng set scr ew.   Unl ess ot her wi se i ndi cat ed,  t he l ocki ng- t ype quadr ant  
oper at or s f or  damper s,  when i nst al l ed on duct s t o be t her mal l y i nsul at ed,  
shal l  be pr ovi ded wi t h st and- of f  mount i ng br acket s,  bases,  or  adapt er s t o 
pr ovi de c l ear ance bet ween t he duct  sur f ace and t he oper at or  not  l ess t han 
t he t hi ckness of  t he i nsul at i on.   St and- of f  mount i ng i t ems shal l  be 
i nt egr al  wi t h t he oper at or  or  st andar d accessor y of  t he damper  
manuf act ur er .   Vol ume damper s shal l  be pr ovi ded wher e i ndi cat ed.

2. 11. 3. 4   Ai r  Def l ect or s and Br anch Connect i ons

Ai r  def l ect or s shal l  be pr ovi ded at  duct  mount ed suppl y out l et s,  at  t akeof f  
or  ext ensi on col l ar s t o suppl y out l et s,  at  duct  br anch t akeof f  connect i ons,  
and at  90 degr ee el bows,  as wel l  as at  l ocat i ons as i ndi cat ed on t he 
dr awi ngs or  ot her wi se speci f i ed.   Coni cal  br anch connect i ons or  45 degr ee 
ent r y connect i ons may be used i n l i eu of  def l ect or s or  ext r act or s f or  
br anch connect i ons.   Al l  ai r  def l ect or s,  except  t hose i nst al l ed i n 90 
degr ee el bows,  shal l  be pr ovi ded wi t h an appr oved means of  adj ust ment .   
Adj ust ment  shal l  be made f r om easi l y accessi bl e means i nsi de t he duct  or  
f r om an adj ust ment  wi t h st ur dy l ock on t he f ace of  t he duct .   When 
i nst al l ed on duct s t o be t her mal l y i nsul at ed,  ext er nal  adj ust ment s shal l  be 
pr ovi ded wi t h st and- of f  mount i ng br acket s i nt egr al  wi t h t he adj ust ment  
devi ce,  t o pr ovi de c l ear ance bet ween t he duct  sur f ace and t he adj ust ment  
devi ce not  l ess t han t he t hi ckness of  t he t her mal  i nsul at i on.   Ai r  
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def l ect or s shal l  be f act or y- f abr i cat ed uni t s consi st i ng of  cur ved t ur ni ng 
vanes or  l ouver  bl ades desi gned t o pr ovi de uni f or m ai r  di st r i but i on and 
change of  di r ect i on wi t h mi ni mum t ur bul ence or  pr essur e l oss.   Ai r  
def l ect or s shal l  be f act or y or  f i el d assembl ed.   Bl ade ai r  def l ect or s,  al so 
cal l ed bl ade ai r  ext r act or s,  shal l  be appr oved f act or y f abr i cat ed uni t s 
consi st i ng of  equal i z i ng gr i d and adj ust abl e bl ade and l ock.   Adj ust ment  
shal l  be easi l y made f r om t he f ace of  t he di f f user  or  by posi t i on 
adj ust ment  and l ock ext er nal  t o t he duct .   St and- of f  br acket s shal l  be 
pr ovi ded on i nsul at ed duct s and ar e descr i bed her ei n .   Fi xed ai r  
def l ect or s,  al so cal l ed t ur ni ng vanes,  shal l  be pr ovi ded i n al l  90 degr ee 
elbows.

2. 11. 4   Duct  Sl eeves,  Fr amed Pr epar ed Openi ngs,  Cl osur e Col l ar s

2. 11. 4. 1   Duct  Sl eeves

Duct  s l eeves shal l  be pr ovi ded f or   r ound duct s 375 mm 15 i nches i n 
di amet er  or  l ess passi ng t hr ough f l oor s,  wal l s,  cei l i ngs,  or  r oof ,  and 
i nst al l ed dur i ng const r uct i on of  t he f l oor ,  wal l ,  cei l i ng,  or  r oof .   Round 
duct s l ar ger  t han 375 mm 15 i nches i n di amet er  and squar e,  r ect angul ar ,  and 
oval  duct s passi ng t hr ough f l oor s,  wal l s,  cei l i ngs,  or  r oof  shal l  be 
i nst al l ed t hr ough f r amed pr epar ed openi ngs.   The Cont r act or  i s  r esponsi bl e 
f or  t he pr oper  s i ze and l ocat i on of  s l eeves and pr epar ed openi ngs.   Sl eeves 
and f r amed openi ngs ar e al so r equi r ed wher e gr i l l es,  r egi st er s,  and 
di f f user s ar e i nst al l ed at  t he openi ngs.   Fr amed pr epar ed openi ngs shal l  be 
f abr i cat ed f r om 1. 0 mm ( 20 gauge)  20 gauge gal vani zed st eel ,  unl ess 
ot her wi se i ndi cat ed.   Wher e s l eeves ar e i nst al l ed i n bear i ng wal l s or  
par t i t i ons,  bl ack st eel  pi pe,  ASTM A53/ A53M,  Schedul e 20 shal l  be used.   
Sl eeve shal l  pr ovi de 25 mm 1 i nch c l ear ance bet ween t he duct  and t he s l eeve 
or  25 mm 1 i nch c l ear ance bet ween t he i nsul at i on and t he s l eeve f or  
i nsul at ed duct s.

2. 11. 4. 2   Fr amed Pr epar ed Openi ng

Openi ngs shal l  have 25 mm 1 i nch c l ear ance bet ween t he duct  and t he openi ng 
or  25 mm 1 i nch c l ear ance bet ween t he i nsul at i on and t he openi ng f or  
i nsul at ed duct s.

2. 11. 4. 3   Cl osur e Col l ar s

Col l ar s shal l  be f abr i cat ed of  gal vani zed sheet  met al  not  l ess t han 100 mm 
4 i nches wi de,  unl ess ot her wi se i ndi cat ed,  and shal l  be i nst al l ed on 
exposed duct s on each si de of  wal l s or  f l oor s wher e s l eeves or  pr epar ed 
openi ngs ar e pr ovi ded.   Col l ar s shal l  be i nst al l ed t i ght  agai nst  sur f aces.   
Col l ar s shal l  f i t  snugl y ar ound t he duct  or  i nsul at i on.   Shar p edges of  t he 
col l ar  ar ound i nsul at ed duct  shal l  be gr ound smoot h t o pr ecl ude t ear i ng or  
punct ur i ng t he i nsul at i on cover i ng or  vapor  bar r i er .   Col l ar s f or  r ound 
duct s 375 mm 15 i nches i n di amet er  or  l ess shal l  be f abr i cat ed f r om 1. 0 mm 
( 20 gauge)  20 gauge gal vani zed st eel .   Col l ar s f or  r ound duct  l ar ger  t han 
375 mm 15 i nches and al l  squar e,  and r ect angul ar  duct s shal l  be f abr i cat ed 
f r om 1. 3 mm ( 18 gauge)  18 gauge gal vani zed st eel .   Col l ar s shal l  be 
i nst al l ed wi t h f ast ener s on maxi mum 150 mm 6 i nch cent er s,  except  t hat  not  
l ess t han 4 f ast ener s shal l  be used.

2. 11. 5   Di f f user s,  Regi st er s,  and Gr i l l es

**************************************************************************
NOTE:   Ref er  t o UFC 3- 450- 01,  Noi se and Vi br at i on 
Cont r ol ,  f or  noi se cr i t er i a.   Sound power  l evel s 
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r equi r ed shoul d be i ncl uded i n t he appr opr i at e 
schedul e on t he dr awi ngs.

I f  di f f user s or  r egi st er s or  gr i l l es ar e not  
r equi r ed,  r ef er ence t o omi t t ed i t ems wi l l  be 
del et ed.   Speci f i ed per f or mance char act er i st i cs 
pecul i ar  t o t he omi t t ed i t ems wi l l  be del et ed.   I f  
any one or  t wo of  t he t hr ee t ypes of  uni t s ar e 
omi t t ed,  t he cor r espondi ng subpar agr aph wi l l  be 
deleted.

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

Uni t s shal l  be f act or y- f abr i cat ed of  st eel ,  cor r osi on- r esi st ant  st eel ,  or  
al umi num and shal l  di st r i but e t he speci f i ed quant i t y of  ai r  evenl y over  
space i nt ended wi t hout  causi ng not i ceabl e dr af t s,  ai r  movement  f ast er  t han 
0. 25 m/ s 50 f pm i n occupi ed zone,  or  dead spot s anywher e i n t he condi t i oned 
ar ea.   Out l et s f or  di f f usi on,  spr ead,  t hr ow,  and noi se l evel  shal l  be as 
r equi r ed f or  speci f i ed per f or mance.   Sound power  l evel  shal l  be as 
i ndi cat ed.   Di f f user s and r egi st er s shal l  be pr ovi ded wi t h vol ume damper  
wi t h accessi bl e oper at or ,  unl ess ot her wi se i ndi cat ed;  or  i f  s t andar d wi t h 
t he manuf act ur er ,  an aut omat i cal l y  cont r ol l ed devi ce wi l l  be accept abl e.   
Vol ume damper s shal l  be opposed bl ade t ype f or  al l  di f f user s and r egi st er s,  
except  l i near  s l ot  di f f user s.   Li near  s l ot  di f f user s shal l  be pr ovi ded wi t h 
r ound or  el l i pt i cal  bal anci ng damper s.   Wher e t he i nl et  and out l et  openi ngs 
ar e l ocat ed l ess t han 2 m 7 f eet  above t he f l oor ,  t hey shal l  be pr ot ect ed 
by a gr i l l e or  scr een i n accor dance wi t h NFPA 90A.

2. 11. 5. 1   Diffusers

Di f f user  t ypes shal l  be as i ndi cat ed.   Cei l i ng mount ed uni t s shal l  be 
f ur ni shed wi t h ant i smudge devi ces,  unl ess t he di f f user  uni t  mi ni mi zes 
cei l i ng smudgi ng t hr ough desi gn f eat ur es.   Di f f user s shal l  be pr ovi ded wi t h 
ai r  def l ect or s of  t he t ype i ndi cat ed.   Ai r  handl i ng t r of f er s or  combi nat i on 
l i ght  and cei l i ng di f f user s shal l  conf or m t o t he r equi r ement s of  
UL El ect r i cal  Const r uct n f or  t he i nt er changeabl e use as cool ed or  heat ed 
ai r  suppl y di f f user s or  r et ur n ai r  uni t s.   Cei l i ng mount ed uni t s shal l  be 
i nst al l ed wi t h r i ms t i ght  agai nst  cei l i ng.   Sponge r ubber  gasket s shal l  be 
pr ovi ded bet ween cei l i ng and sur f ace mount ed di f f user s f or  ai r  l eakage 
cont r ol .   Sui t abl e t r i m shal l  be pr ovi ded f or  f l ush mount ed di f f user s.   
Duct  col l ar  connect i ng t he duct  t o di f f user  shal l  be ai r t i ght  and shal l  not  
i nt er f er e wi t h vol ume cont r ol l er .   Ret ur n or  exhaust  uni t s shal l  be s i mi l ar  
t o suppl y di f f user s.

2. 11. 5. 2   Regi st er s and Gr i l l es

Uni t s shal l  be f our - way di r ect i onal - cont r ol  t ype,  except  t hat  r et ur n and 
exhaust  r egi st er s may be f i xed hor i zont al  or  ver t i cal  l ouver  t ype s i mi l ar  
i n appear ance t o t he suppl y r egi st er  f ace.   Regi st er s shal l  be pr ovi ded 
wi t h sponge- r ubber  gasket  bet ween f l anges and wal l  or  cei l i ng.   Wal l  suppl y 
r egi st er s shal l  be i nst al l ed at  l east  150 mm 6 i nches bel ow t he cei l i ng 
unl ess ot her wi se i ndi cat ed.   Ret ur n and exhaust  r egi st er s shal l  be l ocat ed 
150 mm 6 i nches above t he f l oor  unl ess ot her wi se i ndi cat ed.   Four - way 
di r ect i onal  cont r ol  may be achi eved by a gr i l l e f ace whi ch can be r ot at ed 
i n 4 posi t i ons or  by adj ust ment  of  hor i zont al  and ver t i cal  vanes.   Gr i l l es 
shal l  be as speci f i ed f or  r egi st er s,  wi t hout  vol ume cont r ol  damper .

2. 11. 6   Louvers

**************************************************************************
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NOTE:   Ensur e t hat  l ouver  sel ect i on i ncl udes 
consi der at i on of  par amet er s such as pr essur e dr op 
and wat er  penet r at i on.

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

Louver s f or  i nst al l at i on i n ext er i or  wal l s whi ch ar e associ at ed wi t h t he 
ai r  suppl y and di st r i but i on syst em shal l  be as speci f i ed i n Sect i on 07 57 13
 FLASHI NG AND SHEET METAL.

2. 12   FACTORY PAI NTI NG

Uni t s whi ch ar e not  of  gal vani zed const r uct i on accor di ng t o ASTM A123/ A123M 
or ASTM A653/ A653M shal l  be f act or y pai nt ed wi t h a cor r osi on r esi st i ng 
pai nt  f i ni sh.   I nt er nal  and ext er nal  f er r ous met al  sur f aces shal l  be 
c l eaned,  phosphat ed and coat ed wi t h a pai nt  f i ni sh whi ch has been t est ed 
accor di ng t o ASTM B117, ASTM D1654,  and ASTM D3359.   Evi dence of  
sat i sf act or y pai nt  per f or mance f or  a mi ni mum of  125 hour s f or  uni t s  t o be 
i nst al l ed i ndoor s and 500 hour s f or  uni t s t o be i nst al l ed out door s shal l  be 
submi t t ed.   Rat i ng of  f ai l ur e at  t he scr i be mar k shal l  be not  l ess t han 6,  
aver age cr eepage not  gr eat er  t han 10,  no f ai l ur e.   On uni t s const r uct ed of  
gal vani zed st eel  whi ch have been wel ded,  ext er i or  sur f aces of  wel ds or  
wel ds t hat  have bur ned t hr ough f r om t he i nt er i or  shal l  r ecei ve a f i nal  shop 
docket  of  z i nc- r i ch pr ot ect i ve pai nt  i n accor dance wi t h ASTM D520,  Type I .

PART 3   EXECUTI ON

3. 1   EXAMINATION

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s  of  t he wor k and wor ki ng 
condi t i ons,  ver i f y al l  di mensi ons i n t he f i el d and advi se t he Cont r act i ng 
Of f i cer  of  any di scr epancy bef or e per f or mi ng any wor k.

3. 2   INSTALLATION

**************************************************************************
NOTE:   Ref er ence NFPA 31 f or  oi l - f i r ed uni t s.   
Ref er ence NFPA 54 f or  gas- f i r ed uni t s.

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

The war m ai r  heat i ng i nst al l at i on shal l  conf or m t o t he r equi r ement s 
cont ai ned i n NFPA 90A or  NFPA 90B,  as appl i cabl e.   Combust i on ai r  suppl y 
and vent i l at i on shal l  be i n accor dance wi t h [ NFPA 31]  or  [ NFPA 54] .   Submi t  
dr awi ngs consi st i ng of  a compl et e l i s t  of  equi pment  and mat er i al  i ncl udi ng 
manuf act ur er ' s descr i pt i ve and t echni cal  l i t er at ur e,  cat al og cut s,  and 
i nst al l at i on i nst r uct i ons.   Show on t he dr awi ngs compl et e equi pment  wi r i ng 
di agr ams,  and any ot her  det ai l s  r equi r ed t o demonst r at e t hat  t he syst em has 
been coor di nat ed and wi l l  pr oper l y f unct i on as a uni t ;  pr oposed l ayout  and 
anchor age of  equi pment  and appur t enance and equi pment  r el at i onshi p t o ot her  
par t s of  t he wor k i ncl udi ng c l ear ances r equi r ed f or  mai nt enance and 
operation.

3. 2. 1   Furnaces

Foundat i ons,  set t i ngs,  or  suspensi ons f or  mount i ng equi pment  and 
accessor i es i ncl udi ng suppor t s,  v i br at i on i sol at or s,  st ands,  gui des,  
anchor s,  c l amps,  and br acket s shal l  be pr ovi ded.   Foundat i ons and 
suspensi on f or  equi pment  shal l  conf or m t o t he r ecommendat i ons of  t he 
manuf act ur er ,  unl ess ot her wi se i ndi cat ed on dr awi ngs.   Anchor  bol t s  and 
sl eeves shal l  be set  accur at el y usi ng pr oper l y const r uct ed t empl at es.  
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Anchor  bol t s,  when embedded i n concr et e,  shal l  be pr ovi ded wi t h wel ded- on 
pl at es on t he head end and guar ded agai nst  damage unt i l  equi pment  i s  
i nst al l ed.   Equi pment  bases shal l  be l evel ed,  usi ng j acks or  st eel  wedges,  
and when r est i ng on concr et e shal l  be neat l y gr out ed- i n wi t h a nonshr i nki ng 
t ype of  gr out .   Equi pment  shal l  be l ocat ed as i ndi cat ed and i n such a 
manner  t hat  wor k i ng space i s avai l abl e f or  al l  necessar y ser vi c i ng,  such as 
shaf t  r emoval ,  r epl aci ng,  or  adj ust i ng dr i ves,  mot or s,  or  shaf t  seal s,  ai r  
f i l t er s,  access t o aut omat i c cont r ol s,  humi di f i er s,  and l ubr i cat i on.  
El ect r i cal  i sol at i on shal l  be pr ovi ded bet ween di ssi mi l ar  met al s f or  t he 
pur pose of  mi ni mi zi ng gal vani c cor r osi on.   The i nt er i or  of  cabi net s or  
casi ngs shal l  be c l eaned bef or e compl et i on of  i nst al l at i on.   The f ur nace 
shal l  be connect ed t o t he vent  or  chi mney wi t h t he speci f i ed connect or s,  
dr af t  r egul at or s,  dr af t  l oads,  and i nduced dr af t  f ans,  as appl i cabl e,  i n 
accor dance wi t h NFPA 211.

3. 2. 2   Aut omat i c Vent  Damper s

Aut omat i c vent  damper s shal l  be i nst al l ed i n accor dance wi t h 
ANSI  Z21. 66/ CGA 6. 14.

3. 2. 3   Humidifiers

Humi di f i er s shal l  be i nst al l ed i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons and i n an ar r angement  t hat  wi l l  per mi t  access and ease of  
mai nt enance.   Pi pi ng,  dr ai ni ng,  manual  shut - of f  val ve,  and sol enoi d val ves 
when r equi r ed f or  t ype of  humi di f i er  f ur ni shed shal l  be pr ovi ded.   Dr ai n 
l i nes shal l  be pr ovi ded f or  humi di f i er s and shal l  be pi ped t o dr ai ns 
shown.   Humi di f i er s i nst al l ed i n a bypass ar r angement  shal l  be pr ovi ded 
wi t h an i nt egr al  damper  t hat  can be conveni ent l y oper at ed t o r egul at e or  
shut  of f  f l ow t hr ough t he humi di f i er .   To per mi t  humi di f i er  oper at i on,  a 
manual  ON- OFF swi t ch shal l  be pr ovi ded near  t he humi di f i er .   The ON- OFF 
swi t ch may be i nt egr al  wi t h t he humi di f i er .   When humi di f i er  i s  i nst al l ed 
i n gl ass f i ber  duct wor k,  duct wor k shal l  be adequat el y r ei nf or ced t o suppor t  
t he humi di f i er .

3. 2. 4   Access Panel s

Access panel s shal l  be pr ovi ded f or  conceal ed val ves,  vent s,  cont r ol s,  
damper s,  and i t ems r equi r i ng i nspect i on or  mai nt enance.   Access panel s 
shal l  be of  suf f i c i ent  s i ze and so l ocat ed t hat  t he conceal ed i t ems may be 
ser vi ced and mai nt ai ned or  compl et el y r emoved f or  r epl acement .   Access 
panel s shal l  be as speci f i ed i n Sect i on 05 50 13 MI SCELLANEOUS METAL 
FABRICATIONS.

3. 2. 5   Fl exi bl e Connect or s

**************************************************************************
NOTE:   Pr ovi de f l exi bl e connect or s wher e r equi r ed t o 
absor b expansi on and cont r act i on,  i sol at e v i br at i on,  
absor b noi se,  compensat e of f set  mot i on,  absor b 
cont i nuous f l exi ng,  and r el i eve equi pment  f r om 
pi pi ng st r esses.   Wher e f l exi bl e connect or s ar e 
needed t o cor r ect  l at er al ,  par al l el ,  and angul ar  
mi sal i gnment ,  l i mi t  t hei r  use t o maxi mum of f set  as 
r ecommended,  i n wr i t i ng,  by t he manuf act ur er .

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

Pr e- i nsul at ed f l exi bl e connect or s and f l exi bl e duct  shal l  be at t ached t o 
ot her  component s i n accor dance wi t h t he l at est  pr i nt ed i nst r uct i ons of  t he 
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manuf act ur er  t o ensur e a vapor  t i ght  j oi nt .   Hanger s,  when r equi r ed t o 
suspend t he connect or s,  shal l  be of  t he t ype r ecommended by t he connect or  
or  duct  manuf act ur er  and shal l  be pr ovi ded at  t he i nt er val s r ecommended.

3. 2. 6   Sl eeved and Fr amed Openi ngs

Space bet ween t he s l eeved or  f r amed openi ng and t he duct  or  t he duct  
i nsul at i on shal l  be packed as speci f i ed i n Sect i on 07 84 00 FI RESTOPPI NG 
f or  f i r e r at ed penet r at i ons.   For  non- f i r e r at ed penet r at i ons,  t he space 
shal l  be packed as speci f i ed i n Sect i on 07 92 00 JOI NT SEALANTS.

3. 2. 7   Met al  Duct wor k

I nst al l at i on shal l  be i n accor dance wi t h SMACNA 1966 unl ess ot her wi se 
i ndi cat ed.   Duct  suppor t s f or  sheet  met al  duct wor k shal l  be i n accor dance 
with SMACNA 1966,  unl ess ot her wi se speci f i ed.   Fr i ct i on beam cl amps 
i ndi cat ed i n SMACNA 1966 shal l  not  be used.   Ri ser s on hi gh vel oci t y duct s 
shal l  be anchor ed i n t he cent er  of  t he ver t i cal  r un t o al l ow ends of  r i ser  
t o move due t o t her mal  expansi on.   Suppor t s shal l  be at t ached onl y t o 
st r uct ur al  f r ami ng member s and concr et e s l abs.   Suppor t s shal l  not  be 
anchor ed 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 or m 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,  sui t abl e i nt er medi at e 
met al  f r ami ng shal l  be pr ovi ded.   Wher e C- cl amps ar e used,  r et ai ner  c l i ps 
shal l  be pr ovi ded.   Wher e t hr eaded r ods ar e used,  t hey not  be f or med or  
bent.

3. 2. 8   Fi br ous gl ass Duct wor k

I nst al l at i on shal l  be i n accor dance wi t h t he manuf act ur er ' s wr i t t en 
r ecommendat i ons unl ess ot her wi se r equi r ed i n NAI MA AH116.   Duct  suppor t s 
f or  f i br ous gl ass duct wor k shal l  conf or m t o NAI MA AH116.   I n t hose cases 
not  cover ed i n NAI MA AH116,  t he wr i t t en r ecommendat i on of  t he f i br ous duct  
manuf act ur er  shal l  be f ol l owed.

3. 2. 9   Ai r  Fi l t er s

Ai r  f i l t er s shal l  be i nst al l ed [ i n heat er  casi ngs]  [ i n r et ur n ai r  duct s at  
f ur naces]  [ i n r et ur n ai r  gr i l l es] .   Fans or  bl ower s shal l  not  be oper at ed 
unt i l  f i l t er s ar e i nst al l ed.   Af t er  compl et i on of  t est s and bef or e t he 
bui l di ng i s accept ed by t he Gover nment ,  [ f ur ni sh a new second set  of  
r epl aceabl e f i l t er s,  wher e ut i l i zed]  [ c l ean t he per manent  t ype f i l t er s] .

3. 2. 10   Dust  Cont r ol

To pr event  t he accumul at i on of  dust ,  debr i s and f or ei gn mat er i al  dur i ng 
const r uct i on,  t empor ar y dust  cont r ol  pr ot ect i on shal l  be pr ovi ded.   The 
di st r i but i on syst em ( suppl y and r et ur n)  shal l  be pr ot ect ed wi t h t empor ar y 
seal - of f s at  al l  i nl et s and out l et s at  t he end of  each day' s wor k.   
Tempor ar y pr ot ect i on shal l  r emai n i n pl ace unt i l  syst em i s r eady f or  
startup.

3. 2. 11   Insulation

Thi ckness and appl i cat i on of  i nsul at i on mat er i al s f or  duct wor k and 
equi pment  shal l  be i n accor dance wi t h Sect i on 23 07 00 THERMAL I NSULATI ON 
FOR MECHANI CAL SYSTEMS.
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3. 2. 12   Duct  Test  Hol es

**************************************************************************
NOTE:   The l ocat i on of  duct  t est  hol es wi l l  be shown 
on t he dr awi ngs.   Locat e hol es so as t o i mpl ement  
t he r equi r ement s of  Sect i on 23 05 93 TESTI NG,  
ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS.

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

Hol es wi t h c l osur es or  t hr eaded hol es wi t h pl ugs shal l  be pr ovi ded i n duct s 
and pl enums as i ndi cat ed or  wher e necessar y f or  t he use of  pi t ot  t ube i n 
bal anci ng t he ai r  syst em.   Ext ensi ons,  compl et e wi t h cap or  pl ug,  shal l  be 
pr ovi ded wher e t he duct s ar e i nsul at ed.

3. 2. 13   Fuel - Oi l  Syst em

Fuel  oi l  syst ems shal l  be i nst al l ed i n accor dance wi t h Sect i on 33 56 10 
FACTORY- FABRI CATED FUEL STORAGE TANKS.

3. 3   FI ELD PAI NTI NG

Fi ni sh pai nt i ng of  i t ems onl y pr i med at  t he f act or y or  sur f aces not  
speci f i cal l y  not ed,  ot her wi se ar e speci f i ed i n Sect i on 09 90 00 PAI NTS AND 
COATINGS.

3. 4   CLEANING

Duct s,  pl enums,  and casi ngs shal l  be t hor oughl y c l eaned of  al l  debr i s and 
bl own f r ee of  al l  smal l  par t i c l es of  r ubbi sh and dust  and t hen shal l  be 
vacuum cl eaned bef or e i nst al l i ng out l et  f aces.   Equi pment  shal l  be wi ped 
cl ean,  wi t h al l  t r aces of  oi l ,  dust ,  di r t ,  or  pai nt  spot s r emoved.   
Tempor ar y f i l t er s shal l  be pr ovi ded pr i or  t o st ar t up of  al l  f ans t hat  ar e 
oper at ed dur i ng const r uct i on,  and new f i l t er s shal l  be i nst al l ed af t er  al l  
const r uct i on di r t  has been r emoved f r om t he bui l di ng,  and t he duct s,  
pl enums,  casi ngs,  and ot her  i t ems speci f i ed have been vacuum cl eaned.   
Syst em shal l  be mai nt ai ned i n t hi s c l ean condi t i on unt i l  f i nal  accept ance.   
Bear i ngs shal l  be pr oper l y l ubr i cat ed wi t h oi l  or  gr ease as r ecommended by 
t he manuf act ur er .   Bel t s shal l  be t i ght ened t o pr oper  t ensi on.   Al l  
equi pment  r equi r i ng adj ust ment  shal l  be adj ust ed t o set t i ng i ndi cat ed or  
di r ect ed.   Fans shal l  be adj ust ed t o t he speed i ndi cat ed by t he 
manuf act ur er  t o meet  speci f i ed condi t i ons.

3. 5   FI ELD TRAI NI NG

**************************************************************************
NOTE:   Det er mi ni e t he number  of  hour s of  i nst r uct i on 
based on t he number  and compl exi t y of  t he syst ems 
specified.

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

a.   Conduct  a t r ai ni ng cour se f or  oper at i ng and mai nt enance per sonnel  as 
desi gnat ed by t he Cont r act i ng Of f i cer .   Submi t  pr oposed schedul e f or  
f i el d t r ai ni ng,  at  l east  2 weeks pr i or  t o t he st ar t  of  r el at ed 
t r ai ni ng.   Tr ai ni ng shal l  be pr ovi ded f or  a per i od of  [ _____]  hour s of  
nor mal  wor ki ng t i me shal l  s t ar t  af t er  t he syst em i s f unct i onal l y 
compl et e but  pr i or  t o t he per f or mance t est s.

b.   The f i el d i nst r uct i on shal l  cover  al l  of  t he i t ems cont ai ned i n t he 
appr oved oper at i ng and mai nt enance manual s.   Submi t  [ 6]  [ _____]  manual s 
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l i s t i ng st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  oper at i on,  
shut down and r out i ne mai nt enance,  at  l east  2 weeks pr i or  t o f i el d 
t r ai ni ng.   I ncl ude i n t he manual s t he manuf act ur er ' s name,  model  
number ,  par t s l i s t ,  l i s t  of  par t s and t ool s t hat  shoul d be kept  i n 
st ock by t he owner  f or  r out i ne mai nt enance i ncl udi ng t he name of  a 
l ocal  suppl i er ,  s i mpl i f i ed wi r i ng and cont r ol s di agr ams,  
t r oubl eshoot i ng gui de,  and r ecommended ser vi ce or gani zat i on ( i ncl udi ng 
addr ess and t el ephone number )  f or  each i t em of  equi pment .

c.   Each ser vi ce or gani zat i on submi t t ed shal l  be capabl e of  pr ovi di ng 
[ 4]  [ _____]  hour  onsi t e r esponse t o a ser vi ce cal l  on an emer gency 
basis.

3. 6   TESTS

Upon compl et i on and pr i or  t o accept ance of  t he i nst al l at i on,  f ur ni sh al l  
equi pment ,  i nst r ument s,  mat er i al s ,  l abor ,  and super vi s i on r equi r ed f or  t he 
t est s as speci f i ed.   Submi t  pr oposed t est  pr ocedur es f or  duct wor k l eak and 
per f or mance t est s,  at  l east  2 weeks pr i or  t o t he st ar t  of  r el at ed t est i ng.

a.   Obt ai n necessar y nat ur al  gas,  wat er  and el ect r i c i t y as speci f i ed i n t he 
[ SPECI AL CONTRACT REQUI REMENTS]  [ Sect i on 01 50 00 TEMPORARY 
CONSTRUCTI ON FACI LI TI ES AND CONTROLS. ]   Pr ovi de necessar y quant i t i es of  
pr opane gas or  No.  [ _____]  f uel  oi l  when pr opane gas or  f uel  oi l  i s  
r equi r e f or  t est i ng.

b.   Def ect s di sc l osed by t he t est s shal l  be r ect i f i ed.   Test s shal l  be made 
under  t he di r ect i on and subj ect  t o t he appr oval  of  t he Cont r act i ng 
Of f i cer .   Al l  i ndi cat i ng i nst r ument s shal l  be r ead at  1/ 2- hour  
i nt er val s unl ess ot her wi se di r ect ed by t he Cont r act i ng Of f i cer .   Submi t  
pr oposed Syst em Di agr ams,  at  l east  2 weeks pr i or  t o st ar t  of  r el at ed 
testing.

c.   Syst em di agr ams t hat  show t he l ayout  of  equi pment  and duct wor k,  and 
t yped condensed oper at i on manual s expl ai ni ng pr event at i ve mai nt enance 
pr ocedur es,  met hods of  checki ng t he syst em f or  nor mal  saf e oper at i on,  
and pr ocedur es f or  saf el y st ar t i ng and st oppi ng t he syst em shal l  be 
f r amed under  gl ass or  l ami nat ed pl ast i c.   Af t er  appr oval ,  t hese i t ems 
shal l  be post ed wher e di r ect ed.

d.   Submi t  t est  r epor t s f or  t he duct wor k l eak t est  and t he per f or mance 
t est s i n bookl et  f or m,  upon compl et i on of  t est i ng.   Repor t s shal l  
document  phases of  t est s per f or med i ncl udi ng i ni t i al  t est  summar y,  
r epai r s/ adj ust ment s made,  and f i nal  t est  r esul t s.

3. 6. 1   Duct wor k Leak Test

**************************************************************************
NOTE:   Thi s par agr aph may be omi t t ed wher e al l  
duct wor k i s const r uct ed t o st at i c  pr essur e Cl ass 
125,  250,  or  500 Pa 1/ 2,  1 or  2 i nch w. g. .   
Ot her wi se l eakage r at e wi l l  be der i ved f or  each 
syst em t o be t est ed based on pr ocedur e out l i ned i n 
SMACNA 1972 CD f or  Seal  Cl ass A.   I f  r ound/ oval  
met al  duct wor k onl y i s  speci f i ed,  C sub L=3 wi l l  be 
used,  ot her wi se C sub L=6 may be used.   The val ue of  
P used wi l l  be equal  t o t he hi ghest  duct  st at i c 
pr essur e c l ass;  i . e. ,  3,  4,  6,  or  10,  f or  t he 
duct wor k t o be t est ed.   Wher e maj or  component s such 
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as f ans,  coi l s ,  f i l t er s,  et c.  wi l l  be i ncl uded i n 
t he duct wor k t est ,  an appr opr i at e al l owance wi l l  be 
i ncl uded i n t he maxi mum al l owabl e l eakage r at e.

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

Duct wor k l eak t est  shal l  be per f or med f or  t he ent i r e ai r  di st r i but i on 
syst em,  i ncl udi ng f ans,  coi l s ,  [ f i l t er s,  et c. ]  [ f i l t er s et c.  desi gnat ed as 
st at i c pr essur e Cl ass 750 Pa 3 i nch w. g.  t hr ough Cl ass 2500 Pa 10 i n w. g.
] .   Test  pr ocedur e,  appar at us,  and r epor t  shal l  conf or m t o SMACNA 1972 CD.   
The maxi mum al l owabl e l eakage r at e i s [ _____]  L/ s cf m.   Duct wor k l eak t est  
shal l  be compl et ed wi t h sat i sf act or y r esul t s pr i or  t o appl y i ng i nsul at i on 
t o duct wor k ext er i or .

3. 6. 2   Test i ng,  Adj ust i ng,  and Bal anci ng

Test i ng,  adj ust i ng,  and bal anci ng shal l  be as speci f i ed i n Sect i on 23 05 93 
TESTI NG,  ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS.   Test i ng,  adj ust i ng,  and 
bal anci ng shal l  begi n onl y when t he ai r  suppl y and di st r i but i on,  i ncl udi ng 
cont r ol s,  has been compl et ed,  wi t h t he except i on of  per f or mance t est s.

3. 6. 3   Per f or mance Test s

Af t er  t est i ng,  adj ust i ng,  and bal anci ng has been compl et ed as speci f i ed,  
each syst em shal l  be t est ed as a whol e t o see al l  i t ems per f or m as i nt egr al  
par t s of  t he syst em and t emper at ur es and condi t i ons ar e evenl y cont r ol l ed 
t hr oughout  t he bui l di ng.   Cor r ect i ons and adj ust ment s shal l  be conduct ed by 
an exper i enced engi neer .   Test s shal l  cover  a per i od of  not  l ess t han 
[ _____]  days f or  each syst em and shal l  demonst r at e t hat  t he ent i r e syst em 
i s f unct i oni ng accor di ng t o t he speci f i cat i ons.   Coi nci dent al  char t  
r ecor di ngs shal l  be made at  poi nt s i ndi cat ed on t he dr awi ngs f or  t he 
dur at i on of  t he t i me per i od and shal l  r ecor d t he t emper at ur e at  space 
t her most at s or  space sensor s,  t he humi di t y i n a shaded and weat her  
pr ot ect ed ar ea.

        - -  End of  Sect i on - -
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