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- -  End of  Sect i on Tabl e of  Cont ent s - -
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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  ai r  suppl y,  di st r i but i on,  
vent i l at i on,  and exhaust  por t i ons of  an HVAC syst em.

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:   Coor di nat e t he use of  t hi s  speci f i cat i on wi t h 
ot her  sect i ons,  as appr opr i at e,  i n or der  t o speci f y 
a compl et e HVAC bui l t - up syst em.

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

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.
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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  ar e aut omat i cal l y  
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.

ACOUSTI CAL SOCI ETY OF AMERI CA ( ASA)

ASA S12. 51 ( 2012;  R 2017)  Amer i can Nat i onal  St andar d 
Acoust i cs -  Det er mi nat i on of  Sound Power  
Level s and Sound Ener gy Level s of  Noi se 
Sour ces usi ng Sound Pr essur e -  Pr eci s i on 
Met hods f or  Rever ber at i on Test  Rooms

AI R CONDI TI ONI NG CONTRACTORS OF AMERI CA ( ACCA)

ACCA Manual  4 ( 2001)  I nst al l at i on Techni ques f or  
Per i met er  Heat i ng and Cool i ng;  11t h Edi t i on

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 220 ( 2005; R 2012)  Test  Met hods f or  Ai r  Cur t ai n 
Units

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

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

AHRI  260 I - P ( 2012)  Sound Rat i ng of  Duct ed Ai r  Movi ng 
and Condi t i oni ng Equi pment

AHRI  350 ( 2015)  Sound Rat i ng of  Non- Duct ed I ndoor  
Ai r - Condi t i oni ng Equi pment

AHRI  410 ( 2001;  Addendum 1 2002;  Addendum 2 2005;  
Addendum 3 2011)  For ced- Ci r cul at i on 
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Ai r - Cool i ng and Ai r - Heat i ng Coi l s

AHRI  430 ( 2009)  Cent r al - St at i on Ai r - Handl i ng Uni t s

AHRI  440 ( 2008)  Per f or mance Rat i ng of  Room Fan- Coi l s

AHRI  880 I - P ( 2011)  Per f or mance Rat i ng of  Ai r  Ter mi nal s

AHRI  885 ( 2008;  Addendum 2011)  Pr ocedur e f or  
Est i mat i ng Occupi ed Space Sound Level s i n 
t he Appl i cat i on of  Ai r  Ter mi nal s and Ai r  
Outlets

AHRI  DCAACP ( Onl i ne)  Di r ect or y of  Cer t i f i ed Appl i ed 
Ai r - Condi t i oni ng Pr oduct s

AHRI  Gui del i ne D ( 1996)  Appl i cat i on and I nst al l at i on of  
Cent r al  St at i on Ai r - Handl i ng Uni t s

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

ASHRAE 15 & 34 ( 2013)  ASHRAE St andar d 34- 2016 Saf et y 
St andar d f or  Ref r i ger at i on Syst ems/ ASHRAE 
St andar d 34- 2016 Desi gnat i on and Saf et y 
Cl assi f i cat i on of  Ref r i ger ant s- ASHRAE 
St andar d 34- 2016

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

ASHRAE 62. 1 ( 2010)  Vent i l at i on f or  Accept abl e I ndoor  
Ai r  Qual i t y

ASHRAE 68 ( 1997)  Labor at or y Met hod of  Test i ng t o 
Det er mi ne t he Sound Power  I n a Duct

ASHRAE 70 ( 2006;  R 2011)  Met hod of  Test i ng f or  
Rat i ng t he Per f or mance of  Ai r  Out l et s and 
Inlets

ASHRAE 84 ( 2013;  Addenda A 2013)  Met hod of  Test i ng 
Ai r - t o- Ai r  Heat  Exchanger s

ASHRAE 90. 1 -  I P ( 2013)  Ener gy St andar d f or  Bui l di ngs 
Except  Low- Ri se Resi dent i al  Bui l di ngs

ASHRAE 90. 1 -  SI ( 2013)  Ener gy St andar d f or  Bui l di ngs 
Except  Low- Ri se Resi dent i al  Bui l di ngs
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ASME I NTERNATI ONAL ( ASME)

ASME A13. 1 ( 2015)  Scheme f or  t he I dent i f i cat i on of  
Pi pi ng Syst ems

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 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 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 A924/ A924M ( 2018)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  St eel  Sheet ,  
Met al l i c- Coat 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 B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM B209M ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e ( Met r i c)

ASTM B280 ( 2018)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube f or  Ai r  Condi t i oni ng and 
Ref r i ger at i on Fi el d Ser vi ce

ASTM B75/ B75M ( 2011)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube

ASTM B766 ( 1986;  R 2015)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Coat i ngs of  Cadmi um

ASTM C1071 ( 2016)  St andar d Speci f i cat i on f or  Fi br ous 
Gl ass Duct  Li ni ng I nsul at i on ( Ther mal  and 
Sound Absor bi ng Mat er i al )

ASTM C553 ( 2013)  St andar d Speci f i cat i on f or  Mi ner al  
Fi ber  Bl anket  Ther mal  I nsul at i on f or  
Commer ci al  and I ndust r i al  Appl i cat i ons

ASTM C916 ( 2014)  St andar d Speci f i cat i on f or  
Adhesi ves f or  Duct  Ther mal  I nsul at i on

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 
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Speci mens Subj ect ed t o Cor r osi ve 
Environments

ASTM D1785 ( 2015;  E 2018)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC) ,  Pl ast i c Pi pe,  
Schedul es 40,  80,  and 120

ASTM D2466 ( 2017)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Pi pe 
Fi t t i ngs,  Schedul e 40

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 D2855 ( 2015)  St andar d Pr act i ce f or  Maki ng 
Sol vent - Cement ed Joi nt s wi t h Pol y( Vi nyl  
Chl or i de)  ( PVC)  Pi pe and Fi t t i ngs

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

ASTM E2016 ( 2015)  St andar d Speci f i cat i on f or  
I ndust r i al  Woven Wi r e Cl ot h

ASTM E84 ( 2018a)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Materials

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

GERMAN I NSTI TUTE FOR STANDARDI ZATI ON ( DI N)

DI N EN 14037 ( 2016)  Fr ee Hangi ng Heat i ng and Cool i ng 
Sur f aces f or  Wat er  wi t h a Temper at ur e 
Bel ow 120 Degr ees C -  Par t  1:   
Pr e- Fabr i cat ed Cei l i ng Mount ed Radi ant  
Panel s f or  Space Heat i ng

DI N EN 14240 ( 2004)  Vent i l at i on f or  Bui l di ngs

I NSTI TUTE OF ENVI RONMENTAL SCI ENCES AND TECHNOLOGY ( I EST)

I EST RP- CC- 001 ( 2016;  Rev 6)  HEPA and ULPA Fi l t er s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

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
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NEMA MG 10 ( 2017)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Fi xed Fr equency 
Medi um AC Squi r r el - Cage Pol yphase 
I nduct i on Mot or s

NEMA MG 11 ( 1977;  R 2012)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Si ngl e Phase Mot or s

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

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 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 96 ( 2017;  TI A 17- 1)  St andar d f or  Vent i l at i on 
Cont r ol  and Fi r e Pr ot ect i on of  Commer ci al  
Cooki ng Oper at i ons

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

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 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 1884 ( 2003)  Fi br ous Gl ass Duct  Const r uct i on 
St andar ds,  7t h Edi t i on

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

SMACNA 1981 ( 2008)  Sei smi c Rest r ai nt  Manual  Gui del i nes 
f or  Mechani cal  Syst ems,  3r d Edi t i on

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-STD-101 ( 2014;  Rev C)  Col or  Code f or  Pi pel i nes and 
f or  Compr essed Gas Cyl i nder s
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U. S.  DEPARTMENT OF ENERGY ( DOE)

Ener gy St ar ( 1992;  R 2006)  Ener gy St ar  Ener gy 
Ef f i c i ency Label i ng Syst em ( FEMP)

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

40 CFR 82 Pr ot ect i on of  St r at ospher i c Ozone

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 1995 ( 2015)  UL St andar d f or  Saf et y Heat i ng and 
Cool i ng Equi pment

UL 2021 ( 2015;  Repr i nt  Dec 2016)  UL St andar d f or  
Saf et y Fi xed and Locat i on- Dedi cat ed 
El ect r i c  Room Heat er s

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

UL 555S ( 2014;  Repr i nt  Aug 2016)  UL St andar d f or  
Saf et y Smoke Damper s

UL 586 ( 2009;  Repr i nt  Dec 2017)  UL St andar d f or  
Saf et y Hi gh- Ef f i c i ency Par t i cul at e,  Ai r  
Fi l t er  Uni t s

UL 6 ( 2007;  Repr i nt  Nov 2014)  El ect r i cal  Ri gi d 
Met al  Condui t - St eel

UL 705 ( 2017;  Repr i nt  Oct  2018)  UL St andar d f or  
Saf et y Power  Vent i l at or s

UL 723 ( 2018)  UL St andar d f or  Saf et y Test  f or  
Sur f ace Bur ni ng Char act er i st i cs of  
Bui l di ng Mat er i al s

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

UL 94 ( 2013;  Repr i nt  Sep 2017)  UL St andar d f or  
Saf et y Test s f or  Fl ammabi l i t y  of  Pl ast i c 
Mat er i al s f or  Par t s i n Devi ces and 
Appliances

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
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1. 2   SYSTEM DESCRI PTI ON

Fur ni sh duct wor k,  pi pi ng of f set s,  f i t t i ngs,  and accessor i es as r equi r ed t o 
pr ovi de a compl et e i nst al l at i on.   Coor di nat e t he wor k of  t he di f f er ent  
t r ades t o avoi d i nt er f er ence bet ween pi pi ng,  equi pment ,  st r uct ur al ,  and 
el ect r i cal  wor k.   Pr ovi de compl et e,  i n pl ace,  al l  necessar y of f set s i n 
pi pi ng and duct wor k,  and al l  f i t t i ngs,  and ot her  component s,  r equi r ed t o 
i nst al l  t he wor k as i ndi cat ed and speci f i ed.

1. 2. 1   Mechani cal  Equi pment  I dent i f i cat i on

The number  of  char t s and di agr ams must  be equal  t o or  gr eat er  t han t he 
number  of  mechani cal  equi pment  r ooms.   Wher e mor e t han one char t  or  di agr am 
per  space i s r equi r ed,  mount  t hese i n edge pi vot ed,  swi ngi ng l eaf ,  ext r uded 
al umi num f r ame hol der s whi ch open t o 170 degr ees.

1. 2. 1. 1   Charts

Pr ovi de char t  l i s t i ng of  equi pment  by desi gnat i on number s and capaci t i es 
such as f l ow r at es,  pr essur e and t emper at ur e di f f er ences,  heat i ng and 
cool i ng capaci t i es,  hor sepower ,  pi pe s i zes,  and vol t age and cur r ent  
characteristics.

[ 1. 2. 1. 2   Diagrams

Submi t  pr oposed di agr ams,  at  l east  2 weeks pr i or  t o st ar t  of  r el at ed 
t est i ng.   pr ovi de neat  mechani cal  dr awi ngs pr ovi ded wi t h ext r uded al umi num 
f r ame under   3 mm 1/ 8- i nch gl ass or  l ami nat ed pl ast i c,  syst em di agr ams t hat  
show t he l ayout  of  equi pment ,  pi pi ng,  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.   Af t er  appr oval ,  post  t hese i t ems 
wher e di r ect ed.

] 1. 2. 2   Ser vi ce Label i ng

Label  equi pment ,  i ncl udi ng f ans,  ai r  handl er s,  t er mi nal  uni t s,  et c.  wi t h 
l abel s made of  sel f - st i ck i ng,  pl ast i c f i l m desi gned f or  per manent  
i nst al l at i on.   Pr ovi de l abel s i n accor dance wi t h t he t ypi cal  exampl es bel ow:

SERVICE LABEL AND TAG DESI GNATI ON

Ai r  handl i ng uni t  Number AHU -  [ _____]

Cont r ol  and i nst r ument  ai r CONTROL AND I NSTR.

Exhaust  Fan Number EF -   [ _____]

VAV Box Number VAV -  [ _____]

Fan Coi l  Uni t  Number FC -   [ _____]

Ter mi nal  Box Number TB -   [ _____]

Uni t  Vent i l at or  Number UV -   [ _____]
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I dent i f y s i mi l ar  ser vi ces wi t h di f f er ent  t emper at ur es or  pr essur es.   Wher e 
pr essur es coul d exceed 860 ki l opascal  125 pounds per  squar e i nch,  gage,  
i ncl ude t he maxi mum syst em pr essur e i n t he l abel .   Label  and ar r ow pi pi ng 
i n accor dance wi t h t he f ol l owi ng:

a.   Each poi nt  of  ent r y and exi t  of  pi pe passi ng t hr ough wal l s.

b.   Each change i n di r ect i on,  i . e. ,  el bows,  t ees.

c.   I n congest ed or  hi dden ar eas and at  al l  access panel s at  each poi nt  
r equi r ed t o c l ar i f y ser vi ce or  i ndi cat ed hazar d.

d.   I n l ong st r ai ght  r uns,  l ocat e l abel s at  di st ances wi t hi n eyesi ght  of  
each ot her  not  t o exceed 22 met er  75 f eet .   Al l  l abel s must  be v i s i bl e 
and l egi bl e f r om t he pr i mar y ser v i ce and oper at i ng ar ea.

For  Bar e or  I nsul at ed Pi pes

f or  Out si de Di amet er s of Lettering

13 t hr u [ _____]  mm1/ 2 t hr u 1- 3/ 8 i nch 13 mm1/ 2 i nch 

40 t hr u [ _____]  mm1- 1/ 2 t hr u 2- 3/ 8 i nch [ _____]  mm3/ 4 i nch

65 mm and l ar ger 2- 1/ 2 i nch and l ar ger [ _____]  mm1- 1/ 4 i nch

1. 2. 3   Col or  Codi ng

**************************************************************************
NOTE:   The MI L- STD- 101 syst em i s f or  gr ound based 
pi pi ng syst ems and compr essed gas cyl i nder s.   The 
col or  codi ng i s not  compat i bl e wi t h ASME A13. 1 whi ch 
i s commonl y used f or  f aci l i t i es wor k

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

Col or  codi ng of  al l  pi pi ng syst ems must  be i n accor dance wi t h [ ASME A13. 1]  [
MIL-STD-101 ].

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 
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t he submi t t al  t ags i s al l owed 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.

For  Navy pr oj ect s,  del et e t he f ol l owi ng submi t t al  
i t ems and associ at ed br acket ed i nf or mat i on:  
Dr awi ngs,  Test  Pr ocedur es,  Di agr ams,  and Bol t 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

Det ai l  Dr awi ngs;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Met al l i c  Fl exi bl e Duct

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

Duct  Connect or s

Duct  Access Door s;  G[ ,  [ _____] ]

Fi r e Damper s

Manual  Bal anci ng Damper s;  G[ ,  [ _____] ]

Aut omat i c Smoke- Fi r e Damper s

Aut omat i c Smoke Damper s
Sound At t enuat i on Equi pment
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Acoust i cal  Duct  Li ner

Diffusers

Regi st er s and Gr i l l es

Louvers

Ai r  Vent s,  Pent houses,  and Goosenecks

Cent r i f ugal  Fans

I n- Li ne Cent r i f ugal  Fans

Axi al  Fl ow Fans

Panel  Type Power  Wal l  Vent i l at or s

Cent r i f ugal  Type Power  Wal l  Vent i l at or s

Cent r i f ugal  Type Power  Roof  Vent i l at or s

Pr opel l er  Type Power  Roof  Vent i l at or s

Ai r - Cur t ai n Fans

Cei l i ng Exhaust  Fans

Ener gy St ar  l abel  f or  cei l i ng exhaust  f an pr oduct ;  S

Ai r  Handl i ng Uni t s;  G[ ,  [ _____] ]

Room Fan- Coi l  Uni t s;  G[ ,  [ _____] ]

Coi l  I nduct i on Uni t s;  G[ ,  [ _____] ]

Const ant  Vol ume,  Si ngl e Duct  Ter mi nal  Uni t s;  G[ ,  [ _____] ]

Var i abl e Vol ume,  Si ngl e Duct  Ter mi nal  Uni t s;  G[ ,  [ _____] ]

Var i abl e Vol ume,  Si ngl e Duct ,  Fan- Power ed Ter mi nal  Uni t s;  G[, 
[_____]]

Dual  Duct  Ter mi nal  Uni t s;  G[ ,  [ _____] ]

Cei l i ng I nduct i on Ter mi nal  Uni t s;  G[ ,  [ _____] ]

Reheat  Uni t s;  G[ ,  [ _____] ]

Uni t  Vent i l at or s

Ener gy Recover y Devi ces;  G[ ,  [ _____] ]

Hydr oni c Modul ar  Panel s;  G[ ,  [ _____] ]

Pr ef abr i cat ed Radi ant - Heat i ng El ect r i c  Panel s;  G[ ,  [ _____] ]

Test  Pr ocedur es
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Di agr ams;  G[ ,  [ _____] ]

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

SD- 06 Test  Repor t s

Per f or mance Test s;  G[ ,  [ _____] ]

Damper  Accept ance Test ;  G[ ,  [ _____] ]

SD- 07 Cer t i f i cat es

Bolts
Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

SD- 08 Manuf act ur er ' s I nst r uct i ons

Manuf act ur er ' s I nst al l at i on I nst r uct i ons

Oper at i on and Mai nt enance Tr ai ni ng

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

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

Fi r e Damper s;  G[ ,  [ _____] ]

Manual  Bal anci ng Damper s;  G[ ,  [ _____] ]

Aut omat i c Smoke- Fi r e Damper s;  G[ ,  [ _____] ]

Aut omat i c Smoke Damper s;  G[ ,  [ _____] ]
Cent r i f ugal  Fans;  G[ ,  [ _____] ]

I n- Li ne Cent r i f ugal  Fans;  G[ ,  [ _____] ]

Axi al  Fl ow Fans;  G[ ,  [ _____] ]

Panel  Type Power  Wal l  Vent i l at or s;  G[ ,  [ _____] ]

Cent r i f ugal  Type Power  Wal l  Vent i l at or s;  G[ ,  [ _____] ]

Cent r i f ugal  Type Power  Roof  Vent i l at or s;  G[ ,  [ _____] ]

Pr opel l er  Type Power  Roof  Vent i l at or s;  G[ ,  [ _____] ]

Ai r - Cur t ai n Fans;  G[ ,  [ _____] ]

Cei l i ng Exhaust  Fans;  G[ ,  [ _____] ]

Ai r  Handl i ng Uni t s;  G[ ,  [ _____] ]

Room Fan- Coi l  Uni t s;  G[ ,  [ _____] ]

Coi l  I nduct i on Uni t s;  G[ ,  [ _____] ]

Const ant  Vol ume,  Si ngl e Duct  Ter mi nal  Uni t s;  G[ ,  [ _____] ]
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Var i abl e Vol ume,  Si ngl e Duct  Ter mi nal  Uni t s;  G[ ,  [ _____] ]

Var i abl e Vol ume,  Si ngl e Duct ,  Fan- Power ed Ter mi nal  Uni t s;  G[, 
[_____]]

Dual  Duct  Ter mi nal  Uni t s;  G[ ,  [ _____] ]

Cei l i ng I nduct i on Ter mi nal  Uni t s;  G[ ,  [ _____] ]

Reheat  Uni t s;  G[ ,  [ _____] ]

Uni t  Vent i l at or s;  G[ ,  [ _____] ]

Ener gy Recover y Devi ces;  G[ ,  [ _____] ]

Hydr oni c Modul ar  Panel s;  G[ ,  [ _____] ]

Pr ef abr i cat ed Radi ant - Heat i ng El ect r i c  Panel s;  G[ ,  [ _____] ]

SD- 11 Cl oseout  Submi t t al s

I ndoor  Ai r  Qual i t y Dur i ng Const r uct i on;  S

1. 4   QUALI TY ASSURANCE

Except  as ot her wi se speci f i ed,  appr oval  of  mat er i al s and equi pment  i s  based 
on manuf act ur er ' s publ i shed dat a.

a.   Wher e mat er i al s and equi pment  ar e speci f i ed t o conf or m t o t he st andar ds 
of  t he Under wr i t er s Labor at or i es,  t he l abel  of  or  l i s t i ng wi t h 
r eexami nat i on i n UL Bl d Mat  Di r ,  and UL 6 i s accept abl e as suf f i c i ent  
evi dence t hat  t he i t ems conf or m t o Under wr i t er s Labor at or i es 
r equi r ement s.   I n l i eu of  such l abel  or  l i s t i ng,  submi t  a wr i t t en 
cer t i f i cat e f r om any nat i onal l y r ecogni zed t est i ng agency,  adequat el y 
equi pped and compet ent  t o per f or m such ser vi ces,  s t at i ng t hat  t he i t ems 
have been t est ed and t hat  t he uni t s conf or m t o t he speci f i ed 
r equi r ement s.   Out l i ne met hods of  t est i ng used by t he speci f i ed 
agencies.

b.   Wher e mat er i al s or  equi pment  ar e speci f i ed t o be const r uct ed or  t est ed,  
or  bot h,  i n accor dance wi t h t he st andar ds of  t he ASTM I nt er nat i onal  
( ASTM) ,  t he ASME I nt er nat i onal  ( ASME) ,  or  ot her  st andar ds,  a 
manuf act ur er ' s cer t i f i cat e of  compl i ance of  each i t em i s accept abl e as 
pr oof  of  compl i ance.

c.   Conf or mance t o such agency r equi r ement s does not  r el i eve t he i t em f r om 
compl i ance wi t h ot her  r equi r ement s of  t hese speci f i cat i ons.

1. 4. 1   Pr event i on of  Cor r osi on

**************************************************************************
NOTE:   For  al l  out door  appl i cat i ons and al l  i ndoor  
appl i cat i ons i n a har sh envi r onment  r ef er  t o Sect i on 
09 96 00 HI GH- PERFORMANCE COATI NGS.   Hi gh 
per f or mance coat i ngs ar e speci f i ed f or  al l  out door  
appl i cat i ons because ul t r avi ol et  r adi at i on br eaks 
down most  st andar d coat i ngs,  causi ng a phenomena 
known as chal k i ng,  whi ch i s t he f i r st  st age of  t he 
cor r osi on pr ocess.   For  addi t i onal  i nf or mat i on,  

SECTI ON 23 00 00  Page 19



cont act  The Coat i ngs I ndust r y Al l i ance,  speci f i c  
suppl i er s such as Keel er  and Long and PPG,  and NACE 
I nt er nat i onal  ( NACE) .

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

Pr ot ect  met al l i c  mat er i al s agai nst  cor r osi on.   Pr ovi de r ust - i nhi bi t i ng 
t r eat ment  and st andar d f i ni sh f or  t he equi pment  encl osur es.   Do not  use 
al umi num i n cont act  wi t h ear t h,  and wher e connect ed t o di ssi mi l ar  met al .   
Pr ot ect  al umi num by appr oved f i t t i ngs,  bar r i er  mat er i al ,  or  t r eat ment .   
Pr ovi de hot - di p gal vani zed f er r ous par t s such as anchor s,  bol t s,  br aces,  
boxes,  bodi es,  c l amps,  f i t t i ngs,  guar ds,  nut s,  pi ns,  r ods,  shi ms,  t hi mbl es,  
washer s,  and mi scel l aneous par t s not  of  cor r osi on- r esi st ant  st eel  or  
nonf er r ous mat er i al s i n accor dance wi t h ASTM A123/ A123M f or  ext er i or  
l ocat i ons and cadmi um- pl at ed i n conf or mance wi t h ASTM B766 f or  i nt er i or  
l ocat i ons. [   Pr ovi de wr i t t en cer t i f i cat i on f r om t he bol t  manuf act ur er  t hat  
t he bol t s f ur ni shed compl y wi t h t he r equi r ement s of  t hi s speci f i cat i on.   
I ncl ude i l l ust r at i ons of  pr oduct  mar ki ngs,  and t he number  of  each t ype of  
bol t  t o be f ur ni shed i n t he cer t i f i cat i on. ]

1. 4. 2   Asbest os Pr ohi bi t i on

Do not  use asbest os and asbest os- cont ai ni ng pr oduct s.

1. 4. 3   Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

**************************************************************************
NOTE:   The f ol l owi ng par agr aph r equi r es a 
cer t i f i cat i on f or  t echni c i ans who wor k on equi pment  
t hat  coul d r el ease ozone depl et i ng r ef r i ger ant s,  
such as R- 123,  i nt o t he at mospher e.   Thi s i s  
r equi r ed as of  Januar y 1,  2018 t o meet  t he 
r equi r ement s of  40 CFR 82,  Subpar t  F.

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

Al l  t echni c i ans wor ki ng on equi pment  t hat  cont ai n ozone depl et i ng 
r ef r i ger ant s must  be cer t i f i ed as a Sect i on 608 Techni c i an t o meet  
r equi r ement s i n 40 CFR 82,  Subpar t  F.   Pr ovi de copi es of  t echni c i an 
cer t i f i cat i ons t o t he Cont r act i ng Of f i cer  at  l east  14 cal endar  days pr i or  
t o wor k on any equi pment  cont ai ni ng t hese r ef r i ger ant s.

1. 4. 4   Det ai l  Dr awi ngs

Submi t  det ai l  dr awi ngs showi ng equi pment  l ayout ,  i ncl udi ng assembl y and 
i nst al l at i on det ai l s  and el ect r i cal  connect i on di agr ams;  duct wor k l ayout  
showi ng t he l ocat i on of  al l  suppor t s and hanger s,  t ypi cal  hanger  det ai l s ,  
gauge r ei nf or cement ,  r ei nf or cement  spaci ng r i gi di t y c l assi f i cat i on,  and 
st at i c pr essur e and seal  c l assi f i cat i ons.   I ncl ude any i nf or mat i on r equi r ed 
t o demonst r at e t hat  t he syst em has been coor di nat ed and f unct i ons pr oper l y 
as a uni t  on t he dr awi ngs and show 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  oper at i on and mai nt enance.   
Submi t  dr awi ngs showi ng bol t - set t i ng i nf or mat i on,  and f oundat i on bol t s 
pr i or  t o concr et e f oundat i on const r uct i on f or  al l  equi pment  i ndi cat ed or  
r equi r ed t o have concr et e f oundat i ons.   Submi t  f unct i on desi gnat i on of  t he 
equi pment  and any ot her  r equi r ement s speci f i ed t hr oughout  t hi s Sect i on wi t h 
t he shop dr awi ngs.

[ 1. 4. 5   Test  Pr ocedur es

Submi t  pr oposed t est  pr ocedur es and t est  schedul es f or  t he [ duct wor k l eak 
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t est ,  and]  per f or mance t est s of  syst ems,  at  l east  2 weeks pr i or  t o t he 
st ar t  of  r el at ed t est i ng.

] 1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  st or ed equi pment  at  t he j obsi t e 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.   
Addi t i onal l y,  cap or  pl ug al l  pi pes unt i l  i nst al l ed.

PART 2   PRODUCTS

2. 1   STANDARD PRODUCTS

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Ai r  For ce,  Ar my and 
NASA pr oj ect s.

I n or der  t o compl y wi t h UFC 1- 200- 02,  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 basel i ne est abl i shed i n t he 
2010 publ i cat i on of  ASHRAE 90. 1.   The Desi gner  of  
Recor d must  desi gn HVAC syst ems t hat  assi st  i n 
achi evi ng t hi s r equi r ement .

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

Pr ovi de component s and equi pment  t hat  ar e " st andar d pr oduct s"  of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  pr oduct s t hat  ar e of  
a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   " St andar d pr oduct s"  i s  def i ned 
as bei ng i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s bef or e 
bi d openi ng,  i nc l udi ng appl i cat i ons of  component s and equi pment  under  
s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze,  sat i sf act or i l y  compl et ed by a 
pr oduct  t hat  i s  sol d on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es.   Pr oduct s havi ng l ess t han a 2- year  
f i el d ser vi ce r ecor d ar e accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y 
f i el d oper at i on,  f or  not  l ess t han 6000 hour s excl usi ve of  t he 
manuf act ur er ' s f act or y t est s,  can be shown.   Pr ovi de equi pment  i t ems t hat  
ar e suppor t ed by a ser vi ce or gani zat i on.

2. 2   STANDARD PRODUCTS

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Navy pr oj ect s.

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

Except  f or  t he f abr i cat ed duct ,  pl enums and casi ngs speci f i ed i n par agr aphs 
" Met al  Duct wor k"  and " Pl enums and Casi ngs f or  Fi el d- Fabr i cat ed Uni t s" ,  
pr ovi de component s and equi pment  t hat  ar e st andar d pr oduct s of  
manuf act ur er s r egul ar l y engaged i n t he manuf act ur i ng of  pr oduct s t hat  ar e 
of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   Thi s r equi r ement  appl i es t o 
al l  equi pment ,  i ncl udi ng di f f user s,  r egi st er s,  f i r e damper s,  and bal anci ng 
dampers.

a.   St andar d pr oduct s ar e def i ned as component s and equi pment  t hat  have 
been i n sat i sf act or y commer ci al  or  i ndust r i al  use i n s i mi l ar  
appl i cat i ons of  s i mi l ar  s i ze f or  at  l east  t wo year s bef or e bi d openi ng.

b.   Pr i or  t o t hi s t wo year  per i od,  t hese st andar d pr oduct s must  have been 
sol d on t he commer ci al  mar ket  usi ng adver t i sement s i n manuf act ur er s '  
cat al ogs or  br ochur es.    These manuf act ur er s '  cat al ogs,  or  br ochur es 
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must  have been copyr i ght ed document s or  have been i dent i f i ed wi t h a 
manuf act ur er ' s document  number .

c.   Pr ovi de equi pment  i t ems t hat  ar e suppor t ed by a ser vi ce or gani zat i on.

2. 3   I DENTI FI CATI ON PLATES

I n addi t i on t o st andar d manuf act ur er ' s i dent i f i cat i on pl at es,  pr ovi de 
engr aved l ami nat ed phenol i c i dent i f i cat i on pl at es f or  each pi ece of  
mechani cal  equi pment .   I dent i f i cat i on pl at es ar e t o desi gnat e t he f unct i on 
of  t he equi pment .   Submi t  desi gnat i on wi t h t he shop dr awi ngs.   Pr ovi de 
i dent i f i cat i on pl at es t hat  ar e l ayer s,  bl ack- whi t e- bl ack,  engr aved t o show 
whi t e l et t er s on bl ack backgr ound.   Let t er s must  be upper  case.   
I dent i f i cat i on pl at es 40 mm t hat  ar e 1- 1/ 2- i nches hi gh and smal l er  must  be 
1. 6 mm 1/ 16- i nch t hi ck,  wi t h engr aved l et t er i ng 3 mm 1/ 8- i nch hi gh;  
i dent i f i cat i on pl at es l ar ger  t han 40 mm 1- 1/ 2- i nches hi gh must  be 3 mm 
1/ 8- i nch t hi ck,  wi t h engr aved l et t er i ng of  sui t abl e hei ght .   I dent i f i cat i on 
pl at es 40 mm 1- 1/ 2- i nches hi gh and l ar ger  must  have bevel ed edges.   I nst al l  
i dent i f i cat i on pl at es usi ng a compat i bl e adhesi ve.

2. 4   EQUI PMENT GUARDS AND ACCESS

**************************************************************************
NOTE:   Cat wal ks,  l adder s,  and guar dr ai l s  coul d be 
r equi r ed.   I f  so,  sel ect  t he appl i cabl e i t em and 
i ndi cat e on dr awi ngs.   I f  not  appl i cabl e,  del et e t he 
ent i r e l ast  sent ence.

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

Ful l y encl ose or  guar d bel t s,  pul l eys,  chai ns,  gear s,  coupl i ngs,  pr oj ect i ng 
set scr ews,  keys,  and ot her  r ot at i ng par t s exposed t o per sonnel  cont act  
accor di ng t o OSHA r equi r ement s.   Pr oper l y guar d or  cover  wi t h i nsul at i on of  
a t ype speci f i ed,  hi gh t emper at ur e equi pment  and pi pi ng exposed t o cont act  
by per sonnel  or  wher e i t  cr eat es a pot ent i al  f i r e hazar d.   The r equi r ement s 
f or  [ cat wal ks, ]  [ oper at i ng pl at f or ms, ]  [ l adder s, ]  [ and]  [ guar dr ai l s ]  ar e 
speci f i ed i n Sect i on 05 50 13 MI SCELLANEOUS METAL FABRI CATI ONS.

2. 5   ELECTRI CAL WORK

**************************************************************************
NOTE:   Show t he el ect r i cal  char act er i st i cs,  mot or  
st ar t er  t ype( s) ,  encl osur e t ype,  and maxi mum r pm on 
t he dr awi ngs i n t he equi pment  schedul es.

Wher e r educed- vol t age mot or  st ar t er s ar e r ecommended 
by t he manuf act ur er  or  r equi r ed ot her wi se,  speci f y  
and coor di nat e t he t ype( s)  r equi r ed i n Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   
Reduced- vol t age st ar t i ng i s r equi r ed when f ul l  
vol t age st ar t i ng i nt er f er es wi t h ot her  el ect r i cal  
equi pment  and ci r cui t s and when r ecommended by t he 
manuf act ur er .   Wher e adj ust abl e speed dr i ves ( SD)  
ar e speci f i ed,  r ef er ence Sect i on 26 29 23 VARI ABLE 
FREQUENCY DRI VE SYSTEMS UNDER 600 VOLTS.   The 
met hods f or  cal cul at i ng t he economy of  usi ng an 
adj ust abl e speed dr i ve i s descr i bed i n UFC 3- 520- 01 
I NTERI OR ELECTRI CAL SYSTEMS.

**************************************************************************
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a.   Pr ovi de mot or s,  cont r ol l er s,  i nt egr al  di sconnect s,  cont act or s,  and 
cont r ol s wi t h t hei r  r espect i ve pi eces of  equi pment ,  except  cont r ol l er s 
i ndi cat ed as par t  of  mot or  cont r ol  cent er s.   Pr ovi de el ect r i cal  
equi pment ,  i ncl udi ng mot or s and wi r i ng,  as speci f i ed i n Sect i on 26 20 00
I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de 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 
cont r ol  wi r i ng r equi r ed f or  cont r ol s and devi ces speci f i ed,  but  not  
shown.   For  packaged equi pment ,  i ncl ude manuf act ur er  pr ovi ded 
cont r ol l er s wi t h t he r equi r ed moni t or s and t i med r est ar t .

b.   For  s i ngl e- phase mot or s,  pr ovi de hi gh- ef f i c i ency t ype,  
f r act i onal - hor sepower  al t er nat i ng- cur r ent  mot or s,  i ncl udi ng mot or s t hat  
ar e par t  of  a syst em,  i n accor dance wi t h NEMA MG 11.   Pr ovi de pr emi um 
ef f i c i ency t ype i nt egr al  s i ze mot or s i n accor dance wi t h NEMA MG 1.

c.   For  pol yphase mot or s,  pr ovi de squi r r el - cage medi um i nduct i on mot or s,  
i ncl udi ng mot or s t hat  ar e par t  of  a syst em ,  and t hat  meet  t he 
ef f i c i ency r at i ngs f or  pr emi um ef f i c i ency mot or s i n accor dance wi t h 
NEMA MG 1.   Sel ect  pr emi um ef f i c i ency pol yphase mot or s i n accor dance 
with NEMA MG 10.

d.   Pr ovi de mot or s i n accor dance wi t h NEMA MG 1 and of  suf f i c i ent  s i ze t o 
dr i ve t he l oad 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 .   Pr ovi de mot or s r at ed f or  cont i nuous 
dut y wi t h t he encl osur e speci f i ed.   Pr ovi de mot or  dut y t hat  al l ows f or  
maxi mum f r equency st ar t - st op oper at i on and mi ni mum encount er ed i nt er val  
bet ween st ar t  and st op.   Pr ovi de mot or  t or que capabl e of  accel er at i ng 
t he connect ed l oad wi t hi n 20 seconds wi t h 80 per cent  of  t he r at ed 
vol t age mai nt ai ned at  mot or  t er mi nal s dur i ng one st ar t i ng per i od.   
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  necessar y appur t enances.   Fi t  mot or  bear i ngs wi t h gr ease suppl y 
f i t t i ngs and gr ease r el i ef  t o out s i de of  t he encl osur e.

e.   [ 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 s ar e al l owed t o accompl i sh t he same 
f unct i on.   Use sol i d- st at e var i abl e- speed cont r ol l er s f or  mot or s r at ed 
7. 45 kW 10 hp or  l ess and adj ust abl e f r equency dr i ves f or  l ar ger  
mot or s. ]  [ Pr ovi de var i abl e f r equency dr i ves f or  mot or s as speci f i ed i n 
Sect i on 26 29 23 VARI ABLE FREQUENCY DRI VE SYSTEMS UNDER 600 VOLTS. ]

2. 6   ANCHOR BOLTS

Pr ovi de anchor  bol t s f or  equi pment  pl aced on concr et e equi pment  pads or  on 
concr et e s l abs.   Bol t s t o be of  t he s i ze and number  r ecommended by t he 
equi pment  manuf act ur er  and l ocat ed by means of  sui t abl e t empl at es.   
I nst al l at i on of  anchor  bol t s must  not  degr ade t he sur r oundi ng concr et e.

2. 7   SEI SMI C ANCHORAGE

**************************************************************************
NOTE:   Ret ai n t hi s par agr aph f or  use as r equi r ed by 
NASA f or  NASA pr oj ect s.   For  ot her  agenci es,  r et ai n 
t hi s par agr aph onl y when equi pment  i s  t o be 
i nst al l ed i n ar eas of  sei smi c act i v i t y.

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

Anchor  equi pment  i n accor dance wi t h appl i cabl e sei smi c cr i t er i a f or  t he 
ar ea and as def i ned i n SMACNA 1981
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2. 8   PAINTING

**************************************************************************
NOTE:   For  al l  out door  appl i cat i ons and al l  i ndoor  
appl i cat i ons i n a har sh envi r onment  r ef er  t o Sect i on 
09 96 00 HI GH- PERFORMANCE COATI NGS.   Hi gh 
per f or mance coat i ngs ar e speci f i ed f or  al l  out door  
appl i cat i ons because ul t r avi ol et  r adi at i on br eaks 
down most  st andar d coat i ngs,  causi ng a phenomenon 
known as chal k i ng,  whi ch i s t he f i r st  st age of  t he 
cor r osi on pr ocess.   For  addi t i onal  i nf or mat i on,  
cont act  The Coat i ngs I ndust r y Al l i ance,  speci f i c  
suppl i er s such as Keel er  and Long and PPG,  and NACE 
I nt er nat i onal  ( NACE) .

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

Pai nt  equi pment  uni t s i n accor dance wi t h appr oved equi pment  manuf act ur er ' s 
st andar ds unl ess speci f i ed ot her wi se.   Fi el d r et ouch onl y i f  appr oved.   
Ot her wi se,  r et ur n equi pment  t o t he f act or y f or  r ef i ni shi ng.

2. 9   I NDOOR AI R QUALI TY

Pr ovi de equi pment  and component s t hat  compl y wi t h t he r equi r ement s of  
ASHRAE 62. 1 unl ess mor e st r i ngent  r equi r ement s ar e speci f i ed her ei n.

2. 10   DUCT SYSTEMS

**************************************************************************
NOTE:   I dent i f y al l  pr essur e c l assi f i cat i on f or  al l  
duct wor k i n accor dance wi t h SMACNA 1966,  i ncl udi ng 
poi nt s of  changes i n pr essur e c l assi f i cat i on,  on t he 
dr awi ngs.   I ndi cat e pi t ch of  duct wor k,  l ow spot s i n 
duct wor k,  and means of  di sposi ng of  condensat e,  
wher e r equi r ed.   Si ze out door  ai r  i nt akes so t hat  
r ai n and snow ar e not  dr awn i nt o t he duct wor k.   
Sl ope wat er t i ght  i nt akes t o a dr ai n l i ne and pr ovi de 
means t o di spose of  t he wat er .   The r equi r ement  t hat  
out door  ai r  i nt ake duct s and pl enums be f abr i cat ed 
wat er t i ght  wi t h sol der ed or  br azed j oi nt s and seams 
can be el i mi nat ed wher e r ai n or  snow does not  get  
dr awn i nt o t he out door  ai r  i nt ake.

Li mi t  t he use of  f l exi bl e duct  ( due t o t he 
i nor di nat e pr essur e dr op and cor r espondi ng f an 
ener gy consumpt i on t hat  i t  causes) .   Show t he ext ent  
of  f l exi bl e duct  on t he dr awi ngs.   Ensur e t hat  t he 
r est r i c t i ons i n t hese st andar ds per t ai ni ng t o t he 
use of  non- met al l i c  mat er i al s i n ai r  di st r i but i on 
pl enums ar e adher ed t o.

The f l ammabi l i t y  and combust i bi l i t y  of  non- met al l i c  
duct  mat er i al s i s  cont r ol l ed by NFPA 90A,  90B,  and 
91.   Show t he ext ent  of  non- met al l i c  duct  on t he 
dr awi ngs when t hese st andar ds l i mi t  i t s  use.

The mi ni mum duct  seal  l evel  must  conf or m t o ASHRAE 
90. 1 i ncl udi ng:  Out door  suppl y duct s and r et ur n 
duct s must  meet  seal  l evel  A.  Out door  exhaust  duct s 
must  meet  a seal  l evel  C.  Uncondi t i oned space suppl y 

SECTI ON 23 00 00  Page 24



duct s wi t h 50 mm 2 i nches w. c.  or  l ess must  meet  
seal  l evel  B and gr eat er  t han 50 mm 2 i nches w. c.  
must  meet  seal  l evel  A.  Uncondi t i oned space exhaust  
duct  must  meet  seal  l evel  C and r et ur n duct  must  
meet  seal  l evel  B.  Condi t i oned space suppl y duct s 
wi t h 50 mm 2 i nches w. c.  or  l ess must  meet  seal  
l evel  C and gr eat er  t han 50 mm 2 i nches w. c.  must  
meet  seal  l evel  B.  Condi t i oned space exhaust  duct  
must  meet  seal  l evel  B and r et ur n duct  must  meet  
seal  l evel  C.

For  Navy pr oj ect s al l  duct wor k must  meet  t he 
r equi r ement s of  Seal  Cl ass A.

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

2. 10. 1   Met al  Duct wor k

Pr ovi de 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,  
t hat  compl i es wi t h SMACNA 1966,  as suppl ement ed and modi f i ed by t hi s 
speci f i cat i on .

a.   Const r uct  duct wor k meet i ng t he r equi r ement s f or  t he duct  syst em st at i c 
pr essur e speci f i ed i n APPENDI X D of  Sect i on 23 05 93 TESTI NG,  ADJUSTI NG 
AND BALANCI NG FOR HVAC.

[ a] [ b] .   Pr ovi de r adi us t ype el bows wi t h a cent er l i ne r adi us of  1. 5 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 ar e al l owed.

b.   Pr ovi de duct wor k t hat  meet s t he r equi r ement s of  Seal  Cl ass [ A] [ C] .   
Pr ovi de duct wor k i n VAV syst ems upst r eam of  t he VAV boxes t hat  meet s 
t he r equi r ement s of  Seal  Cl ass A.

c.   Pr ovi de duct wor k t hat  meet s t he r equi r ement s of  Seal  Cl ass A.   Pr ovi de 
duct wor k i n VAV syst ems upst r eam of  t he VAV boxes t hat  meet s t he 
r equi r ement s of  Seal  Cl ass A.

[ c] [ d] .   Pr ovi de seal ant s t hat  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 
and ar e sui t abl e f or  t he r ange of  ai r  di st r i but i on and ambi ent  
t emper at ur es t o whi ch i t  i s  exposed.   Do not  use pr essur e sensi t i ve 
t ape as a seal ant .   Pr ovi de duct  seal ant  pr oduct s t hat  meet  ei t her  
emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  
ei t her  of f i ce or  c l assr oom spaces 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 ar e 
c l assi f i ed as " Ot her "  wi t hi n t he SCAQMD Rul e 1168 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.

[ d] [ e] .   Make spi r al  l ock seam duct ,  and f l at  oval  wi t h duct  seal ant  and 
l ock 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.   Appl y t he seal ant  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  i s  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.   Appl y 
one br ush coat  of  t he seal ant  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  ar e not  accept abl e.   
Fabr i cat e out door  ai r  i nt ake duct s and pl enums wi t h wat er t i ght  sol der ed 
or  br azed j oi nt s and seams.
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2. 10. 1. 1   Met al l i c  Fl exi bl e Duct

a.   Pr ovi de duct  t hat  conf or ms t o UL 181 and NFPA 90A wi t h f act or y- appl i ed 
i nsul at i on,  vapor  bar r i er ,  and end connect i ons.   Pr ovi de duct  assembl y 
t hat  does not  exceed 25 f or  f l ame spr ead and 50 f or  smoke devel oped.   
Pr ovi de duct s desi gned f or  wor ki ng pr essur es of  497 Pa 2 i nches wat er  
gauge posi t i ve and 373 Pa 1. 5 i nches wat er  gauge negat i ve.   Pr ovi de 
f l exi bl e r ound duct  l engt h t hat  does not  exceed 1525 mm 5 f eet .   Secur e 
connect i ons by appl y i ng adhesi ve f or  51 mm 2 i nches over  r i gi d duct ,  
appl y f l exi bl e duct  51 mm 2 i nches over  r i gi d duct ,  appl y met al  c l amp,  
and pr ovi de mi ni mum of  t hr ee No.  8 sheet  met al  scr ews t hr ough cl amp and 
r i gi d duct .

b.   I nner  duct  cor e:   Pr ovi de i nt er l ocki ng spi r al  or  hel i cal l y  cor r ugat ed 
f l exi bl e cor e const r uct ed of  z i nc- coat ed st eel ,  al umi num,  or  st ai nl ess 
st eel ;  or  const r uct ed of  i nner  l i ner  of  cont i nuous gal vani zed spr i ng 
st eel  wi r e hel i x  f used t o cont i nuous,  f i r e- r et ar dant ,  f l exi bl e vapor  
bar r i er  f i l m,  i nner  duct  cor e.

c.   I nsul at i on:   Pr ovi de i nner  duct  cor e t hat  i s  i nsul at ed wi t h mi ner al  
f i ber  bl anket  t ype f l exi bl e i nsul at i on,  mi ni mum of  25 mm 1 i nch t hi ck.   
Pr ovi de i nsul at i on cover ed on ext er i or  wi t h manuf act ur er ' s st andar d 
f i r e r et ar dant  vapor  bar r i er  j acket  f or  f l exi bl e r ound duct .

2. 10. 1. 2   I nsul at ed Nonmet al l i c  Fl exi bl e Duct  Runout s

Use f l exi bl e duct  r unout s onl y wher e i ndi cat ed.   Runout  l engt h i s i ndi cat ed 
on t he dr awi ngs,  and i s not  t o exceed 1. 5 m 5 f eet .   Pr ovi de r unout s t hat  
ar e pr ei nsul at ed,  f act or y f abr i cat ed,  and t hat  compl y wi t h NFPA 90A and 
UL 181.   Pr ovi de ei t her  f i el d or  f act or y appl i ed vapor  bar r i er .   Pr ovi de 
not  l ess t han 0. 60 L 20 ounce gl ass f abr i c duct  connect or s coat ed on bot h 
s i des wi t h neopr ene.   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,  use a st r eaml i ned,  vaned and mi t er ed 
el bow t r ansi t i on pi ece f or  connect i on t o t he f l exi bl e duct  or  hose.   
Pr ovi de a di e- st amped el bow and not  a f l exi bl e connect or  as t he 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.   I nsul at ed f l exi bl e 
connect or s ar e al l owed as r unout s.   Pr ovi de i nsul at ed mat er i al  and vapor  
bar r i er  t hat  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.   Do not  expose t he i nsul at i on mat er i al  
sur f ace t o t he ai r  st r eam.

2. 10. 1. 3   Gener al  Ser vi ce Duct  Connect or s

Pr ovi de a f l exi bl e duct  connect or  appr oxi mat el y 150 mm 6 i nches i n wi dt h 
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,  secur e t he f l exi bl e mat er i al  
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,  i nst al l  t he f l exi bl e mat er i al  l ocked t o met al  col l ar s 
usi ng nor mal  duct  const r uct i on met hods.   Pr ovi de a composi t e connect or  
syst em t hat  compl i es wi t h NFPA 701 and i s c l assi f i ed as " f l ame- r et ar dent  
f abr i cs"  i n UL Bl d Mat  Di r .

2. 10. 1. 4   Hi gh Temper at ur e Ser vi ce Duct  Connect i ons

Pr ovi de mat er i al  t hat  i s  appr oxi mat el y 2. 38 mm 3/ 32 i nch t hi ck,  1. 2 t o 1. 36 
kg per  squar e met er  35 t o 40- ounce per  squar e yar d wei ght ,  pl ai n weave 
f i br ous gl ass c l ot h wi t h,  ni ckel / chr ome wi r e r ei nf or cement  f or  ser v i ce i n 
excess of  650 degr ees C 1200 degr ees F.
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2. 10. 1. 5   Al umi num Duct s

ASTM B209M ASTM B209,  al l oy 3003- H14 f or  al umi num sheet  and al l oy 6061- T6 
or  equi val ent  st r engt h f or  al umi num connect or s and bar  st ock.

2. 10. 1. 6   Copper  Sheet s

ASTM B152/ B152M,  l i ght  col d r ol l ed t emper .

2. 10. 1. 7   Cor r osi on Resi st i ng ( St ai nl ess)  St eel  Sheet s

ASTM A167

2. 10. 2   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.

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

Pr ovi de hi nged access door s conf or mi ng t o SMACNA 1966 i n duct wor k and 
pl enums 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.   Pr ovi de access door s 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.   Pr ovi de door s t hat  ar e a 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 does not  accommodat e t hi s s i ze 
door ,  make t he door s as l ar ge as pr act i cabl e.   Equi p door s 600 by 600 mm 24 
by 24 i nches or  l ar ger  wi t h f ast ener s oper abl e f r om i nsi de and out s i de t he 
duct .   Use i nsul at ed t ype door s i n i nsul at ed duct s.

2. 10. 3   Fi r e Damper s

**************************************************************************
NOTE:   I ndi cat e 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 accor di ng t o 
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 t he dr awi ngs.   Use 
pr essur e r el i ef  damper  upst r eam of  t he f i r e damper  
f or  Ar my and Ai r  For ce pr oj ect s onl y.

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

Use 1. 5 hour  r at ed f i r e damper s unl ess ot her wi se i ndi cat ed.   Pr ovi de f i r e 
damper s t hat  conf or m t o t he r equi r ement s of  NFPA 90A and UL 555.   Per f or m 
t he f i r e damper  t est  as out l i ned i n NFPA 90A.   Pr ovi de a pr essur e r el i ef  
door  upst r eam of  t he f i r e damper .   I f  t he duct wor k connect ed t o t he f i r e 
damper  i s t o be i nsul at ed t hen pr ovi de a f act or y i nst al l ed pr essur e r el i ef  
damper .   Pr ovi de aut omat i c oper at i ng f i r e damper s wi t h 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  
i s  subj ect ed.   Pr ovi de f i r e damper s appr oved f or  t he speci f i c  appl i cat i on,  
and i nst al l  accor di ng t o t hei r  l i s t i ng.   Equi p f i r e damper s 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,  does not  i mpai r  t he oper at i on of  t he 
damper .   Equi p s l eeves or  f r ames 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.   Const r uct  duct wor k i n f i r e- r at ed 
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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 i n conf or mance wi t h UL Fi r e Resi st ance.   
Pr ovi de [ 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]  f i r e damper s.   
I nst al l  damper s t hat  do not  r educe t he duct  or  t he ai r  t r ansf er  openi ng 
cr oss- sect i onal  ar ea.   I nst al l  damper s 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 or  
f l oor  s l ab dept h or  t hi ckness.   Unl ess ot her wi se i ndi cat ed,  compl y wi t h 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.   Per f or m accept ance t est i ng of  f i r e damper s 
accor di ng t o par agr aph Fi r e Damper  Accept ance Test  and NFPA 90A.

2. 10. 4   Manual  Bal anci ng Damper s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Ai r  For ce,  Ar my and 
NASA pr oj ect s.

Show al l  vol ume damper s on t he dr awi ngs.   Do not  
r el y upon di f f user  and r egi st er  vol ume damper s f or  
balancing.

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

Fur ni sh manual  bal anci ng damper s wi t h accessi bl e oper at i ng mechani sms.   Use 
chr omi um pl at ed oper at or s ( wi t h al l  exposed edges r ounded)  i n f i ni shed 
por t i ons of  t he bui l di ng.   Pr ovi de manual  vol ume cont r ol  damper s t hat  ar e 
oper at ed by l ocki ng- t ype quadr ant  oper at or s.   I nst al l  damper s t hat  ar e 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,  pr ovi de opposed bl ade t ype mul t i l eaf  damper s wi t h maxi mum bl ade 
wi dt h of  300 mm 12 i nches.   Pr ovi de access door s or  panel s f or  al l  
conceal ed damper  oper at or s and l ocki ng set scr ews.   Pr ovi de st and- of f  
mount i ng br acket s,  bases,  or  adapt er s not  l ess t han t he t hi ckness of  t he 
i nsul at i on when t he l ocki ng- t ype quadr ant  oper at or s f or  damper s ar e 
i nst al l ed on duct s t o be t her mal l y i nsul at ed,  t o pr ovi de c l ear ance bet ween 
t he duct  sur f ace and t he oper at or .   Pr ovi de st and- of f  mount i ng i t ems t hat  
ar e i nt egr al  wi t h t he oper at or  or  st andar d accessor y of  t he damper  
manufacturer.

2. 10. 5   Manual  Bal anci ng Damper s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Navy pr oj ect s.

Show al l  manual  vol ume damper s on t he dr awi ngs.   Do 
not  r el y upon di f f user  and r egi st er  vol ume damper s 
f or  bal anci ng.

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

a.   Fur ni sh manual  bal anci ng damper s wi t h accessi bl e oper at i ng mechani sms.   
Use chr omi um pl at ed oper at or s ( wi t h al l  exposed edges r ounded)  i n 
f i ni shed por t i ons of  t he bui l di ng.   Pr ovi de manual  vol ume cont r ol  
damper s t hat  ar e oper at ed by l ocki ng- t ype quadr ant  oper at or s.

b.   Unl ess ot her wi se i ndi cat ed,  pr ovi de opposed bl ade t ype mul t i l eaf  
damper s wi t h maxi mum bl ade wi dt h of  300 mm 12 i nches.   Pr ovi de access 
door s or  panel s f or  al l  conceal ed damper  oper at or s and l ocki ng 
set scr ews.   Pr ovi de access door s or  panel s i n har d cei l i ngs,  par t i t i ons 
and wal l s f or  access t o al l  conceal ed damper  oper at or s and damper  
l ocki ng set scr ews.    Coor di nat e l ocat i on of  door s or  panel s wi t h ot her  
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af f ect ed cont r act or s.

c.   Pr ovi de st and- of f  mount i ng br acket s,  bases,  or  adapt er s not  l ess t han 
t he t hi ckness of  t he i nsul at i on when t he l ocki ng- t ype quadr ant  
oper at or s f or  damper s ar e i nst al l ed on duct s t o be t her mal l y i nsul at ed,  
t o pr ovi de c l ear ance bet ween t he duct  sur f ace and t he oper at or .   
Pr ovi de st and- of f  mount i ng i t ems t hat  ar e 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 .

2. 10. 5. 1   Squar e or  Rect angul ar  Damper s

2. 10. 5. 1. 1   Duct  Hei ght  300 mm 12 i nches and Less

2. 10. 5. 1. 1. 1   Frames

Width Height Gal vani zed St eel  
Thickness

Length

Maxi mum 483 mm 19 
inches

Maxi mum 300 mm 12 
inches

Mi ni mum 0. 91 mm 20 
gauge

Mi ni mum 75 mm 3 
inches

Mor e t han 483 mm 19 
inches

Maxi mum 300 mm 12 
inches

Mi ni mum 1. 6 mm 16 
gauge

Mi ni mum 75 mm 3 
inches

2. 10. 5. 1. 1. 2   Si ngl e Leaf  Bl ades

Width Height Gal vani zed St eel  
Thickness

Length

Maxi mum 483 mm 19 
inches

Maxi mum 300 mm 12 
inches

Mi ni mum 0. 91 mm 20 
gauge

Mi ni mum 75 mm 3 
inches

Mor e t han 483 mm 19 
inches

Maxi mum 300 mm 12 
inches

Mi ni mum 1. 6 mm 16 
gauge

Mi ni mum 75 mm 3 
inches

   
2. 10. 5. 1. 1. 3   Bl ade Axl es

To suppor t  t he bl ades of  r ound damper s,  pr ovi de gal vani zed st eel  shaf t s 
suppor t i ng t he bl ade t he ent i r e duct  di amet er  f r ame- t o- f r ame.   Pr ovi de axl e 
shaf t s t hat  ext end t hr ough st andof f  br acket  and hand quadr ant .

Width Height Material Squar e Shaf t

Maxi mum 483 mm 19 
inches

Maxi mum 300 mm 12 
inches

Gal vani zed St eel Mi ni mum 10 mm 3/ 8 
inch

Mor e t han 483 mm 19 
inches

Maxi mum 300 mm 12 
inches

Gal vani zed St eel Mi ni mum 13 mm 1/ 2 
inch

2. 10. 5. 1. 1. 4   Axl e  Bear i ngs

Suppor t  t he shaf t  on each end at  t he f r ames wi t h shaf t  bear i ngs.   Pr ess f i t  
shaf t  bear i ngs conf i gur at i on t o pr ovi de a t i ght  j oi nt  bet ween bl ade shaf t  
and damper  f r ame.
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Width Height Material

Maxi mum 483 mm 19 i nches Maxi mum 300 mm 12 i nches sol i d nyl on,  or  equi val ent  
sol i d pl ast i c,  or  
oi l - i mpr egnat ed br onze

Mor e t han 483 mm 19 i nches Maxi mum 300 mm 12 i nches oi l - i mpr egnat ed br onze

2. 10. 5. 1. 1. 5   Cont r ol  Shaf t / Hand Quadr ant

Pr ovi de damper s wi t h accessi bl e l ocki ng- t ype cont r ol  shaf t / hand quadr ant  
operators.

Pr ovi de st and- of f  mount i ng br acket s,  bases,  or  adapt er s f or  t he 
l ocki ng- t ype quadr ant  oper at or s on damper s i nst al l ed on duct s t o be 
t her mal l y i nsul at ed.   Pr ovi de a mi ni mum st and- of f  di st ance of  50 mm 2 i nches
 of f  t he met al  duct  sur f ace.   Pr ovi de st and- of f  mount i ng i t ems t hat  ar e 
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 .

2. 10. 5. 1. 1. 6   Finish

Mi l l  Gal vani zed

2. 10. 5. 1. 2   Duct  Hei ght  Gr eat er  t han 300 mm 12 i nches

2. 10. 5. 1. 2. 1   Dampers

Pr ovi de damper s wi t h mul t i - l eaf  opposed- t ype bl ades.

2. 10. 5. 1. 2. 2   Frames

Maxi mum 1200 mm 48 i nches i n hei ght ;  maxi mum 1200 mm 48 i nches i n  wi dt h;  
mi ni mum of  1. 6 mm 16 gauge gal vani zed st eel ,
mi ni mum of  127 mm 5 i nches l ong.

2. 10. 5. 1. 2. 3   Blades

Mi ni mum of  1. 6 mm 16 gauge gal vani zed st eel ;  150 mm 6 i nch nomi nal  wi dt h.
   
2. 10. 5. 1. 2. 4   Bl ade Axl es

To suppor t  t he bl ades of  r ound damper s,  pr ovi de gal vani zed squar e st eel  
shaf t s suppor t i ng t he bl ade t he ent i r e duct  di amet er  f r ame- t o- f r ame.   
Pr ovi de axl e shaf t s t hat  ext end t hr ough st andof f  br acket  and hand quadr ant .

2. 10. 5. 1. 2. 5   Axl e Bear i ngs

Suppor t  t he shaf t  on each end at  t he f r ames wi t h shaf t  bear i ngs const r uct ed 
of  oi l - i mpr egnat ed br onze,  or  sol i d nyl on,  or  a sol i d pl ast i c equi val ent  t o 
nyl on.   Pr ess f i t  shaf t  bear i ngs conf i gur at i on t o pr ovi de a t i ght  j oi nt  
bet ween bl ade shaf t  and damper  f r ame.

2. 10. 5. 1. 2. 6   Bl ade Act uat or

Mi ni mum 50 mm 1/ 2 i nch di amet er  gal vani zed st eel .
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2. 10. 5. 1. 2. 7   Bl ade Act uat or  Li nkage

Mi l l  Gal vani zed st eel  bar  and cr ank pl at e wi t h st ai nl ess st eel  pi vot s.
  
2. 10. 5. 1. 2. 8   Cont r ol  Shaf t / Hand Quadr ant

Pr ovi de damper s wi t h accessi bl e l ocki ng- t ype cont r ol  shaf t / hand quadr ant  
operators.   

Pr ovi de st and- of f  mount i ng br acket s,  bases,  or  adapt er s f or  t he 
l ocki ng- t ype quadr ant  oper at or s on damper s i nst al l ed on duct s t o be 
t her mal l y i nsul at ed.   Pr ovi de a mi ni mum st and- of f  di st ance of  50 mm 2 i nches
 of f  t he met al  duct  sur f ace.   Pr ovi de st and- of f  mount i ng i t ems t hat  ar e 
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 .

2. 10. 5. 1. 2. 9   Finish

Mi l l  Gal vani zed

2. 10. 5. 2   Round Damper s

  2. 10. 5. 2. 1    Frames

Size Gal vani zed St eel  Thi ckness Length

100 t o 500 mm4 t o 20 i nches Mi ni mum 0. 91 mm 20 gauge Mi ni mum 152 mm 6 i nches

 550 t o 750 mm 22 t o 30 
inches

Mi ni mum 0. 91 mm 20 gauge Mi ni mum 250 mm 10 i nches

 775 t o 1000 mm 32 t o 40 
inches

Mi ni mum 1. 6 mm 16 gauge Mi ni mum 250 mm 10 i nches

  2. 10. 5. 2. 2    Blades

Size Gal vani zed St eel  Thi ckness

100 t o 500 mm4 t o 20 i nches Mi ni mum 0. 91 mm 20 gauge

 550 t o 750 mm 22 t o 30 i nches Mi ni mum 1. 6 mm 16 gauge

 775 t o 1000 mm 32 t o 40 i nches Mi ni mum 3. 5 mm 10 gauge

      2. 10. 5. 2. 3   Bl ade Axl es

To suppor t  t he bl ades of  r ound damper s,  pr ovi de gal vani zed st eel  shaf t s 
suppor t i ng t he bl ade t he ent i r e duct  di amet er  f r ame- t o- f r ame.   Pr ovi de axl e 
shaf t s t hat  ext end t hr ough st andof f  br acket  and hand quadr ant .
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Size Shaf t  Si ze and Shape

100 t o 500 mm4 t o 20 i nches Mi ni mum 10 mm 3/ 8 i nch squar e

 550 t o 750 mm 22 t o 30 i nches Mi ni mum 13 mm 1/ 2 i nch squar e

 775 t o 1000 mm 32 t o 40 i nches Mi ni mum 19 mm 3/ 4 i nch squar e

   2. 10. 5. 2. 4   Axl e  Bear i ngs

Suppor t  t he shaf t  on each end at  t he f r ames wi t h shaf t  bear i ngs const r uct ed 
of  oi l - i mpr egnat ed br onze,  or  sol i d nyl on,  or  a sol i d pl ast i c equi val ent  t o 
nyl on.   Pr ess f i t  shaf t  bear i ngs conf i gur at i on t o pr ovi de a t i ght  j oi nt  
bet ween bl ade shaf t  and damper  f r ame.  

 
Size Material

100 t o 500 mm4 t o 20 i nches sol i d nyl on,  or  equi val ent  sol i d pl ast i c,  or  
oi l - i mpr egnat ed br onze

 550 t o 750 mm 22 t o 30 i nches sol i d nyl on,  or  equi val ent  sol i d pl ast i c,  or  
oi l - i mpr egnat ed br onze

 775 t o 1000 mm 32 t o 40 i nches oi l - i mpr egnat ed br onze,  or  st ai nl ess st eel  
s l eeve bear i ng

      2. 10. 5. 2. 5   Cont r ol  Shaf t / Hand Quadr ant

Pr ovi de damper s wi t h accessi bl e l ocki ng- t ype cont r ol  shaf t / hand quadr ant  
operators.    

Pr ovi de st and- of f  mount i ng br acket s,  bases,  or  adapt er s f or  t he 
l ocki ng- t ype quadr ant  oper at or s on damper s i nst al l ed on duct s t o be 
t her mal l y i nsul at ed.   Pr ovi de a mi ni mum st and- of f  di st ance of  50 mm 2 i nches
 of f  t he met al  duct  sur f ace.   Pr ovi de st and- of f  mount i ng i t ems t hat  ar e 
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 .

      2. 10. 5. 2. 6   Finish

Mi l l  Gal vani zed

2. 10. 6   Aut omat i c Bal anci ng Damper s

Pr ovi de damper s as speci f i ed i n par agr aph SUPPLEMENTAL COMPONENTS/ SERVI CES,  
subpar agr aph CONTROLS.

2. 10. 7   Aut omat i c Smoke- Fi r e Damper s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Navy pr oj ect s onl y.   
When t hi s par agr aph i s not  used,  del et e " Aut omat i c 
Smoke- Fi r e Damper s"  f r om t he submi t t al  l i s t .

For  smoke- f i r e damper s,  use UL 555S Cl ass I I I ,  
unl ess t he par t i cul ar  bui l di ng and appl i cat i on such 
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as hospi t al  di ct at es t he use of  UL 555S Cl ass I I  
instead.

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

Mul t i pl e bl ade t ype,  82 degr ees C 180 degr ees F f usi bl e f i r e damper  l i nk;  
smoke damper  assembl y t o i ncl ude [ pneumat i cal l y  power ed] [ el ect r i c ]  damper  
oper at or .   UL 555 as a 1. 5 hour  r at ed f i r e damper ;  f ur t her  qual i f i ed under  
UL 555S as a l eakage r at ed damper .   Pr ovi de a l eakage r at i ng under  UL 555S 
t hat  i s  no hi gher  t han Cl ass [ I I ] [  or  ] [ I I I ]  at  an el evat ed t emper at ur e 
Cat egor y B (  121 degr ees C 250 degr ees F f or  30 mi nut es ) .   Ensur e t hat  
pr essur e dr op i n t he damper  open posi t i on does not  exceed 25 Pa 0. 1 i nch 
wat er  gauge wi t h aver age duct  vel oci t i es of  13 m/ second 2500 f pm.

2. 10. 8   Aut omat i c Smoke Damper s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Navy pr oj ect s onl y.   
When t hi s par agr aph i s not  used,  del et e " Aut omat i c 
Smoke Damper s"  f r om t he submi t t al  l i s t .

For  smoke- f i r e damper s,  use UL 555S Cl ass I I I ,  
unl ess t he par t i cul ar  bui l di ng and appl i cat i on such 
as hospi t al  di ct at es t he use of  UL 555S Cl ass I I  
instead.

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

UL l i s t ed mul t i pl e bl ade t ype,  suppl i ed by smoke damper  manuf act ur er ,  wi t h 
[ pneumat i c] [ el ect r i c ]  damper  oper at or  as par t  of  assembl y.   Qual i f i ed under  
UL 555S wi t h a l eakage r at i ng no hi gher  t han Cl ass [ I I ] [  or  ] [ I I I ]  at  an 
el evat ed t emper at ur e Cat egor y B (  121 degr ees C 250 degr ees F f or  30 
mi nut es ) .   Ensur e t hat  pr essur e dr op i n t he damper  open posi t i on does not  
exceed 25 Pa 0. 1 i nch wat er  gauge wi t h aver age duct  vel oci t i es of  13 
m/ second 2500 f pm.

2. 10. 9   Ai r  Suppl y And Exhaust  Ai r  Damper s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Ai r  For ce,  Ar my and 
NASA pr oj ect s.

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

Pr ovi de out door  ai r  suppl y and exhaust  ai r  damper s t hat  have a maxi mum 
l eakage r at e when t est ed i n accor dance wi t h AMCA 500- D as r equi r ed by 
ASHRAE 90. 1 -  SI  ASHRAE 90. 1 -  I P,  i ncl udi ng maxi mum Damper  Leakage f or :  

a.   Cl i mat e Zones 1, 2, 6, 7, 8 t he maxi mum damper  l eakage at  250 Pa 1. 0 i nch 
w. g.  f or  mot or i zed damper s i s 20 L/ s per  squar e m 4 cf m per  squar e f oot  
of  damper  ar ea and non- mot or i zed damper s ar e not  al l owed.  

b.   Al l  ot her  Cl i mat e Zones t he maxi mum damper  l eakage at  250 Pa 1. 0 i nch 
w. g.  i s  50 L/ s per  squar e m 10 cf m per  squar e f oot  and f or  
non- mot or i zed damper s i s 100 L/ s per  squar e m 20 cf m per  squar e f oot  of  
damper  ar ea.

Damper s smal l er  t han 600 mm 24 i nches i n ei t her  di r ect i on may have l eakage 
of  200 L/ s per  squar e m 40 cf m per  squar e f oot .
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2. 10. 10   Ai r  Def l ect or s ( Vol ume Ext r act or s)  and Br anch Connect i ons

**************************************************************************
NOTE:   Ai r  def l ect or s ar e f or  Ar my and Ai r  For ce 
pr oj ect s onl y.

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

Pr ovi de ai r  def l ect or s ( vol ume ext r act or s)  at  al l  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 ar e al l owed i n l i eu of  
def l ect or s f or  br anch connect i ons.   Fur ni sh al l  ai r  def l ect or s ( vol ume 
ext r act or s) ,  except  t hose i nst al l ed i n 90 degr ee el bows,  wi t h an appr oved 
means of  adj ust ment .   Pr ovi de easi l y accessi bl e means f or  adj ust ment  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,  pr ovi de ext er nal  
adj ust ment s 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.   Pr ovi de 
f act or y- f abr i cat ed ai r  def l ect or 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.   Pr ovi de f act or y or  
f i el d assembl ed ai r  def l ect or s ( vol ume ext r act or s) .   Make adj ust ment  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 .   Pr ovi de st and- of f  br acket s on i nsul at ed duct s as descr i bed her ei n.   
Pr ovi de f i xed ai r  def l ect or s ( vol ume ext r act or s) ,  al so cal l ed t ur ni ng 
vanes,  i n 90 degr ee el bows.

2. 10. 11   Pl enums and Casi ngs f or  Fi el d- Fabr i cat ed Uni t s

**************************************************************************
NOTE:   I f  f i el d- f abr i cat ed ai r  handl i ng uni t s ar e 
not  used,  del et e t hi s par agr aph ent i r el y.   Del et e 
i nappl i cabl e sent ences or  i t ems.   Del et e t he 
push- but t on st at i on i f  not  r equi r ed.

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

2. 10. 11. 1   Pl enum and Casi ngs

Fabr i cat e and er ect  pl enums and casi ngs as shown i n SMACNA 1966,  as 
appl i cabl e.   Const r uct  syst em casi ng of  not  l ess t han 1. 6 mm 16 gauge 
gal vani zed sheet  st eel .   Fur ni sh cool i ng coi l  dr ai n pans wi t h 25 mm 1 i nch 
t hr eaded out l et  t o col l ect  condensat i on f r om t he cool i ng coi l s.   Fabr i cat e 
dr ai n pans f r om not  l i ght er  t han 1. 6 mm 16 gauge st eel ,  gal vani zed af t er  
f abr i cat i on or  of  1. 3 mm 18 gauge cor r osi on- r esi st i ng sheet  st eel  
conf or mi ng t o ASTM A167,  Type 304,  wel ded and st i f f ened.   Ther mal l y 
i nsul at e dr ai n pans exposed t o t he at mospher e t o pr event  condensat i on.   
Coat  i nsul at i on wi t h a f l ame r esi st ant  wat er pr oof i ng mat er i al .   Pr ovi de 
separ at e dr ai n pans f or  each ver t i cal  coi l  sect i on,  and a separ at e dr ai n 
l i ne f or  each pan.   Si ze pans t o ensur e capt ur e of  ent r ai ned moi st ur e on 
t he downst r eam- ai r  s i de of  t he coi l .   Seal  openi ngs i n t he casi ng,  such as 
f or  pi pi ng connect i ons,  t o pr event  ai r  l eakage.   Si ze t he wat er  seal  f or  
t he dr ai n t o mai nt ai n a pr essur e of  at  l east  500 Pa 2 i nch wat er  gauge 
gr eat er  t han t he maxi mum negat i ve pr essur e i n t he coi l  space.

2. 10. 11. 2   Casing

Ter mi nat e casi ngs at  t he cur b l i ne and bol t  each t o t he cur b usi ng 
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gal vani zed angl e,  as i ndi cat ed i n SMACNA 1966.

2. 10. 11. 3   Access Door s

**************************************************************************
NOTE:   Det er mi ne whet her  an el ect r i cal  push- but t on 
t o st op t he f an by a per son i nsi de t he casi ng i s 
r equi r ed.   I f  r equi r ed,  check t he dr awi ngs t o ensur e 
t hat  t he i t em i s shown,  and pr oper l y coor di nat ed 
wi t h el ect r i cal  dr awi ngs.   Use push- but t on st at i ons 
f or  Ar my and Ai r  For ce pr oj ect s onl y.

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

Pr ovi de access door s i n each sect i on of  t he casi ng.   Wel d door f r ames i n 
pl ace,  gasket  each door  wi t h neopr ene,  hi nge wi t h mi ni mum of  t wo br ass 
hi nges,  and f ast en wi t h a mi ni mum of  t wo br ass t ensi on f ast ener s oper abl e 
f r om i nsi de and out s i de of  t he casi ng.   Wher e possi bl e,  make door s 900 by 
450 mm 36 by 18 i nches and l ocat e t hem 450 mm 18 i nches above t he f l oor .   
Wher e t he space avai l abl e does not  accommodat e door s of  t hi s s i ze,  use 
door s as l ar ge as t he space accommodat es.   Swi ng door s so t hat  f an suct i on 
or  pr essur e hol ds door s i n c l osed posi t i on,  ai r t i ght .   Pr ovi de a 
push- but t on st at i on,  l ocat ed i nsi de t he casi ng,  t o st op t he suppl y.

2. 10. 11. 4   Fact or y- Fabr i cat ed I nsul at ed Sheet  Met al  Panel s

Fact or y- f abr i cat ed component s ar e al l owed f or  f i el d- assembl ed uni t s ,  
pr ovi ded al l  r equi r ement s speci f i ed f or  f i el d- f abr i cat ed pl enums and 
casi ngs ar e met .   Pr ovi de panel s of  modul ar  desi gn,  pr et est ed f or  
st r uct ur al  st r engt h,  t her mal  cont r ol ,  condensat i on cont r ol ,  and acoust i cal  
cont r ol .   Seal  and i nsul at e panel  j oi nt s.   Pr ovi de and gasket  access door s 
t o pr event  ai r  l eakage.   Pr ovi de panel  const r uct i on t hat  i s  not  l ess t han 
one mm 20 gauge gal vani zed sheet  st eel ,  assembl ed wi t h f ast ener s t r eat ed 
agai nst  cor r osi on.   Pr ovi de st andar d l engt h panel s t hat  def l ect  not  mor e 
t han 13 mm 1/ 2 i nch under  oper at i on.   Const r uct  det ai l s ,  i ncl udi ng j oi nt  
seal i ng,  not  speci f i cal l y  cover ed,  as i ndi cat ed i n SMACNA 1966.   Const r uct  
t he pl enums and casi ngs t o wi t hst and t he speci f i ed i nt er nal  pr essur e of  t he 
ai r  syst ems.

2. 10. 11. 5   Duct  Li ner

**************************************************************************
NOTE:   I f  duct  l i ner  i s  used,  r emove t hi s par agr aph.

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

Unl ess ot her wi se speci f i ed,  duct  l i ner  i s  not  per mi t t ed.

2. 10. 12   Sound At t enuat i on Equi pment

**************************************************************************
NOTE:   Use sound at t enuat or s or  acoust i cal  duct  
l i ner  onl y wher e acoust i cal  t r eat ment  i s  r equi r ed 
and t her e ar e no ot her  sui t abl e al t er nat i ves.   Do 
not  use acoust i cal  duct  l i ner  i n medi cal  f aci l i t i es.

Ref er  t o UFC 3- 450- 02,  Power  Pl ant  Acoust i cs ,  f or  
noi se cr i t er i a.   I ncl ude sound power  l evel s r equi r ed 
i n t he appr opr i at e schedul e on t he dr awi ngs.

**************************************************************************
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2. 10. 12. 1   Syst ems wi t h t ot al  pr essur e above 1 kPa 4 I nches Wat er  Gauge

Pr ovi de sound at t enuat or s on t he di schar ge duct  of  each f an oper at i ng at  a 
t ot al  pr essur e above 1 kPa 4 i nch wat er  gauge,  and,  when i ndi cat ed,  at  t he 
i nt ake of  each f an syst em.   Pr ovi de sound at t enuat or s el sewher e as 
i ndi cat ed.   Pr ovi de f act or y f abr i cat ed sound at t enuat or s,  t est ed by an 
i ndependent  l abor at or y f or  sound and per f or mance char act er i st i cs.   Pr ovi de 
a net  sound r educt i on as i ndi cat ed.   Maxi mum per mi ssi bl e pr essur e dr op i s 
not  t o exceed 157 Pa 0. 63 i nch wat er  gauge.   Const r uct  t r aps t o be ai r t i ght  
when oper at i ng under  an i nt er nal  st at i c pr essur e of  2. 5 kPa 10 i nch wat er  
gauge.   Pr ovi de ai r - s i de sur f ace capabl e of  wi t hst andi ng ai r  vel oci t y of  50 
m/ s 10, 000 f pm.   Cer t i f y  t hat  t he equi pment  can obt ai n t he sound r educt i on 
val ues speci f i ed af t er  t he equi pment  i s  i nst al l ed i n t he syst em and 
coor di nat ed wi t h t he sound i nf or mat i on of  t he syst em f an t o be pr ovi ded.   
Pr ovi de sound absor bi ng mat er i al  conf or mi ng t o ASTM C1071,  Type I  or  I I .   
Pr ovi de sound absor bi ng mat er i al  t hat  meet s t he f i r e hazar d r at i ng 
r equi r ement s f or  i nsul at i on speci f i ed i n Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.   For  connect i on t o duct wor k,  pr ovi de a 
duct  t r ansi t i on sect i on.   Fact or y f abr i cat ed doubl e- wal l ed i nt er nal l y 
i nsul at ed spi r al  l ock seam and r ound duct  and f i t t i ngs desi gned f or  hi gh 
pr essur e ai r  syst em can be pr ovi ded i f  compl yi ng wi t h r equi r ement s 
speci f i ed f or  f act or y f abr i cat ed sound at t enuat or s,  i n l i eu of  f act or y 
f abr i cat ed sound at t enuat or s.   Const r uct  t he doubl e- wal l ed duct  and 
f i t t i ngs f r om an out er  met al  pr essur e shel l  of  z i nc- coat ed st eel  sheet ,  25 
mm 1 i nch t hi ck acoust i cal  bl anket  i nsul at i on,  and an i nt er nal  per f or at ed 
z i nc- coat ed met al  l i ner .   Pr ovi de a suf f i c i ent  l engt h of  r un t o obt ai n t he 
noi se r educt i on coef f i c i ent  speci f i ed.   Cer t i f y  t hat  t he sound r educt i on 
val ue speci f i ed can be obt ai ned wi t hi n t he l engt h of  duct  r un pr ovi ded.   
Pr ovi de wel ded or  spi r al  l ock seams on t he out er  sheet  met al  of  t he 
doubl e- wal l ed duct  t o pr event  wat er  vapor  penet r at i on.   Pr ovi de duct  and 
f i t t i ngs wi t h an out er  sheet  t hat  conf or ms t o t he met al  t hi ckness of  
hi gh- pr essur e spi r al  and r ound duct s and f i t t i ngs shown i n SMACNA 1966.   
Pr ovi de acoust i cal  i nsul at i on wi t h a t her mal  conduct i v i t y " k"  of  not  mor e 
t han 0. 0389 W/ m- K 0. 27 Bt u/ i nch/ squar e f oot / hour / degr ee F at  24 degr ees C 
75 degr ees F mean t emper at ur e.   Pr ovi de an i nt er nal  per f or at ed z i nc- coat ed 
met al  l i ner  t hat  i s  not  l ess t han 0. 7 mm 24 gauge wi t h per f or at i ons not  
l ar ger  t han 6. 35 mm 1/ 4 i nch i n di amet er  pr ovi di ng a net  open ar ea not  l ess 
t han 10 per cent  of  t he sur f ace.

2. 10. 12. 2   Syst em wi t h t ot al  pr essur e of  1 kPa 4 I nch Wat er  Gauge and Lower

Use sound at t enuat or s onl y wher e i ndi cat ed.   Pr ovi de f act or y f abr i cat ed 
sound at t enuat or s t hat  ar e const r uct ed of  gal vani zed st eel  sheet s.   Pr ovi de 
at t enuat or  wi t h out er  casi ng t hat  i s  not  l ess t han 0. 85 mm 22 gauge.   
Pr ovi de f i br ous gl ass acoust i cal  f i l l .   Pr ovi de net  sound r educt i on 
i ndi cat ed.   Obt ai n val ues on a t est  uni t  not  l ess t han 600 by 600 mm 24 by 
24 i nches out s i de di mensi ons made by a cer t i f i ed nat i onal l y r ecogni zed 
i ndependent  acoust i cal  l abor at or y.   Pr ovi de ai r  f l ow capaci t y as i ndi cat ed 
or  r equi r ed.   Pr ovi de pr essur e dr op t hr ough t he at t enuat or  t hat  does not  
exceed t he val ue i ndi cat ed,  or  t hat  i s  not  i n excess of  15 per cent  of  t he 
t ot al  ext er nal  s t at i c pr essur e of  t he ai r  handl i ng syst em,  whi chever  i s  
l ess.   Acoust i cal l y  t est  at t enuat or s wi t h met al  duct  i nl et  and out l et  
sect i ons whi l e under  t he r at ed ai r  f l ow condi t i ons.   I ncl ude wi t h t he noi se 
r educt i on dat a t he ef f ect s of  f l anki ng pat hs and v i br at i on t r ansmi ssi on.   
Const r uct  sound at t enuat or s t o be ai r t i ght  when oper at i ng at  t he i nt er nal  
st at i c pr essur e i ndi cat ed or  speci f i ed f or  t he duct  syst em,  but  i n no case 
l ess t han 500 Pa 2 i nch wat er  gauge.
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2. 10. 12. 3   Acoust i cal  Duct  Li ner

Use f i br ous gl ass desi gned or  f l exi bl e el ast omer i c duct  l i ner  f or  l i ni ng 
duct wor k and conf or mi ng t o t he r equi r ement s of  ASTM C1071,  Type I  and I I .   
Pr ovi de uni f or m densi t y,  gr aduat ed densi t y,  or  dual  densi t y l i ner  
composi t i on,  as st andar d wi t h t he manuf act ur er .   Pr ovi de not  l ess t han 25 mm
 1 i nch t hi ck coat ed l i ni ng.   Wher e acoust i cal  duct  l i ner  i s  used,  pr ovi de 
t he t her mal  equi val ent  of  t he i nsul at i on speci f i ed i n Sect i on 23 07 00 
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS f or  l i ner  or  combi nat i on of  l i ner  
and i nsul at i on appl i ed t o t he ext er i or  of  t he duct wor k.   I ncr ease duct  
s i zes shown t o compensat e f or  t he t hi ckness of  t he l i ni ng used.   [ I n l i eu 
of  sheet  met al  duct  wi t h f i el d- appl i ed acoust i cal  l i ni ng,  pr ovi de 
acoust i cal l y  equi val ent  l engt hs of  f i br ous gl ass duct ,  el ast omer i c duct  
l i ner  or  f act or y f abr i cat ed doubl e- wal l ed i nt er nal l y i nsul at ed duct  wi t h 
per f or at ed l i ner . ]

2. 10. 13   Di f f user s,  Regi st er s,  and Gr i l l es

**************************************************************************
NOTE:   Coor di nat e wi t h par agr aph Sound At t enuat i on 
Equipment.

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,  del et e r ef er ence t o t he omi t t ed i t ems.   
Del et e 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.   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,  del et e t he 
cor r espondi ng subpar agr aph.

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

Pr ovi de f act or y- f abr i cat ed uni t s of  [ st eel ] [ cor r osi on- r esi st ant  st eel ] [  or  
] [ al umi num]  t hat  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.   Pr ovi de out l et s f or  di f f us i on,  spr ead,  t hr ow,  and noi se l evel  as 
r equi r ed f or  speci f i ed per f or mance.   Cer t i f y  per f or mance accor di ng t o 
ASHRAE 70.   Pr ovi de sound r at ed and cer t i f i ed i nl et s and out l et s accor di ng 
to ASHRAE 70.   Pr ovi de sound power  l evel  as i ndi cat ed.   Pr ovi de di f f user s 
and r egi st er s 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 i s accept abl e.   Pr ovi de opposed bl ade t ype vol ume damper s 
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.   Pr ovi de 
l i near  s l ot  di f f user s 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 ,  pr ot ect  t hem by a gr i l l e or  scr een accor di ng t o NFPA 90A.

2. 10. 13. 1   Diffusers

Pr ovi de di f f user  t ypes i ndi cat ed.   Fur ni sh cei l i ng mount ed uni t s 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.   Pr ovi de di f f user s wi t h ai r  def l ect or s of  t he t ype 
i ndi cat ed.   Pr ovi de 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 conf or mi ng 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.   I nst al l  cei l i ng mount ed uni t s wi t h r i ms t i ght  agai nst  cei l i ng.   
Pr ovi de sponge r ubber  gasket s 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 .   Pr ovi de sui t abl e t r i m f or  f l ush mount ed 
di f f user s.   For  connect i ng t he duct  t o di f f user ,  pr ovi de duct  col l ar  t hat  
i s  ai r t i ght  and does not  i nt er f er e wi t h vol ume cont r ol l er .   Pr ovi de r et ur n 
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or  exhaust  uni t s  t hat  ar e s i mi l ar  t o suppl y di f f user s.

2. 10. 13. 2   Per f or at ed Pl at e Di f f user s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Navy pr oj ect s onl y.

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

Pr ovi de adj ust abl e [ one- way, ]  [ t wo- way, ]  [ t hr ee- way, ] [  or  ] [ f our - way]  ai r  
pat t er n cont r ol s as i ndi cat ed.   Pr ovi de di f f user  f acepl at es t hat  do not  sag 
or  def l ect  when oper at i ng under  desi gn condi t i ons.

2. 10. 13. 3   Li near  Di f f user s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Navy pr oj ect s onl y.

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

Make j oi nt s bet ween di f f user  sect i ons t hat  appear  as hai r l i ne cr acks.   
Pr ovi de al i gnment  s l ot s f or  i nser t i on of  key st r i ps or  ot her  conceal ed 
means t o al i gn exposed but t  edges of  di f f user s. [   Equi p wi t h pl ast er  f r ames 
when mount ed i n pl ast er  cei l i ng. ]   Do not  use scr ews and bol t s i n exposed 
f ace of  f r ames or  f l anges.   Met al - f i l l  and gr ound smoot h f r ames and f l anges 
exposed bel ow cei l i ng.   Fur ni sh separ at e pi vot ed or  hi nged adj ust abl e 
ai r - vol ume- damper  and separ at e ai r - def l ect i on bl ades.

2. 10. 13. 4   Secur i t y Cei l i ng Di f f user s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  br i g f aci l i t i es onl y.

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

Pr ovi de di f f user s t hat  ar e st eel  wi t h f acepl at e,  f i xed di f f usi on l ouver s,  
wi t h f l at  sur f ace mar gi n,  and an opposed bl ade damper .   Pr ovi de f acepl at e 
t hat  i s  1. 9 mm 14 gage mi ni mum wi t h 13 by 13 mm hol es on 5 mm 1/ 2 by 1/ 2 
i nch hol es on 3/ 16 i nch spaci ng and a mi ni mum f r ee ar ea of  45 per cent .

2. 10. 13. 5   Regi st er s and Gr i l l es

Pr ovi de uni t s t hat  ar e f our - way di r ect i onal - cont r ol  t ype,  except  pr ovi de 
r et ur n and exhaust  r egi st er s t hat  ar e 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.   Fur ni sh r egi st er s 
wi t h sponge- r ubber  gasket  bet ween f l anges and wal l  or  cei l i ng.   I nst al l  
wal l  suppl y r egi st er s 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.   Locat e r et ur n and exhaust  r egi st er s 150 mm 6 i nches 
above t he f l oor  unl ess ot her wi se i ndi cat ed.   Achi eve f our - way di r ect i onal  
cont r ol  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.   Pr ovi de gr i l l es as speci f i ed 
f or  r egi st er s,  wi t hout  vol ume cont r ol  damper .

2. 10. 13. 6   Registers

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Navy pr oj ect s onl y.   
Del et e par agr aph,  " Regi st er s and Gr i l l es, "  when t hi s 
par agr aph i s used.

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

Doubl e- def l ect i on suppl y r egi st er s. [   Pr ovi de manuf act ur er - f ur ni shed vol ume 
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damper s.   Pr ovi de vol ume damper s of  t he gr oup- oper at ed,  opposed- bl ade t ype 
and key adj ust abl e by i nser t i ng key t hr ough f ace of  r egi st er .   Oper at i ng 
mechani sm must  not  pr oj ect  t hr ough any par t  of  t he r egi st er  f ace.   
Aut omat i c vol ume cont r ol  devi ces ar e accept abl e. ] [   Pr ovi de exhaust  and 
r et ur n r egi st er s as speci f i ed f or  suppl y r egi st er s,  except  pr ovi de exhaust  
and r et ur n r egi st er s t hat  have a s i ngl e set  of  nondi r ect i onal  f ace bar s or  
vanes havi ng t he same appear ance as t he suppl y r egi st er s. ] [   Set  f ace bar s 
or  vanes at  [ _____]  degr ees. ]

2. 10. 13. 7   Secur i t y Suppl y Ai r  Regi st er s Except  i n Cel l s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  br i g f aci l i t i es onl y.

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

Pr ovi de suppl y ai r  r egi st er s,  except  i n pr i soner  cel l s  and pr i soner  hol di ng 
cel l s,  t hat  ar e st eel  wi t h i ndi v i dual l y adj ust abl e hor i zont al  and ver t i cal  
vanes,  per f or at ed f acepl at e,  f l at  sur f ace mar gi n and opposed bl ade damper .   
Put  ver t i cal  vanes i n f r ont ;  wi t h 19 mm 3/ 4 i nch o. c.  vane spaci ng.   
Pr ovi de a 1. 9 mm 14 gage ( mi ni mum)  per f or at ed f acepl at e wi t h 13 by 13 mm 
hol es on 5 mm 1/ 2 by 1/ 2 i nch hol es on 3/ 16 i nch spaci ng and a mi ni mum f r ee 
ar ea of  45 per cent .

2. 10. 13. 8   Secur i t y Ret ur n and Ot her  Ai r  Regi st er s Except  i n Cel l s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  br i g f aci l i t i es onl y.

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

Pr ovi de r et ur n,  exhaust ,  t r ansf er  and r el i ef  ai r  r egi st er s,  except  i n 
pr i soner  cel l s  and pr i soner  hol di ng cel l s,  t hat  ar e st eel  wi t h per f or at ed 
f acepl at e,  f l at  sur f ace mar gi n,  opposed bl ade damper ,  and duct  mount i ng 
s l eeve.   Pr ovi de 14 gage ( mi ni mum)  f acepl at e wi t h 13 by 13 mm hol es on 5 mm 
1/ 2 by 1/ 2 i nch hol es on 3/ 16 i nch spaci ng and a mi ni mum f r ee ar ea of  45 
percent.

2. 10. 13. 9   Secur i t y Suppl y Ai r  Regi st er s i n Cel l s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  br i g f aci l i t i es onl y.

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

Pr ovi de suppl y ai r  r egi st er s i n pr i soner  cel l s  and pr i soner  hol di ng cel l s 
t hat  ar e st eel  wi t h per f or at ed f acepl at e,  f l at  sur f ace mar gi n,  ext ensi on 
s l eeve,  opposed bl ade damper ,  and back mount i ng f l anges.   Pr ovi de a 1. 9 mm 
14 gage ( mi ni mum)  f acepl at e wi t h 13 by 13 mm hol es on 5 mm 1/ 2 by 1/ 2 i nch 
hol es on 3/ 16 i nch spaci ng and a mi ni mum f r ee ar ea of  45 per cent .   Pr ovi de 
a 14 gage ( mi ni mum)  wal l  s l eeve.

2. 10. 13. 10   Secur i t y Ret ur n and Ot her  Type Ai r  Regi st er s i n Cel l s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  br i g f aci l i t i es onl y.

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

Pr ovi de st eel  r et ur n,  exhaust ,  t r ansf er  and r el i ef  ai r  r egi st er s i n 
pr i soner  cel l s  and pr i soner  hol di ng cel l s wi t h per f or at ed f acepl at e,  f l at  
sur f ace mar gi n,  wal l  s l eeve,  opposed bl ade damper ,  and back mount i ng 
f l anges.   Pr ovi de 1. 9 mm 14 gage ( mi ni mum)  f acepl at e wi t h 13 by 13 mm hol es 
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on 5 mm 1/ 2 by 1/ 2 i nch hol es on 3/ 16 i nch spaci ng and a mi ni mum f r ee ar ea 
of  45 per cent .   Pr ovi de a 14 gage ( mi ni mum) wal l  s l eeve.

2. 10. 14   Louvers

**************************************************************************
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.

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

Pr ovi de l ouver s f or  i nst al l at i on i n ext er i or  wal l s  t hat  ar e associ at ed wi t h 
t he ai r  suppl y and di st r i but i on syst em  as speci f i ed i n Sect i on [ 07 60 00 
FLASHI NG AND SHEET METAL]  [ 08 91 00 METAL [ WALL] [  AND ] [ DOOR]  LOUVERS] .

2. 10. 15   Ai r  Vent s,  Pent houses,  and Goosenecks

Fabr i cat e ai r  vent s,  pent houses,  and goosenecks f r om gal vani zed st eel  [ or  
al umi num]  sheet s wi t h gal vani zed[  or  al umi num]  st r uct ur al  shapes.   Pr ovi de 
sheet  met al  t hi ckness,  r ei nf or cement ,  and f abr i cat i on t hat  conf or m t o 
SMACNA 1966.   Accur at el y f i t  and secur e l ouver  bl ades t o f r ames.   Fol d or  
bead edges of  l ouver  bl ades f or  r i gi di t y and baf f l e t hese edges t o excl ude 
dr i v i ng r ai n.   Pr ovi de ai r  vent s,  pent houses,  and goosenecks wi t h bi r d 
screen.

2. 10. 16   Bi r d Scr eens and Fr ames

Pr ovi de bi r d scr eens t hat  conf or m t o ASTM E2016,  No.  2 mesh,  al umi num or  
st ai nl ess st eel .   Pr ovi de " medi um- l i ght "  r at ed al umi num scr eens.   Pr ovi de 
" l i ght "  r at ed st ai nl ess st eel  scr eens.   Pr ovi de r emovabl e t ype f r ames 
f abr i cat ed f r om ei t her  st ai nl ess st eel  or  ext r uded al umi num.

2. 10. 17   Radon Exhaust  Duct wor k

Fabr i cat e r adon exhaust  duct wor k i nst al l ed i n or  beneat h s l abs f r om 
Schedul e 40 PVC pi pe t hat  conf or ms t o ASTM D1785.   Pr ovi de f i t t i ngs t hat  
conf or m t o ASTM D2466.   Use sol vent  cement  conf or mi ng t o ASTM D2564 t o make 
j oi nt s.   Ot her wi se pr ovi de met al  r adon exhaust  duct wor k as speci f i ed her ei n.

2. 11   AI R SYSTEMS EQUI PMENT

**************************************************************************
NOTE:   Requi r ed i t ems i n t hi s par agr aph ar e 
det er mi ned by whet her  f i el d- f abr i cat ed ai r  handl i ng 
uni t s appl y or  whet her  equi pment  ext er nal  t o ai r  
handl i ng uni t s ar e used i n t he di st r i but i on syst em.

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

2. 11. 1   Fans

**************************************************************************
NOTE:   Coor di nat e wi t h par agr aph Sound At t enuat i on 
Equi pment .   I ncl ude any appl i cabl e noi se cr i t er i a i n 
appr opr i at e equi pment  schedul e on t he dr awi ngs.

Ref er  t o UFC 3- 450- 02,  Power  Pl ant  Acoust i c,  f or  
v i br at i on cr i t er i a.   Det ai l  v i br at i on i sol at i on 
r equi r ed on t he dr awi ngs and i ncl ude i t  i n t he 
appr opr i at e schedul e.
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Desi gn and det ai l  duct wor k near  ai r  movi ng devi ces 
t o mi ni mi ze syst em ef f ect  on t he f ans i n accor dance 
wi t h AMCA 201.   Add syst em ef f ect  t o t he duct  
f r i c t i on l oss and i ndi cat e f an st at i c pr essur e on 
dr awi ngs f or  t he desi gned duct wor k conf i gur at i on.

I ndi cat e t he l ocat i on of  each duct  smoke det ect or  i n 
t he HVAC syst em and i ncl ude t he det ect or s on t he 
schemat i c and associ at ed l adder  di agr am.   Pr ovi de 
duct  smoke det ect or s  accor di ng t o NFPA 90A.   Duct  
det ect or s ar e i nt ended t o shut  associ at ed ai r  
di st r i but i on f ans and smoke damper s,  i f  pr ovi ded.   
Duct  smoke det ect or s ar e not  f or  use i nsi de duct s 
wher e ambi ent  t emper at ur es exceeds 38 degr ees C 100 
degr ees F.

When t he bui l di ng i s equi pped wi t h a f i r e al ar m 
syst em,  connect  t he duct  smoke det ect or s t o t he f i r e 
al ar m cont r ol  panel  ( FACP)  f or  al ar m i ni t i at i on.   
Show wi r i ng t o t he FACP f or  ei t her  new or  exi st i ng 
f i r e al ar m syst ems.

Fans wi t h mot or s gr eat er  t han 0. 5 kW 3/ 4 hp must  
have aut omat i c cont r ol s capabl e of  shut t i ng of f  f ans 
when not  r equi r ed.

HVAC syst ems havi ng a t ot al  f an syst em power  
exceedi ng 3. 7 kW 5 hp must  meet  t he pr ovi s i ons of  
ASHRAE 90. 1.  These i ncl ude ASHRAE 90. 1,  Tabl e 
6. 5. 3. 1,  Fan Power  Li mi t at i on:

For  suppl y ai r  vol umes l ess t han 9, 400 L/ s 20, 000 cf m
 t he al l owabl e namepl at e mot or  power  f or  a const ant  
vol ume f an i s 1. 9 kW/ 1000 L/ s 1. 2 hp/ 1000 cf m and 
f or  a var i abl e vol ume f an i s 2. 7 kW/ 1000 L/ s 1. 7 
hp/ 1000 cf m.

For  suppl y ai r  vol umes of  9, 400 L/ s 20, 000 cf m and 
gr eat er  t he al l owabl e namepl at e mot or  power  f or  a 
const ant  vol ume f an i s 1. 7 kW/ 1000 L/ s 1. 1 hp/ 1000 
cf m and f or  a var i abl e vol ume f an i s 2. 4 kW/ 1000 L/ s 
1. 5 hp/ 1000 cf m.

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

Test  and r at e f ans accor di ng t o AMCA 210.   Cal cul at e syst em ef f ect  on ai r  
movi ng devi ces i n accor dance wi t h AMCA 201 wher e i nst al l ed duct wor k di f f er s 
f r om t hat  i ndi cat ed on dr awi ngs.   I nst al l  ai r  movi ng devi ces t o mi ni mi ze 
f an syst em ef f ect .   Wher e syst em ef f ect  i s  unavoi dabl e,  det er mi ne t he most  
ef f ect i ve way t o accommodat e t he i nef f i c i enci es caused by syst em ef f ect  on 
t he i nst al l ed ai r  movi ng devi ce.   The sound power  l evel  of  t he f ans must  
not  exceed 85 dBA when t est ed accor di ng t o AMCA 300 and r at ed i n accor dance 
with AMCA 301.   Pr ovi de al l  f ans wi t h an AMCA seal .   Connect  f ans t o t he 
mot or s ei t her  di r ect l y or  i ndi r ect l y wi t h V- bel t  dr i ve.   Use V- bel t  dr i ves 
desi gned f or  not  l ess t han [ 150]  [ 140]  [ 120]  per cent  of  t he connect ed 
dr i v i ng capaci t y .   Pr ovi de var i abl e pi t ch mot or  sheaves f or  11 kW 15 hp and 
bel ow,  and f i xed pi t ch as def i ned by AHRI  Gui del i ne D ( A f i xed- pi t ch sheave 
i s pr ovi ded on bot h t he f an shaf t  and t he mot or  shaf t .  Thi s i s  a 
non- adj ust abl e speed dr i ve. ) .   Sel ect  var i abl e pi t ch sheaves t o dr i ve t he 

SECTI ON 23 00 00  Page 41



f an at  a speed whi ch can pr oduce t he speci f i ed capaci t y when set  at  t he 
appr oxi mat e mi dpoi nt  of  t he sheave adj ust ment .   When f i xed pi t ch sheaves 
ar e f ur ni shed,  pr ovi de a r epl aceabl e sheave when needed t o achi eve syst em 
ai r  bal ance.   Pr ovi de mot or s f or  V- bel t  dr i ves wi t h adj ust abl e r ai l s  or  
bases.   Pr ovi de r emovabl e met al  guar ds f or  al l  exposed V- bel t  dr i ves,  and 
pr ovi de speed- t est  openi ngs at  t he cent er  of  al l  r ot at i ng shaf t s.   Pr ovi de 
f ans wi t h per sonnel  scr eens or  guar ds on bot h suct i on and suppl y ends,  
except  t hat  t he scr eens need not  be pr ovi ded,  unl ess ot her wi se i ndi cat ed,  
wher e duct s ar e connect ed t o t he f an.   Pr ovi de f an and mot or  assembl i es 
wi t h v i br at i on- i sol at i on suppor t s or  mount i ngs as i ndi cat ed.   Use 
vi br at i on- i sol at i on uni t s t hat  ar e st andar d pr oduct s wi t h publ i shed l oadi ng 
r at i ngs.   Sel ect  each f an t o pr oduce t he capaci t y r equi r ed at  t he f an 
st at i c pr essur e i ndi cat ed.   Pr ovi de sound power  l evel  as i ndi cat ed.   Obt ai n 
t he sound power  l evel  val ues accor di ng t o AMCA 300.   Pr ovi de st andar d AMCA 
ar r angement ,  r ot at i on,  and di schar ge as i ndi cat ed.   Pr ovi de power  
vent i l at or s t hat  conf or m t o UL 705 and have a UL l abel .

2. 11. 1. 1   Cent r i f ugal  Fans

Pr ovi de f ul l y  encl osed,  s i ngl e- wi dt h s i ngl e- i nl et ,  or  doubl e- wi dt h 
doubl e- i nl et  cent r i f ugal  f ans,  wi t h AMCA Pr essur e Cl ass I ,  I I ,  or  I I I  as 
r equi r ed or  i ndi cat ed f or  t he desi gn syst em pr essur e.   Pr ovi de i mpel l er  
wheel s t hat  ar e r i gi dl y const r uct ed and accur at el y bal anced bot h st at i cal l y  
and dynami cal l y.   [ Pr ovi de f or war d cur ved or  backwar d- i ncl i ned ai r f oi l  
desi gn f an bl ades i n wheel  s i zes up t o 750 mm 30 i nches.   Pr ovi de 
backwar d- i ncl i ned ai r f oi l  desi gn f an bl ades f or  wheel s over  750 mm 30 i nches
 i n di amet er ] .   [ Pr ovi de open- wheel  r adi al  t ype boost er  f ans f or  exhaust  
dr yer  syst ems,  and f ans sui t abl e f or  conveyi ng l i nt  and t he t emper at ur es 
encount er ed.   Equi p t he f an shaf t  wi t h a heat  s l i nger  t o di ssi pat e heat  
bui l dup al ong t he shaf t .   I nst al l  an access ( ser vi ce)  door  t o f aci l i t at e 
mai nt enance t o t hese f ans. ]   Pr ovi de f an wheel s over  900 mm 36 i nches i n 
di amet er  wi t h over hung pul l eys and a bear i ng on each si de of  t he wheel .   
Pr ovi de f an wheel s 900 mm 36 i nches or  l ess i n di amet er  t hat  have one or  
mor e ext r a l ong bear i ngs bet ween t he f an wheel  and t he dr i ve.   Pr ovi de 
s l eeve t ype,  sel f - al i gni ng and sel f - oi l i ng bear i ngs wi t h oi l  r eser voi r s,  or  
pr eci s i on sel f - al i gni ng r ol l er  or  bal l - t ype wi t h accessi bl e gr ease f i t t i ngs 
or  per manent l y l ubr i cat ed t ype.   Connect  gr ease f i t t i ngs t o t ubi ng f or  
ser vi ceabi l i t y  f r om a s i ngl e accessi bl e poi nt .   Pr ovi de L50 r at ed bear i ng 
l i f e at  not  l ess t han 200, 000 hour s as def i ned by ABMA 9 and ABMA 11.   
Pr ovi de st eel ,  accur at el y f i ni shed f an shaf t s,  wi t h key seat s and keys f or  
i mpel l er  hubs and f an pul l eys.   Pr ovi de f an out l et s of  ampl e pr opor t i ons,  
desi gned f or  t he at t achment  of  angl es and bol t s f or  at t achi ng f l exi bl e 
connect i ons.   Pr ovi de[ [ manual l y]  [ aut omat i cal l y ]  oper at ed i nl et  vanes on 
suct i on i nl et s.   Pr ovi de [ manual l y]  [ aut omat i cal l y ]  oper at ed out l et  
damper s. ]   Unl ess ot her wi se i ndi cat ed,  pr ovi de mot or s t hat  do not  exceed 
1800 r pm and have [ open]  [ dr i ppr oof ]  [ t ot al l y  encl osed]  [ expl osi on- pr oof ]  
encl osur es.   [ Pr ovi de [ manual ]  [ magnet i c]  [ acr oss- t he- l i ne]  
[ r educed- vol t age- st ar t ]  t ype mot or  st ar t er s wi t h [ gener al - pur pose]  
[ weat her - r esi st ant ]  [ wat er t i ght ]  encl osur e. ]  [ Pr ovi de r emot e manual  swi t ch 
wi t h pi l ot  i ndi cat i ng l i ght  wher e i ndi cat ed. ]

2. 11. 1. 2   I n- Li ne Cent r i f ugal  Fans

Pr ovi de i n- l i ne f ans wi t h cent r i f ugal  backwar d i nc l 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.   Mount  f ans i n a wel ded t ubul ar  casi ng.   Pr ovi de a 
f an t hat  axi al l y  f l ows t he ai r  i n and out .   St r eaml i ne i nl et s wi t h 
conver si on vanes t o 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 and i sol at e f an bear i ngs and dr i ve shaf t s f r om t he ai r  
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st r eam.   Pr ovi de pr eci s i on,  sel f  al i gni ng bal l  or  r ol l er  t ype f an bear i ngs 
t hat  ar e seal ed agai nst  dust  and di r t  and ar e per manent l y l ubr i cat ed.   
Pr ovi de L50 r at ed bear i ng l i f e at  not  l ess t han 200, 000 hour s as def i ned by 
ABMA 9 and ABMA 11. [   Pr ovi de mot or s wi t h [ open] [ dr i ppr oof ] [ t ot al l y  
encl osed]  [ expl osi on- pr oof ]  encl osur e. ]  [ Pr ovi de [ manual ]  [ magnet i c ]  mot or  
st ar t er s acr oss- t he- l i ne wi t h [ gener al - pur pose]  [ weat her - r esi st ant ]  
[ expl osi on- pr oof ]  encl osur es. ] [   Pr ovi de r emot e manual  swi t ch wi t h pi l ot  
i ndi cat i ng l i ght  wher e i ndi cat ed. ]

2. 11. 1. 3   Axi al  Fl ow Fans

Pr ovi de axi al  f l ow f ans compl et e wi t h dr i ve component s and bel t  guar d,  wi t h 
st eel  housi ng,  cast  f an wheel ,  cast  or  wel ded st eel  di f f user s,  f an shaf t ,  
bear i ngs,  and mount i ng f r ame as a f act or y- assembl ed uni t .   Pr ovi de f an 
wheel s t hat  ar e dynami cal l y bal anced and keyed t o t he f an shaf t ,  wi t h 
r adi al l y  pr oj ect i ng bl ades of  ai r f oi l  cr oss- sect i on.   Encl ose and i sol at e 
f an bear i ngs and dr i ve shaf t s f r om t he ai r  st r eam.   Per manent l y l ubr i cat e 
f an bear i ngs or  pr ovi de t hem wi t h accessi bl e gr ease f i t t i ngs.   Pr ovi de 
pr eci s i on sel f - al i gni ng bal l  or  r ol l er  t ype f an bear i ngs t hat  ar e seal ed 
agai nst  dust  and di r t .   Pr ovi de f an bear i ngs t hat  have a L50 r at ed bear i ng 
l i f e at  not  l ess t han 200, 000 hour s of  oper at i on as def i ned by ABMA 9 and 
ABMA 11.   Pr ovi de f an i nl et s wi t h an aer odynami cal l y shaped bel l  and an 
i nl et  cone.   I nst al l  di f f user  or  st r ai ght eni ng vanes at  t he f an di schar ge 
t o mi ni mi ze t ur bul ence and pr ovi de smoot h di schar ge ai r  f l ow.   Fur ni sh f an 
uni t  wi t h [ i nl et  and out l et  f l anges, ]  [ i nl et  scr een, ]  [ duct  equal i zer  
sect i on, ]  and [ manual ]  [ aut omat i c]  oper at i on adj ust abl e i nl et  vanes.   
Unl ess ot her wi se i ndi cat ed,  pr ovi de mot or s t hat  do not  exceed 1800 r pm and 
have [ open]  [ dr i ppr oof ]  [ t ot al l y  encl osed]  [ expl osi on- pr oof ]  encl osur e.   
[ Pr ovi de [ manual ]  [ magnet i c]  mot or  st ar t er s acr oss- t he- l i ne wi t h 
[ gener al - pur pose]  [ weat her - r esi st ant ]  [ expl osi on- pr oof ]  encl osur e. ]  
[ Pr ovi de r emot e manual  swi t ch wi t h pi l ot  i ndi cat i ng l i ght  wher e i ndi cat ed. ]

2. 11. 1. 4   Panel  Type Power  Wal l  Vent i l at or s

Pr ovi de pr opel l er  t ype f ans,  assembl ed on a r ei nf or ced met al  panel  wi t h 
vent ur i  openi ng spun i nt o panel .   Pr ovi de di r ect  or  V- bel t  dr i ven f ans wi t h 
wheel s l ess t han 600 mm 24 i nches i n di amet er  and pr ovi de V- bel t  dr i ven 
f ans wi t h wheel s 600 mm 24 i nches i n di amet er  and l ar ger .   Pr ovi de f ans 
wi t h wal l  mount i ng col l ar .   Pr ovi de l ubr i cat ed bear i ngs.   Equi p f ans wi t h 
wheel  and mot or  s i de met al  or  wi r e guar ds whi ch have a cor r osi on- r esi st ant  
f i ni sh.   Pr ovi de [ dr i ppr oof ] [ t ot al l y  encl osed f an cool ed] [ expl osi on- pr oof ]  
t ype mot or  encl osur e.   I nst al l  [ gr avi t y] [ mot or  oper at ed]  backdr af t  damper s 
wher e i ndi cat ed.

2. 11. 1. 5   Cent r i f ugal  Type Power  Wal l  Vent i l at or s

Pr ovi de [ di r ect ] [  or  ] [ V- bel t ]  dr i ven cent r i f ugal  t ype f ans wi t h backwar d 
i ncl i ned,  non- over l oadi ng wheel .   Pr ovi de r emovabl e and weat her pr oof  mot or  
housi ng.   Pr ovi de uni t  housi ng t hat  i s  desi gned f or  seal i ng t o bui l di ng 
sur f ace and f or  di schar ge and condensat e dr i ppage away f r om bui l di ng 
sur f ace.   Const r uct  housi ng of  heavy gauge al umi num.   Equi p uni t  wi t h an 
[ al umi num or  pl at ed st eel  wi r e di schar ge bi r d scr een, ]  [ di sconnect  swi t ch, ]  
[ [ anodi zed al umi num] [ st ai nl ess st eel ]  wal l  gr i l l e, ]  [ manuf act ur er ' s  
st andar d [ gr avi t y] [ mot or - oper at ed]  damper , ]  an ai r t i ght  and l i qui d- t i ght  
met al l i c  wal l  s l eeve.   Pr ovi de [ t ot al l y  encl osed f an cool ed]  [ dr i ppr oof ]  
[ expl osi on- pr oof ]  t ype mot or  encl osur e.   Use onl y l ubr i cat ed bear i ngs.
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2. 11. 1. 6   Cent r i f ugal  Type Power  Roof  Vent i l at or s

**************************************************************************
NOTE:   Del et e k i t chen exhaust  f an when not  r equi r ed.

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

Pr ovi de [ di r ect ] [  or  ] [ V- bel t ]  dr i ven cent r i f ugal  t ype f ans wi t h backwar d 
i ncl i ned,  non- over l oadi ng wheel .   Pr ovi de hi nged or  r emovabl e and 
weat her pr oof  mot or  compar t ment  housi ng,  const r uct ed of  heavy gauge 
al umi num.   Pr ovi de f ans wi t h [ bi r dscr een, ]  [ di sconnect  swi t ch, ]  [ [ gr avi t y]  
[ mot or i zed]  damper s, ]  [ sound cur b, ]  [ r oof  cur b, ]  and [ ext ended base] .   
Pr ovi de [ dr i ppr oof ]  [ expl osi on- pr oof ]  t ype mot or  encl osur e.   Pr ovi de 
cent r i f ugal  t ype k i t chen exhaust  f ans accor di ng t o UL 705,  f i t t ed wi t h 
V- bel t  dr i ve,  r ound hood,  and wi ndband upbl ast  di schar ge conf i gur at i on,  
i nt egr al  r esi due t r ough and col l ect i on devi ce,  wi t h mot or  and power  
t r ansmi ssi on component s l ocat ed i n out s i de posi t i vel y ai r  vent i l at ed 
compar t ment .   Use onl y l ubr i cat ed bear i ngs.

2. 11. 1. 7   Pr opel l er  Type Power  Roof  Vent i l at or s

Pr ovi de [ di r ect ] [  or  ] [ V- bel t ]  dr i ven f ans.   Pr ovi de hi nged or  r emovabl e 
weat her t i ght  f an housi ng,  f i t t ed wi t h f r amed r ect angul ar  base const r uct ed 
of  al umi num or  gal vani zed st eel .   Pr ovi de [ t ot al l y  encl osed f an cool ed]  
[ expl osi on- pr oof ]  t ype mot or s.   Fur ni sh mot or s wi t h nonf usi bl e,  hor sepower  
r at ed,  manual  di sconnect  mount  on uni t .   Fur ni sh f ans wi t h [ gr avi t y ]  [ mot or  
oper at ed]  damper s,  [ bi r dscr een] [ sound cur b] [ r oof  cur b] .   Use onl y 
l ubr i cat ed bear i ngs.

2. 11. 1. 8   Ai r - Cur t ai n Fans

**************************************************************************
NOTE:   Pr ovi de ai r  cur t ai ns desi gned as f l y  f ans on 
al l  ext er i or  ent r anceways t o f ood pr epar at i on ar eas,  
except  wher e t he ent r anceway i s t o be used onl y as 
an emer gency exi t .   I ncl ude ai r  cur t ai ns f or  ser vi ce 
wi ndows and ser v i ce ent r i es whenever  f easi bl e on t he 
ext er i or  of  t he ent r anceway.   When ai r  cur t ai ns ar e 
mount ed i n l ocat i ons s i gni f i cant l y above nor mal  door  
hei ght s,  ver i f y cur t ai n ai r  vel oc i t i es and noi se 
levels.

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

Pr ovi de f ans t hat  conf or m t o AMCA 220 wi t h AMCA seal .   Fur ni sh ai r  cur t ai ns 
wi t h a weat her pr oof  housi ng const r uct ed of  hi gh i mpact  pl ast i c or  mi ni mum 
1. 3 mm 18 gauge r i gi d wel ded st eel .   Pr ovi de backwar d cur ved,  
non- over l oadi ng,  cent r i f ugal  t ype f an wheel s,  accur at el y bal anced 
st at i cal l y  and dynami cal l y.   Pr ovi de mot or s wi t h t ot al l y  encl osed f an 
cool ed encl osur es.   Pr ovi de r emot e manual  t ype mot or  st ar t er s wi t h 
weat her - r esi st ant  encl osur e act uat ed when t he door way ser ved i s open.   
Pr ovi de ai r  cur t ai ns t hat  at t ai n t he ai r  vel oci t i es speci f i ed wi t hi n 2 
seconds f ol l owi ng act i vat i on.   Pr ovi de bi r d scr eens at  ai r  i nt ake and 
di schar ge openi ngs.   Pr ovi de ai r  cur t ai n uni t  or  a mul t i pl e uni t  
i nst al l at i on t hat  i s  at  l east  as wi de as t he openi ng t o be pr ot ect ed.   
Pr ovi de t he ai r  di schar ge openi ngs t o per mi t  out war d adj ust ment  of  t he 
di schar ge ai r .   Pl ace i nst al l at i on and adj ust  accor di ng t o t he 
manuf act ur er ' s wr i t t en r ecommendat i on.   Fur ni sh di r ect i onal  cont r ol s on ai r  
cur t ai ns f or  ser vi ce wi ndows f or  easy c l ean or  conveni ent  r emoval .   Desi gn 
ai r  cur t ai ns t o pr event  t he adj ust ment  of  t he ai r  vel oci t i es speci f i ed.   
Make t he i nt er i or  sur f aces of  t he ai r  cur t ai n uni t s accessi bl e f or  
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cl eani ng.   Pr ovi de cer t i f i ed t est  dat a i ndi cat i ng t hat  t he f an can pr ovi de 
t he ai r  vel oci t i es r equi r ed when f an i s mount ed as i ndi cat ed.   Pr ovi de ai r  
cur t ai ns desi gned as f l y  f ans unl ess ot her wi se i ndi cat ed.   [ Pr ovi de ai r  
cur t ai ns desi gned f or  use i n ser v i ce ent r anceways t hat  devel op an ai r  
cur t ai n not  l ess t han 75 mm 3 i nches t hi ck at  t he di schar ge nozzl e.   
Pr ovi de ai r  vel oci t y t hat  i s  not  l ess t han 8 m/ s 1600 f pm acr oss t he ent i r e 
ent r yway when measur ed 900 mm 3 f eet  above t he f l oor . ]   [ Pr ovi de ai r  
cur t ai ns desi gned f or  use on cust omer  ent r anceways t hat  devel op an ai r  
cur t ai n not  l ess t han 200 mm 8 i nches t hi ck at  t he di schar ge openi ng.   
Pr ovi de vel oci t y  t hat  i s  not  l ess t han 3 m/ s 600 f pm acr oss t he ent i r e 
ent r yway when measur ed 900 mm 3 f eet  above t he f l oor .   Equi p r eci r cul at i ng 
t ype ai r  cur t ai ns wi t h r eadi l y r emovabl e f i l t er s,  or  desi gn t he f i l t er s f or  
i n- posi t i on c l eani ng.   Pr ovi de r eadi l y accessi bl e and easi l y c l eanabl e ai r  
capt ur e compar t ment  or  desi gn f or  i n- posi t i on c l eani ng. ]   [ Pr ovi de ai r  
cur t ai ns desi gned f or  use on ser v i ce wi ndows t hat  devel op an ai r  cur t ai n 
not  l ess t han 200 mm 8 i nches t hi ck at  t he di schar ge openi ng.   Pr ovi de ai r  
vel oci t y t hat  i s  not  l ess t han 3 m/ s 600 f pm acr oss t he ent i r e openi ng of  
t he ser vi ce wi ndow measur ed 900 mm 3 f eet  bel ow t he ai r  di schar ge openi ng. ]

2. 11. 1. 9   Cei l i ng Exhaust  Fans

Pr ovi de cent r i f ugal  t ype,  di r ect  dr i ven suspended cabi net - t ype cei l i ng 
exhaust  f ans.   Pr ovi de f ans wi t h acoust i cal l y  i nsul at ed housi ng.   Pr ovi de 
chat t er - pr oof  backdr af t  damper .   Pr ovi de egg- cr at e desi gn or  l ouver  desi gn 
i nt egr al  f ace gr i l l e.   Mount  f an mot or s on v i br at i on i sol at or s.   Fur ni sh 
uni t  wi t h mount i ng f l ange f or  hangi ng uni t  f r om above.   Pr ovi de U. L.  l i s t ed 
f ans.   Pr ovi de Ener gy St ar  l abel ed cei l i ng exhaust  f an pr oduct .   Pr ovi de 
pr oof  of  Ener gy St ar  l abel  f or  cei l i ng exhaust  f an pr oduct .

2. 11. 2   Coils

**************************************************************************
NOTE:   Resear ch l ocal  condi t i ons t o det er mi ne t he 
ef f ect  of  cor r osi ve at mospher e on di ssi mi l ar  
met al s.   Wher e condenser  or  evapor at or  coi l s  ar e t o 
be i nst al l ed i n cor r osi ve at mospher es,  r ewr i t e t he 
speci f i cat i on f or  coi l s  and f i ns f or  t hese speci f i c  
condi t i ons.   Consi der  t he f ol l owi ng coi l  and f i n 
combi nat i ons based on past  exper i ence wi t h t he 
sui t abi l i t y  of  t hese mat er i al s i n deal i ng wi t h t he 
l ocal  condi t i ons.

a.   Copper  coi l  and al umi num f i ns,  coat ed.

b.   Copper  coi l  and copper  f i ns,  coat ed.

c.   Al umi num coi l  and al umi num f i ns,  coat ed.

d.   Al umi num coi l  and al umi num f i ns,  uncoat ed.

e.   Copper  coi l  and copper  f i ns,  uncoat ed.

Pr ovi de ei t her  phenol i c,  v i nyl  or  
epoxy/ el ect r odeposi t i on coat i ng.   For  coi l s  wi t h 
r el at i vel y c l ose f i n spaci ng such as t hose f ound i n 
most  uni t ar y equi pment ,  t he phenol i c or  
epoxy/ el ect r odeposi t i on coat i ng i s pr ef er r ed,  as 
t hese have l ess t endency t o br i dge acr oss t he f i ns 
t han vi nyl ,  bet t er  t her mal  conduct i v i t y t han v i nyl  
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and i n many condi t i ons weat her s bet t er  t han v i nyl .
**************************************************************************

Pr ovi de f i n- and- t ube t ype coi l s const r uct ed of  seaml ess [ copper ] [ r ed br ass]  
t ubes and [ al umi num] [  or  ] [ copper ]  f i ns mechani cal l y bonded or  sol der ed t o 
t he t ubes. [   Pr ovi de copper  t ube wal l  t hi ckness t hat  i s  a mi ni mum of  
[ 0. 406] [ 0. 508] [ 0. 6096]  mm [ 0. 016] [ 0. 020] [ 0. 024]  i nches] . [   Pr ovi de r ed 
br ass t ube wal l  t hi ckness t hat  i s  a mi ni mum of  [ 0. 89] [ 1. 24]  mm [ 0. 035]  
[ 0. 049]  i nches] .   [ Pr ovi de al umi num f i ns t hat  ar e [ 0. 14] [ 0. 19]  mm 
[ 0. 0055] [ 0. 0075]  i nch mi ni mum t hi ckness. ] [   Pr ovi de copper  f i ns t hat  ar e 
0. 114 mm 0. 0045 i nch mi ni mum t hi ckness. ]   Pr ovi de casi ng and t ube suppor t  
sheet s t hat  ar e not  l i ght er  t han 1. 6 mm 16 gauge gal vani zed st eel ,  f or med 
t o pr ovi de st r uct ur al  st r engt h.   When r equi r ed,  pr ovi de mul t i pl e t ube 
suppor t s t o pr event  t ube sag.   Mount  coi l s  f or  count er f l ow ser vi ce.   Rat e 
and cer t i f y  coi l s  t o meet  t he r equi r ement s of  AHRI  410.

2. 11. 2. 1   Di r ect - Expansi on Coi l s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Ar my and Ai r  For ce 
pr oj ect s onl y.

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

Pr ovi de sui t abl e di r ect - expansi on coi l s f or  t he r ef r i ger ant  i nvol ved.   
Pr ovi de r ef r i ger ant  pi pi ng t hat  conf or ms t o ASTM B280 and cl ean,  dehydr at e 
and seal .   Pr ovi de seaml ess copper  t ubi ng suct i on header s or  seaml ess or  
r esi st ance wel ded st eel  t ube suct i on header s wi t h copper  connect i ons.   
Pr ovi de suppl y header s t hat  consi st  of  a di st r i but or  whi ch di st r i but es t he 
r ef r i ger ant  t hr ough seaml ess copper  t ubi ng equal l y  t o al l  c i r cui t s i n t he 
coi l .   Pr ovi de c i r cui t ed t ubes t o ensur e mi ni mum pr essur e dr op and maxi mum 
heat  t r ansf er .   Pr ovi de c i r cui t i ng t hat  per mi t s r ef r i ger ant  f l ow f r om i nl et  
t o suct i on out l et  wi t hout  causi ng oi l  s l uggi ng or  r est r i c t i ng r ef r i ger ant  
f l ow i n coi l .   Pr ovi de f i el d i nst al l ed coi l s whi ch ar e compl et el y 
dehydr at ed and seal ed at  t he f act or y upon compl et i on of  pr essur e t est s.   
Pr essur e t est  coi l s  i n accor dance wi t h UL 1995.

2. 11. 2. 2   Wat er  Coi l s

I nst al l  wat er  coi l s  wi t h a pi t ch of  not  l ess t han 10 mm/ m 1/ 8 i nch/ f oot  of  
t he t ube l engt h t owar d t he dr ai n end.   Use header s const r uct ed of  cast  
i r on,  wel ded st eel  or  copper .   Fur ni sh each coi l  wi t h a pl ugged vent  and 
dr ai n connect i on ext endi ng t hr ough t he uni t  casi ng.   Pr ovi de r emovabl e 
wat er  coi l s  wi t h dr ai n pans.   Pr essur e t est  coi l s  i n accor dance wi t h UL 1995.

2. 11. 2. 3   St eam Heat i ng Coi l s

Const r uct  st eam coi l s f r om cast  semi st eel ,  wel ded st eel  or  copper  header s,  
and [ r ed br ass] [ copper ]  t ubes.   Const r uct  header s f r om cast  i r on,  wel ded 
st eel  or  copper .   Pr ovi de f i n t ube and header  sect i on t hat  f l oat  wi t hi n t he 
casi ng t o al l ow f r ee expansi on of  t ubi ng f or  coi l s  subj ect  t o hi gh pr essur e 
st eam ser vi ce.   Pr ovi de each coi l  wi t h a f i el d or  f act or y i nst al l ed vacuum 
br eaker .   Pr ovi de s i ngl e- t ube t ype coi l s wi t h t ubes not  l ess t han 13 mm 1/ 2 
i nch out s i de di amet er ,  except  f or  st eam pr eheat  coi l s .   Pr ovi de suppl y 
header s t hat  di st r i but e st eam evenl y t o al l  t ubes at  t he i ndi cat ed st eam 
pr essur e.   Fact or y t est  coi l s  t o ensur e t hat ,  when suppl i ed wi t h a uni f or m 
f ace vel oci t y,  t emper at ur e acr oss t he l eavi ng s i de i s uni f or m wi t h a 
maxi mum var i at i on of  no mor e t han 5 per cent .   Pr essur e t est coi l s  i n 
accor dance wi t h UL 1995.

SECTI ON 23 00 00  Page 46



2. 11. 2. 4   St eam Pr eheat  ( Nonf r eeze)  Coi l s

Pr ovi de st eam- di st r i but i on- t ube t ype st eam ( nonf r eeze)  coi l s  wi t h 
condensi ng t ubes not  l ess t han 25 mm 1 i nch out s i de di amet er  f or  t ube 
l engt hs 1. 5 m 60 i nches and over  and 13 mm 1/ 2 i nch out s i de di amet er  f or  
t ube l engt hs under  1. 5 m 60 i nches.   Const r uct  header s f r om cast  i r on,  
wel ded st eel ,  or  copper .   Pr ovi de di st r i but i on t ubes t hat  ar e not  l ess t han 
15 mm 5/ 8 i nch out s i de di amet er  f or  t ube l engt hs 1. 5 m 60 i nches and over  
and 10 mm 3/ 8 i nch out s i de di amet er  f or  t ube l engt hs under  1. 5 m 60 i nches 
wi t h or i f i ces t o di schar ge st eam t o condensi ng t ubes.   I nst al l  di st r i but i on 
t ubes concent r i c  i nsi de of  condensi ng t ubes and hol d secur el y i n 
al i gnment .   Li mi t  maxi mum l engt h of  a s i ngl e coi l  t o 3. 66 m 144 i nches.   
Fact or y t est  coi l s  t o ensur e t hat ,  when suppl i ed wi t h a uni f or m f ace 
vel oci t y,  t emper at ur e acr oss t he l eavi ng s i de i s uni f or m wi t h a maxi mum 
var i at i on of  no mor e t han 5 per cent .   Pr essur e t est  coi l s  i n accor dance 
with UL 1995.

2. 11. 2. 5   El ect r i c  Heat i ng Coi l

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Navy pr oj ect s onl y.   
Choose t he second set  of  br acket s i f  an 
ai r - condi t i oni ng uni t  f or  EDP i s speci f i ed.

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

Pr ovi de an el ect r i c  duct  heat er  coi l  i n accor dance wi t h UL 1995 and NFPA 70.   
Pr ovi de duct -  or  uni t - mount ed coi l .   Pr ovi de [ ni ckel  chr omi um r esi st or ,  
s i ngl e st age,  st r i p]  [ ni ckel  chr omi um r esi st or ,  s i ngl e st age,  st r i p or  
st ai nl ess st eel ,  f i n t ubul ar ]  t ype coi l .   Pr ovi de coi l  wi t h a bui l t - i n or  
sur f ace- mount ed hi gh- l i mi t  t her most at  i nt er l ocked el ect r i cal l y  so t hat  t he 
coi l  cannot  be ener gi zed unl ess t he f an i s ener gi zed.   Pr ovi de gal vani zed 
st eel  or  al umi num coi l  casi ng and suppor t  br acket s.   Mount  coi l  t o 
el i mi nat e noi se f r om expansi on and cont r act i on and f or  compl et e 
accessi bi l i t y  f or  ser vi ce.

2. 11. 2. 6   Eliminators

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Navy pr oj ect s onl y.

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

Equi p each cool i ng coi l  havi ng an ai r  vel oci t y of  over  2 m/ s 400 f pm 
t hr ough t he net  f ace ar ea wi t h moi st ur e el i mi nat or s,  unl ess t he coi l  
manuf act ur er  guar ant ees,  over  t he s i gnat ur e of  a r esponsi bl e company 
of f i c i al ,  t hat  no moi st ur e can be car r i ed beyond t he dr i p pans under  act ual  
condi t i ons of  oper at i on.   Const r uct  of  mi ni mum 24 gage [ z i nc- coat ed st eel ]  
[ copper ]  [ copper  ni ckel ]  [ or ]  [ s t ai nl ess st eel ] ,  r emovabl e t hr ough t he 
near est  access door  i n t he casi ng or  duct wor k.   Pr ovi de el i mi nat or s t hat  
have not  l ess t han t wo bends at  45 degr ees and ar e spaced not  mor e t han 63 
mm 2- 1/ 2 i nches cent er - t o- cent er  on  f ace.   Pr ovi de each bend wi t h an 
i nt egr al l y  f or med hook as i ndi cat ed i n t he SMACNA 1884.

2. 11. 2. 7   Spr ayed Coi l  Dehumi di f i er s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Navy pr oj ect s onl y.

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

Pr ovi de assembl y wi t h r ei nf or ced,  br aced,  and ext er nal l y i nsul at ed 
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gal vani zed st eel  casi ng,  ver t i cal  i n- l i ne spr ay pump,  br onze sel f - c l eani ng 
spr ay nozzl es,  gal vani zed st eel  pi pe spr ay header s,  adj ust abl e f l oat  val ve 
wi t h r epl aceabl e neopr ene seat ,  manuf act ur er ' s st andar d cool i ng coi l ,  and 
wel ded bl ack st eel  dr ai n t ank.   Pr ovi de over f l ow dr ai n,  make- up,  and bl eed 
connection.

2. 11. 2. 8   Cor r osi on Pr ot ect i on f or  Coast al  I nst al l at i ons

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Navy pr oj ect s onl y.

Speci f y cor r osi on pr ot ect i on f or  ext er i or  HVAC 
equi pment ,  i ncl udi ng ai r  handl i ng uni t s,  heat  
exchanger  coi l  sur f aces,  equi pment  casi ngs,  
ai r - cool ed wat er  chi l l er  coi l s ,  heat  pumps,  and ai r  
condi t i oni ng uni t s,  t hat  i s  exposed t o t he weat her  
wi t hi n 8 km ( 5 mi l es)  of  a sea ( sal t )  wat er  coast .

At  t hese coast al  l ocat i ons,  t hi s cor r osi on 
pr ot ect i on i s al so r equi r ed on HVAC equi pment  wi t hi n 
bui l di ngs t hat  ar e subj ect  t o t he out s i de weat her  
condi t i ons.   Speci f i cal l y ,  equi pment  r equi r i ng 
pr ot ect i on i s def i ned as t he f i r s t  HVAC equi pment  
( excl udi ng l ouver s)  met  by t he out s i de ai r  i n t he 
suppl y ai r  duct wor k syst em.

Speci f i er  wi l l  sur vey t he HVAC equi pment  mar ket  
pl ace,  f i nd and speci f y t he manuf act ur er ' s st andar d 
of f - t he- shel ve ant i - cor r osi on opt i ons f or  " coast al "  
or  " sea coast "  i nst al l at i ons.   Speci f y t he var i ous 
syst ems ( ut i l i z i ng t he wor d " or " )  of f er ed by t hr ee 
compet i t i ve equi pment  sel ect i ons.   Thi s appr oach i s 
by f ar  l ess cost l y t han speci f y i ng cust om cor r osi on 
protection.

Manuf act ur er ' s st andar d of f - t he- shel ve 
ant i - cor r osi on opt i ons f or  " coast al "  or  " sea coast "  
i nst al l at i ons al so var y wi t h t ype and si ze of  HVAC 
equipment.

Af t er  t hor ough i nvest i gat i on of  t he commer ci al  
mar ket ,  det er mi nes manuf act ur er ' s  st andar d 
of f - t he- shel ve ant i - cor r osi on opt i ons ar e not  
avai l abl e f or  t he sel ect ed equi pment ,  cont act  t he 
Mechani cal  Desi gn Br anch,  NAVFAC LANT f or  
consul t at i on i f  t he need f or  t hi s  pr ot ect i on i s 
consi der ed mandat or y by t he st at i on.

For  i nst al l at i ons at  MCAS Cher r y Poi nt  and MCB Camp 
LeJeune,  i ncl udi ng New Ri ver ,  and i nst al l at i ons at  
NAS Oceana i ncl udi ng Dam Neck,  speci f y cor r osi on 
pr ot ect i on f or  al l  out s i de,  and speci f i c  i nsi de HVAC 
equi pment  exposed t o t he weat her .   Fol l ow t he 
gui dance speci f i ed i n t he cr i t er i a NOTE above.

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

[_____]
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2. 11. 3   Ai r  Fi l t er s

**************************************************************************
NOTE:   Sel ect  f i l t er s based on t he f unct i onal  needs 
of  t he ar ea ser ved,  i ncl udi ng i ndoor  ai r  qual i t y .   
The combi nat i on of  t he ext ended sur f ace pl eat ed 
panel  f i l t er s and t he ext ended sur f ace nonsuppor t ed 
pocket  f i l t er s or  t he car t r i dge f i l t er  of  t he same 
ef f i c i ency ar e i nt ended t o f ul f i l l  t he f i l t r at i on 
r equi r ement s i n UFC 3- 410- 01,  Heat i ng,  Vent i l at i ng,  
and Ai r - Condi t i oni ng Syst ems f or  ar eas wher e i ndoor  
ai r  qual i t y  i s  of  pr i mar y concer n.   Consi der  
l i mi t i ng t he var i et y of  f i l t er  s i zes r equi r ed t o 
mi ni mi ze i nvent or y r equi r ement s f or  syst em 
maintenance.

I n t he event  t he r et ent i on of  ef f i c i ency val ues i n 
t he speci f i cat i on becomes t oo cumber some,  r evi se t he 
r equi r ement s by r ef er r i ng t o t he ef f i c i enci es 
i ndi cat ed on t he dr awi ngs,  t o show f or  each ai r  
handl i ng uni t  or  syst em t he ef f i c i ency of  t he ai r  
f i l t er s r equi r ed,  and t he maxi mum i ni t i al  r esi st ance.

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

Li st  ai r  f i l t er s accor di ng t o r equi r ement s of  UL 900,  except  l i s t  hi gh 
ef f i c i ency par t i cul at e ai r  f i l t er s of  99. 97 per cent  ef f i c i ency by t he DOP 
Test  met hod under  t he Label  Ser vi ce t o meet  t he r equi r ement s of  UL 586.

2. 11. 3. 1   Ext ended Sur f ace Pl eat ed Panel  Fi l t er s

Pr ovi de 50 mm 2 i nch dept h,  sect i onal ,  di sposabl e t ype f i l t er s of  t he s i ze 
i ndi cat ed wi t h a MERV of  8 when t est ed accor di ng t o ASHRAE 52. 2.   Pr ovi de 
i ni t i al  r esi st ance at  2. 54 m/ s 500 f pm t hat  does not  exceed 0. 09 kPa 0. 36 
i nches wat er  gauge.   Pr ovi de UL Cl ass 2 f i l t er s,  and nonwoven cot t on and 
synt het i c f i ber  mat  medi a.   At t ach a wi r e suppor t  gr i d bonded t o t he medi a 
t o a moi st ur e r esi st ant  f i ber boar d f r ame.   Bond al l  f our  edges of  t he 
f i l t er  medi a t o t he i nsi de of  t he f r ame t o pr event  ai r  bypass and i ncr ease 
rigidity.

2. 11. 3. 2   Ext ended Sur f ace Nonsuppor t ed Pocket  Fi l t er s

Pr ovi de [ 750] [ _____]  mm [ 30] [ _____]  i nch dept h,  sect i onal ,  r epl aceabl e dr y 
medi a t ype f i l t er s of  t he s i ze i ndi cat ed wi t h a MERV of  13 when t est ed 
accor di ng t o ASHRAE 52. 2.   Pr ovi de i ni t i al  r esi st ance at  [ 2. 54] [ _____]  m/ s 
[ 500] [ _____]  f pm t hat  does not  exceed [ 0. 1125] [ _____]  kPa [ 0. 45] [ _____]  
i nches wat er  gauge.   Pr ovi de UL Cl ass 1 f i l t er s.   Pr ovi de f i br ous gl ass 
medi a,  suppor t ed i n t he ai r  st r eam by a wi r e or  non- woven synt het i c  backi ng 
and secur ed t o a gal vani zed st eel  met al  header .   Pr ovi de pocket s t hat  do 
not  sag or  f l ap at  ant i c i pat ed ai r  f l ows.   I nst al l  each f i l t er  [ wi t h an 
ext ended sur f ace pl eat ed panel  f i l t er  as a pr ef i l t er ]  i n a f act or y 
pr eassembl ed,  s i de access housi ng or  a f act or y- made sect i onal  f r ame bank,  
as i ndi cat ed.

2. 11. 3. 3   Car t r i dge Type Fi l t er s

Pr ovi de 305 mm 12 i nch dept h,  sect i onal ,  r epl aceabl e dr y medi a t ype f i l t er s 
of  t he s i ze i ndi cat ed wi t h a MERV of  13 when t est ed accor di ng t o ASHRAE 52. 2.   
Pr ovi de i ni t i al  r esi st ance at  [ 2. 54] [ _____]  m/ s [ 500] [ _____]  f pm t hat  does 
not  exceed [ 0. 14] [ _____]  kPa [ 0. 56] [ _____]  i nches,  wat er  gauge.   Pr ovi de UL 
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cl ass 1 f i l t er s,  and pl eat ed mi cr ogl ass paper  medi a wi t h cor r ugat ed 
al umi num separ at or s,  seal ed i nsi de t he f i l t er  cel l  t o f or m a t ot al l y  r i gi d 
f i l t er  assembl y.   Fl uct uat i ons i n f i l t er  f ace vel oci t y or  t ur bul ent  ai r f l ow 
have no ef f ect  on f i l t er  i nt egr i t y or  per f or mance.   I nst al l  each f i l t er  
[ wi t h an ext ended sur f ace pl eat ed medi a panel  f i l t er  as a pr ef i l t er ]  i n a 
f act or y pr eassembl ed s i de access housi ng,  or  a f act or y- made sect i onal  f r ame 
bank,  as i ndi cat ed.

2. 11. 3. 4   Sect i onal  Cl eanabl e Fi l t er s

**************************************************************************
NOTE:   Del et e washi ng and char gi ng r acks when not  
required.

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

Pr ovi de [ 25] [ 50]  mm [ 1] [ 2]  i nch t hi ck c l eanabl e f i l t er s.   Pr ovi de v i scous 
adhesi ve i n 20 L 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 one L one quar t  f or  each f i l t er  sect i on.   
Pr ovi de one washi ng and char gi ng t ank f or  ever y 100 f i l t er  sect i ons or  
f r act i on t her eof ;  wi t h each washi ng and char gi ng uni t  consi st i ng of  a t ank 
and [ s i ngl e] [ doubl e]  dr ai n r ack mount ed on l egs and dr ai n r ack 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 
position.

2. 11. 3. 5   Repl aceabl e Medi a Fi l t er s

Pr ovi de t he [ dr y- medi a] [ v i scous adhesi ve]  t ype r epl aceabl e medi a f i l t er s,  
of  t he s i ze r equi r ed t o sui t  t he appl i cat i on.   Pr ovi de f i l t er i ng medi a t hat  
i s  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.   Encl ose pad i n a hol di ng f r ame 
of  not  l ess t han 1. 6 mm 16 gauge gal vani zed st eel ,  equi pped wi t h 
qui ck- openi ng mechani sm f or  changi ng f i l t er  medi a.   Base t he ai r  f l ow 
capaci t y of  t he f i l t er  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 esi st ance of  [ 32] [ _____]  Pa
 [ 0. 13] [ _____]  i nches wat er  gauge.   Pr ovi de MERV t hat  i s  not  l ess t han 
[ _____]  when t est ed accor di ng t o ASHRAE 52. 2.

2. 11. 3. 6   Aut omat i c Renewabl e Medi a Fi l t er s

Pr ovi de t he f ol l owi ng:

a.   Aut omat i c,  r enewabl e medi a f i l t er s consi st i ng of  a hor i zont al  or  
ver t i cal  t r avel i ng cur t ai n of  adhesi ve- coat ed bonded f i br ous gl ass 
suppl i ed i n conveni ent  r ol l  f or m,  and f i l t er  t hat  does not  r equi r e 
wat er  suppl y,  sewer  connect i ons,  adhesi ve r eser voi r ,  or  spr i nkl er  
equi pment  as par t  of  t he oper at i on and mai nt enance r equi r ement s.

b.   Basi c f r ame t hat  i s  f abr i cat ed of  not  l ess t han 2 mm 14 gauge 
gal vani zed st eel ,  and sect i onal  desi gn f i l t er s wi t h each sect i on of  
each f i l t er  f ul l y  f act or y assembl ed,  r equi r i ng no f i el d assembl y ot her  
t han set t i ng i n pl ace next  t o any adj acent  sect i ons and t he 
i nst al l at i on of  medi a i n r ol l  f or m.

c.   Each f i l t er  compl et e wi t h i ni t i al  l oadi ng of  f i l t er  medi a dr i ve mot or  
adequat e t o handl e t he number  of  sect i ons i nvol ved,  and [ pai nt ed st eel ]  
[ s t ai nl ess st eel ]  cont r ol  box cont ai ni ng a war ni ng l i ght  t o i ndi cat e 
medi a r unout ,  a r unout  swi t ch,  and a Hand- Of f - Aut o sel ect or  swi t ch.

d.   Medi a f eed acr oss t he f i l t er  f ace i n [ f ul l - f ace i ncr ement s]  
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[ i ncr ement s]  aut omat i cal l y  cont r ol l ed as det er mi ned by [ f i l t er  pr essur e 
di f f er ent i al ]  [ t i me i nt er val  cont r ol ]  [ t i me i nt er val  cont r ol  wi t h 
pr essur e over r i de]  [ phot o el ect r i c  cont r ol ]  t o pr ovi de subst ant i al l y  
const ant  oper at i ng r esi st ance t o ai r f l ow and var yi ng not  mor e t han pl us 
or  mi nus 10 per cent .   Rol l  or  encl ose medi a i n such a way t hat  
col l ect ed par t i cul at es can not  r e- ent r ai n.

e.   Rol l s of  c l ean medi a,  no l ess t han 19. 8 m 65 f eet  l ong,  r er ol l ed on 
di sposabl e spool s i n t he r ewi nd sect i on of  t he f i l t er  af t er  t he medi a 
has accumul at ed i t s desi gn di r t  l oad.   Equi p r ewi nd sect i on wi t h a 
compr essi on panel  t o t i ght l y r ewi nd used medi a f or  ease of  handl i ng.   
Pr ovi de medi a made of  cont i nuous,  bonded f i br ous gl ass mat er i al ,  UL 
Cl ass 2,  t hat  does not  compr ess mor e t han 6 mm 1/ 4 i nch when subj ect ed 
t o ai r  f l ow at  2. 54 m/ s 500 f pm.   Fact or y char ge medi a wi t h an odor l ess 
and f l ame r et ar dant  adhesi ve whi ch does not  f l ow whi l e i n st or age nor  
when subj ect ed t o t emper at ur es up t o 79. 4 degr ees C 175 degr ees F.   
Suppor t  medi a on bot h t he l eavi ng and ent er i ng ai r  f aces.   Cl ean medi a 
must  have i ni t i al  r esi st ance t hat  does not  exceed 45 Pa 0. 18 i nch wat er  
gauge at  i t s  r at ed vel oci t y of  2. 54 m/ s 500 f pm.   Set  cont r ol  so t hat  
t he r esi st ance t o ai r  f l ow i s bet ween 100 and 125 Pa 0. 40- and 0. 50 i nch 
wat er  gauge unl ess ot her wi se i ndi cat ed.

f .   Dust  hol di ng capaci t y,  of  80 per cent  aver age ar r est ance under  t hese 
oper at i ng condi t i ons,  when oper at i ng at  a st eady st at e wi t h an upper  
oper at i ng r esi st ance of  125 Pa 0. 50 i nch wat er  gauge,  t hat  i s  at  l east  
592 ( 55)  gr ams of  ASHRAE St andar d Test  Dust  per  squar e met er  f oot  of  
medi a ar ea,  when t est ed accor di ng t o t he dynami c t est i ng pr ovi s i ons of  
ASHRAE 52. 2.

g.   The hor i zont al  t ype aut omat i c r enewabl e medi a f i l t er s,  when used i n 
conj unct i on wi t h f act or y f abr i cat ed ai r  handl i ng uni t s,  t hat  ar e 
di mensi onal l y compat i bl e wi t h t he connect i ng ai r  handl i ng uni t s,  and 
hor i zont al  t ype f i l t er  housi ngs wi t h al l  exposed sur f aces f act or y 
i nsul at ed i nt er nal l y wi t h 25 mm 1 i nch,  24 kg/ cubi c met er  1- 1/ 2 pound 
densi t y neopr ene coat ed f i br ous gl ass wi t h t her mal  conduct i v i t y not  
gr eat er  t han 0. 04 W/ m- K 0. 27 Bt u/ hour / degr ee F/ squar e f oot / i nch of  
thickness.

h.   Access door s f or  hor i zont al  f i l t er s wi t h doubl e wal l  const r uct i on as 
speci f i ed f or  pl enums and casi ngs f or  f i el d- f abr i cat ed uni t s i n 
par agr aph DUCT SYSTEMS.

2. 11. 3. 7   El ect r ost at i c Fi l t er s

Pr ovi de t he f ol l owi ng:

a.   The combi nat i on dr y aggl omer at or / ext ended sur f ace,  nonsuppor t ed pocket  
el ect r ost at i c f i l t er s or  t he combi nat i on dr y aggl omer at or / aut omat i c 
r enewabl e,  medi a ( r ol l )  t ype el ect r ost at i c f i l t er s,  as i ndi cat ed 
( except  as modi f i ed) .   Suppl y each dr y aggl omer at or  el ect r ost at i c ai r  
f i l t er  wi t h t he cor r ect  quant i t y of  f ul l y  housed power  packs and equi p 
wi t h s i l i con r ect i f i er s,  manual  r eset  c i r cui t  br eaker s,  l ow vol t age 
saf et y cut out ,  r el ays f or  f i el d wi r i ng t o r emot e i ndi cat i on of  pr i mar y 
and secondar y vol t ages,  wi t h l amps mount ed i n t he cover  t o i ndi cat e 
t hese f unct i ons l ocal l y.   Equi p power  pack encl osur e wi t h ext er nal  
mount i ng br acket s,  and l ow and hi gh vol t age t er mi nal s f ul l y  exposed 
wi t h access cover  r emoved f or  ease of  i nst al l at i on.   Fur ni sh i nt er l ock 
saf et y swi t ches f or  each access door  and access panel  t hat  per mi t s 
access t o ei t her  s i de of  t he f i l t er ,  so t hat  t he f i l t er  i s  de- ener gi zed 
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i n t he event  t hat  a door  or  panel  i s  opened.

b.   Ozone gener at i on wi t hi n t he f i l t er  t hat  does not  exceed f i ve par t s per  
one hundr ed mi l l i on par t s of  ai r .   Locat e hi gh vol t age i nsul at or s i n a 
ser vi ceabl e l ocat i on out s i de t he movi ng ai r  st r eam or  on t he c l ean ai r  
s i de of  t he uni t .   Ful l y expose i oni zer  wi r e suppor t s and f ur ni sh 
i oni zer  wi r es pr ecut  t o s i ze and wi t h f or med l oops at  each end t o 
f aci l i t at e i oni zer  wi r e r epl acement .

c.   Aggl omer at or  cel l  pl at es t hat  al l ow pr oper  ai r  st r eam ent r ai nment  of  
aggl omer at es and pr event  excessi ve r esi dual  dust  bui l d- up,  wi t h cel l s  
t hat  ar e open at  t he t op and bot t om t o pr event  accumul at i on of  
aggl omer at es whi ch set t l e by gr avi t y.   Wher e t he dr y aggl omer at or  
el ect r ost at i c f i l t er  i s  i ndi cat ed t o be t he aut omat i c r enewabl e medi a 
t ype,  pr ovi de a st or age sect i on t hat  ut i l i zes a hor i zont al  or  ver t i cal  
t r avel i ng cur t ai n of  adhesi ve- coat ed bonded f i br ous gl ass f or  dr y 
aggl omer at or  st or age sect i on ser v i ce suppl i ed i n 19. 8 m 65 f oot  l engt hs 
i n conveni ent  r ol l  f or m.   Ot her wi se,  pr ovi de sect i on const r uct i on and 
r ol l  medi a char act er i st i cs as speci f i ed f or  aut omat i c r enewabl e medi a 
f i l t er s.   Al so a dr y aggl omer at or / r enewabl e medi a combi nat i on wi t h an 
i ni t i al  ai r  f l ow r esi st ance,  af t er  i nst al l at i on of  c l ean medi a,  t hat  
does not  exceed 62. 3 Pa 0. 25 i nch wat er  gauge at  2. 54 m/ s 500 f pm f ace 
velocity.

d.   A MERV of  t he combi nat i on t hat  i s  not  l ess t han 15 when t est ed 
accor di ng t o ASHRAE 52. 2 at  an aver age oper at i ng r esi st ance of  125 Pa 
0. 50 i nch wat er  gauge.   Wher e t he dr y aggl omer at or  el ect r ost at i c f i l t er  
i s  i ndi cat ed t o be of  t he ext ended sur f ace nonsuppor t ed pocket  f i l t er  
t ype,  pr ovi de a st or age sect i on as speci f i ed f or  ext ended sur f ace 
non- suppor t ed pocket  f i l t er s,  wi t h sect i onal  hol di ng f r ames or  s i de 
access housi ngs as i ndi cat ed.

e.   A dr y aggl omer at or / ext ended sur f ace nonsuppor t ed pocket  f i l t er  sect i on 
combi nat i on wi t h i ni t i al  ai r  f l ow r esi st ance,  af t er  i nst al l at i on of  
c l ean f i l t er s,  t hat  does not  exceed 162 Pa 0. 65 i nch wat er  gauge at  
2. 54 m/ s 500 f pm f ace vel oci t y,  wi t h a MERV of  t he combi nat i on not  l ess 
t han 16 when t est ed accor di ng t o ASHRAE 52. 2.   Fur ni sh f r ont  access 
f i l t er s wi t h f ul l  hei ght  ai r  di st r i but i on baf f l es and upper  and l ower  
mount i ng t r acks t o per mi t  t he baf f l es t o be moved f or  aggl omer at or  cel l  
i nspect i on and ser vi ce.   When used i n conj unct i on wi t h f act or y 
f abr i cat ed ai r  handl i ng uni t s,  suppl y s i de access housi ngs whi ch have 
di mensi onal  compat i bi l i t y .

2. 11. 3. 8   Hi gh- Ef f i c i ency Par t i cul at e Ai r  ( HEPA)  Fi l t er s

**************************************************************************
NOTE:   Use hi gh- ef f i c i ency par t i cul at e ai r  f i l t er s 
i n CLEAN ROOMS ( Whi t e Rooms or  Dust  Cont r ol l ed 
Faci l i t i es) ,  c l ean wor k st at i ons,  and f or  cr i t i cal  
ar eas of  hospi t al s.   Show t he ef f i c i ency of  t he 
pr ef i l t er  on t he dr awi ngs.   Pr ovi de ef f i c i ency t hat  
i s  suf f i c i ent  f or  t he ant i c i pat ed cont ami nat i on l oad 
and t he degr ee of  pr ef i l t r at i on r equi r ed.   Ref er ence 
ASME AG- 1 ei t her  al l  or  i n par t  when ext r eme 
t emper at ur e or  humi di t y r equi r ement s exi st .   Ensur e 
t hat  r equi r ement s added t o t ext  f r om ASME AG- 1 ar e 
essent i al  t o cust omer ' s needs t o pr event  unnecessar y 
expenses f r om bei ng added t o t he pr oj ect ,  as t hi s 
st andar d i s not  i nt ended f or  r out i ne commer ci al  
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appl i cat i ons.   When used,  add ASME AG- 1 t o par agr aph 
REFERENCES.

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

Pr ovi de HEPA f i l t er s t hat  meet  t he r equi r ement s of  I EST RP- CC- 001 and ar e 
i ndi v i dual l y t est ed and cer t i f i ed t o have an ef f i c i ency of  not  l ess t han 
[ 95]  [ 99. 97]  per cent ,  and an i ni t i al  r esi st ance at  [ _____]  m/ s f pm t hat  
does not  exceed [ _____]  Pa i nches wat er  gauge.   Pr ovi de f i l t er s t hat  ar e 
const r uct ed by pl eat i ng a cont i nuous sheet  of  f i l t er  medi um i nt o c l osel y 
spaced pl eat s separ at ed by cor r ugat ed al umi num or  mi ner al - f i ber  i nser t s,  
st r i ps of  f i l t er  medi um,  or  by honeycomb const r uct i on of  t he pl eat ed f i l t er  
medi um.   Pr ovi de i nt er l ocki ng,  dovet ai l ed,  mol ded neopr ene r ubber  gasket s 
of  5- 10 dur omet er  t hat  ar e cement ed t o t he per i met er  of  t he [ upst r eam]  
[ downst r eam]  f ace of  t he f i l t er  cel l  s i des.   Pr ovi de sel f - ext i ngui shi ng 
r ubber - base t ype adhesi ve or  ot her  mat er i al s conf or mi ng 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 ovi de f i l t er  cel l  s i des t hat  ar e [ 19 mm 3/ 4 i nch 
t hi ck ext er i or  gr ade f i r e- r et ar dant  pl ywood]  [ cadmi um pl at ed st eel ]  
[ gal vani zed st eel ]  assembl ed i n a r i gi d manner .   Pr ovi de over al l  cel l  s i de 
di mensi ons t hat  ar e cor r ect  t o 2 mm 1/ 16 i nch,  and squar eness t hat  i s  
mai nt ai ned t o wi t hi n 3. 2 mm 1/ 8 i nch.   Pr ovi de hol di ng f r ames t hat  use 
spr i ng l oaded f ast ener s or  ot her  devi ces t o seal  t he f i l t er  t i ght l y  wi t hi n 
i t  and t hat  pr event  any bypass l eakage ar ound t he f i l t er  dur i ng i t s  
i nst al l ed l i f e.   Pr ovi de ai r  capaci t y and t he nomi nal  dept h of  t he f i l t er  
as i ndi cat ed.   I nst al l  each f i l t er  i n a f act or y pr eassembl ed s i de access 
housi ng or  a f act or y- made sect i onal  suppor t i ng f r ame as i ndi cat ed.   Pr ovi de 
pr ef i l t er s of  t he t ype,  const r uct i on and ef f i c i ency i ndi cat ed.

2. 11. 3. 9   Hol di ng Fr ames

Fabr i cat e f r ames f r om not  l i ght er  t han 1. 6 mm 16 gauge sheet  st eel  wi t h 
r ust - i nhi bi t or  coat i ng.   Equi p each hol di ng f r ame wi t h sui t abl e f i l t er  
hol di ng devi ces.   Pr ovi de gasket ed hol di ng f r ame seat s.   Make al l  j oi nt s 
airtight.

2. 11. 3. 10   Fi l t er  Gauges

Pr ovi de di al  t ype f i l t er  gauges,  di aphr agm act uat ed dr af t  f or  al l  f i l t er  
st at i ons,  i ncl udi ng t hose f i l t er s whi ch ar e f ur ni shed as i nt egr al  par t s of  
f act or y f abr i cat ed ai r  handl i ng uni t s.   Pr ovi de gauges t hat  ar e at  l east  98 
mm 3- 7/ 8 i nches i n di amet er ,  wi t h whi t e di al s wi t h bl ack f i gur es,  and 
[ gr aduat i ons]  [ gr aduat ed i n 0. 0025 kPa 0. 01 i nch of  wat er , ]  wi t h a mi ni mum 
r ange of  0. 25 kPa 1 i nch of  wat er  beyond t he speci f i ed f i nal  r esi st ance f or  
t he f i l t er  bank on whi ch each gauge i s appl i ed.   Pr ovi de each gauge wi t h a 
scr ew oper at ed zer o adj ust ment  and t wo st at i c pr essur e t i ps wi t h i nt egr al  
compr essi on f i t t i ngs,  t wo mol ded pl ast i c vent  val ves,  t wo 1. 5 m 5 f oot  
mi ni mum l engt hs of  6. 35 mm 1/ 4 i nch di amet er  [ al umi num]  [ v i nyl ]  t ubi ng,  and 
al l  har dwar e and accessor i es f or  gauge mount i ng.

2. 12   AI R HANDLI NG UNI TS

**************************************************************************
NOTE:   To pr event  condensat e over f l ow,  cal cul at e t he 
s i ze of  condensat e dr ai n pans f or  ai r  handl i ng uni t s 
wher e abnor mal l y  hi gh l at ent  l oads ar e encount er ed 
such as hi gh humi di t y l ocat i ons or  uni t s oper at i ng 
wi t h 100 per cent  out s i de ai r .   Wher e t he pot ent i al  
exi st s f or  a manuf act ur er ' s st andar d condensat e pan 
t o be smal l er  t han t he s i ze cal cul at ed,  i ncl ude t he 
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si ze r equi r ed i n t he equi pment  schedul e on t he 
drawings.

For  AHU' s i nt ended f or  out door  i nst al l at i on,  not e on 
equi pment  schedul e t hat  AHU r oof  ( used f or  Ar my 
pr oj ect s onl y)  must  s l ope a mi ni mum of  6 mm/ 300 mm 
1/ 4 i n per  f t  and over hang wal l  panel s by a mi ni mum 
of  50 mm 2 i nches.

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

2. 12. 1   Fi el d- Fabr i cat ed Ai r  Handl i ng Uni t s

Pr ovi de bui l t - up uni t s as speci f i ed i n par agr aph DUCT SYSTEMS.   Pr ovi de 
f ans,  coi l s  spr ay- coi l  dehumi di f i er s,  and ai r  f i l t er s as speci f i ed i n 
par agr aph AI R SYSTEMS EQUI PMENT f or  t ypes i ndi cat ed.

2. 12. 2   Fact or y- Fabr i cat ed Ai r  Handl i ng Uni t s

**************************************************************************
NOTE:   Coor di nat e wi t h par agr aph Fans and par agr aph 
Coils.

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

Pr ovi de [ s i ngl e- zone dr aw- t hr ough t ype] [  or  ] [ s i ngl e- zone bl ow- t hr ough 
t ype] [  or  ] [ mul t i zone bl ow- t hr ough t ype] [ bl ow- t hr ough doubl e- deck 
t ype] [ bl ow- t hr ough t r i pl e deck t ype]  uni t s as i ndi cat ed.   Uni t s must  
i ncl ude f ans,  coi l s ,  ai r t i ght  i nsul at ed casi ng,  [ pr ef i l t er s, ]  [ secondar y 
f i l t er  sect i ons, ] [  and ] [ di f f user  sect i ons wher e i ndi cat ed, ]  [ ai r  bl ender ]  
adj ust abl e V- bel t  dr i ves,  bel t  guar ds f or  ext er nal l y mount ed mot or s,  access 
sect i ons wher e i ndi cat ed,  [ mi x i ng box]  [ combi nat i on sect i onal  f i l t er - mi xi ng 
box, ]  [ [ pan] [ dr yst eam] [ spr ay t ype]  humi di f i er , ]  v i br at i on- i sol at or s,  and 
appur t enances r equi r ed f or  speci f i ed oper at i on.   Pr ovi de v i br at i on 
i sol at or s as i ndi cat ed.   Physi cal  di mensi ons of  each ai r  handl i ng uni t  must  
be sui t abl e t o f i t  space al l ot t ed t o t he uni t  wi t h t he capaci t y i ndi cat ed.   
Pr ovi de ai r  handl i ng uni t  t hat  i s  r at ed i n accor dance wi t h AHRI  430 and 
AHRI  cer t i f i ed f or  cool i ng.

2. 12. 2. 1   Casings

Pr ovi de t he f ol l owi ng:

a.   [ Casi ng sect i ons [ [ s i ngl e]  [ 50 mm 2 i nch doubl e]  wal l  t ype]  [ as 
i ndi cat ed] ,  const r uct ed of  a mi ni mum 1. 3 mm 18 gauge gal vani zed st eel ,  
or  1. 3 mm 18 gauge cor r osi on- r esi st i ng sheet  st eel  conf or mi ng t o 
ASTM A167,  Type 304. ] [ I nner  casi ng of  doubl e- wal l  uni t s t hat  ar e a 
mi ni mum one mm 20 gauge sol i d gal vani zed st eel  or  cor r osi on- r esi st i ng 
sheet  st eel  conf or mi ng t o ASTM A167,  Type 304. ]   Desi gn and const r uct  
casi ng wi t h an i nt egr al  i nsul at ed st r uct ur al  gal vani zed st eel  f r ame 
such t hat  ext er i or  panel s ar e non- l oad bear i ng.

b.   I ndi v i dual l y  r emovabl e ext er i or  panel s wi t h st andar d t ool s.   Removal  
must  not  af f ect  t he st r uct ur al  i nt egr i t y of  t he uni t .   Fur ni sh casi ngs 
wi t h access sect i ons,  accor di ng t o par agr aph AI R HANDLI NG UNI TS,  
i nspect i on door s,  and access door s,  al l  capabl e of  openi ng a mi ni mum of  
90 degr ees,  as i ndi cat ed.

c.   I nsul at ed,  f ul l y  gasket ed,  doubl e- wal l  t ype i nspect i on and access 
door s,  of  a mi ni mum 1. 3 mm 18 gauge out er  and one mm 20 gauge i nner  
panel s made of  ei t her  gal vani zed st eel  or  cor r osi on- r esi st i ng sheet  
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st eel  conf or mi ng t o ASTM A167,  Type 304.   Pr ovi de r i gi d door s wi t h 
heavy dut y hi nges and l at ches.   I nspect i on door s must  be a mi ni mum 300 
mm 12 i nches wi de by 300 mm 12 i nches hi gh.   Access door s must  be a 
mi ni mum 600 mm 24 i nches wi de,  t he f ul l  hei ght  of  t he uni t  casi ng or  a 
mi ni mum of  1800 mm 6 f oot ,  whi chever  i s  l ess.   [ I nst al l  a mi ni mum 200 
by 200 mm 8 by 8 i nches seal ed gl ass wi ndow sui t abl e f or  t he i nt ended 
appl i cat i on,  i n al l  access door s. ]

d.   Doubl e- wal l  i nsul at ed t ype dr ai n pan ( t hi ckness equal  t o ext er i or  
casi ng)  const r uct ed of  1. 4 mm 16 gauge [ gal vani zed st eel ]  [ cor r osi on 
r esi st i ng sheet  st eel  conf or mi ng t o ASTM A167,  Type 304] ,  conf or mi ng t o 
ASHRAE 62. 1.   Const r uct  dr ai n pans wat er  t i ght ,  t r eat ed t o pr event  
cor r osi on,  and desi gned f or  posi t i ve condensat e dr ai nage.   When 2 or  
mor e cool i ng coi l s ar e used,  wi t h one st acked above t he ot her ,  
condensat e f r om t he upper  coi l s  must  not  f l ow acr oss t he f ace of  l ower  
coi l s .   Pr ovi de i nt er medi at e dr ai n pans or  condensat e col l ect i on 
channel s and downspout s,  as r equi r ed t o car r y condensat e t o t he uni t  
dr ai n pan out  of  t he ai r  st r eam and wi t hout  moi st ur e car r yover .   
Const r uct  dr ai n pan t o al l ow f or  easy v i sual  i nspect i on,  i ncl udi ng 
under neat h t he coi l  wi t hout  r emoval  of  t he coi l  and t o al l ow compl et e 
and easy physi cal  c l eani ng of  t he pan under neat h t he coi l  wi t hout  
r emoval  of  t he coi l .   Pr ovi de coi l s t hat  ar e i ndi v i dual l y r emovabl e 
f r om t he casi ng.

e.   Casi ng i nsul at i on t hat  conf or ms t o NFPA 90A.   I nsul at e s i ngl e- wal l  
casi ng sect i ons handl i ng condi t i oned ai r  wi t h not  l ess t han 25 mm 1 i nch
 t hi ck,  24 kg/ cubi c met er  1- 1/ 2 pound densi t y coat ed f i br ous gl ass 
mat er i al  havi ng a t her mal  conduct i v i t y not  gr eat er  t han 0. 033 W/ m- K 
0. 23 Bt u/ hr - sf - F.   I nsul at e doubl e- wal l  casi ng sect i ons handl i ng 
condi t i oned ai r  wi t h not  l ess t han 50 mm 2 i nches of  t he same 
i nsul at i on speci f i ed f or  s i ngl e- wal l  casi ngs.   Foi l - f aced i nsul at i on i s 
not  an accept abl e subst i t ut e f or  use wi t h doubl e wal l  casi ng.   Seal  
doubl e wal l  i nsul at i on compl et el y by i nner  and out er  panel s.

f .   Fact or y appl i ed f i br ous gl ass i nsul at i on t hat  conf or ms t o ASTM C1071, 
except  t hat  t he mi ni mum t hi ckness and densi t y r equi r ement s do not  
appl y,  and t hat  meet s t he r equi r ement s of  NFPA 90A.   Make ai r  handl i ng 
uni t  casi ng i nsul at i on uni f or m over  t he ent i r e casi ng.   Foi l - f aced 
i nsul at i on i s not  an accept abl e subst i t ut e f or  use on doubl e- wal l  
access door s and i nspect i ons door s [ and casi ng sect i ons] .

g.   Duct  l i ner  mat er i al ,  coat i ng,  and adhesi ve t hat  conf or ms t o f i r e- hazar d 
r equi r ement s speci f i ed i n Sect i on 23 07 00 THERMAL I NSULATI ON FOR 
MECHANI CAL SYSTEMS.   Pr ot ect  exposed i nsul at i on edges and j oi nt s wher e 
i nsul at i on panel s ar e but t ed wi t h a met al  nosi ng st r i p or  coat  t o meet  
er osi on r esi st ance r equi r ement s of  ASTM C1071.

h.   A l at ched and hi nged i nspect i on door ,  i n t he f an and coi l  sect i ons.   
Pl us addi t i onal  i nspect i on door s,  access door s and access sect i ons 
[ _____] [ wher e i ndi cat ed] .

2. 12. 2. 2   Heat i ng and Cool i ng Coi l s

Pr ovi de coi l s as speci f i ed i n par agr aph AI R SYSTEMS EQUI PMENT.

2. 12. 2. 3   Ai r  Fi l t er s

Pr ovi de ai r  f i l t er s as speci f i ed i n par agr aph AI R SYSTEMS EQUI PMENT f or  
t ypes and t hi ckness i ndi cat ed.
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2. 12. 2. 4   Fans

**************************************************************************
NOTE:   Coor di nat e wi t h par agr aph Sound At t enuat i on 
Equipment.

Ref er  t o UFC 3- 450- 02,  Power  Pl ant  Acoust i cs,  f or  
v i br at i on cr i t er i a.   Det ai l  v i br at i on i sol at i on 
r equi r ed and i nc l ude i t  i n t he appr opr i at e schedul e 
on t he dr awi ngs.

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

Pr ovi de t he f ol l owi ng:

a.   Fans t hat  ar e doubl e- i nl et ,  cent r i f ugal  t ype wi t h each f an i n a 
separ at e scr ol l .   Dynami cal l y bal ance f ans and shaf t s pr i or  t o 
i nst al l at i on i nt o ai r  handl i ng uni t ,  t hen af t er  i t  has been i nst al l ed 
i n t he ai r  handl i ng uni t ,  s t at i cal l y  and dynami cal l y bal ance t he ent i r e 
f an assembl y.   Mount  f ans on st eel  shaf t s,  accur at el y gr ound and 
finished.

b.   Fan bear i ngs t hat  ar e seal ed agai nst  dust  and di r t  and ar e pr eci s i on 
sel f - al i gni ng bal l  or  r ol l er  t ype,  wi t h L50 r at ed bear i ng l i f e at  not  
l ess t han 200, 000 hour s as def i ned by ABMA 9 and ABMA 11.   Pr ovi de 
bear i ngs t hat  ar e per manent l y l ubr i cat ed or  l ubr i cat ed t ype wi t h 
l ubr i cat i on f i t t i ngs r eadi l y accessi bl e at  t he dr i ve s i de of  t he uni t .   
Suppor t  bear i ngs by st r uct ur al  shapes,  or  di e f or med sheet  st r uct ur al  
member s,  or  suppor t  pl at es secur el y at t ached t o t he uni t  casi ng.   Do 
not  f ast en bear i ngs di r ect l y t o t he uni t  sheet  met al  casi ng.   Fur ni sh 
f ans and scr ol l s  wi t h coat i ng i ndi cat ed.

c.   Fans t hat  ar e dr i ven by a uni t - mount ed,  or  a f l oor - mount ed mot or  
connect ed t o f ans by V- bel t  dr i ve compl et e wi t h bel t  guar d f or  
ext er nal l y mount ed mot or s.   Fur ni sh bel t  guar ds t hat  ar e t he 
t hr ee- si ded encl osed t ype wi t h sol i d or  expanded met al  f ace.   Desi gn 
bel t  dr i ves f or  not  l ess t han a 1. 3 ser vi ce f act or  based on mot or  
namepl at e r at i ng.

d.   [ Mot or  sheaves t hat  ar e var i abl e pi t ch f or  20 kW 25 hp and bel ow and 
f i xed pi t ch above 20 kW 25 hp as def i ned by AHRI  Gui del i ne D. ]   Wher e 
f i xed sheaves ar e r equi r ed,  t he use of  var i abl e pi t ch sheaves i s 
al l owed dur i ng ai r  bal ance,  but  r epl ace t hem wi t h an appr opr i at e f i xed 
sheave af t er  ai r  bal ance i s compl et ed.   Sel ect  var i abl e pi t ch sheaves 
t o dr i ve t he f an at  a speed t hat  pr oduces t he speci f i ed capaci t y when 
set  at  t he appr oxi mat e mi dpoi nt  of  t he sheave adj ust ment .   Fur ni sh 
mot or s f or  V- bel t  dr i ves wi t h adj ust abl e bases,  and wi t h 
[ open] [ spl ashpr oof ] [ t ot al l y  encl osed]  encl osur es.

e.   Mot or  st ar t er s of  
[ manual ] [ magnet i c] [ acr oss- t he- l i ne] [ r educed- vol t age- st ar t ]  t ype wi t h 
[ gener al - pur pose] [ weat her - r esi st ant ] [ wat er t i ght ]  encl osur e.   Sel ect  
uni t  f an or  f ans t o pr oduce t he r equi r ed capaci t y at  t he f an st at i c  
pr essur e wi t h sound power  l evel  as i ndi cat ed.   Obt ai n t he sound power  
l evel  val ues accor di ng t o AMCA 300, ASHRAE 68,  or  AHRI  260 I - P.

2. 12. 2. 5   Access Sect i ons and Fi l t er / Mi x i ng Boxes

Pr ovi de access sect i ons wher e i ndi cat ed and f ur ni sh wi t h access door s as 
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shown.   Const r uct  access sect i ons and f i l t er / mi x i ng boxes i n a manner  
i dent i cal  t o t he r emai nder  of  t he uni t  casi ng and equi p wi t h access door s.   
Desi gn mi xi ng boxes t o mi ni mi ze ai r  st r at i f i cat i on and t o pr omot e t hor ough 
mi xi ng of  t he ai r  st r eams.

2. 12. 2. 6   Di f f user  Sect i ons

Fur ni sh di f f user  sect i ons bet ween t he di schar ge of  al l  housed suppl y f ans 
[ and cool i ng coi l s of  bl ow- t hr ough si ngl e zone uni t s] [  and ] [ f i l t er  
sect i ons of  t hose uni t s wi t h hi gh ef f i c i ency f i l t er s l ocat ed i mmedi at el y 
downst r eam of  t he ai r  handl i ng uni t  f an sect i on] .   Pr ovi de di f f user  
sect i ons t hat  ar e f abr i cat ed by t he uni t  manuf act ur er  i n a manner  i dent i cal  
t o t he r emai nder  of  t he uni t  casi ng,  desi gned t o be ai r t i ght  under  posi t i ve 
st at i c pr essur es up t o [ 2] [ _____]  kPa [ 8] [ _____]  i nches wat er  gauge and 
wi t h an access door  on each si de f or  i nspect i on pur poses.   Pr ovi de a 
di f f user  sect i on t hat  cont ai ns a per f or at ed di f f us i on pl at e,  f abr i cat ed of  
gal vani zed st eel ,  Type 316 st ai nl ess st eel ,  al umi num,  or  st eel  t r eat ed f or  
cor r osi on wi t h manuf act ur er ' s st andar d cor r osi on- r esi st i ng f i ni sh,  and 
desi gned t o accompl i sh uni f or m ai r  f l ow acr oss t he down- st r eam 
[ coi l ] [ f i l t er s]  whi l e r educi ng t he hi gher  f an out l et  vel oci t y t o wi t hi n 
pl us or  mi nus 5 per cent  of  t he r equi r ed f ace vel oci t y of  t he downst r eam 
component.

2. 13   TERMI NAL UNI TS

**************************************************************************
NOTE:   Coor di nat e wi t h par agr aph Sound At t enuat i on 
Equipment.

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

2. 13. 1   Room Fan- Coi l  Uni t s

Pr ovi de base uni t s t hat  i ncl ude gal vani zed coi l  casi ng,  coi l  assembl y dr ai n 
pan [ val ve and pi pi ng package, ]  [ out s i de ai r  damper , ]  [ wal l  i nt ake box, ]  
ai r  f i l t er ,  f ans,  mot or ,  f an dr i ve,  mot or  swi t ch,  an encl osur e f or  cabi net  
model s and casi ng f or  conceal ed model s,  l evel i ng devi ces i nt egr al  wi t h t he 
uni t  f or  ver t i cal  t ype uni t s,  and sound power  l evel s as i ndi cat ed.   Obt ai n 
sound power  l evel  dat a or  val ues f or  t hese uni t s accor di ng t o t est  
pr ocedur es based on AHRI  350.   Sound power  val ues appl y t o uni t s pr ovi ded 
wi t h f act or y f abr i cat ed cabi net  encl osur es and st andar d gr i l l es.   Val ues 
obt ai ned f or  t he st andar d cabi net  model s ar e accept abl e f or  conceal ed 
model s wi t hout  separ at e t est  pr ovi ded t her e i s no var i at i on bet ween model s 
as t o t he coi l  conf i gur at i on,  bl ower s,  mot or  speeds,  or  r el at i ve 
ar r angement  of  par t s.   Pr ovi de aut omat i c val ves and cont r ol s as speci f i ed 
i n par agr aph SUPPLEMENTAL COMPONENTS/ SERVI CES,  subpar agr aph CONTROLS.   
Fast en each uni t  secur el y t o t he bui l di ng st r uct ur e.   Pr ovi de uni t s  wi t h 
capaci t y i ndi cat ed.   Pr ovi de r oom f an- coi l  uni t s t hat  ar e cer t i f i ed as 
compl yi ng wi t h AHRI  440,  and meet  t he r equi r ement s of  UL 1995.

2. 13. 1. 1   Enclosures

Fabr i cat e encl osur es f r om not  l i ght er  t han 1. 3 mm 18 gauge st eel ,  
r ei nf or ced and br aced.   Pr ovi de encl osur es wi t h f r ont  panel s t hat  ar e 
r emovabl e and have 7 mm 1/ 4 i nch c l osed cel l  i nsul at i on or  13 mm 1/ 2 i nch 
t hi ck dual  densi t y f oi l  f aced f i br ous gl ass i nsul at i on.   Make t he exposed 
si de of  a hi gh densi t y,  er osi on- pr oof  mat er i al  sui t abl e f or  use i n ai r  
st r eams wi t h vel oci t i es up t o 23 m/ s 4, 500 f pm.   Pr ovi de a di schar ge gr i l l e 
t hat  i s  [ adj ust abl e]  [ f i xed]  and t hat  i s  of  such desi gn as t o pr oper l y 
di st r i but e ai r  t hr oughout  t he condi t i oned space.   Pl ast i c di schar ge and 
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r et ur n gr i l l es ar e accept abl e pr ovi ded t he pl ast i c  mat er i al  i s  cer t i f i ed by 
t he manuf act ur er  t o be c l assi f i ed as f l ame r esi st ant  accor di ng t o UL 94 and 
t he mat er i al  compl i es wi t h t he heat  def l ect i on cr i t er i a speci f i ed i n UL 1995.   
Pr ovi de gal vani zed or  f act or y f i ni shed f er r ous met al  sur f aces wi t h 
cor r osi on r esi st ant  enamel ,  and access door s or  r emovabl e panel s f or  pi pi ng 
and cont r ol  compar t ment s,  pl us easy access f or  f i l t er  r epl acement .   Pr ovi de 
duct  di schar ge col l ar  f or  conceal ed model s.

2. 13. 1. 2   Fans

Pr ovi de st eel  or  al umi num,  mul t i bl ade,  cent r i f ugal  t ype f ans.   I n l i eu of  
met al ,  f ans and scr ol l s  coul d be of  non- met al l i c  mat er i al s of  sui t abl y 
r ei nf or ced compounds wi t h smoot h sur f aces.   Dynami cal l y and st at i cal l y  
bal ance t he f ans.   Pr ovi de accessi bl e assembl i es f or  mai nt enance.   
Di sassembl e and r e- assembl e by means of  mechani cal  f ast eni ng devi ces and 
not  by epoxi es or  cement s.

2. 13. 1. 3   Coils

Fabr i cat e coi l s  f r om not  l ess t han 10 mm 3/ 8 i nch out s i de di amet er  seaml ess 
copper  t ubi ng,  wi t h copper  or  al umi num f i ns mechani cal l y bonded or  sol der ed 
t o t he t ubes.   Pr ovi de coi l s wi t h not  l ess t han 13 mm 1/ 2 i nch out s i de 
di amet er  f l ar e or  sweat  connect or s,  accessor y pi pi ng package wi t h t her mal  
connect i ons sui t abl e f or  connect i on t o t he t ype of  cont r ol  val ve suppl i ed,  
and manual  ai r  vent .   Test  coi l s  hydr ost at i cal l y  at  2000 kPa 300 psi  or  
under  wat er  at  1700 kPa 250 psi  ai r  pr essur e.   Pr ovi de coi l s sui t abl e f or  
1400 kPa 200 psi  wor ki ng pr essur e.   Make pr ovi s i ons f or  coi l  r emoval .

2. 13. 1. 4   Dr ai n Pans

Si ze and l ocat e dr ai n and dr i p pans t o col l ect  al l  wat er  condensed on and 
dr i ppi ng f r om any i t em wi t hi n t he uni t  encl osur e or  casi ng.   Pr ovi de 
condensat e dr ai n pans desi gned f or  sel f - dr ai nage t o pr ecl ude t he bui l dup of  
mi cr obi al  s l i me and t her mal l y i nsul at ed t o pr event  condensat i on and 
const r uct ed of  not  l i ght er  t han 0. 9 mm 21 gauge t ype 304 st ai nl ess st eel  or  
noncor r osi ve ABS pl ast i c.   Pr ovi de i nsul at i on wi t h a f l ame spr ead r at i ng 
not  over  25 wi t hout  evi dence of  cont i nued pr ogr essi ve combust i on,  a smoke 
devel oped r at i ng no hi gher  t han 50,  and of  a wat er pr oof  t ype or  coat ed wi t h 
a wat er pr oof i ng mat er i al .   Desi gn dr ai n pans so as t o al l ow no st andi ng 
wat er  and pi t ch t o dr ai n.   Pr ovi de mi ni mum 19 mm 3/ 4 i nch NPT or  15 mm 5/ 8 
i nch OD dr ai n connect i on i n dr ai n pan.   Pr ovi de pl ast i c or  met al  auxi l i ar y 
dr ai n pans t o cat ch dr i ps f r om cont r ol  and pi pi ng packages,  el i mi nat i ng 
i nsul at i on of  t he packages;  i f  met al ,  pr ovi de auxi l i ar y pans t hat  compl y 
wi t h t he r equi r ement s speci f i ed above.   Ext end i nsul at i on at  cont r ol  and 
pi pi ng connect i ons 25 mm 1 i nch mi ni mum over  t he auxi l i ar y dr ai n pan.

2. 13. 1. 5   Manual l y Oper at ed Out si de Ai r  Damper s

Pr ovi de manual l y  oper at ed out s i de ai r  damper s accor di ng t o t he ar r angement  
i ndi cat ed,  and par al l el  ai r f oi l  t ype damper s of  gal vani zed const r uct i on.   
Pr ovi de bl ades t hat  r ot at e on st ai nl ess st eel  or  nyl on s l eeve bear i ngs.

2. 13. 1. 6   Filters

Pr ovi de di sposabl e t ype f i l t er  t hat  compl i es wi t h ASHRAE 52. 2.   Pr ovi de 
f i l t er s i n each uni t  t hat  ar e r emovabl e wi t hout  t he use of  t ool s.

SECTI ON 23 00 00  Page 58



2. 13. 1. 7   Motors

**************************************************************************
NOTE:   Edi t  dependi ng on whet her  t he uni t s ar e 
f r eest andi ng,  bui l t - i n or  bot h.   Val ues f or  hi gh 
st at i c mot or s cover  115V,  230V,  and 277V.

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

Pr ovi de mot or s of  t he per manent  spl i t - capaci t or  t ype wi t h bui l t - i n t her mal  
over l oad pr ot ect i on,  di r ect l y connect ed t o uni t  f ans.   Pr ovi de mot or  swi t ch 
wi t h t wo or  t hr ee speeds and of f ,  manual l y oper at ed,  and mount ed on an 
i dent i f i ed pl at e [ i nsi de t he uni t  bel ow or  behi nd an access door ] [  or  
] [ adj acent  t o t he r oom t her most at ] [ as i ndi cat ed] .   I n l i eu of  t he above f an 
speed cont r ol ,  a sol i d- st at e var i abl e- speed cont r ol l er  havi ng a mi ni mum 
speed r educt i on of  50 per cent  i s  al l owed.   Pr ovi de mot or s wi t h 
per manent l y- l ubr i cat ed or  oi l abl e s l eeve- t ype or  combi nat i on bal l  and 
s l eeve- t ype bear i ngs wi t h v i br at i on i sol at i ng mount i ngs sui t abl e f or  
cont i nuous dut y.   Pr ovi de a mot or  power  consumpt i on,  shown i n wat t s,  at  t he 
f an oper at i ng speed sel ect ed t o meet  t he speci f i ed capaci t y t hat  does not  
exceed t he f ol l owi ng val ues:

Fr ee Di schar ge Mot or s

Uni t  Capaci t y ( L/ S)  
(cfm)

Maxi mum Power  Consumpt i on ( Wat t s)

115V 230V 277V

94200 70 110 90

142300 100 110 110

189400 170 150 150

283600 180 210 220

378800 240 240 230

4721000 310 250 270

5661200 440 400 440

Hi gh St at i c Mot or s

Uni t  Capaci t y ( L/ S)  ( cf m) Maxi mum Power  Consumpt i on ( Wat t s)

94200 145

142300 145

189400 210
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Hi gh St at i c Mot or s

Uni t  Capaci t y ( L/ S)  ( cf m) Maxi mum Power  Consumpt i on ( Wat t s)

283600 320

378800 320

4721000 530

5661200 530

2. 13. 2   Coi l  I nduct i on Uni t s

Pr ovi de base uni t  t hat  i ncl udes ai r  pl enums,  ai r - di schar ge nozzl es,  ai r  
di schar ge gr i l l es,  r eci r cul at i on gr i l l es,  wat er  coi l  assembl y,  val ve and 
pi pi ng package,  condensat e dr ai n pan,  and adj ust abl e ai r - bal anci ng damper s,  
pl us an encl osur e f or  cabi net  model s and casi ng f or  conceal ed model s.   Make 
each uni t  capabl e of  pr oduci ng not  l ess t han t he capaci t y i ndi cat ed wi t hout  
exceedi ng t he i ndi cat ed st at i c pr essur e.   Pr ovi de a sound power  l evel  as 
i ndi cat ed wi t h power  l evel  dat a or  val ues f or  t hese uni t s based on t est s 
conduct ed accor di ng t o ASA S12. 51.   Sound power  val ues appl y t o uni t s 
pr ovi ded wi t h f act or y f abr i cat ed cabi net  encl osur es and st andar d gr i l l es.   
The val ues obt ai ned f or  t he st andar d cabi net  model s ar e accept abl e f or  
conceal ed model s wi t hout  separ at e t est s,  pr ovi ded t her e i s no var i at i on 
bet ween model s as t o coi l  conf i gur at i on,  ai r  di schar ge nozzl es,  ai r  
bal anci ng damper s,  or  r el at i ve ar r angement  of  par t s.   Pr ovi de aut omat i c 
val ves and cont r ol s as speci f i ed i n par agr aph SUPPLEMENTAL 
COMPONENTS/ SERVI CES,  subpar agr aph CONTROLS.   Secur e each uni t  t o t he 
bui l di ng st r uct ur e.   Pr ovi de uni t s wi t h capaci t y i ndi cat ed.

2. 13. 2. 1   Enclosures

Fabr i cat e encl osur es f r om not  l i ght er  t han 1. 2 mm 18 gauge st eel ,  
r ei nf or ced and br aced.   Pr ovi de a r emovabl e f r ont  panel  of  encl osur e  and 
i nsul at e when r equi r ed acoust i cal l y  and t o pr event  condensat i on.   Pr ovi de 
di schar ge gr i l l es t hat  ar e [ adj ust abl e] [ i nt egr al l y  st amped]  and pr oper l y 
di st r i but e ai r  t hr oughout  t he condi t i oned space.   Pl ast i c di schar ge and 
r et ur n gr i l l es ar e not  accept abl e.   Pr ovi de access door s f or  al l  pi pi ng and 
cont r ol  compar t ment s.

2. 13. 2. 2   Ai r  Pl enums

Fabr i cat e pl enums f r om gal vani zed st eel  wi t h i nt er i or  acoust i cal l y  baf f l ed 
and l i ned wi t h sound absor bi ng mat er i al  t o at t enuat e t he sound power  f r om 
t he pr i mar y ai r  suppl y t o t he r oom.   Pr ovi de heat - r esi st ant  nozzl es t hat  
ar e i nt egr al  wi t h or  at t ached ai r t i ght  t o t he pl enum.   Wher e coi l  i nduct i on 
uni t s ar e suppl i ed wi t h ver t i cal  r unout s,  f ur ni sh a st r eaml i ned,  vaned,  
mi t er ed el bow t r ansi t i on pi ece f or  connect i on bet ween t he uni t  and 
duct wor k.   Pr ovi de an adj ust abl e ai r - bal anci ng damper  i n each uni t .

2. 13. 2. 3   Coils

Fabr i cat e coi l s  f r om not  l ess t han 10 mm 3/ 8 i nch out s i de di amet er  seaml ess 
copper  t ubi ng,  wi t h copper  or  al umi num f i ns,  mechani cal l y bonded or  
sol der ed t o t he t ubes.   Fur ni sh coi l  connect i ons wi t h not  l ess t han 13 mm 
1/ 2 i nch out s i de di amet er  f l ar e or  sweat  connect or s,  accessor y pi pi ng 

SECTI ON 23 00 00  Page 60



package wi t h t er mi nal  connect i ons sui t abl e f or  connect i on t o t he t ype of  
cont r ol  val ve suppl i ed,  and manual  ai r  vent .   Test  coi l s  hydr ost at i cal l y  at  
2000 kPa 300 psi  or  under  wat er  at  1700 kPa 250 psi  ai r  pr essur e and 
pr ovi de coi l s sui t abl e f or  1400 kPa 200 psi  wor ki ng pr essur e.

2. 13. 2. 4   Screens

Pr ovi de easi l y accessi bl e l i nt  scr eens or  t hr owaway f i l t er s f or  each uni t .

2. 13. 2. 5   Dr ai n Pan

Si ze and l ocat e dr ai n and dr i p pans t o col l ect  condensed wat er  dr i ppi ng 
f r om any i t em wi t hi n t he uni t  encl osur e.   Pr ovi de dr ai n pans const r uct ed of  
not  l i ght er  t han 0. 9 mm 21 gauge st eel ,  gal vani zed af t er  f abr i cat i on,  and 
t her mal l y i nsul at ed t o pr event  condensat i on.   Pr ovi de i nsul at i on t hat  has a 
f l ame spr ead r at i ng not  over  25 wi t hout  evi dence of  cont i nued pr ogr essi ve 
combust i on,  a smoke devel oped r at i ng no hi gher  t han 50,  and t hat  i s  a 
wat er pr oof  t ype or  coat ed wi t h a wat er pr oof i ng mat er i al .   I n l i eu of  t he 
above,  dr ai n pans const r uct ed of  di e- f or med 0. 8 mm 22 gauge st eel  ar e 
al l owed,  f or med f r om a s i ngl e sheet  and gal vani zed af t er  f abr i cat i on and 
i nsul at ed and coat ed as f or  t he 0. 9 mm 21 gauge st eel  mat er i al  or  of  
di e- f or med 0. 9 mm 21 gauge t ype 304 st ai nl ess st eel  i nsul at ed as speci f i ed 
above.   Pi t ch dr ai n pans t o dr ai n.   Pr ovi de dr ai n connect i on when a 
condensat e dr ai n syst em i s i ndi cat ed.   Make connect i on a mi ni mum 19 mm 3/ 4 
i nch NPT or  15 mm 5/ 8 i nch OD.

2. 13. 3   Var i abl e Ai r  Vol ume ( VAV)  and Dual  Duct  Ter mi nal  Uni t s

**************************************************************************
NOTE:   Del et e r eheat  coi l s  when not  r equi r ed.

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

a.   Pr ovi de VAV and dual  duct  t er mi nal  uni t s t hat  ar e t he t ype,  s i ze,  and 
capaci t y shown,  mount ed i n t he cei l i ng or  wal l  cavi t y,  pl us uni t s t hat  
ar e sui t abl e f or  s i ngl e or  dual  duct  syst em appl i cat i ons.   Pr ovi de 
act uat or s and cont r ol s as speci f i ed i n par agr aph SUPPLEMENTAL 
COMPONENTS/ SERVI CES,  subpar agr aph CONTROLS.   For  each VAV t er mi nal  
uni t ,  pr ovi de a t emper at ur e sensor  i n t he uni t  di schar ge duct wor k.

b.   Pr ovi de uni t  encl osur es t hat  ar e const r uct ed of  gal vani zed st eel  not  
l i ght er  t han 0. 85 mm 22 gauge or  al umi num sheet  not  l i ght er  t han 1. 3 mm 
18 gauge.   Pr ovi de s i ngl e or  mul t i pl e di schar ge out l et s as r equi r ed.   
Uni t s wi t h f l ow l i mi t er s ar e not  accept abl e.   Pr ovi de uni t  ai r  vol ume 
t hat  i s  f act or y pr eset  and r eadi l y f i el d adj ust abl e wi t hout  speci al  
t ool s.   [ Pr ovi de r eheat  coi l s  as i ndi cat ed. ]   

c.   At t ach a f l ow char t  t o each uni t .   Base acoust i c per f or mance of  t he 
t er mi nal  uni t s upon uni t s t est ed accor di ng t o AHRI  880 I - P wi t h t he 
cal cul at i ons pr epar ed i n accor dance wi t h AHRI  885.   Pr ovi de sound power  
l evel  as i ndi cat ed.   Show di schar ge sound power  f or  mi ni mum and 
[ 375] [ _____]  Pa [ 1- 1/ 2] [ _____]  i nches wat er  gauge i nl et  st at i c 
pr essur e.   Pr ovi de acoust i cal  l i ni ng accor di ng t o NFPA 90A.

2. 13. 3. 1   Const ant  Vol ume,  Si ngl e Duct  Ter mi nal  Uni t s

Pr ovi de const ant  vol ume,  s i ngl e duct ,  t er mi nal  uni t s t hat  cont ai n wi t hi n 
t he casi ng,  a const ant  vol ume r egul at or .   Pr ovi de vol ume r egul at or s t hat  
cont r ol  ai r  del i ver y t o wi t hi n pl us or  mi nus 5 per cent  of  speci f i ed ai r  
f l ow subj ect ed t o i nl et  pr essur e f r om 200 t o 1500 Pa 3/ 4 t o 6 i nch wat er  
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gauge.

2. 13. 3. 2   Var i abl e Vol ume,  Si ngl e Duct  Ter mi nal  Uni t s

Pr ovi de var i abl e vol ume,  s i ngl e duct ,  t er mi nal  uni t s wi t h a cal i br at ed ai r  
vol ume sensi ng devi ce,  ai r  val ve or  damper ,  act uat or ,  and accessor y 
r el ays.   Pr ovi de uni t s t hat  cont r ol  ai r  vol ume t o wi t hi n pl us or  mi nus 5 
per cent  of  each ai r  set  poi nt  vol ume as det er mi ned by t he t her most at  wi t h 
var i at i ons i n i nl et  pr essur es f r om 200 t o 1500 Pa 3/ 4 t o 6 i nch wat er  gauge.   
Pr ovi de uni t s wi t h an i nt er nal  r esi st ance not  exceedi ng 100 Pa 0. 4 i nch 
wat er  gauge at  maxi mum f l ow r ange.   Pr ovi de ext er nal  di f f er ent i al  pr essur e 
t aps separ at e f r om t he cont r ol  pr essur e t aps f or  ai r  f l ow measur ement  wi t h a
 0 t o 250 Pa 0 t o 1 i nch wat er  gauge r ange.

2. 13. 3. 3   Var i abl e Vol ume,  Si ngl e Duct ,  Fan- Power ed Ter mi nal  Uni t s

Pr ovi de var i abl e vol ume,  s i ngl e duct ,  f an- power ed t er mi nal  uni t s wi t h a 
cal i br at ed ai r  vol ume sensi ng devi ce,  ai r  val ve or  damper ,  act uat or ,  f an 
and mot or ,  and accessor y r el ays.   Pr ovi de uni t s t hat  cont r ol  pr i mar y ai r  
vol ume t o wi t hi n pl us or  mi nus 5 per cent  of  each ai r  set  poi nt  as 
det er mi ned by t he t her most at  wi t h var i at i ons i n i nl et  pr essur e f r om 200 t o 
1500 Pa 3/ 4 t o 6 i nch wat er  gauge.   Pr ovi de uni t  f an t hat  i s  cent r i f ugal ,  
di r ect - dr i ven,  doubl e- i nl et  t ype wi t h f or war d cur ved bl ades.   Pr ovi de 
ei t her  s i ngl e speed wi t h speed cont r ol l er  or  t hr ee- speed,  per manent l y 
l ubr i cat ed,  per manent  spl i t - capaci t or  t ype f an mot or .   I sol at e f an/ mot or  
assembl y f r om t he casi ng t o mi ni mi ze v i br at i on t r ansmi ssi on.   Pr ovi de 
f act or y f ur ni shed f an cont r ol  t hat  i s  wi r ed i nt o t he uni t  cont r ol  syst em.   
Pr ovi de a f act or y- mount ed pr essur e swi t ch t o oper at e t he uni t  f an whenever  
pr essur e exi st s at  t he uni t  pr i mar y ai r  i nl et  or  when t he cont r ol  syst em 
f an oper at es.

2. 13. 3. 4   Dual  Duct  Ter mi nal  Uni t s

Pr ovi de dual  duct  t er mi nal  uni t s wi t h hot  and col d i nl et  val ve or  damper s 
t hat  ar e cont r ol l ed i n uni son by s i ngl e or  dual  act uat or s.   Pr ovi de 
act uat or  as speci f i ed i n par agr aph SUPPLEMENTAL COMPONENTS/ SERVI CES,  
subpar agr aph CONTROLS.   Pr ovi de uni t  t hat  cont r ol s  del i ver ed ai r  vol umes 
wi t hi n pl us or  mi nus 5 per cent  wi t h i nl et  ai r  var i at i ons f r om 250 t o 2000 Pa
 1 t o 8 i nch wat er  gauge i n ei t her  duct .   I ncl ude mi xi ng baf f l es wi t h t he 
uni t  casi ng.   Pr ovi de cabi net  and cl osed duct  l eakage t hat  does not  exceed 
2 per cent  of  maxi mum r at ed ai r  vol ume.   Pr ovi de uni t s wi t h an i nt er nal  
r esi st ance t hat  does not  exceed [ _____]  Pa i nch wat er  gauge at  maxi mum f l ow 
range.

2. 13. 3. 5   Cei l i ng I nduct i on Ter mi nal  Uni t s

**************************************************************************
NOTE:   Do not  use cei l i ng i nduct i on uni t s on NAVFAC 
projects.

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

Pr ovi de cei l i ng i nduct i on uni t  wi t h a cal i br at ed pr i mar y ai r  vol ume sensi ng 
devi ce,  pr i mar y ai r  val ve,  i nduced ai r  damper ,  and i nsul at ed i nduct i on 
t ube.   Ar r ange uni t  t o i nduce ai r  f r om t he cei l i ng pl enum t o mai nt ai n a 
maxi mum t ot al  f l ow ci r cul at ed t o t he condi t i oned space.   Var y pr i mar y ai r  
upon demand of  t he r oom t her most at .   Upon a demand f or  maxi mum cool i ng,  
pr ovi de a uni t  t hat  del i ver s 100 per cent  pr i mar y ai r  and,  at  mi ni mum 
cool i ng,  del i ver s [ 50]  [ 25]  per cent  pr i mar y ai r .   Pr ovi de a t er mi nal  uni t  
capabl e of  c l osi ng t o f ul l  shut  of f  wi t hout  addi t i onal  act uat or s or  l i nkage 
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changes.   Pr ovi de t er mi nal s t hat  r eset  pr i mar y ai r  vol ume wi t hi n pl us or  
mi nus 5 per cent  det er mi ned by t he t her most at  r egar dl ess of  upst r eam changes 
i n t he st at i c pr essur e.   Pr ovi de a mi ni mum i nl et  s t at i c pr essur e t hat  does 
not  exceed 250 Pa 1 i nch wat er  gauge,  i ncl udi ng a maxi mum of  75 Pa 0. 3 i nch 
wat er  gauge downst r eam st at i c pr essur e.   Pr ovi de ext er nal  di f f er ent i al  
pr essur e t aps separ at e f r om cont r ol  pr essur e t aps f or  pr i mar y ai r  f l ow 
measur ement  wi t h 0 t o 250 Pa 0 t o 1 i nch wat er  gauge r ange.   Make each uni t  
nor mal l y [ open]  [ c l osed]  upon l oss of  pneumat i c pr essur e.   Fact or y pi pe 
act uat or  and accur acy cont r ol s r equi r i ng onl y f i el d i nst al l at i on of  138 kPa 
20 psi  pneumat i c mai n ai r  and r oom t her most at .

2. 13. 3. 6   Ser i es Fan Power ed Var i abl e Ai r  Vol ume ( VAV)  Ter mi nal s

**************************************************************************
NOTE:   For  evapor at or  var i abl e ai r f l ow appl i cat i ons 
such as VAV or  mul t i zone,  pr ovi s i ons f or  capaci t y 
cont r ol  and mi ni mum capaci t y must  be i ndi cat ed.   
Pr ovi de capaci t y  cont r ol  by compr essor  unl oadi ng or  
mul t i pl e compr essor s.   For  mi ni mum capaci t y cont r ol ,  
pr ovi de t hese appl i cat i ons wi t h f act or y i nst al l ed 
hot - gas bypass.

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

Pr ovi de uni t s f act or y assembl ed,  desi gned,  t est ed,  r at ed i n accor dance wi t h 
AHRI  880 I - P,  t hat  ar e AHRI  cer t i f i ed,  l i s t ed i n t he AHRI  DCAACP and t hat  
pr oduce a suppl y ai r  di schar ge mi x by modul at i on of  condi t i oned pr i mar y ai r  
and r eci r cul at i ng of  r et ur n ai r .   Pr ovi de uni t s t hat  i ncl ude casi ng,  
cent r i f ugal  f an and mot or ,  pr i mar y VAV damper  or  val ve,  el ect r oni c vol ume 
r egul at or ,  di schar ge ai r  damper ,  pr i mar y ai r  i nl et  cone wi t h hi gh and l ow 
pr essur e f l ow sensor s,  r eci r cul at i ng ai r  f i l t er  f r ames,  f i l t er ,  and 
el ect r i cal  di sconnect .   [ Pr ovi de hot  wat er  heat i ng coi l s i nt egr al  t o t he 
t er mi nal ,  or  pr ovi de i nsul at ed hot  wat er  coi l  sect i on at t ached t o t he 
di schar ge of  t he t er mi nal . ]

2. 13. 3. 6. 1   Casing

Pr ovi de r emovabl e f ul l  bot t om access panel s f or  ser vi c i ng i nt er nal  
component s wi t hout  di st ur bi ng duct  connect i ons.   I nsul at e i nsi de of  casi ng 
wi t h manuf act ur er ' s st andar d i nsul at i on.   Pr ovi de uni t s t hat  have 
r eci r cul at i ng ai r  i nl et  equi pped wi t h f i l t er  f r ame,  r ound pr i mar y damper  or  
val ve,  and uni t  mount i ng br acket s.

2. 13. 3. 6. 2   Fans and Mot or s

Pr ovi de cent r i f ugal ,  f or war d cur ved,  mul t i bl ade,  f an wheel s wi t h 
di r ect - dr i ve mot or s.   Pr ovi de mot or s t hat  ar e t he hi gh ef f i c i ency 
per manent - spl i t  capaci t or  t ype wi t h t her mal  over l oad pr ot ect i on,  
per manent l y l ubr i cat ed bear i ngs,  and have t hr ee speeds or  ar e equi pped wi t h 
sol i d st at e speed cont r ol l er s.   Pr ovi de i sol at i on bet ween f an mot or  
assembl y and uni t  casi ng.   Pr ovi de f an and mot or  t hat  i s  r emovabl e t hr ough 
casi ng access panel .

2. 13. 3. 6. 3   Fl ow Sensor

Pr ovi de r i ng or  cr oss t ype sensor  wi t h mi ni mum of  t wo pi ckup poi nt s whi ch 
aver age t he vel oci t y acr oss t he i nl et .   Obt ai n f l ow measur ement  wi t hi n pl us 
or  mi nus 5 per cent  of  r at ed ai r f l ow wi t h 1. 5 di amet er s of  st r ai ght  duct  
upst r eam of  uni t  and i nl et  st at i c  var i at i on of  124 t o 1240 Pa 0. 5 t o 5. 0 
i nches wat er  gauge.   Suppl y f l ow measur i ng t aps and cal i br at i on f l owchar t  
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wi t h each uni t  f or  f i el d bal anci ng ai r f l ows.

2. 13. 3. 6. 4   Pr i mar y VAV Damper  or  Val ve

Pr ovi de gal vani zed st eel  damper  bl ade t hat  c l oses agai nst  gasket  i nsi de 
uni t .   Connect  damper  t o oper at i ng shaf t  wi t h a posi t i ve mechani cal  
connect i on.   Pr ovi de nyl on bear i ng f or  damper  shaf t .   Cyl i ndr i cal  di e cast  
al umi num val ve i nl et  t aper ed t o f i t  r ound f l exi bl e duct s wi t h i nt egr al  f l ow 
di f f user  and bevel ed sel f - cent er i ng di sc.   Pr ovi de damper  or  val ve l eakage 
at  shut of f  t hat  does not  exceed 2 per cent  of  capaci t y at  250 Pa 1 i nch 
wat er  gauge pr essur e.

2. 13. 3. 6. 5   Regulator

Pr ovi de el ect r oni c vol ume r egul at or .   El ect r oni c cont r ol s cont ai ned i n 
NEMA I CS 6,  Type 1 encl osur e seal ed f r om ai r f l ow.   Pr ovi de uni t  wi t h 
cont r ol s mount ed on s i de or  on ai r  val ve.   Syst em power ed r egul at or s ar e 
not  per mi t t ed.   Pr ovi de vol ume r egul at or  t hat  r eset s pr i mar y ai r  vol ume as 
det er mi ned by t her most at ,  wi t hi n upst r eam st at i c pr essur e var i at i on not ed 
i n par agr aph t i t l ed " Fl ow Sensor . "   Pr ovi de vol ume r egul at or s t hat  ar e 
f i el d adj ust abl e,  f act or y set  and cal i br at ed t o i ndi cat ed maxi mum and 
mi ni mum pr i mar y ai r f l ows,  di r ect  act i ng and nor mal l y [ open]  [ c l osed]  upon 
l oss of  pneumat i c pr essur e.

2. 13. 3. 6. 6   Electrical

Pr ovi de uni t  t hat  i ncor por at es s i ngl e poi nt  el ect r i cal  connect i on wi t h 
el ect r i cal  di sconnect .   Pr ovi de el ect r i cal  component s t hat  ar e UL or  ETL 
l i s t ed,  i nst al l ed i n accor dance wi t h NFPA 70 and mount ed i n cont r ol  box.   
Uni t s UL or  ETL l i s t ed as an assembl y do not  r equi r e ai r f l ow swi t ch 
i nt er l ock wi t h el ect r i c  heat i ng coi l ,  when f act or y assembl ed.

2. 13. 3. 6. 7   Filters

Pr ovi de UL l i s t ed t hr owaway 25 mm one i nch t hi ck f i ber gl ass f i l t er s,  
st andar d dust - hol di ng capaci t y.

2. 13. 3. 7   Reheat  Uni t s

2. 13. 3. 7. 1   Hot  Wat er  Coi l s

Pr ovi de f i n- and- t ube t ype hot - wat er  coi l s  const r uct ed of  seaml ess copper  
t ubes and copper  or  al umi num f i ns mechani cal l y bonded or  sol der ed t o t he 
t ubes.   Pr ovi de header s t hat  ar e const r uct ed of  cast  i r on,  wel ded st eel  or  
copper .   Pr ovi de casi ng and t ube suppor t  sheet s t hat  ar e 1. 6 mm 16 gauge,  
gal vani zed st eel ,  f or med t o pr ovi de st r uct ur al  st r engt h.   Pr ovi de t ubes 
t hat  ar e cor r ect l y c i r cui t ed f or  pr oper  wat er  vel oci t y wi t hout  excessi ve 
pr essur e dr op and ar e dr ai nabl e wher e r equi r ed or  i ndi cat ed.   At  t he 
f act or y,  t est  each coi l  at  not  l ess t han 1700 kPa 250 psi  ai r  pr essur e and 
pr ovi de coi l s sui t abl e f or  1400 kPa 200 psi  wor ki ng pr essur e.   I nst al l  
dr ai nabl e coi l s  i n t he ai r  handl i ng uni t s wi t h a pi t ch of  not  l ess t han 10 
mm per  m 1/ 8 i nch per  f oot  of  t ube l engt h t owar d t he dr ai n end.   Coi l s must  
conf or m t o t he pr ovi s i ons of  AHRI  410.

2. 13. 3. 7. 2   St eam Coi l s

Pr ovi de st eam coi l s const r uct ed of  cast  semi st eel ,  wel ded st eel ,  or  copper  
header s,  r ed- br ass or  copper  t ubes,  and copper  or  al umi num f i ns 
mechani cal l y bonded or  sol der ed t o t he t ubes.   Rol l  and bush,  br aze or  wel d 
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t ubes i nt o header s.   Pr ovi de coi l  casi ngs and t ube suppor t  sheet s,  wi t h 
col l ar s of  ampl e wi dt h,  t hat  ar e not  l i ght er  t han 1. 6 mm 16 gauge 
gal vani zed st eel  f or med t o pr ovi de st r uct ur al  st r engt h.   When r equi r ed,  
f ur ni sh mul t i pl e t ube suppor t s t o pr event  t ube sag.   Fl oat  t he f i n t ube and 
header  sect i on wi t hi n t he casi ng t o al l ow f r ee expansi on of  t ubi ng f or  
coi l s  subj ect  t o hi gh pr essur e st eam ser vi ce.   Pr ovi de coi l s t hat  ar e 
f act or y pr essur e t est ed and capabl e of  wi t hst andi ng 1700 kPa 250 psi  
hydr ost at i c t est  pr essur e or  1400 kPa 250 psi  ai r  pr essur e,  and ar e f or  
[ 700]  [ 1400]  kPa [ 100]  [ 200]  psi  st eam wor ki ng pr essur e.   Pr ovi de 
st eam- di st r i but i on t ube t ype pr eheat  coi l s  wi t h condensi ng t ubes havi ng not  
l ess t han 15 mm 5/ 8 i nch out s i de di amet er s.   Pr ovi de di st r i but i on t ubes 
t hat  have not  l ess t han 10 mm 3/ 8 i nch out s i de di amet er ,  wi t h or i f i ces t o 
di schar ge st eam t o condensi ng t ubes.   I nst al l  di st r i but i on t ubes concent r i c 
i nsi de of  condensi ng t ubes hel d secur el y i n al i gnment .   Li mi t  t he maxi mum 
l engt h of  a s i ngl e coi l  t o 120 t i mes t he di amet er  of  t he out s i de t ube.   
Ot her  heat i ng coi l s must  be s i ngl e t ube t ype wi t h an out s i de di amet er  not  
l ess t han 13 mm 1/ 2 i nch.   Pr ovi de suppl y header s t hat  di st r i but e st eam 
evenl y t o al l  t ubes at  t he i ndi cat ed st eam pr essur e.   Pr ovi de coi l s  t hat  
conf or m t o t he pr ovi s i ons of  AHRI  410.

2. 13. 3. 7. 3   El ect r i c  Resi st ance Heat er s

Pr ovi de t he duct - mount i ng t ype el ect r i c  r esi st ance heat er s consi st i ng of  a 
ni ckel - chr omi um r esi st or  mount ed on r ef r act or y mat er i al  and a st eel  or  
al umi num f r ame f or  at t achment  t o duct wor k.   Pr ovi de el ect r i c  duct  heat er  
t hat  meet s t he r equi r ement  of  Under wr i t er s Labor at or i es and NFPA 70 and i s 
pr ovi ded wi t h a bui l t - i n or  sur f ace- mount ed hi gh- l i mi t  t her most at .   
I nt er l ock el ect r i c  duct  heat er s el ect r i cal l y  so t hat  t hey cannot  be 
ener gi zed unl ess t he f an i s r unni ng.

2. 13. 4   Uni t  Vent i l at or s

Pr ovi de uni t  vent i l at or s t hat  i nc l ude an encl osur e,  [ gal vani zed casi ng, ]  
[ col d- r ol l ed st eel  casi ng wi t h cor r osi on r esi st ant  coat i ng, ]  coi l  assembl y,  
[ r esi st ance heat i ng coi l  assembl y, ]  [ val ve and pi pi ng package, ]  dr ai n pan,  
ai r  f i l t er s,  f an assembl y,  f an dr i ve,  mot or ,  mot or  cont r ol l er ,  damper s,  
damper  oper at or s,  and sound power  l evel  as i ndi cat ed.   Obt ai n sound power  
l evel  dat a or  val ues f or  t hese uni t s accor di ng t o t est  pr ocedur es based on 
AHRI  350.   Sound power  val ues appl y t o uni t s pr ovi ded wi t h f act or y 
f abr i cat ed cabi net  encl osur es and st andar d gr i l l es,  when handl i ng st andar d 
f l ow f or  whi ch t he uni t  ai r  capaci t y i s  r at ed.   Secur e each uni t  t o t he 
bui l di ng st r uct ur e.   Pr ovi de t he uni t  vent i l at or s wi t h capaci t y i ndi cat ed.   
Pr ovi de t he year - r ound cl assr oom t ype uni t  vent i l at or  wi t h aut omat i c 
cont r ol s ar r anged t o pr oper l y heat ,  cool ,  and vent i l at e t he r oom.   Pr ovi de 
aut omat i c val ves and cont r ol s as speci f i ed i n par agr aph SUPPLEMENTAL 
COMPONENTS/ SERVI CES,  subpar agr aph CONTROLS.   Make t he sequence of  cont r ol  
any one of  t he st andar d ANSI  cycl es speci f i ed i n par agr aph CONTROLS.

2. 13. 4. 1   Enclosures

Fabr i cat e encl osur es f r om not  l i ght er  t han 1. 6 mm 16 gauge gal vani zed 
st eel ,  r ei nf or ced and br aced,  or  al l  wel ded f r amewor k wi t h panel s t o 
pr ovi de equi val ent  st r engt h.   Pr ovi de casi ng t hat  i s  acoust i cal l y  and 
t her mal l y i nsul at ed i nt er nal l y wi t h not  l ess t han 13 mm 1/ 2 i nch t hi ck dual  
densi t y f i br ous gl ass i nsul at i on.   Make t he exposed si de a hi gh densi t y,  
er osi on- pr oof  mat er i al  sui t abl e f or  use i n ai r  st r eams wi t h vel oci t i es up t o
 246 m/ s 4500 f pm.   Fast en t he i nsul at i on wi t h wat er pr oof ,  f i r e- r esi st ant  
adhesi ve.   Desi gn f r ont  panel  f or  easy r emoval  by one per son.   Pr ovi de 
di schar ge gr i l l es t hat  [ have adj ust abl e gr i l l es or  gr i l l es wi t h adj ust abl e 
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vanes and]  pr oper l y di st r i but e ai r  t hr oughout  t he condi t i oned space.   
Pr ovi de r et ur n gr i l l es t hat  ar e r emovabl e wher e f r ont  panel  does not  
pr ovi de access t o i nt er i or  component s.   Pl ast i c di schar ge or  r et ur n gr i l l es 
ar e not  accept abl e.   Fur ni sh r emovabl e panel s or  access door s f or  al l  
pi pi ng and cont r ol  compar t ment s.   Pr ovi de f an swi t ch t hat  i s  key oper at ed 
or  accessi bl e t hr ough a l ocked access panel .   I nst al l  gasket s at  t he back 
and bot t om of  t he uni t  f or  ef f ect i ve ai r  seal ,  as r equi r ed.

2. 13. 4. 2   El ect r i c  Resi st ance Heat i ng El ement s

Pr ovi de el ect r i c  r esi st ance heat i ng el ement s t hat  ar e of  t he sheat hed,  
f i nned,  t ubul ar  t ype,  or  of  t he open r esi st ance t ype desi gned f or  di r ect  
exposur e t o t he ai r  st r eam.   Pr ovi de heat i ng el ement  el ect r i cal  
char act er i st i cs as i ndi cat ed.   Wher e f an mot or  or  cont r ol  vol t age i s l ower  
t han r equi r ed f or  t he el ect r i c- r esi st ance heat i ng el ement ,  i nst al l  a f used 
f act or y mount ed and wi r ed t r ansf or mer .

2. 13. 4. 3   Fans

Pr ovi de f ans t hat  meet  t he r equi r ement s as speci f i ed i n par agr aph AI R 
SYSTEMS EQUI PMENT.   Pr ovi de gal vani zed st eel  or  al umi num,  mul t i bl ade,  
cent r i f ugal  t ype f ans,  dynami cal l y and st at i cal l y  bal anced.   Equi p f an 
housi ngs wi t h r esi l i ent  mount ed,  sel f - al i gni ng per manent l y l ubr i cat ed bal l  
bear i ngs,  s l eeve bear i ngs,  or  combi nat i on bal l  and s l eeve bear i ngs,  capabl e 
of  not  l ess t han 2000 hour s of  oper at i on on one oi l i ng.   Pr ovi de 
di r ect - connect ed f ans.

2. 13. 4. 4   Coils

Pr ovi de coi l s t hat  ar e c i r cui t ed f or  a maxi mum wat er  vel oci t y of  2. 4 m/ s 8 
f ps wi t hout  excessi ve pr essur e dr op and ar e ot her wi se as speci f i ed f or  hot  
wat er  coi l s  i n par agr aph TERMI NAL UNI TS.

2. 13. 4. 5   Dr ai n Pans

Si ze and l ocat e dr ai n and dr i p pans t o col l ect  al l  condensed wat er  dr i ppi ng 
f r om any i t em wi t hi n t he uni t  encl osur e.   Pr ovi de dr ai n pans const r uct ed of  
not  l i ght er  t han 1. 2 mm 18 gauge st eel ,  gal vani zed af t er  f abr i cat i on,  and 
t her mal l y i nsul at ed t o pr event  condensat i on.   Pr ovi de i nsul at i on t hat  i s  
coat ed wi t h a f i r e- r esi st ant  wat er pr oof i ng mat er i al .   I n l i eu of  t he above,  
dr ai n pans const r uct ed of  di e- f or med 1. 0 mm 20 gauge st eel  i s  al l owed,  
f or med f r om a s i ngl e sheet  and gal vani zed af t er  f abr i cat i on and i nsul at ed 
and coat ed as f or  t he 1. 3 mm 18 gauge st eel  mat er i al ,  or  of  di e- f or med 1. 3 
mm 18 gauge t ype 304 st ai nl ess st eel  i nsul at ed as speci f i ed above.   Pi t ch 
dr ai n pans t o dr ai n.   Fur ni sh dr ai n connect i on unl ess ot her wi se i ndi cat ed.   
Make t he mi ni mum connect i on 19 mm 3/ 4 i nch NDT or  18 mm 5/ 8 i nch OD.

2. 13. 4. 6   Filters

Di sposabl e t ype r at ed i n accor dance wi t h ASHRAE 52. 2,  i nst al l ed upst r eam of  
coil.

2. 13. 4. 7   Dampers

Pr ovi de an out s i de ai r  pr opor t i oni ng damper  on each uni t .   I n addi t i on,  
pr ovi de a vane t o pr event  excessi ve out s i de ai r  f r om ent er i ng uni t  and t o 
pr event  bl ow- t hr ough of  out s i de ai r  t hr ough t he r et ur n ai r  gr i l l e under  
hi gh wi nd pr essur es.   Wher e out s i de ai r  and r eci r cul at ed ai r  pr opor t i oni ng 
damper s ar e pr ovi ded on t he uni t ,  an addi t i onal  vane i s not  r equi r ed.   
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Pr ovi de f ace and bypass damper s f or  each uni t  t o ensur e const ant  ai r  vol ume 
at  al l  posi t i ons of  t he damper s.   Fur ni sh each uni t  wi t h a f act or y 
i nst al l ed cont r ol  cam assembl y,  pneumat i c mot or ,  or  el ect r i c  mot or  t o 
oper at e t he f ace and bypass damper s and out s i de ai r  damper  or  out s i de ai r  
and r eci r cul at ed ai r  damper s i n t he sequence as speci f i ed i n par agr aph 
SUPPLEMENTAL COMPONENTS/ SERVI CES,  subpar agr aph CONTROLS.

2. 13. 4. 8   Motors

**************************************************************************
NOTE:   Edi t  based on whet her  t he uni t s ar e 
f r eest andi ng,  bui l t - i n,  or  bot h.

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

Pr ovi de per manent  spl i t - capaci t or  t ype mot or s wi t h bui l t - i n t her mal  
over l oad pr ot ect i on and aut omat i c r eset .   Mount  mot or  on a r esi l i ent  
mount i ng,  i sol at ed f r om t he casi ng and sui t abl e f or  oper at i on on el ect r i c  
ser vi ce avai l abl e.   Pr ovi de a manual l y oper at ed mot or  swi t ch t hat  pr ovi des 
f or  2 or  3 speeds and of f ,  mount ed on an i dent i f i ed pl at e [ i nsi de t he uni t  
bel ow or  behi nd an access door ] [  or  ] [ adj acent  t o t he r oom t her most at ] [ as 
i ndi cat ed] .   I n l i eu of  speed cont r ol ,  pr ovi de a sol i d st at e var i abl e speed 
cont r ol l er  havi ng mi ni mum speed r educt i on of  50 per cent .

2. 13. 4. 9   Out si de Ai r  I nt akes

Pr ovi de t he manuf act ur er ' s st andar d desi gn out s i de ai r  i nt akes f ur ni shed 
wi t h 13 mm 1/ 2 i nch mesh bi r d scr een or  l ouver s on 13 mm 1/ 2 i nch cent er s.

2. 14   ENERGY RECOVERY DEVI CES

2. 14. 1   Rot ar y Wheel

**************************************************************************
NOTE:   Show ener gy r ecover y devi ce suppl y/ exhaust  
f i l t er s,  pr eheat  coi l s ,  backdr af t  damper s,  exhaust  
damper s,  r eci r cul at i on damper s,  f ace and bypass 
damper s,  dr ai nage pr ovi s i ons,  cont r ol s and l i ke 
anci l l ar i es on t he dr awi ngs and suppl ement  by t he 
speci f i cat i ons as necessar y.   Sel ect  mi ni mum 
accept abl e ener gy t r ansf er  ef f ect i veness and maxi mum 
accept abl e cr oss- cont ami nat i on.

Del et e moi st ur e r esi st ance and chai n dr i ve i f  not  
required.

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

Pr ovi de uni t  t hat  i s  a f act or y f abr i cat ed and t est ed assembl y f or  
ai r - t o- ai r  ener gy r ecover y by t r ansf er  of  sensi bl e heat  f r om exhaust  ai r  t o 
suppl y ai r  st r eam,  wi t h devi ce per f or mance accor di ng t o ASHRAE 84 and t hat  
del i ver s an ener gy t r ansf er  ef f ect i veness of  not  l ess t han [ 70] [ 85] [ _____]  
per cent  wi t h cr oss- cont ami nat i on not  i n excess of  [ 0. 1] [ 1. 0] [ _____]  per cent  
of  exhaust  ai r f l ow r at e at  syst em desi gn di f f er ent i al  pr essur e,  i nc l udi ng 
pur gi ng sect or  i f  pr ovi ded wi t h wheel .   Pr ovi de exchange medi a t hat  i s  
chemi cal l y i ner t ,  moi st ur e- r esi st ant ,  f i r e- r et ar dant ,  l ami nat ed,  
nonmet al l i c  mat er i al  whi ch compl i es wi t h NFPA 90A.   I sol at e exhaust  and 
suppl y st r eams by seal s whi ch ar e st at i c,  f i el d adj ust abl e,  and 
r epl aceabl e.   Equi p chai n dr i ve mechani sms wi t h r at chet i ng t or que l i mi t er  
or  s l i p- c l ut ch pr ot ect i ve devi ce.   Fabr i cat e encl osur e f r om gal vani zed 
st eel  and i ncl ude pr ovi s i ons f or  mai nt enance access.   Pr ovi de r ecover y 
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cont r ol  and r ot at i on f ai l ur e pr ovi s i ons as i ndi cat ed.

2. 14. 2   Run-Around-Coil

**************************************************************************
NOTE:   Del et e " f act or y f abr i cat ed and t est ed"  i f  not  
required.

Coor di nat e wi t h par agr aph Gl ycol  Sol ut i on i n Sect i on 
23 64 26 CHI LLED,  CHI LLED- HOT,  AND CONDENSER WATER 
PI PI NG SYSTEMS.   Gl ycol  i s  consi der ed a hazar dous 
wast e.   I f  t he base does not  have a used gl ycol  
wast e pr ogr am,  usi ng gl ycol  can be an expensi ve 
mai nt enance i t em.

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

Pr ovi de assembl y t hat  i s  f act or y f abr i cat ed and t est ed ai r - t o- l i qui d- t o- ai r  
ener gy r ecover y syst em f or  t r ansf er  of  sensi bl e heat  f r om exhaust  ai r  t o 
suppl y ai r  st r eam and t hat  del i ver s an ener gy t r ansf er  ef f ect i veness not  
l ess t han t hat  i ndi cat ed wi t hout  cr oss- cont ami nat i on wi t h maxi mum ener gy 
r ecover y at  mi ni mum l i f e cycl e cost .   Comput er  opt i mi ze component s f or  
capaci t y,  ef f ect i veness,  number  of  coi l  f i ns per  i nch,  number  of  coi l  r ows,  
f l ow r at e,  heat  t r ansf er  r at e of  [ _____]  per cent  by vol ume of  
[ et hyl ene] [ pr opyl ene]  gl ycol  sol ut i on,  and f r ost  cont r ol .   Pr ovi de coi l s 
t hat  conf or m t o par agr aph AI R HANDLI NG UNI TS.   Pr ovi de r el at ed pumps,  and 
pi pi ng speci al t i es t hat  conf or m t o r equi r ement s of  [ Sect i on 23 63 00. 00 10 
COLD STORAGE REFRI GERATI ON SYSTEMS] [ Sect i on 23 57 10. 00 10 FORCED HOT WATER 
HEATI NG SYSTEMS USI NG WATER AND STEAM HEAT EXCHANGERS] [ 23 69 00. 00 20 
REFRI GERATI ON EQUI PMENT FOR COLD STORAGE]  [ _____] .

2. 14. 3   Heat  Pi pe

**************************************************************************
NOTE:   I ncl ude f ace ai r  vel oci t y,  st at i c pr essur e 
dr op,  t emper at ur e r equi r ement s f or  ent er i ng and 
l eavi ng ai r  or  exhaust  st r eams on t he equi pment  
schedul e f or  heat  pi pes.

Del et e f l exi bl e connect or s i f  not  r equi r ed.
**************************************************************************

Pr ovi de a devi ce t hat  i s  a f act or y f abr i cat ed,  assembl ed and t est ed,  
count er f l ow ar r angement ,  ai r - t o- ai r  heat  exchanger  f or  t r ansf er  of  sensi bl e 
heat  bet ween exhaust  and suppl y st r eams and t hat  del i ver s an ener gy 
t r ansf er  ef f ect i veness not  l ess t han t hat  i ndi cat ed wi t hout  
cr oss- cont ami nat i on.   Pr ovi de heat  exchanger  t ube cor e t hat  i s  [ 15] [ 18] [ 25]  
mm [ 1/ 2] [ 5/ 8] [ 1]  i nch nomi nal  di amet er ,  seaml ess al umi num or  copper  t ube 
wi t h ext ended sur f aces,  ut i l i z i ng wr ought  al umi num Al l oy 3003 or  Al l oy 
5052,  t emper  t o sui t .   Pr ovi de maxi mum f i ns per  uni t  l engt h and number  of  
t ube r ows as i ndi cat ed.   Pr ovi de t ubes t hat  ar e f i t t ed wi t h i nt er nal  
capi l l ar y wi ck,  f i l l ed wi t h a r ef r i ger ant  compl yi ng wi t h ASHRAE 15 & 34, 
sel ect ed f or  syst em desi gn t emper at ur e r ange,  and her met i cal l y  seal ed.   
Ref r i ger ant s cont ai ni ng chl or of l uor ocar bons ( CFC)  ar e pr ohi bi t ed.   Pr ovi de 
heat  exchanger  f r ame t hat  i s  const r uct ed of  not  l ess t han 1. 6 mm 16 gauge 
gal vani zed st eel  and f i t t ed wi t h i nt er medi at e t ube suppor t s,  and f l ange 
connect i ons.   Pr ovi de t ube end- cover s and a par t i t i on of  gal vani zed st eel  
t o separ at e exhaust  and suppl y ai r  st r eams wi t hout  cr oss- cont ami nat i on and 
i n r equi r ed ar ea r at i o. [   Pr ovi de a dr ai n pan const r uct ed of  wel ded Type 
300 ser i es st ai nl ess st eel . ]   Pr ovi de heat  r ecover y r egul at i on by [ syst em 
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f ace and bypass damper s and r el at ed cont r ol  syst em as 
i ndi cat ed] [ i nt er f aci ng wi t h manuf act ur er ' s st andar d t i l t - cont r ol  mechani sm 
f or  summer / wi nt er  oper at i on,  r egul at i ng t he suppl y ai r  t emper at ur e and 
f r ost  pr event i on on weat her  f ace of  exhaust  s i de at  t emper at ur e 
i ndi cat ed] .   Coi l  must  be f i t t ed wi t h pl eat ed f l ex i bl e connect or s.

2. 14. 4   Desi ccant  Wheel

Pr ovi de count er f l ow suppl y,  r egener at i on ai r st r eams,  a r ot ar y t ype 
dehumi di f i er  desi gned f or  cont i nuous oper at i on,  and ext ended sur f ace t ype 
wheel  st r uct ur e i n t he axi al  f l ow di r ect i on wi t h a geomet r y t hat  al l ows f or  
l ami nar  f l ow over  t he oper at i ng r ange f or  mi ni mum ai r  pr essur e 
di f f er ent i al s.   Pr ovi de t he dehumi di f i er  compl et e wi t h a dr i ve syst em 
ut i l i z i ng a f r act i onal - hor sepower  el ect r i c  mot or  and speed r educer  assembl y 
dr i v i ng t he r ot or .   I ncl ude a s l ack- si de t ensi oner  f or  aut omat i c t ake- up 
f or  bel t - dr i ven wheel s.   Pr ovi de an adsor bi ng t ype desi ccant  mat er i al .   
Appl y t he desi ccant  mat er i al  t o t he wheel  such t hat  t he ent i r e sur f ace i s 
act i ve as a desi ccant  and t he desi ccant  mat er i al  does not  degr ade or  det ach 
f r om t he sur f ace of  t he wheel  whi ch i s f i t t ed wi t h f ul l - f ace,  l ow- f r i c t i on 
cont act  seal s on bot h s i des t o pr event  cr oss l eakage.   Pr ovi de r ot ar y 
st r uct ur e t hat  has under heat ,  over heat  and r ot at i on f aul t  c i r cui t r y .   
Pr ovi de wheel  assembl y wi t h a war r ant y f or  a mi ni mum of  f i ve year s.

2. 14. 5   Pl at e Heat  Exchanger

Pr ovi de ener gy r ecover y vent i l at or  uni t  t hat  i s  f act or y- f abr i cat ed f or  
i ndoor  i nst al l at i on,  consi st i ng of  a f l at  pl at e cr oss- f l ow heat  exchanger ,  
cool i ng coi l ,  suppl y ai r  f an and mot or  and exhaust  ai r  f an and mot or .   The 
casi ng must  be 1 mm 20 gauge G90,  gal vani zed st eel ,  doubl e wal l  
const r uct i on wi t h 25 mm one i nch i nsul at i on.   Pr ovi de f i br ous desi ccant  
cr oss- f l ow t ype heat  exchanger  cor e capabl e of  easy r emoval  f r om t he uni t .

2. 15   FACTORY PAI NTI NG

Fact or y pai nt  new equi pment ,  whi ch ar e not  of  gal vani zed const r uct i on.   
Pai nt  wi t h a cor r osi on r esi st i ng pai nt  f i ni sh accor di ng t o ASTM A123/ A123M 
or ASTM A924/ A924M.   Cl ean,  phosphat i ze and coat  i nt er nal  and ext er nal  
f er r ous met al  sur f aces wi t h a pai nt  f i ni sh whi ch has been t est ed accor di ng 
to ASTM B117, ASTM D1654,  and ASTM D3359.   Submi t  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.   Pr ovi de r at i ng 
of  f ai l ur e at  t he scr i be mar k t hat  i s  not  l ess t han 6,  aver age cr eepage not  
gr eat er  t han 3 mm 1/ 8 i nch.   Pr ovi de r at i ng of  t he i nscr i bed ar ea t hat  i s  
not  l ess t han 10,  no f ai l ur e.   On uni t s const r uct ed of  gal vani zed st eel  
t hat  have been wel ded,  pr ovi de a f i nal  shop docket  of  z i nc- r i ch pr ot ect i ve 
pai nt  on 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  accor di ng t o ASTM D520 Type I .

Fi el d pai nt  f act or y pai nt i ng t hat  has been damaged pr i or  t o accept ance by 
t he Cont r act i ng Of f i cer  i n compl i ance wi t h t he r equi r ement s of  par agr aph 
FI ELD PAI NTI NG OF MECHANI CAL EQUI PMENT.  

2. 16   SUPPLEMENTAL COMPONENTS/ SERVI CES

2. 16. 1   Chi l l ed,  Condenser ,  or  Dual  Ser vi ce Wat er  Pi pi ng

The r equi r ement s f or  chi l l ed,  condenser ,  or  dual  ser vi ce wat er  pi pi ng and 
accessor i es ar e speci f i ed i n Sect i on 23 64 26 CHI LLED,  CHI LLED- HOT,  AND 
CONDENSER WATER PI PI NG SYSTEMS
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2. 16. 2   Ref r i ger ant  Pi pi ng

The r equi r ement s f or  r ef r i ger ant  pi pi ng ar e speci f i ed i n Sect i on 23 23 00 
REFRI GERANT PI PI NG.

2. 16. 3   Wat er  or  St eam Heat i ng Syst em Accessor i es

The r equi r ement s f or  wat er  or  st eam heat i ng accessor i es such as expansi on 
t anks and st eam t r aps ar e speci f i ed i n Sect i on [ 23 52 00 HEATI NG BOI LERS] [
23 21 13. 00 20 LOW TEMPERATURE WATER ( LTW)  HEATI NG SYSTEM] [ 23 22 26. 00 20 
STEAM SYSTEM AND TERMI NAL UNI TS] .

2. 16. 4   Condensat e Dr ai n Li nes

Pr ovi de and i nst al l  condensat e dr ai nage f or  each i t em of  equi pment  t hat  
gener at es condensat e i n accor dance wi t h Sect i on [ 22 00 00 PLUMBI NG,  GENERAL 
PURPOSE] [ 23 64 26 CHI LLED,  CHI LLED- HOT,  AND CONDENSER WATER PI PI NG SYSTEMS]  
except  as modi f i ed her ei n.

2. 16. 5   Backf l ow Pr event er s

The r equi r ement s f or  backf l ow pr event er s ar e speci f i ed i n Sect i on 22 00 00 
PLUMBI NG,  GENERAL PURPOSE.

2. 16. 6   Insulation

The r equi r ement s f or  shop and f i el d appl i ed i nsul at i on ar e speci f i ed i n 
Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

2. 16. 7   Controls

The r equi r ement s f or  cont r ol s ar e speci f i ed i n [ Sect i on 23 05 93 TESTI NG,  
ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS] [  and ] [ Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC] [  and ] [ Sect i on 23 09 53. 00 20 SPACE 
TEMPERATURE CONTROL SYSTEMS] .

2. 17   RADI ANT PANELS

**************************************************************************
NOTE:   Ther e ar e cur r ent l y no per f or mance 
cer t i f i cat i on r equi r ement s or  st andar ds i n t he US 
f or  r adi ant  cei l i ng panel s.   Unt i l  t hose per f or mance 
cer t i f i cat i on pr ocedur es ar e devel oped,  accept ed and 
publ i shed,  t he Eur opean St andar ds DI N EN 14037 and 
DI N EN 14240 wi l l  be ut i l i zed.

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

**************************************************************************
NOTE:   For  r adi ant  cool i ng panel s,  speci al  car e must  
be t aken t o avoi d condensat i on on t he panel s.   The 
desi gn must  i ncl ude a sequence of  oper at i on t o 
c i r cul at e chi l l ed wat er  t o t he panel s at  a 
t emper at ur e s l i ght l y above t he r oom dew poi nt  
t emper at ur e and must  be abl e t o adj ust  t he chi l l ed 
wat er  t emper at ur e as r equi r ed based on changes i n 
t he r oom r el at i ve humi di t y.

**************************************************************************
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2. 17. 1   Hydr oni c Modul ar  Panel s

2. 17. 1. 1   Panels

Modul ar  r adi ant  panel s wi l l  f i t  i nt o a st andar d 600 mm x 600 mm24 i nch x 24 
i nch or  600 mm x 1200 mm24 i nch x 48 i nch suspended T- Bar  cei l i ng gr i d or  
f l ush mount ed on a dr ywal l  cei l i ng.   For  f l ush mount ed cei l i ng 
appl i cat i ons,  t he manuf act ur er  wi l l  pr ovi de a one pi ece ext r uded al umi num 
f r ame.  Panel s shal l  be suppor t ed f r om t he T- bar  assembl y.  Panel s shal l  be 
[ 14 gauge]  or  [ 16 gauge]  ext r uded al umi num or  sheet  st eel .

2. 17. 1. 2   Heat  Si nk

The modul ar  panel s shal l  use ext r uded al umi num wi t h i nt egr at ed heat  s i nks 
on t he back t o t r ansf er  heat  bet ween copper  t ubes and t he panel  f ace.

2. 17. 1. 3   Wat er  Tubes

Tubes shal l  consi st  of  ASTM B75/ B75M [ 13 mm]  [ 1/ 2 i nch]  [ 16 mm]  [ 5/ 8 i nch]  
O. D.  nomi nal  copper  t ubi ng.   Wat er  connect i ons wi l l  be sui t abl e f or  sol der  
or  compr essi on f i t t i ngs.   Heat  pads wi l l  be used bet ween t he sol der ed 
f i t t i ng and t he panel  t o pr ot ect  t he panel  sur f ace.   The manuf act ur er  wi l l  
pr ovi de wat er  pr essur e dr op dat a as wel l  as heat i ng and cool i ng out put  dat a 
der i ved f r om t est s i n accor dance wi t h DI N EN 14037 ( heat i ng)  and 
DI N EN 14240 ( cool i ng) .   The panel s wi l l  have t he capaci t y t o have mul t i pl e 
passes wi t h connect i ons ei t her  on t he [ same end]  or  [ opposi t e ends] ,  
dependent  on t he number  of  passes.

2. 17. 1. 4   Finish

Al l  v i s i bl e component s shal l  be powder  coat ed wi t h hi ghl y emi ssi ve powder  
coat  pol yest er  pai nt  f or  opt i mal  r adi at i ve pr oper t i es as wel l  as dur abi l i t y  
and easy c l eani ng.   St andar d f i ni sh col or  shal l  be whi t e.

2. 17. 1. 5   Performance

Manuf act ur er  wi l l  pr ovi de wat er  pr essur e dr op dat a as wel l  as heat  and cool  
out put  dat a der i ved f r om t est s i n accor dance wi t h DI N EN 14037 ( heat i ng)  
and DI N EN 14240 ( cool i ng) .

2. 17. 1. 6   Capacity

**************************************************************************
NOTE:   I ncl ude t he l ast  br acket ed sent ence i f  i t  i s  
deemed necessar y t o conf i r m heat i ng and/ or  cool i ng 
capaci t y af t er  t he panel s ar e i nst al l ed.

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

Modul ar  r adi ant  panel  capaci t y wi l l  be t est ed and cer t i f i ed by manuf act ur er  
i n accor dance wi t h DI N EN 14037 ( heat i ng)  and DI N EN 14240 ( cool i ng)  t o 
meet  t he r equi r ed per f or mance.   Shoul d any per f or mance r at i ng,  chi l l ed or  
hot  wat er  suppl y t emper at ur e,  wat er  pr essur e dr op,  et c.  devi at e f r om t he 
schedul e,  t he manuf act ur er  wi l l  submi t  t he updat ed capaci t y.  [ The 
manuf act ur er  wi l l  have f act or y t est i ng f aci l i t y  avai l abl e t o per f or m 
per f or mance t est  of  uni t s i n accor dance wi t h sai d st andar d. ]
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2. 17. 1. 7   Wat er  Connect i ons

Connect i ons wi l l  be shi pped seal ed t o l i mi t  t he i nt r oduct i on of  dust  and 
di r t  dur i ng shi ppi ng and const r uct i on.  

2. 17. 1. 8   Installation

Panel s wi l l  be i nst al l ed as r ecommended by t he manuf act ur er .

2. 17. 1. 9   Accessories

St ai nl ess st eel  br aded hoses,  300 mm12 i nches or  450 mm18 i nches l ong wi l l  
be suppl i ed wi t h t he panel s.

The t op of  t he heat i ng and cool i ng panel s shal l  be cover ed wi t h 38 mm1- 1/ 2 
i nches t hi ck 16kg/ m31 l b/ cu f t  f or mal dehyde- f r ee f i ber  gl ass i nsul at i on 
wi t h a mi ni mum R = 0. 79 m2 deg C/ W4. 5 ( hr  f t 2 deg F) / BTU.   The i nsul at i on 
shal l  be cover ed wi t h a f oi l  scr i m kr af t  vapor  bar r i er  f aci ng.

2. 17. 2   Hydr oni c Li near  Panel s

2. 17. 2. 1   Panels

Li near  r adi ant  panel s must  use ext r uded al umi num wi t h i nt egr at ed heat  s i nks 
on t he back t o t r ansf er  heat  bet ween copper  t ubes and t he panel  f ace.  The 
l i near  r adi ant  panel  i s  t o r adi at e or  absor b heat  f r om or  t o t he zone 
bel ow.   Panel s must  be [ 14 gauge]  or  [ 16 gauge]  ext r uded al umi num.

2. 17. 2. 2   Heat  Si nk

The modul ar  panel s must  use ext r uded al umi num wi t h i nt egr at ed heat  s i nks on 
t he back t o t r ansf er  heat  bet ween copper  t ubes and t he panel  f ace.

2. 17. 2. 3   Wat er  Tubes

Tubes must  consi st  of  ASTM B75/ B75M 13 mm1/ 2 i nch or  16mm5/ 8 i nch O. D.  
nomi nal  copper  t ubi ng.   Wat er  connect i ons wi l l  be sui t abl e f or  sol der  or  
compr essi on f i t t i ngs.  The manuf act ur er  wi l l  pr ovi de wat er  pr essur e dr op 
dat a as wel l  as heat i ng and cool i ng out put  dat a der i ved f r om t est s i n 
accor dance wi t h DI N EN 14037 ( heat i ng)  and DI N EN 14240 ( cool i ng) .  

2. 17. 2. 4   Mounting

Uni t s must  be pr ovi ded wi t h mount i ng har dwar e as r equi r ed f or  mount i ng i n 
T- Bar  appl i cat i ons or  cei l i ng f l ush mount i ng.   The manuf act ur er ' s st andar d 
har dwar e f or  mount i ng panel s abut t i ng each ot her  must  be submi t t ed f or  
approval.

2. 17. 2. 5   Finish

Al l  v i s i bl e component s must  be powder  coat ed wi t h hi ghl y emi ssi ve powder  
coat  pol yest er  pai nt  f or  opt i mal  r adi at i ve pr oper t i es as wel l  as dur abi l i t y  
and easy c l eani ng.   St andar d f i ni sh col or  must  be whi t e.

2. 17. 2. 6   Performance

Manuf act ur er  must  pr ovi de wat er  pr essur e dr op dat a as wel l  as heat  and cool  
out put  dat a der i ved f r om t est s i n accor dance wi t h DI N EN 14037 ( heat i ng)  
and DI N EN 14240 ( cool i ng) .
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2. 17. 2. 7   Capacity

**************************************************************************
NOTE:   I ncl ude t he l ast  br acket ed sent ence i f  i t  i s  
deemed necessar y t o conf i r m heat i ng and/ or  cool i ng 
capaci t y af t er  t he panel s ar e i nst al l ed.

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

Modul ar  r adi ant  panel  capaci t y must  be t est ed and cer t i f i ed by manuf act ur er  
i n accor dance wi t h DI N EN 14037 ( heat i ng)  and DI N EN 14240 ( cool i ng)  t o 
meet  t he r equi r ed per f or mance.   Shoul d any per f or mance r at i ng,  chi l l ed or  
hot  wat er  suppl y t emper at ur e,  wat er  pr essur e dr op,  et c.  devi at e f r om t he 
schedul e,  t he manuf act ur er  must  submi t  t he updat ed capaci t y.  [ The 
manuf act ur er  must  have f act or y t est i ng f aci l i t y  avai l abl e t o per f or m 
per f or mance t est  of  uni t s i n accor dance wi t h sai d st andar d. ]  

2. 17. 2. 8   Wat er  Connect i ons

Connect i ons wi l l  be shi pped seal ed t o l i mi t  t he i nt r oduct i on of  dust  and 
di r t  dur i ng shi ppi ng and const r uct i on.  

2. 17. 2. 9   Accessories

St ai nl ess st eel  br aded hoses,  300 mm12 i nches or  450 mm18 i nches l ong wi l l  
be suppl i ed wi t h t he panel s.

The t op of  t he heat i ng and cool i ng panel s must  be cover ed wi t h 38 mm1- 1/ 2 
i nches t hi ck 16kg/ m31 l b/ cu f t  f or mal dehyde- f r ee f i ber  gl ass i nsul at i on 
wi t h a mi ni mum R = 0. 79 m2 deg C/ W4. 5 ( hr  f t 2 deg F) / BTU.   The i nsul at i on 
must  be cover ed wi t h a f oi l  scr i m kr af t  vapor  bar r i er  f aci ng.

2. 17. 3   Pr ef abr i cat ed Radi ant - Heat i ng El ect r i c  Panel s

2. 17. 3. 1   Description

Sheet  met al  encl osed panel  wi t h heat i ng el ement  sui t abl e f or  [ l ay- i n 
i nst al l at i on f l ush wi t h T- bar  cei l i ng gr i d]  [ sur f ace mount i ng]  [ r ecessed 
mount i ng] .  Compl y wi t h UL 2021

2. 17. 3. 2   Panel

Mi ni mum 0. 7 mm0. 027 i nch t hi ck,  gal vani zed st eel  sheet  back panel  r i vet ed 
t o mi ni mum 1. 0 mm0. 040 i nch t hi ck,  gal vani zed st eel  sheet  f r ont  panel  wi t h 
f used- on cr yst al l i ne sur f ace.

2. 17. 3. 3   Heat i ng El ement

Powder ed gr aphi t e sandwi ched bet ween sheet s of  el ect r i c  i nsul at i on.

2. 17. 3. 4   El ect r i cal  Connect i ons

Nonheat i ng,  hi gh- t emper at ur e,  i nsul at ed- copper  l eads,  f act or y connect ed t o 
heat i ng el ement .

2. 17. 3. 5   Exposed- Si de Panel  Fi ni sh

[ Appl y s i l k- scr eened f i ni sh t o mat ch appear ance of  Ar chi t ect  sel ect ed 
acoust i cal  cei l i ng t i l es. ]   [ Baked- enamel  f i ni sh i n col or  as sel ect ed by 
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Architect.]

2. 17. 3. 6   Sur f ace- Mount i ng Tr i m

Sheet  met al  wi t h baked- enamel  f i ni sh i n col or  as sel ect ed by Ar chi t ect .

2. 17. 3. 7   Wal l  Ther most at

Bi met al ,  sensi ng el ement s;  wi t h cont act s sui t abl e f or  [ l ow]  [ l i ne] - vol t age 
c i r cui t ,  and manual l y oper at ed on- of f  swi t ch wi t h cont act or s,  r el ays,  and 
cont r ol  t r ansf or mer s.

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,  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 t he wor k.

3. 2   INSTALLATION

a.   I nst al l  mat er i al s and equi pment  i n accor dance wi t h t he r equi r ement s of  
t he cont r act  dr awi ngs and appr oved manuf act ur er ' s i nst al l at i on 
i nst r uct i ons.   Accompl i sh i nst al l at i on by wor ker s ski l l ed i n t hi s t ype 
of  wor k.   Per f or m i nst al l at i on so t hat  t her e i s no degr adat i on of  t he 
desi gned f i r e r at i ngs of  wal l s,  par t i t i ons,  cei l i ngs,  and f l oor s.

b.   No i nst al l at i on i s per mi t t ed t o bl ock or  ot her wi se i mpede access t o any 
exi st i ng machi ne or  syst em.   I nst al l  al l  hi nged door s t o swi ng open a 
mi ni mum of  120 degr ees.   Pr ovi de an ar ea i n f r ont  of  al l  access door s 
t hat  c l ear s a mi ni mum of  [ 910] [ _____]  mm [ 3] [ _____]  f eet .   I n f r ont  of  
al l  access door s t o el ect r i cal  c i r cui t s,  c l ear  t he ar ea t he mi ni mum 
di st ance t o ener gi zed c i r cui t s as speci f i ed i n OSHA St andar ds,  par t  
1910. 333 ( El ect r i cal - Saf et y Rel at ed wor k pr act i ces) and an addi t i onal  
[ 910] [ _____]  mm [ 3] [ _____]  f eet .

c.   Except  as ot her wi se i ndi cat ed,  i nst al l  emer gency swi t ches and al ar ms i n 
conspi cuous l ocat i ons.   Mount  al l  i ndi cat or s,  t o i ncl ude gauges,  
met er s,  and al ar ms i n or der  t o be easi l y v i s i bl e by peopl e i n t he ar ea.

3. 2. 1   Condensat e Dr ai n Li nes

Pr ovi de wat er  seal s i n t he condensat e dr ai n f r om al l  [ uni t s]  [ uni t s  except  
r oom [ f an- coi l  uni t s] [  and ] [ coi l - i nduct i on uni t s] ] .   Pr ovi de a dept h of  
each seal  of  50 mm 2 i nches pl us 0. 1 mm f or  each Pa t he number  of  i nches,  
measur ed i n wat er  gauge,  of  t he t ot al  st at i c pr essur e r at i ng of  t he uni t  t o 
whi ch t he dr ai n i s connect ed.   Pr ovi de wat er  seal s t hat  ar e const r uct ed of  
2 t ees and an appr opr i at e U- bend wi t h t he open end of  each t ee pl ugged.   
Pr ovi de pi pe cap or  pl ug c l eanout s wher e i ndi cat ed.   Connect  dr ai ns 
i ndi cat ed t o connect  t o t he sani t ar y wast e syst em usi ng an i ndi r ect  wast e 
f i t t i ng.   I nsul at e ai r  condi t i oner  dr ai n l i nes as speci f i ed i n Sect i on 
23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

3. 2. 2   Equi pment  and I nst al l at i on

Pr ovi de f r ames and suppor t s f or  t anks,  compr essor s,  pumps,  val ves,  ai r  
handl i ng uni t s,  f ans,  coi l s ,  damper s,  and ot her  s i mi l ar  i t ems r equi r i ng 
suppor t s.   Fl oor  mount  or  cei l i ng hang ai r  handl i ng uni t s as i ndi cat ed.   
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Anchor  and f ast en as det ai l ed.   Set  f l oor - mount ed equi pment  on not  l ess t han
 150 mm 6 i nch concr et e pads or  cur bs dowel ed i n pl ace unl ess ot her wi se 
i ndi cat ed.   Make concr et e f oundat i ons heavy enough t o mi ni mi ze t he 
i nt ensi t y of  t he v i br at i ons t r ansmi t t ed t o t he pi pi ng,  duct  wor k and t he 
sur r oundi ng st r uct ur e,  as r ecommended i n wr i t i ng by t he equi pment  
manuf act ur er .   I n l i eu of  a concr et e pad f oundat i on,  bui l d a concr et e 
pedest al  bl ock wi t h i sol at or s pl aced bet ween t he pedest al  bl ock and t he 
f l oor .   Make t he concr et e f oundat i on or  concr et e pedest al  bl ock a mass not  
l ess t han t hr ee t i mes t he wei ght  of  t he component s t o be suppor t ed.   
Pr ovi de t he l i nes connect ed t o t he pump mount ed on pedest al  bl ocks wi t h 
f l exi bl e connect or s.   Submi t  f oundat i on dr awi ngs as speci f i ed i n par agr aph 
DETAI L DRAWI NGS.   Pr ovi de concr et e f or  f oundat i ons as speci f i ed i n Sect i on 
03 30 00 CAST- I N- PLACE CONCRETE.

3. 2. 3   Access Panel s

I nst al l  access panel s 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 of  suf f i c i ent  s i ze,  and l ocat e 
t hem so t hat  t he conceal ed i t ems ar e easi l y ser vi ced and mai nt ai ned or  
compl et el y r emoved and r epl aced.   Pr ovi de access panel s as speci f i ed i n 
Sect i on 05 50 13 MI SCELLANEOUS METAL FABRI CATI ONS.

3. 2. 4   Fl exi bl e Duct

I nst al l  pr e- i nsul at ed f l exi bl e duct  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 manuf act ur er  t o ensur e a vapor  t i ght  j oi nt .   Pr ovi de 
hanger s,  when r equi r ed t o suspend t he duct ,  of  t he t ype r ecommended by t he 
duct  manuf act ur er  and set  at  t he i nt er val s r ecommended.

3. 2. 5   Met al  Duct wor k

I nst al l  accor di ng t o SMACNA 1966 unl ess ot her wi se i ndi cat ed.   I nst al l  duct  
suppor t s f or  sheet  met al  duct wor k accor di ng t o SMACNA 1966,  unl ess 
ot her wi se speci f i ed.   Do not  use f r i c t i on beam cl amps i ndi cat ed i n 
SMACNA 1966.   Anchor  r i ser s on hi gh vel oci t y  duct s 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.   
Er ect  suppor t s on t he r i ser s t hat  al l ow f r ee ver t i cal  movement  of  t he 
duct .   At t ach suppor t s onl y t o st r uct ur al  f r ami ng member s and concr et e 
s l abs.   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.

3. 2. 5. 1   Under gr ound Duct wor k

**************************************************************************
NOTE:   Due t o pot ent i al  cont ami nant s of  ai r - st r eam,  
such as pest i c i des and cor r osi on,  use under gr ound 
duct wor k onl y f or  exhaust  ai r .

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

Pr ovi de PVC pl ast i sol  coat ed gal vani zed st eel  under gr ound duct wor k wi t h 
coat i ng on i nt er i or  and ext er i or  sur f aces and wat er t i ght  j oi nt s.   I nst al l  
duct wor k as i ndi cat ed,  accor di ng t o ACCA Manual  4 and manuf act ur er ' s 
i nst r uct i ons.   Maxi mum bur i al  dept h i s 2 m 6 f eet .
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3. 2. 5. 2   Radon Exhaust  Duct wor k

**************************************************************************
NOTE:   Desi gn subsl ab vent i l at i on f or  r adon 
mi t i gat i on as pr escr i bed i n TM 5- 810- 1.

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

Per f or at e subsl ab suct i on pi pi ng wher e i ndi cat ed.   I nst al l  PVC j oi nt s as 
speci f i ed i n ASTM D2855.

3. 2. 5. 3   Li ght  Dut y Cor r osi ve Exhaust  Duct wor k

For  l i ght  dut y cor r osi ve exhaust  duct wor k,  use PVC pl ast i sol  coat ed 
gal vani zed st eel  wi t h PVC coat i ng on i nt er i or  [ sur f aces] [  and ext er i or  
sur f aces] [  and epoxy wash pr i mer  coat i ng on ext er i or  sur f aces] .

3. 2. 6   FRP Duct wor k

**************************************************************************
NOTE:   St udy char act er i st i cs of  exhaust  st r eam 
const i t uent s and cont ami nant  mat er i al s t o det er mi ne 
ser vi ce l i f e and saf et y cont r ol l i ng par amet er s.   
Consi der  t hat  const i t uent s concent r at e upon 
evapor at i on of  car r i er .   Some concent r at es det onat e 
upon i mpact .   Desi gn t o pr ecl ude concent r at e 
hi gh- al l ow f or  out  wat er  washi ng.   Revi ew f i r e 
pr ot ect i on pr ovi s i ons,  and t he need f or  f i r e st ops.   
The manuf act ur er  cannot  be hel d r esponsi bl e f or  
per f or mance of  hi s pr oduct ,  unl ess t he speci f i cat i on 
del i neat es pr oduct  exposur e.   Modi f y or  suppl ement  
speci f i cat i on cr i t er i a as necessar y.

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

Pr ovi de f i br ous gl ass r ei nf or ced pl ast i c duct i ng and r el at ed st r uct ur es 
t hat  conf or m t o SMACNA 1403.   Pr ovi de f l anged j oi nt s wher e i ndi cat ed.   
Cr evi ce- f r ee but t  l ay- up j oi nt s ar e accept abl e wher e f l anged j oi nt s ar e not  
i ndi cat ed.   When ambi ent  t emper at ur es ar e l ower  t han 10 degr ees C 50 
degr ees F,  heat  cur e j oi nt s by exot her mi c r eact i on heat  packs.

3. 2. 7   Ki t chen Exhaust  Duct wor k

**************************************************************************
NOTE:   Show on t he dr awi ngs t he r equi r ement s i n NFPA 
96 per t ai ni ng t o encl osur es ar ound ki t chen exhaust  
ducts.

The r ef er enced SMACNA HVAC Duct  Const r uct i on Manual  
does not  cover  negat i ve pr essur es i n excess of  747 Pa
 3 i nches wat er  gauge.   I f  t he st at i c pr essur e 
wi t hi n t he duct  can exceed 75 mm 3 i nches  negat i ve,  
t hen t he spaci ng and duct  t hi ckness must  be 
i ndi cat ed on t he dr awi ngs and t he par agr aph 
accordingly.

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

3. 2. 7. 1   Duct s Conveyi ng Smoke and Gr ease Laden Vapor s

Pr ovi de duct s conveyi ng smoke and gr ease l aden vapor s t hat  conf or m t o 
r equi r ement s of  NFPA 96.   Make seams,  j oi nt s,  penet r at i ons,  and 
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duct - t o- hood col l ar  connect i ons wi t h a l i qui d t i ght  cont i nuous ext er nal  
wel d.   Pr ovi de duct  mat er i al  t hat  i s  a [ mi ni mum 1. 3 mm 18 gauge,  Type 304L 
or  316L,  st ai nl ess st eel ]  [ mi ni mum 1. 6 mm 16 gauge car bon st eel ] .   [ I ncl ude 
wi t h duct  const r uct i on an ext er nal  per i met er  angl e s i zed i n accor dance wi t h 
SMACNA 1966,  except  pl ace wel ded j oi nt  r ei nf or cement  on maxi mum of  600 mm 
24 i nch cent er s;  cont i nuousl y wel ded compani on angl e bol t ed f l anged j oi nt s 
wi t h f l exi bl e cer ami c c l ot h gasket s wher e i ndi cat ed;  pi t ched t o dr ai n at  
l ow poi nt s;  wel ded pi pe coupl i ng- pl ug dr ai ns at  l ow poi nt s;  wel ded f i r e 
pr ot ect i on and det er gent  c l eani ng penet r at i on;  st eel  f r amed,  st ud bol t ed,  
and f l exi bl e cer ami c c l ot h gasket ed c l eani ng access pr ovi s i ons wher e 
i ndi cat ed.   Make angl es,  pi pe coupl i ngs,  f r ames,  bol t s,  et c. ,  t he same 
mat er i al  as t hat  speci f i ed f or  t he duct  unl ess i ndi cat ed ot her wi se. ]

3. 2. 7. 2   Exposed Duct wor k

Pr ovi de exposed duct wor k t hat  i s  f abr i cat ed f r om mi ni mum 1. 3 mm 18 gauge,  
Type 304L or  316L,  st ai nl ess st eel  wi t h cont i nuousl y wel ded j oi nt s and 
seams.   Pi t ch duct s t o dr ai n at  hoods and l ow poi nt s i ndi cat ed.   Mat ch 
sur f ace f i ni sh t o hoods.

3. 2. 7. 3   Conceal ed Duct s Conveyi ng Moi st ur e Laden Ai r

Fabr i cat e conceal ed duct s conveyi ng moi st ur e l aden ai r  f r om mi ni mum [ 1. 3 mm 
18 gauge,  Type 300 ser i es,  st ai nl ess st eel ]  [ 1. 6 mm 16 gauge,  gal vani zed 
st eel ]  [ 0. 55 mm 16 ounce,  t emper ed copper  sheet ] .   Cont i nuousl y wel d,  
br aze,  or  sol der  j oi nt s t o be l i qui d t i ght .   Pi t ch duct s t o dr ai n at  poi nt s 
i ndi cat ed.   Make t r ansi t i ons t o ot her  met al s l i qui d t i ght ,  compani on angl e 
bol t ed and gasket ed.

3. 2. 8   Acoust i cal  Duct  Li ni ng

Appl y l i ni ng i n cut - t o- s i ze pi eces at t ached t o t he i nt er i or  of  t he duct  
wi t h nonf l ammabl e f i r e r esi st ant  adhesi ve conf or mi ng t o ASTM C916,  Type I ,  
NFPA 90A, UL 723,  and ASTM E84.   Pr ovi de t op and bot t om pi eces t hat  l ap t he 
s i de pi eces and ar e secur ed wi t h wel ded pi ns,  adher ed c l i ps of  met al ,  
nyl on,  or  hi gh i mpact  pl ast i c,  and speed washer s or  wel di ng cup- head pi ns 
i nst al l ed accor di ng t o SMACNA 1966.   Pr ovi de wel ded pi ns,  cup- head pi ns,  or  
adher ed c l i ps t hat  do not  di st or t  t he duct ,  bur n t hr ough,  nor  mar  t he 
f i ni sh or  t he sur f ace of  t he duct .   Make pi ns and washer s f l ush wi t h t he 
sur f aces of  t he duct  l i ner  and seal  al l  br eaks and punct ur es of  t he duct  
l i ner  coat i ng wi t h t he nonf l ammabl e,  f i r e r esi st ant  adhesi ve.   Coat  exposed 
edges of  t he l i ner  at  t he duct  ends and at  ot her  j oi nt s wher e t he l i ni ng i s 
subj ect  t o er osi on wi t h a heavy br ush coat  of  t he nonf l ammabl e,  f i r e 
r esi st ant  adhesi ve,  t o pr event  del ami nat i on of  gl ass f i ber s.   Appl y duct  
l i ner  t o f l at  sheet  met al  pr i or  t o f or mi ng duct  t hr ough t he sheet  met al  
br ake.   Addi t i onal l y secur e l i ni ng at  t he t op and bot t om sur f aces of  t he 
duct  by wel ded pi ns or  adher ed c l i ps as speci f i ed f or  cut - t o- s i ze pi eces.   
Ot her  met hods i ndi cat ed i n SMACNA 1966 t o obt ai n pr oper  i nst al l at i on of  
duct  l i ner s i n sheet  met al  duct s,  i ncl udi ng adhesi ves and f ast ener s,  ar e 
acceptable.

3. 2. 9   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,  per f or m t empor ar y dust  cont r ol  pr ot ect i on.   Pr ot ect  t he 
di st r i but i on syst em ( suppl y and r et ur n)  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.   Keep t empor ar y 
pr ot ect i on i n pl ace unt i l  syst em i s r eady f or  st ar t up.
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3. 2. 10   Insulation

Pr ovi de t hi ckness and appl i cat i on of  i nsul at i on mat er i al s f or  duct wor k,  
pi pi ng,  and equi pment  accor di ng t o Sect i on 23 07 00 THERMAL I NSULATI ON FOR 
MECHANI CAL SYSTEMS.   Ext er nal l y i nsul at e out door  ai r  i nt ake duct s and 
pl enums [ up t o t he poi nt  wher e t he out door  ai r  r eaches t he condi t i oni ng 
uni t ] [  or  ] [ up t o t he poi nt  wher e t he out door  ai r  mi xes wi t h t he r et ur n ai r  
stream].

3. 2. 11   Duct  Test  Hol es

**************************************************************************
NOTE:   Show t he l ocat i on of  duct  t est  hol es 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.

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

Pr ovi de hol es wi t h c l osur es or  t hr eaded hol es wi t h pl ugs 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.   Pl ug i nsul at ed duct  at  t he duct  sur f ace,  pat ched 
over  wi t h i nsul at i on and t hen mar ked t o i ndi cat e l ocat i on of  t est  hol e i f  
needed f or  f ut ur e use.

3. 2. 12   Power  Roof  Vent i l at or  Mount i ng

Pr ovi de f oamed 13 mm 1/ 2 i nch t hi ck,  c l osed- cel l ,  f l exi bl e el ast omer  
i nsul at i on t o cover  wi dt h of  r oof  cur b mount i ng f l ange.   Wher e wood nai l er s 
ar e used,  pr edr i l l  hol es f or  f ast ener s.

3. 2. 13   Power  Tr ansmi ssi on Component s Adj ust ment

Test  V- bel t s and sheaves f or  pr oper  al i gnment  and t ensi on pr i or  t o 
oper at i on and af t er  72 hour s of  oper at i on at  f i nal  speed.   Uni f or ml y l oad 
bel t s on dr i ve s i de t o pr event  bounci ng.   Make al i gnment  of  di r ect  dr i ven 
coupl i ngs t o wi t hi n 50 per cent  of  manuf act ur er ' s maxi mum al l owabl e r ange of  
misalignment.

3. 3   EQUI PMENT PADS

Pr ovi de equi pment  pads t o t he di mensi ons shown or ,  i f  not  shown,  t o conf or m 
t o t he shape of  each pi ece of  equi pment  ser ved wi t h a mi ni mum 75 mm 3- i nch 
mar gi n ar ound t he equi pment  and suppor t s.   Al l ow equi pment  bases and 
f oundat i ons,  when const r uct ed of  concr et e or  gr out ,  t o cur e a mi ni mum of  
[ 28] [ 14] [ _____]  cal endar  days bef or e bei ng l oaded.

3. 4   CUTTI NG AND PATCHI NG

I nst al l  wor k i n such a manner  and at  such t i me t hat  a mi ni mum of  cut t i ng 
and pat chi ng of  t he bui l di ng st r uct ur e i s r equi r ed.   Make hol es i n exposed 
l ocat i ons,  i n or  t hr ough exi st i ng f l oor s,  by dr i l l i ng and smoot h by 
sandi ng.   Use of  a j ackhammer  i s per mi t t ed onl y wher e speci f i cal l y  
appr oved.   Make hol es t hr ough masonr y wal l s t o accommodat e s l eeves wi t h an 
i r on pi pe masonr y cor e saw.

3. 5   CLEANING

**************************************************************************
NOTE:   Cover  gener al  c l eani ng and r ubbi sh r emoval  

SECTI ON 23 00 00  Page 78



r equi r ement s i n Di v i s i on 01.
**************************************************************************

Thor oughl y c l ean sur f aces of  pi pi ng and equi pment  t hat  have become cover ed 
wi t h di r t ,  pl ast er ,  or  ot her  mat er i al  dur i ng handl i ng and const r uct i on 
bef or e such sur f aces ar e pr epar ed f or  f i nal  f i ni sh pai nt i ng or  ar e encl osed 
wi t hi n t he bui l di ng st r uct ur e.   Bef or e f i nal  accept ance,  c l ean mechani cal  
equi pment ,  i ncl udi ng pi pi ng,  duct i ng,  and f i x t ur es,  and f r ee f r om di r t ,  
gr ease,  and f i nger  mar ks.   When t he wor k ar ea i s i n an occupi ed space such 
as of f i ce,  l abor at or y or  war ehouse [ _____]  pr ot ect  al l  f ur ni t ur e and 
equi pment  f r om di r t  and debr i s.   I ncor por at e housekeepi ng f or  f i el d 
const r uct i on wor k whi ch l eaves al l  f ur ni t ur e and equi pment  i n t he af f ect ed 
ar ea f r ee of  const r uct i on gener at ed dust  and debr i s;  and,  al l  f l oor  
sur f aces vacuum- swept  c l ean.

3. 6   PENETRATIONS

**************************************************************************
NOTE:   Wher e s l eeves ar e i nst al l ed i n t he bear i ng 
wal l s,  t he desi gner  must  pr ovi de desi gn det ai l s  i n 
dr awi ngs of  t he st r uct ur al  st eel  s l eeves.   Consul t  
wi t h st r uct ur al  engi neer s f or  t he desi gn det ai l s .

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

Pr ovi de s l eeves and pr epar ed openi ngs f or  duct  mai ns,  br anches,  and ot her  
penet r at i ng i t ems,  and i nst al l  dur i ng t he const r uct i on of  t he sur f ace t o be 
penet r at ed.   Cut  s l eeves f l ush wi t h each sur f ace.   Pl ace s l eeves f or  r ound 
duct  380 mm 15 i nches and smal l er .   Bui l d f r amed,  pr epar ed openi ngs f or  
r ound duct  l ar ger  t han 380 mm 15 i nches and squar e,  r ect angul ar  or  oval  
duct s.   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.   Pr ovi de 25 mm one 
i nch c l ear ance bet ween penet r at i ng and penet r at ed sur f aces except  at  
gr i l l es,  r egi st er s,  and di f f user s.   Pack spaces bet ween sl eeve or  openi ng 
and duct  or  duct  i nsul at i on wi t h mi ner al  f i ber  conf or mi ng wi t h ASTM C553, 
Type 1,  Cl ass B- 2.

3. 6. 1   Sleeves

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 1 mm 20 
gauge t hi ck mi l l  gal vani zed sheet  met al .   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,  pr ovi de bl ack st eel  pi pe conf or mi ng wi t h 
ASTM A53/ A53M,  Schedul e 20.

3. 6. 2   Fr amed Pr epar ed Openi ngs

Fabr i cat e f r amed pr epar ed openi ngs f r om 1 mm 20 gauge gal vani zed st eel ,  
unl ess ot her wi se i ndi cat ed.

3. 6. 3   Insulation

Pr ovi de duct  i nsul at i on i n accor dance wi t h Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS cont i nuous t hr ough sl eeves and pr epar ed 
openi ngs except  f i r ewal l  penet r at i ons.   Ter mi nat e duct  i nsul at i on at  f i r e 
damper s and f l ex i bl e connect i ons.   For  duct  handl i ng ai r  at  or  bel ow 16 
degr ees C 60 degr ees F,  pr ovi de i nsul at i on cont i nuous over  t he damper  
col l ar  and r et ai ni ng angl e of  f i r e damper s,  whi ch ar e exposed t o 
uncondi t i oned ai r .
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3. 6. 4   Cl osur e Col l ar s

Pr ovi de c l osur e col l ar s of  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 si 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 t he duct  or  i nsul at i on.   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 1 mm 20 gauge 
gal vani zed st eel .   Fabr i cat e col l ar s f or  squar e and r ect angul ar  duct s,  or  
r ound duct s wi t h mi ni mum di mensi on over  380 mm 15 i nches f r om 1. 40 mm 18 
gauge gal vani zed st eel .   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 1 mm 20 gauge 
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 nches on cent er .   At t ach t o col l ar s a mi ni mum of  4 f ast ener s 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.

3. 6. 5   Firestopping

Wher e duct s pass t hr ough f i r e- r at ed wal l s,  f i r e par t i t i ons,  and f i r e r at ed 
chase wal l s,  seal  t he penet r at i on wi t h f i r e st oppi ng mat er i al s as speci f i ed 
i n Sect i on 07 84 00 FI RESTOPPI NG.

3. 7   FI ELD PAI NTI NG OF MECHANI CAL EQUI PMENT

Cl ean,  pr et r eat ,  pr i me and pai nt  met al  sur f aces;  except  al umi num sur f aces 
need not  be pai nt ed.   Appl y coat i ngs t o c l ean dr y sur f aces.   Cl ean t he 
sur f aces t o r emove dust ,  di r t ,  r ust ,  oi l  and gr ease by wi r e br ushi ng and 
sol vent  degr easi ng pr i or  t o appl i cat i on of  pai nt ,  except  c l ean t o bar e 
met al  on met al  sur f aces subj ect  t o t emper at ur es i n excess of  50 degr ees C 
120 degr ees F.   Wher e mor e t han one coat  of  pai nt  i s  speci f i ed,  appl y t he 
second coat  af t er  t he pr ecedi ng coat  i s  t hor oughl y dr y.   Li ght l y sand 
damaged pai nt i ng and r et ouch bef or e appl y i ng t he succeedi ng coat .   Pr ovi de 
al umi num or  l i ght  gr ay f i ni sh coat .

3. 7. 1   Temper at ur es l ess t han 50 degr ees C 120 degr ees F

I mmedi at el y af t er  c l eani ng,  appl y one coat  of  pr et r eat ment  pr i mer  appl i ed 
t o a mi ni mum dr y f i l m t hi ckness of  0. 0076 mm 0. 3 mi l ,  one coat  of  pr i mer  
appl i ed t o a mi ni mum dr y f i l m t hi ckness of  0. 0255 mm one mi l ;  and t wo coat s 
of  enamel  appl i ed t o a mi ni mum dr y f i l m t hi ckness of  0. 0255 mm one mi l  per  
coat  t o met al  sur f aces subj ect  t o t emper at ur es l ess t han 50 degr ees C 120 
degr ees F.

3. 7. 2   Temper at ur es bet ween 50 and 205 degr ees C 120 and 400 degr ees F

Appl y t wo coat s of  205 degr ees C 400 degr ees F heat - r esi st i ng enamel  
appl i ed t o a t ot al  mi ni mum t hi ckness of  0. 05 mm t wo mi l s t o met al  sur f aces 
subj ect  t o t emper at ur es bet ween 50 and 205 degr ees C 120 and 400 degr ees F.

3. 7. 3   Temper at ur es gr eat er  t han 205 degr ees C 400 degr ees F

Appl y t wo coat s of  315 degr ees C 600 degr ees F heat - r esi st i ng pai nt  appl i ed 
t o a t ot al  mi ni mum dr y f i l m t hi ckness of  0. 05 mm t wo mi l s t o met al  sur f aces 
subj ect  t o t emper at ur es gr eat er  t han 205 degr ees C 400 degr ees F.

3. 7. 4   Fi ni sh Pai nt i ng

**************************************************************************
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NOTE:   Use t hi s par agr aph f or  Ai r  For ce,  Ar my and 
NASA pr oj ect s.

Coor di nat e col or  code mar ki ng wi t h Sect i on 09 90 00.
**************************************************************************

The r equi r ement s f or  f i ni sh pai nt i ng of  i t ems onl y pr i med at  t he f act or y,  
and 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 COATI NGS.

3. 7. 5   Col or  Codi ng Scheme f or  Locat i ng Hi dden Ut i l i t y  Component s

**************************************************************************
NOTE:   Use t hi s par agr aph f or  Ai r  For ce,  Ar my and 
NASA pr oj ect s.

Coor di nat e t he Col or  Code Tabl e wi t h t he 
i nst al l at i on.   Del et e i dent i f i cat i on pl at e speci f i ed 
i n Sect i on 09 90 00 PAI NTS AND COATI NGS i f  col or  
codi ng scheme i s speci f i ed.

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

Use scheme i n bui l di ngs havi ng suspended gr i d cei l i ngs.   Pr ovi de col or  
codi ng scheme t hat  i dent i f i es poi nt s of  access f or  mai nt enance and 
oper at i on of  component s and equi pment  t hat  ar e not  v i s i bl e f r om t he 
f i ni shed space and ar e accessi bl e f r om t he cei l i ng gr i d,  consi st i ng of  a 
col or  code boar d and col or ed met al  di sks.   Make each col or ed met al  di sk 
appr oxi mat el y 13 mm 3/ 8 i nch di amet er  and secur e t o r emovabl e cei l i ng 
panel s wi t h f ast ener s.   I nser t  each f ast ener  i nt o t he cei l i ng panel  so as 
t o be conceal ed f r om vi ew.   Pr ovi de f ast ener s t hat  ar e manual l y r emovabl e 
wi t hout  t he use of  t ool s and t hat  do not  separ at e f r om t he cei l i ng panel s 
when t he panel s ar e dr opped f r om cei l i ng hei ght .   Make i nst al l at i on of  
col or ed met al  di sks f ol l ow compl et i on of  t he f i ni shed sur f ace on whi ch t he 
di sks ar e t o be f ast ened.   Pr ovi de col or  code boar d t hat  i s  appr oxi mat el y 1 
m 3 f oot  wi de,  750 mm 30 i nches hi gh,  and 13 mm 1/ 2 i nches t hi ck.   Make t he 
boar d of  wood f i ber boar d and f r ame under  gl ass or  1. 6 mm 1/ 16 i nch 
t r anspar ent  pl ast i c cover .   Make t he col or  code symbol s appr oxi mat el y 19 mm 
3/ 4 i nch i n di amet er  and t he r el at ed l et t er i ng i n 13 mm 1/ 2 i nch hi gh 
capi t al  l et t er s.   Mount  t he col or  code boar d [ wher e i ndi cat ed]  [ i n t he 
mechani cal  or  equi pment  r oom] .   Make t he col or  code syst em as i ndi cat ed 
below:

  
Color System Item Location

[_____] [_____] [_____] [_____]

3. 8   I DENTI FI CATI ON SYSTEMS

**************************************************************************
NOTE:   Ther e i s a s i mi l ar  r equi r ement  f or  
i dent i f i cat i on i n Sect i on 22 00 00 PLUMBI NG,  GENERAL 
PURPOSE.   Ensur e t hat  col or  codi ng f or  al l  
mechani cal  syst ems i s coor di nat ed.

NOTE:   Del et e when i dent i f i cat i on t ags ar e not  
consi der ed necessar y on smal l  pr oj ect s.

**************************************************************************
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Pr ovi de i dent i f i cat i on t ags made of  br ass,  engr aved l ami nat ed pl ast i c,  or  
engr aved anodi zed al umi num,  i ndi cat i ng ser vi ce and i t em number  on al l  
val ves and damper s.   Pr ovi de t ags t hat  ar e 35 mm 1- 3/ 8 i nch mi ni mum 
di amet er  wi t h st amped or  engr aved mar ki ngs.   Make i ndent at i ons bl ack f or  
r eadi ng c l ar i t y.   At t ach t ags t o val ves wi t h No.  12 AWG 2 mm 0. 0808- i nch 
di amet er  cor r osi on- r esi st ant  st eel  wi r e,  copper  wi r e,  chr ome- pl at ed beaded 
chai n or  pl ast i c  st r aps desi gned f or  t hat  pur pose.

3. 9   DUCTWORK LEAK TEST

**************************************************************************
NOTE:   Omi t  t hi s  par agr aph f or  Navy pr oj ect s.   
Del et e t he br acket ed por t i on of  " Test  Pr ocedur es"   
i n SD- 03,  and " Per f or mance Test s"  i n SD- 06 of  t hi s  
Section.

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. .   Del et e t he 
cor r espondi ng r equi r ement s i n SD- 06 of  t hi s Sect i on 
and cor r espondi ng par agr aph i n Sect i on 23 05 93 
TESTI NG,  ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS 
when t hi s par agr aph i s del et ed.

Ot her wi se,  der i ve t he l eakage r at e f or  each syst em 
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,  use C sub L = 3,  ot her wi se C sub L = 6 
may be used.   Make t he val ue of  P used 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 as f ans,  coi l s ,  f i l t er s,  et c.  ar e 
i ncl uded i n duct wor k t est ,  i ncl ude an appr opr i at e 
al l owance i n t he maxi mum al l owabl e l eakage r at e.

Use t hi s par agr aph i n Ai r  For ce,  Ar my and NASA 
projects.

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

Per f or m duct wor k l eak t est  f or  t he ent i r e ai r  di st r i but i on and exhaust  
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 wat er  gauge t hr ough Cl ass 2500 Pa 10 
i nch wat er  gauge. ]   Pr ovi de t est  pr ocedur e,  appar at us,  and r epor t  t hat  
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.   Compl et e duct wor k l eak t est  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  or  conceal i ng duct wor k.

3. 10   DUCTWORK LEAK TESTS

**************************************************************************
NOTE:   Use t hi s par agr aph i n Navy Pr oj ect s.

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

The r equi r ement s f or  duct wor k l eak t est s ar e speci f i ed i n Sect i on 23 05 93 
TESTI NG,  ADJUSTI NG AND BALANCI NG FOR HVAC.

SECTI ON 23 00 00  Page 82



3. 11   DAMPER ACCEPTANCE TEST

Submi t  t he pr oposed schedul e,  at  l east  2 weeks pr i or  t o t he st ar t  of  t est .   
Oper at e al l  f i r e damper s and smoke damper s under  nor mal  oper at i ng 
condi t i ons,  pr i or  t o t he occupancy of  a bui l di ng t o det er mi ne t hat  t hey 
f unct i on pr oper l y.   Test  each f i r e damper  equi pped wi t h f usi bl e l i nk by 
havi ng t he f usi bl e l i nk cut  i n pl ace.   Test  dynami c f i r e damper s wi t h t he 
ai r  handl i ng and di st r i but i on syst em r unni ng.   Reset  al l  f i r e damper s wi t h 
t he f usi bl e l i nks r epl aced af t er  accept ance t est i ng.   To ensur e opt i mum 
oper at i on and per f or mance,  i nst al l  t he damper  so i t  i s  squar e and f r ee f r om 
racking.

3. 12   TESTI NG,  ADJUSTI NG,  AND BALANCI NG

The r equi r ement s f or  t est i ng,  adj ust i ng,  and bal anci ng ar e speci f i ed i n 
Sect i on 23 05 93 TESTI NG,  ADJUSTI NG AND BALANCI NG FOR HVAC.   Begi n t est i ng,  
adj ust i ng,  and bal anci ng 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 
tests.

3. 13   PERFORMANCE TESTS

Af t er  t est i ng,  adj ust i ng,  and bal anci ng i s compl et e as speci f i ed,  t est  each 
syst em as a whol e t o see t hat  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.   Recor d t he t est i ng dur i ng t he appl i cabl e season.   Make 
cor r ect i ons and adj ust ment s as necessar y t o pr oduce t he condi t i ons 
i ndi cat ed or  speci f i ed.   Conduct  capaci t y t est s and gener al  oper at i ng t est s 
by an exper i enced engi neer .   Pr ovi de t est s t hat  cover  a per i od of  not  l ess 
t han [ _____]  days f or  each syst em and 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.   Make coi nci dent al  char t  
r ecor di ngs 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 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 at  space humi di st at s or  space sensor s and t he ambi ent  
t emper at ur e and humi di t y i n a shaded and weat her  pr ot ect ed ar ea.

Submi t  t est  r epor t s f or  t he [ duct wor k l eak t est ,  and]  per f or mance t est s i n 
bookl et  f or m,  upon compl et i on of  t est i ng.   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 i n t he r epor t s.

3. 14   CLEANI NG AND ADJUSTI NG

Pr ovi de a t empor ar y bypass f or  wat er  coi l s  t o pr event  f l ushi ng wat er  f r om 
passi ng t hr ough coi l s.   I nsi de of  [ r oom f an- coi l  uni t s] [ coi l - i nduct i on 
uni t s, ]  [ ai r  t er mi nal  uni t s, ]  [ uni t  vent i l at or s, ]  t hor oughl y c l ean duct s,  
pl enums,  and casi ng of  debr i s and bl ow f r ee of  smal l  par t i c l es of  r ubbi sh 
and dust  and t hen vacuum cl ean bef or e i nst al l i ng out l et  f aces.   Wi pe 
equi pment  c l ean,  wi t h no t r aces of  oi l ,  dust ,  di r t ,  or  pai nt  spot s.   
Pr ovi de t empor ar y f i l t er s 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 pr ovi de new f i l t er s 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.   Per f or m and document  t hat  
pr oper  " I ndoor  Ai r  Qual i t y Dur i ng Const r uct i on"  pr ocedur es have been 
f ol l owed;  pr ovi de document at i on showi ng t hat  af t er  const r uct i on ends,  and 
pr i or  t o occupancy,  new f i l t er s wer e pr ovi ded and i nst al l ed.   Mai nt ai n 
syst em i n t hi s c l ean condi t i on unt i l  f i nal  accept ance.   Pr oper l y l ubr i cat e 
bear i ngs wi t h oi l  or  gr ease as r ecommended by t he manuf act ur er .   Ti ght en 
bel t s t o pr oper  t ensi on.   Adj ust  cont r ol  val ves and ot her  mi scel l aneous 
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equi pment  r equi r i ng adj ust ment  t o set t i ng i ndi cat ed or  di r ect ed.   Adj ust  
f ans 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.   Mai nt ai n al l  equi pment  i nst al l ed under  t he cont r act  unt i l  
c l ose out  document at i on i s r ecei ved,  t he pr oj ect  i s  compl et ed and t he 
bui l di ng has been document ed as benef i c i al l y  occupi ed.

3. 15   RADI ANT PANELS

3. 15. 1   Installation

I nst al l  r adi ant  panel s l evel  and pl umb,  mai nt ai ni ng suf f i c i ent  c l ear ance 
f or  nor mal  ser vi ces and mai nt enance.

3. 15. 2   Soldering

When sol der i ng copper  f i t t i ngs at  t he panel ,  a heat  pad wi l l  be used t o 
pr ot ect  t he panel  f i ni sh.

3. 15. 3   Connections

I nst al l  pi pi ng adj acent  t o r adi ant  panel s t o al l ow f or  ser vi ce and 
maintenance.

3. 16   OPERATI ON AND MAI NTENANCE

3. 16. 1   Oper at i on and Mai nt enance Manual s

Submi t  [ s i x]  [ _____]  manual s at  l east  2 weeks pr i or  t o f i el d t r ai ni ng.   
Submi t  dat a compl yi ng wi t h t he r equi r ement s speci f i ed i n Sect i on 01 78 23 
OPERATI ON AND MAI NTENANCE DATA.   Submi t  Dat a Package 3 f or  t he i t ems/ uni t s 
l i s t ed under  SD- 10 Oper at i on and Mai nt enance Dat a

3. 16. 2   Oper at i on And Mai nt enance Tr ai ni ng

**************************************************************************
NOTE:   Det er mi ne 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.

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

Conduct  a t r ai ni ng cour se f or  t he member s of  t he oper at i ng st af f  as 
desi gnat ed by t he Cont r act i ng Of f i cer .    Make t he t r ai ni ng per i od consi st  
of  a t ot al  of  [ _____]  hour s of  nor mal  wor ki ng t i me and st ar t  i t  af t er  al l  
wor k speci f i ed her ei n i s f unct i onal l y compl et ed and t he Per f or mance Test s 
have been appr oved.   Conduct  f i el d i nst r uct i on t hat  cover s al l  of  t he i t ems 
cont ai ned i n t he Oper at i on and Mai nt enance Manual s as wel l  as 
demonst r at i ons of  r out i ne mai nt enance oper at i ons.   Submi t  t he pr oposed 
On- si t e Tr ai ni ng schedul e concur r ent l y wi t h t he Oper at i on and Mai nt enance 
Manual s and at  l east  14 days pr i or  t o conduct i ng t he t r ai ni ng cour se.

         - -  End of  Sect i on - -
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