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**************************************************************************
NOTE:   Thi s speci f i cat i on cover s t he r equi r ement s 
f or  abovegr ound l ow- vacuum syst ems def i ned f or  t he 
pur poses of  t hi s  sect i on as syst ems at  pr essur es 
l ess t han at mospher i c and r angi ng t o appr oxi mat el y 
100 ki l opascal  ( 29. 5 i nches of  mer cur y) ,  1. 734 
ki l opascal  ( 0. 25144 psi )  or  13 mi l l i met er  of  mer cur y 
29. 5 i nches of  mer cur y vacuum or  t he appr oxi mat el y 
absol ut e;  0. 25144 pound per  squar e i nch,  absol ut e,  
13, 000 mi cr ons of  mer cur y absol ut e,  or  13 t or r .

Ensur e dr awi ngs compl et el y det ai l  anchor s,  
r est r ai ni ng gui des,  sway br aces,  and shock absor bi ng 
pr ovi s i ons t o accommodat e r eact i on f or ces 
encount er ed,  as wel l  as ot her  pi pi ng suppor t  
el ement s not  cover ed by t he f ol l owi ng speci f i cat i on.

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:   I f  Sect i on 23 00 00 AI R SUPPLY,  DI STRI BUTI ON,  
VENTI LATI ON,  AND EXHAUST SYSTEMS i s not  i ncl uded i n 
t he pr oj ect  speci f i cat i on,  i nser t  appl i cabl e 
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r equi r ement s t her ef r om and t he f i r st  par agr aph 
del et ed.   I f  Sect i on 23 05 48. 00 40 VI BRATI ON AND 
SEI SMI C CONTROLS FOR HVAC PI PI NG AND EQUI PMENT i s 
not  i ncl uded i n t he pr oj ect  speci f i cat i on,  i nser t  
appl i cabl e r equi r ement s t her ef r om and t he second 
par agr aph del et ed.   I f  Sect i on 40 17 30. 00 40 
WELDI NG GENERAL PI PI NG i s not  i nc l uded i n t he 
pr oj ect  speci f i cat i on,  i nser t  appl i cabl e 
r equi r ement s t her ef r om and t he t hi r d par agr aph 
deleted.

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

[ Sect i on 23 00 00 AI R SUPPLY,  DI STRI BUTI ON,  VENTI LATI ON,  AND EXHAUST SYSTEMS 
appl i es t o wor k speci f i ed i n t hi s  sect i on.

][ Sect i on 23 05 48. 00 40 VI BRATI ON AND SEI SMI C CONTROLS FOR HVAC PI PI NG AND 
EQUI PMENT appl i es t o wor k i n t hi s  sect i on.

][ Sect i on 40 17 30. 00 40 WELDI NG GENERAL PI PI NG appl i es t o wor k speci f i ed i n 
t hi s sect i on.

] 1. 1   REFERENCES

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

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

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

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

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

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
(AASHTO)

AASHTO M 314 ( 1990;  R 2013)  St andar d Speci f i cat i on f or  
St eel  Anchor  Bol t s

AMERI CAN I NSTI TUTE OF STEEL CONSTRUCTI ON ( AI SC)

AI SC 360 ( 2016)  Speci f i cat i on f or  St r uct ur al  St eel  
Buildings
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AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA C207 ( 2018)  St andar d f or  St eel  Pi pe Fl anges f or  
Wat er wor ks Ser vi ce,  Si zes 4 i n.  t hr ough 
144 i n.  ( 100 mm t hr ough 3600 mm)

AWWA C208 ( 2017)  Di mensi ons f or  Fabr i cat ed St eel  
Wat er  Pi pe Fi t t i ngs

AWWA C504 ( 2015)  St andar d f or  Rubber - Seat ed 
But t er f l y  Val ves

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS WHB- 2. 9 ( 2004)  Wel di ng Handbook;  Vol ume 2,  Wel di ng 
Pr ocesses,  Par t  1

ASME I NTERNATI ONAL ( ASME)

ASME B16. 1 ( 2015)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASME B16. 11 ( 2016)  For ged Fi t t i ngs,  Socket - Wel di ng and 
Threaded

ASME B16. 22 ( 2013)  St andar d f or  Wr ought  Copper  and 
Copper  Al l oy Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 3 ( 2016)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 39 ( 2014)  St andar d f or  Mal l eabl e I r on 
Thr eaded Pi pe Uni ons;  Cl asses 150,  250,  
and 300

ASME B16. 5 ( 2017)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 9 ( 2012)  St andar d f or  Fact or y- Made Wr ought  
St eel  But t wel di ng Fi t t i ngs

ASME B18. 2. 1 ( 2012;  Er r at a 2013)  Squar e and Hex Bol t s 
and Scr ews ( I nch Ser i es)

ASME B18. 2. 2 ( 2015)  Nut s f or  Gener al  Appl i cat i ons:  
Machi ne Scr ew Nut s,  Hex,  Squar e,  Hex 
Fl ange,  and Coupl i ng Nut s ( I nch Ser i es)

ASME B31. 1 ( 2016;  Er r at a 2016)  Power  Pi pi ng

ASME B31. 3 ( 2016)  Pr ocess Pi pi ng

ASME B40. 100 ( 2013)  Pr essur e Gauges and Gauge 
Attachments

ASME B46. 1 ( 2009)  Sur f ace Text ur e,  Sur f ace Roughness,  
Wavi ness and Lay
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ASTM I NTERNATI ONAL ( ASTM)

ASTM A105/ A105M ( 2014)  St andar d Speci f i cat i on f or  Car bon 
St eel  For gi ngs f or  Pi pi ng Appl i cat i ons

ASTM A126 ( 2004;  R 2014)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs f or  Val ves,  Fl anges,  
and Pi pe Fi t t i ngs

ASTM A139/ A139M ( 2016)  St andar d Speci f i cat i on f or  
El ect r i c- Fusi on ( ARC) - Wel ded St eel  Pi pe 
( NPS 4 and over )

ASTM A181/ A181M ( 2014)  St andar d Speci f i cat i on f or  Car bon 
St eel  For gi ngs,  f or  Gener al - Pur pose Pi pi ng

ASTM A183 ( 2014)  St andar d Speci f i cat i on f or  Car bon 
St eel  Tr ack Bol t s and Nut s

ASTM A197/ A197M ( 2000;  R 2015)  St andar d Speci f i cat i on f or  
Cupol a Mal l eabl e I r on

ASTM A216/ A216M ( 2016)  St andar d Speci f i cat i on f or  St eel  
Cast i ngs,  Car bon,  Sui t abl e f or  Fusi on 
Wel di ng,  f or  Hi gh- Temper at ur e Ser vi ce

ASTM A234/ A234M ( 2018)  St andar d Speci f i cat i on f or  Pi pi ng 
Fi t t i ngs of  Wr ought  Car bon St eel  and Al l oy 
St eel  f or  Moder at e and Hi gh Temper at ur e 
Service

ASTM A307 ( 2014;  E 2017)  St andar d Speci f i cat i on f or  
Car bon St eel  Bol t s,  St uds,  and Thr eaded 
Rod 60 000 PSI  Tensi l e St r engt h

ASTM A351/ A351M ( 2018)  St andar d Speci f i cat i on f or  
Cast i ngs,  Aust eni t i c ,  f or  
Pr essur e- Cont ai ni ng Par t s

ASTM A436 ( 1984;  R 2015)  St andar d Speci f i cat i on f or  
Aust eni t i c  Gr ay I r on Cast i ngs

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 A694/ A694M ( 2016)  St andar d Speci f i cat i on f or  Car bon 
and Al l oy St eel  For gi ngs f or  Pi pe Fl anges,  
Fi t t i ngs,  Val ves,  and Par t s f or  
Hi gh- Pr essur e Tr ansmi ssi on Ser vi ce

ASTM B148 ( 2014)  St andar d Speci f i cat i on f or  
Al umi num- Br onze Sand Cast i ngs

ASTM B164 ( 2003;  R 2014)  St andar d Speci f i cat i on f or  
Ni ckel - Copper  Al l oy Rod,  Bar ,  and Wi r e

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 
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Ref r i ger at i on Fi el d Ser vi ce

ASTM B370 ( 2012)  St andar d Speci f i cat i on f or  Copper  
Sheet  and St r i p f or  Bui l di ng Const r uct i on

ASTM B62 ( 2017)  St andar d Speci f i cat i on f or  
Composi t i on Br onze or  Ounce Met al  Cast i ngs

ASTM B749 ( 2014)  St andar d Speci f i cat i on f or  Lead and 
Lead Al l oy St r i p,  Sheet  and Pl at e Pr oduct s

ASTM C592 ( 2016)  St andar d Speci f i cat i on f or  Mi ner al  
Fi ber  Bl anket  I nsul at i on and Bl anket - Type 
Pi pe I nsul at i on ( Met al - Mesh Cover ed)  
( I ndust r i al  Type)

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

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

ASTM E1 ( 2014)  St andar d Speci f i cat i on f or  ASTM 
Li qui d- i n- Gl ass Ther momet er s

ASTM F1120 ( 1987;  R 2015)  St andar d Speci f i cat i on f or  
Ci r cul ar  Met al l i c  Bel l ows Type Expansi on 
Joi nt s f or  Pi pi ng Appl i cat i ons

ASTM F147 ( 1987;  R 2017)  St andar d Test  Met hod f or  
Fl exi bi l i t y  of  Non- Met al l i c  Gasket  
Materials

ASTM F568M ( 2007)  St andar d Speci f i cat i on f or  Car bon 
and Al l oy St eel  Ext er nal l y Thr eaded Met r i c 
Fasteners

FLUI D SEALI NG ASSOCI ATI ON ( FSA)

FSA-0017 ( 1995e6)  St andar d f or  Non- Met al l i c  
Expansi on Joi nt s and Fl exi bl e Pi pe 
Connect or s Techni cal  Handbook

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

IEST-STD-CC1246 ( 2013;  Rev E)  Pr oduct  Cl eanl i ness Level s 
and Cont ami nat i on Cont r ol  Pr ogr am

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 104 ( 2012)  Wr ought  Copper  Sol der  Joi nt  
Pr essur e Fi t t i ngs

MSS SP- 43 ( 2013)  Wr ought  St ai nl ess St eel  
But t - Wel di ng Fi t t i ngs

MSS SP- 58 ( 2009)  Pi pe Hanger s and Suppor t s -  
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Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

MSS SP- 67 ( 2017;  Er r at a 1 2017)  But t er f l y  Val ves

MSS SP- 72 ( 2010a)  Bal l  Val ves wi t h Fl anged or  
But t - Wel di ng Ends f or  Gener al  Ser vi ce

MSS SP- 80 ( 2013)  Br onze Gat e,  Gl obe,  Angl e and Check 
Valves

MSS SP- 83 ( 2014)  Cl ass 3000 St eel  Pi pe Uni ons Socket  
Wel di ng and Thr eaded

NATI ONAL AERONAUTI CS AND SPACE ADMI NI STRATI ON ( NASA)

RCBEA GUI DE ( 2004)  NASA Rel i abi l i t y  Cent er ed Bui l di ng 
and Equi pment  Accept ance Gui de

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE AMS- C- 6183 ( 2013;  Rev A)  Cor k and Rubber  Composi t i on 
Sheet ;  f or  Ar omat i c Fuel  and Oi l  Resi st ant  
Gaskets

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MIL-PRF-25567 ( 1998;  Rev E;  Not i ce 1 2005;  Not i ce 2 
2010;  Not i ce 3 2015)  Leak Det ect i on 
Compound,  Oxygen Syst ems ( Met r i c)

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

CI D A- A- 1922 ( Rev A;  Not i ce 3)  Shi el d,  Expansi on 
( Caul k i ng Anchor s,  Si ngl e Lead)

CI D A- A- 1923 ( Rev A;  Not i ce 3)  Shi el d,  Expansi on ( Lag,  
Machi ne and Ext er nal l y Thr eaded Wedge Bol t  
Anchors)

CI D A- A- 1924 ( Rev A;  Not i ce 3)  Shi el d,  Expansi on ( Sel f  
Dr i l l i ng Tubul ar  Expansi on Shel l  Bol t  
Anchors

CI D A- A- 55614 ( Basi c;  Not i ce 2)  Shi el d,  Expansi on 
( Non- Dr i l l i ng Expansi on Anchor s)

1. 2   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 
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r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

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

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

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

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

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e [ f or  Cont r act or  Qual i t y  Cont r ol  
appr oval . ] [ f or  i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he 
" G"  desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  
t he Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance 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

Abovegr ound Pi pi ng Mat er i al s;  G[ ,  [ ____] ]

Val ves;  G[ ,  [ ____] ]

Suppor t i ng El ement s;  G[ ,  [ ____] ]

Pr essur e Gages;  G[ ,  [ ____] ]

Ther momet er s;  G[ ,  [ ____] ]

Hex- Bol t s;  G[ ,  [ ____] ]

SD- 06 Test  Repor t s
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Leakage Test s;  G[ ,  [ ____] ]

SD- 07 Cer t i f i cat es

Abovegr ound Pi pi ng Mat er i al s

Valves

Suppor t i ng El ement s

Hydr ost at i c Test s;  G[ ,  [ ____] ]

Pr essur e Gages

Thermometers

1. 3   QUALI TY CONTROL

1. 3. 1   Pr edi ct i ve Test i ng and I nspect i on Technol ogy Requi r ement s

**************************************************************************
NOTE:   The Pr edi ct i ve Test i ng and I nspect i on ( PT&I )  
t est s pr escr i bed i n Sect i on 01 86 12. 07 40 
RELI ABI LI TY CENTERED ACCEPTANCE FOR MECHANI CAL 
SYSTEMS ar e MANDATORY f or  al l  [ NASA]  [ _____]  asset s 
and syst ems i dent i f i ed as Cr i t i cal ,  Conf i gur ed,  or  
Mi ssi on Essent i al .   I f  t he syst em i s non- cr i t i cal ,  
non- conf i gur ed,  and not  mi ssi on essent i al ,  use sound 
engi neer i ng di scr et i on t o assess t he val ue of  addi ng 
t hese addi t i onal  t est  and accept ance r equi r ement s.   
See Sect i on 01 86 12. 07 40 RELI ABI LI TY CENTERED 
ACCEPTANCE FOR MECHANI CAL SYSTEMS f or  addi t i onal  
i nf or mat i on r egar di ng cost  f easi bi l i t y  of  PT&I .

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

Thi s sect i on cont ai ns syst ems or  equi pment  component s r egul at ed by NASA' s 
Rel i abi l i t y  Cent er ed Bui l di ng and Equi pment  Accept ance Pr ogr am.   Thi s 
pr ogr am r equi r es t he use of  Pr edi ct i ve Test i ng and I nspect i on ( PT&I )  
t echnol ogi es i n conf or mance wi t h RCBEA GUI DE t o ensur e t hat  bui l di ng 
equi pment  and syst ems i nst al l ed by t he Cont r act or  have been i nst al l ed 
pr oper l y and cont ai n no i dent i f i abl e def ect s t hat  shor t en t he desi gn l i f e 
of  a syst em or  i t s  component s.   Sat i sf act or y compl et i on of  al l  accept ance 
r equi r ement s i s r equi r ed t o obt ai n Gover nment  appr oval  and accept ance of  
t he Cont r act or ' s  wor k.

Per f or m PT&I  t est s and pr ovi de submi t t al s as speci f i ed i n Sect i on 
01 86 12. 07 40 RELI ABI LI TY CENTERED ACCEPTANCE FOR MECHANI CAL SYSTEMS.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Submi t  det ai l  dr awi ngs.   I ncl ude t he manuf act ur er ' s desi gn and const r uct i on 
cal cul at i ons,  t he f or ces necessar y t o obt ai n r at ed axi al  and l at er al  
movement s,  i nst al l at i on cr i t er i a,  anchor  and gui de r equi r ement s,  and al l  
ot her  per t i nent  dat a necessar y f or  eval uat i on of  t he pr oposed equi pment .   
Ensur e t hat  dr awi ngs speci f i cal l y  cal l  out  t he pr ocedur es t o be f ol l owed 
and pr ovi s i ons necessar y t o pr ot ect  expansi on j oi nt s dur i ng speci f i ed 
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t est i ng oper at i ons.

2. 2   COMPONENTS

2. 2. 1   Valves

2. 2. 1. 1   Bal l  Val ves,  Vacuum ( BAVV)

Pr ovi de t he f ol l owi ng:

a.   Bal l  val ves conf or mi ng t o MSS SP- 72 St yl e [ 1]  [ 3] ,  UL- appr oved f or  
cer t ai n compr essed gases and a pr essur e r at i ng of  not  l ess t han 1210 
ki l opascal  at  93 degr ees C 175 psi  at  200 degr ees F;  and cer t i f i ed 
sui t abl e f or  l eakt i ght  ser vi ce under  a vacuum of  2 mi l l i met er s of  
mer cur y absol ut e.

b.   Val ve bodi es i n s i zes 50 mm 2 i nch i r on pi pe s i ze ( i ps)  and smal l er ,  
scr ewed- end- connect i on t ype,  const r uct ed of  Cl ass A copper  al l oy.

c.   Val ve bodi es i n s i zes 63 mm 2- 1/ 2 i nch i ps and l ar ger  wi t h 
f l anged- end- connect i on,  const r uct ed of  Cl ass [ D]  [ E]  [ F]  mat er i al ,  
unl ess ot her wi se speci f i ed.

d.   Bal l s and st ems of  val ves 50 mm 2 i nch i ps and smal l er ,  made wi t h 
manuf act ur er ' s st andar d Cl ass A copper  al l oy wi t h 900 Br i nel l  har d 
chr ome- pl at i ng f i ni sh or  Cl ass C cor r osi on- r esi st ant  st eel  al l oy wi t h 
har d chr ome- pl at i ng.   El ect r ol ess ni ckel - pl at i ng i s accept abl e.

e.   Bal l s and st ems of  val ves 63 mm 2- 1/ 2 i nch i ps and l ar ger  made wi t h 
manuf act ur er ' s st andar d Cl ass C cor r osi on- r esi st ant  st eel  al l oy wi t h 
har d chr ome- pl at i ng.   I n val ves 150 mm 6 i nch i ps and l ar ger ,  bal l s  may 
be Cl ass D wi t h 900 Br i nel l  har d chr ome- pl at i ng.   El ect r ol ess 
ni ckel - pl at i ng i s accept abl e.

Ensur e t hat  val ves ar e sui t abl e f or  f l ow f r om ei t her  di r ect i on and seal  
t i ght l y i n bot h di r ect i ons,  wi t h f ul l  pi pe s i ze f l ow ar eas wher e not ed.   Do 
not  use val ves wi t h bal l  seat s kept  i n pl ace by spr i ng washer s.

Ensur e t hat  seat s and seal s ar e f i l l ed t et r af l uor oet hyl ene or  
manuf act ur er ' s st andar d mat er i al  f or  t he speci f i ed ser vi ce.

Pr ovi de val ves wi t h body const r uct i on such t hat :

a.   Tor que f r om a pi pe wi t h t he val ve i nst al l ed does not  di sassembl e t he 
val ve by st r i ppi ng set scr ews or  by l ooseni ng t he body end i nser t s or  
coupl i ng nut s.

b.   The val ve body r esi st s t or que f r om a pi pe by a one- pi ece body bet ween 
end connect i ons or  by bol t s i n shear  wher e t he body i s of  mat i ng f l ange 
or  sur f ace- bol t ed const r uct i on.

2. 2. 1. 2   But t er f l y  Val ves,  Vacuum ( BUVV)

**************************************************************************
NOTE:   Revi ew ser vi ce t emper at ur e r ange pr i or  t o 
sel ect i on of  mat er i al s t o ensur e l ong el ast omer  l i f e 
under  nonl ubr i cat ed condi t i ons.

The f ol l owi ng i s  l i mi t ed t o val ve s i zes t hr ough 1067 
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mm 42 i nches.   Show on dr awi ngs,  t emper at ur e r ange 
and negat i ve ( vacuum)  and posi t i ve pr essur es at  
whi ch t he syst em wi l l  oper at e.   Check f or  soni c 
vel oci t i es.   Coor di nat e wi t h shaf t  sel ect i on.   
Speci f y mass spect r omet er  t est s usi ng hel i um onl y i f  
necessar y wi t h l eak det ect or  sensi t i v i t y  of  at  l east  
1 t i mes 10 t o t he mi nus 6 cubi c cent i met er s per  
second.

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

Pr ovi de but t er f l y  val ves conf or mi ng t o MSS SP- 67 and t he f ol l owi ng 
requirements:

a.   But t er f l y  val ves t hr ough 508 mm 20 i nches -  waf er  t ype.

b.   Val ve s i zes l ar ger  t han 508 mm 20 i nches -  t wo- f l ange t ype f or  mount i ng 
bet ween speci f i ed f l anges.   Dr i l l ed and t apped hol es at  t he val ve 
bear i ng ar eas ar e accept abl e f or  val ves l ar ger  t han 508 mm 20 i nches.

c.   Rat ed f or  i ndi cat ed vel oci t i es,  shut of f ,  and nonshock wor ki ng pr essur e.

d.   Body -  cast  f er r ous met al  conf or mi ng t o mi ni mum r equi r ement s of  
ASTM A126,  Cl ass B and t o ASME B16. 1 f or  body wal l  t hi ckness.

Pr ovi de cer t i f i cat i on t hat :

a.   Al l  s i zes of  val ves as t est ed ar e sui t abl e f or  l eakt i ght  ser vi ce under  
a vacuum of  2 mi l l i met er  of  mer cur y absol ut e.

b.   Layi ng l engt hs of  waf er  val ves conf or m t o MSS SP- 67.

c.   Layi ng l engt hs of  f l anged val ves conf or m t o AWWA C504,  Tabl e 3,  shor t  
body l engt h.

d.   Di sk i s f r ee of  ext er nal  r i bs and st r eaml i ned.   Ver i f y t hat  t he di sk i s 
f abr i cat ed of  cast  f er r ous or  nonf er r ous al l oys conf or mi ng t o ASTM A436, 
Type 2 copper - f r ee ( aust eni t i c  cast  i r on) ,  ASTM A216/ A216M,  Gr ade WCB 
( cast  st eel ) ,  ASTM A351/ A351M,  Gr ade CF8M ( cor r osi on- r esi st ant  st eel ) ,  
or ASTM B148,  No.  C95500 ( al umi num br onze) .

[ Wher e vacuum pi pi ng syst ems ar e cor r osi on- pr ot ect ed i nt er nal l y,  ensur e t hat  
al l  f er r ous val ve sur f aces exposed t o ai r st r eam ar e [ cor r osi on- r esi st ant  
st eel ] , [  el ect r opl at ed] [  f l ame- spr ayed wi t h a cor r osi on- r esi st ant  met al  
such as al umi num,  z i nc,  t i n,  or  cadmi um] .   Pr ovi de cer t i f i cat i on 
speci f i cal l y  st at i ng t hat  t he coat i ng i s sui t abl e f or  t he i nt ended ser vi ce.

] Pr ovi de a shaf t  f abr i cat ed f r om AI SI  300 ser i es or  17- 4 pH 
cor r osi on- r esi st ant  st eel ,  or  ni ckel - copper  al l oy conf or mi ng t o ASTM B164, 
and may be one pi ece or  st ub- shaf t ,  wi t h st ub shaf t s ext ended i nt o t he di sk 
hub at  l east  1- 1/ 2 shaf t  di amet er s.   Ver i f y t hat  t he connect i on bet ween t he 
val ve shaf t  and di sk i s desi gned t o t r ansmi t  shaf t  t or que equi val ent  t o not  
l ess t han 75 per cent  of  t he t or s i onal  st r engt h of  t he mi ni mum r equi r ed 
shaf t  di amet er .   Ensur e t hat  t he mi ni mum nomi nal  shaf t  di amet er  f or  al l  
val ves i s i n accor dance wi t h t he f ol l owi ng l i s t :

**************************************************************************
NOTE:   Sel ect  t he f ol l owi ng based on AWWA C504,  
Cl ass 25A,  f or  nor mal  ser vi ce wher e dynami c t or que 
i s not  i nvol ved.
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**************************************************************************

VALVE SI ZE
MILLIMETER

SHAFT DI AMETER
MILLIMETER

VALVE SI ZE
MILLIMETER

SHAFT DI AMETER
MILLIMETER

75 13 400 34

100 16 450 38

150 19 500 38

200 22 600 44

250 25 750 50

300 28 900 63

350 31 1050 72

VALVE SI ZE
INCHES

SHAFT DI AMETER
INCHES

VALVE SI ZE
INCHES

SHAFT DI AMETER
INCHES

3 1/2 16 1-3/8

4 5/8 18 1-1/2

6 3/4 20 1-1/2

8 7/8 24 1-3/4

10 1 30 2

12 1-1/8 36 2-1/2

14 1-1/4 42 2-7/8

**************************************************************************
NOTE:   Sel ect  t he f ol l owi ng based on AWWA C504,  
Cl ass 75B,  and MSS SP- 86  wher e shaf t  di amet er s ar e 
sui t abl e f or  seat i ng and cal cul at ed dynami c t or que.

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

VALVE SI ZE
MILLIMETER

SHAFT DI AMETER
MILLIMETER

VALVE SI ZE
MILLIMETER

SHAFT DI AMETER
MILLIMETER

75 13 400 38

100 16 450 41

150 19 500 48
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VALVE SI ZE
MILLIMETER

SHAFT DI AMETER
MILLIMETER

VALVE SI ZE
MILLIMETER

SHAFT DI AMETER
MILLIMETER

200 22 600 57

250 25 750 70

300 28 900 89

350 35 1050 95

VALVE SI ZE
INCHES

SHAFT DI AMETER
INCHES

VALVE SI ZE
INCHES

SHAFT DI AMETER
INCHES

3 1/2 16 1-1/2

4 5/8 18 1-5/8

6 3/4 20 1-7/8

8 7/8 24 2-1/4

10 1 30 2-3/4

12 1-1/8 36 3-1/2

14 1-3/8 42 3-3/4

**************************************************************************
NOTE:   Sel ect  t he f ol l owi ng based on AWWA C504,  
Cl ass 150B,  wher e shaf t  di amet er s ar e sui t abl e f or  
seat i ng and cal cul at ed dynami c t or que.

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

VALVE SI ZE
MILLIMETER

SHAFT DI AMETER
MILLIMETER

VALVE SI ZE
MILLIMETER

SHAFT DI AMETER
MILLIMETER

75 13 400 50

100 16 450 57

150 25 500 63

200 28 600 76

250 35 750 92

300 38 900 111

350 44 1050 127
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VALVE SI ZE
INCHES

SHAFT DI AMETER
INCHES

VALVE SI ZE
INCHES

SHAFT DI AMETER
INCHES

3 1/2 16 2

4 5/8 18 2-1/4

6 1 20 2-1/2

8 1-1/8 24 3

10 1-3/8 30 3-5/8

12 1-1/2 36 4-3/8

14 1-3/4 42 5

I n t he seal i ng ar eas,  ensur e t hat  t he shaf t  has a sur f ace f i ni sh conf or mi ng 
to ASME B46. 1,  0. 27 mi l l i met er  0. 0106 i nches r oot  mean squar e or  bet t er .

**************************************************************************
NOTE:   Cycl e l i f e of  el ast omer  i s  sever el y r educed 
i n dr y ser vi ce as pr essur e and t emper at ur e i ncr ease 
t ypi cal l y :   4, 000 cycl es at  24 degr ees C at  1050 
ki l opascal  75 degr ees F at  150 psi ;  250 cycl es at  
107 degr ees C at  517. 1 k i l opascal  225 degr ees F at  
75 psi .   Rewr i t e t he f ol l owi ng par agr aph t o i ncl ude 
cycl e l i f e i f  necessar y.

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

Use r esi l i ent  el ast omer  seat s and seal s.   Ensur e t hat  seat s ar e 
mechani cal l y r et ai ned and desi gned f or  f i el d r emoval  and r epl acement  unl ess 
ot her wi se speci f i ed.   For mul at e el ast omer s f or  cont i nuous nonl ubr i cat ed 
ser vi ce at  i ndi cat ed t emper at ur es and pr essur es.

[ Use bonded seat s.   Wher e bondi ng adhesi ves ar e used,  ensur e t hat  adhesi ves 
compl y wi t h el ast omer  t emper at ur e r equi r ement s and have an ef f ect i ve l i f e 
equal  t o or  gr eat er  t han t he el ast omer .

][ I nst al l  seat s i n t he val ve body or  on t he di sk,  except  t hat  c i r cul ar  
cr oss- sect i on O- r i ng const r uct i on i s not  accept abl e.

] Use f our  O- r i ng seal s,  mount ed i n a nonf er r ous met al  cage.   Use t wo r i ngs 
as a shaf t  seal ;  use t he ot her  t wo r i ngs as a housi ng seal .   Make 
pr ovi s i ons t o i nt r oduce hi gh- vacuum gr ease t o l ubr i cat e al l  f our  O- r i ngs.   
Submi t  hi gh- vacuum gr ease f or  Cont r act i ng Of f i cer  appr oval .

Pr ovi de seat  or  di sk mat i ng sur f aces wi t h cor r osi on- r esi st ant  st eel ,  
aust eni t i c  gr ay cast  i r on,  or  br onzes speci f i ed f or  t he di sk or  t he 
mat er i al s speci f i ed f or  st ems.   Wel d t hese mat er i al s t o t he subst r at e,  and 
gr ound or  mechani cal l y r et ai n.   Do not  use pl at ed or  s i mi l ar l y appl i ed 
sur f aci ng mat er i al s.

Use sl eeve bear i ngs of  t he manuf act ur er ' s st andar d cor r osi on- r esi st ant  
st eel ,  br onze,  ni ckel - copper  al l oy,  or  f i l l ed t et r af l uor oet hyl ene.   Desi gn 
bear i ngs f or  a pr essur e not  exceedi ng t he publ i shed desi gn l oad f or  t he 
bear i ng mat er i al  or  one- f i f t h of  t he compr essi ve st r engt h of  t he bear i ng or  

SECTI ON 40 18 00. 00 40  Page 15



shaf t  mat er i al .   Pr ovi de t he oper at i ng end of  t he shaf t  wi t h dual  i nboar d 
bear i ngs or  a s i ngl e i nboar d and an out boar d bear i ng i n or  beyond t he 
operator.

Pr ovi de val ves l ar ger  t han 508 mm 20 i nches wi t h t hr ust  bear i ngs set  t o 
hol d t he di sk f i r ml y i n pl ace.

Pr ovi de a l ocki ng f eat ur e t o make t he val ve t amper pr oof  wher e i ndi cat ed.

Pr ovi de manual  nonchai n- oper at ed val ves t hr ough 200 mm 8 i nches wi t h not  
l ess t han ni ne- posi t i on- l evel  l ock handl es not  exceedi ng 450 mi l l i met er  18 
i nches i n l engt h.

Pr ovi de gear  oper at or s t o t he f ol l owi ng:  manual  val ves 250 mm 10 i nches and 
l ar ger ,  or  smal l er  manual  val ves i f  t he appl i cat i on t or que exceeds a pul l  of
 110 Newt on- met er  80 f oot - pounds or  i f  so i ndi cat ed.

Wher e val ves ar e i ndi cat ed t o be chai n- oper at ed,  equi p al l  s i zes wi t h gear  
oper at or s,  and a chai n l engt h sui t abl e f or  pr oper  st or age and oper at i on.

Use wor m- gear  oper at or s.   Ensur e t hat  gear s ar e hob- cut  and t ot al l y  
encl osed i n a cast - i r on housi ng sui t abl e f or  gr ease or  oi l - f l ood 
l ubr i cat i on.   Suppor t  gear s and gear  shaf t s on br onze or  
cor r osi on- r esi st ant ,  l ubr i cat ed bear i ngs.   Si ze oper at or s t o pr ovi de t he 
r equi r ed t or que,  st at i c or  dynami c,  wi t h a maxi mum manual  pul l  of  110 
Newt on- met er  80 f oot - pounds on t he handwheel  or  chai n wheel .

For  modul at i ng or  r emot el y act uat ed t wo- posi t i on ser vi ce val ves,  wher e 
i ndi cat ed,  pr ovi de wi t h pneumat i c oper at or s,  pi l ot  posi t i oner s,  val ve 
posi t i on i ndi cat or s,  and boost er s and r el ays wher e necessar y.   Not e t he 
oper at i ng ai r - suppl y pr essur e.

Ensur e t hat  t he maxi mum l oad on a pneumat i c oper at or  does not  exceed 85 
per cent  of  r at ed oper at or  capaci t y.

2. 2. 1. 3   Di aphr agm Cont r ol  and I nst r ument  Val ves ( DCI V)

Pr ovi de f or ged br ass body di aphr agm val ves i n s i zes 8 mm and 10 mm 1/ 4 and 
3/ 8 i nch wi t h r ei nf or ced t et r af l uor oet hyl ene di aphr agm,  an AI SI  300 ser i es 
cor r osi on- r esi st ant  st eel  spr i ng,  and a r ound phenol i c handl e.   Fi t  t he 
handl e wi t h I SA col or  code di sks.

2. 2. 1. 4   Gage Cocks ( GC)

Ensur e t hat  gage cocks ar e T- head or  l ever - handl e gr ound- key wi t h washer  
and scr ew,  const r uct ed of  pol i shed ASTM B62 br onze and r at ed f or  862 
ki l opascal  125 psi  sat ur at ed st eam ser vi ce.   Ensur e t hat  end connect i ons 
sui t  t he ser vi ce,  wi t h or  wi t hout  uni on and ni ppl e.

2. 2. 1. 5   Gl obe and Angl e Val ves ( GLV And ANV)

Ensur e t hat  gl obe and angl e val ves 50 mm 2 i nches and smal l er ,  conf or m t o 
MSS SP- 80 and t o r equi r ement s speci f i ed her ei n.   Pr ovi de uni on r i ng bonnet  
val ves,  scr ewed- end wi t h backseat i ng st em.   Ensur e t hat  t he di sk i s  f r ee t o 
swi vel  on t he st em i n al l  val ve s i zes and has a f i ber gl ass- f i l l ed,  
t et r af l uor oet hyl ene composi t i on seat i ng sur f ace.   Pr ovi de woven nonasbest os 
f i ber  packi ng,  i mpr egnat ed wi t h not  l ess t han 25 per cent  by wei ght ,  of  
t et r af l uor oet hyl ene r esi n.
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2. 2. 2   Suppor t i ng El ement s

**************************************************************************
NOTE:   Det ai l  t he t ype of  SWP hor i zont al  and 
ver t i cal  pi pi ng at t achment s and mi l l - pr ovi ded 
r ei nf or cement  of  pi pi ng t o sui t  pr oj ect  condi t i ons.   
Base t he suppor t  spaci ng on an al l owabl e bendi ng 
st r ess of  appr oxi mat el y 20700 ki l opascal  ( 3000 psi ) ,  
3, 000 pounds per  squar e i nch,  desi r ed def l ect i ons,  
and nat ur al  f r equency of  pi pi ng when connect ed t o 
pul sat i ng equi pment .

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

2. 2. 2. 1   Supports

Pr ovi de al l  necessar y pi pi ng syst em component s and mi scel l aneous suppor t i ng 
el ement s,  i ncl udi ng bui l di ng st r uct ur e at t achment s,  suppl ement ar y st eel ,  
hanger  r ods,  st anchi ons and f i x t ur es,  ver t i cal  pi pe at t achment s,  pi pe 
at t achment s,  anchor s,  gui des,  shock absor ber s,  and var i abl e and const ant  
suppor t s.   Ensur e t hat  al l  suppor t i ng el ement s ar e sui t abl e f or  st r esses 
i mposed by syst em pr essur es and t emper at ur es and nat ur al  and ot her  ext er nal  
f or ces.   Ref er  t o Sect i on 23 05 48. 00 40 VI BRATI ON AND SEI SMI C CONTROLS FOR 
HVAC PI PI NG AND EQUI PMENT f or  v i br at i on i sol at i on consi der at i ons.

Pr ovi de UL- appr oved or  UL- l i s t ed suppor t i ng el ement s conf or mi ng t o t he 
r equi r ement s of  ASME B31. 1,  and MSS SP- 58.

" Type"  devi ces speci f i ed ar e def i ned as MSS st andar ds.

[ Hor i zont al  and ver t i cal  pi pi ng at t achment s and cer t ai n ot her  det ai l s  f or  
pi pi ng syst ems usi ng var i abl e wal l  t hi ckness,  Type SWP spi r al  wel ded pi pe 
mat er i al s ar e as not ed.

] 2. 2. 2. 2   Bui l di ng St r uct ur e At t achment s

a.   Anchor  Devi ces,  Concr et e and Masonr y

Ensur e t hat  anchor  devi ces conf or m t o t he r equi r ement s of  AASHTO M 314,   
CI D A- A- 1922, CI D A- A- 1923, CI D A- A- 1924,  and CI D A- A- 55614.

Pr ovi de cast - i n,  f l oor - mount ed equi pment  anchor  devi ces wi t h adj ust abl e 
positions.

Ensur e t hat  masonr y anchor  devi ces ar e bui l t - i n.

Do not  use powder - act uat ed anchor i ng devi ces t o suppor t  any mechani cal  
syst ems component s.

b.   Beam Cl amps

Use cent er - l oadi ng beam cl amps,  Type [ 21]  [ 28]  [ 29]  [ 30] ,  UL- l i s t ed,  
cat al ogued and l ow- r at ed,  commer ci al l y  manuf act ur ed pr oduct s.

[ c.   C- Cl amps

**************************************************************************
NOTE:   Avoi d usi ng C- cl amps,  t o at t ach hanger s t o 
st r uct ur al  st eel  i f  possi bl e.   Wher e used,  consi der  
v i br at i on f or ces and si ngl e or  accumul at ed l oad and 
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r esul t ant  moment  on st r uct ur al  st eel .
**************************************************************************

C- cl amps may be used t o suppor t  pi pi ng s i zes 40 mm 1- 1/ 2 i nches and 
smal l er .   Pr ovi de FM- appr oved and UL- l i s t ed C- cl amps wi t h har dened cup t i p,  
set scr ew,  l ocknut ,  and r et ai ni ng st r ap.   Ensur e t hat  t he r et ai ni ng- st r ap 
sect i on i s not  l ess t han 3 by 25 mi l l i met er  1/ 8 by 1 i nch.   Beam f l ange 
t hi ckness t o whi ch c l amps ar e at t ached cannot  exceed 15. 2 mi l l i met er  0. 60 
inch.

][ d.   Concr et e I nser t s

Const r uct  concr et e i nser t s i n accor dance wi t h MSS SP- 58 f or  Type 18.   When 
appl i ed t o pi pi ng i n s i zes 50 mm 2 i nch i ps and l ar ger  and wher e ot her wi se 
r equi r ed by i mposed l oads,  i nser t  and wi r e a 300 mi l l i met er  l engt h of  15 
mi l l i met er  1 f oot  l engt h of  1/ 2 i nch r ei nf or c i ng r od t hr ough wi ng s l ot s.   
Appr oved,  pr opr i et ar y,  cont i nuous i nser t s may be s i mi l ar l y used.

] 2. 2. 2. 3   Hor i zont al  Pi pe At t achment s

I nst ead of  separ at e hanger s,  a det ai l  dr awi ng of  pr oposed t r apeze hanger s 
wi t h t ur nbuckl es on r ods and a sol i d or  spl i t - r i ng c l amp f or  each pi pe may 
be submi t t ed f or  appr oval .

Si ngl e pi pes

a.   Suppor t  pi pi ng i n s i zes t o and i ncl udi ng 50 mm 2 i nch i ps by Type 6 
sol i d mal l eabl e i r on pi pe r i ngs,  except  use spl i t - band r i ngs i n s i zes 
up t o 25 mm 1 i nch i ps.

b.   Suppor t  pi pi ng i n s i zes t hr ough 200 mm 8 i nch i ps i ncl usi ve by Types 
[ 1]  [ 3]  [ 4]  at t achment s.

c.   Ensur e t hat  pi pe r ol l s  ar e Type 41 or  Type 49.

d.   Pr ovi de spr i ng suppor t s i n accor dance wi t h r ef er enced codes and 
st andar ds.   Submi t  compl et e shop dr awi ng dat a f or  appr oval .

Par al l el  pi pes

a.   Use t r apeze hanger s f abr i cat ed f r om appr oved st r uct ur al - st eel  shapes,  
wi t h U- bol t s,  i n congest ed ar eas and wher e mul t i pl e pi pe r uns occur .   
Ensur e t hat  st r uct ur al - st eel  shapes conf or m t o r equi r ement s f or  
suppl ement ar y st eel .   Al t er nat i vel y,  use commer ci al l y  avai l abl e,  
pr opr i et ar y,  r ol l ed st eel  f or  t he suppor t s.

2. 2. 2. 4   Ver t i cal  Pi pe At t achment s

Use Type 8 ver t i cal  pi pe at t achment s,  s i ngl e pi pes.

2. 2. 2. 5   Hanger  Rods and Fi xt ur es

Use onl y c i r cul ar  cr oss- sect i on r od hanger s t o connect  bui l di ng st r uct ur e 
at t achment s t o pi pe suppor t  devi ces.   Pi pe st r aps,  or  bar s of  equi val ent  
st r engt h,  may be used f or  hanger s onl y wher e appr oved by t he Cont r act i ng 
Officer.

Pr ovi de t ur nbuckl es,  swi ng eyes,  and cl evi ses as r equi r ed by t he suppor t  
syst em t o accommodat e pi pe accessi bi l i t y  and adj ust ment  f or  l oad and pi t ch.
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2. 2. 2. 6   Suppl ement ar y St eel

Wher e i t  i s  necessar y t o f r ame st r uct ur al  member s bet ween exi st i ng member s 
or  wher e st r uct ur al  member s ar e used i nst ead of  commer ci al l y  r at ed 
suppor t s,  desi gn and f abr i cat e such suppl ement ar y st eel  i n accor dance wi t h 
AI SC 360.

2. 2. 3   Pr essur e Gages

Pr ovi de pr essur e gages conf or mi ng t o ASME B40. 100 and t o r equi r ement s 
speci f i ed her ei n,  Type I I ,  Cl ass 1 ( pr essur e) ;  Cl ass 2 ( vacuum) ;  or  Cl ass 3 
( pr essur e- vacuum) .   Ensur e t hat  t he pr essur e gage si ze i s 90 mi l l i met er  
3- 1/ 2 i nches nomi nal  di amet er ,  wi t h a cor r osi on- r esi st ant  st eel  case 
conf or mi ng t o any of  t he AI SI  300 ser i es wi t h an ASM No.  4 st andar d 
commer ci al  pol i sh or  bet t er .   Equi p al l  gages wi t h an adj ust abl e r ed 
mar ki ng poi nt er  and damper  scr ew adj ust ment  i n t he i nl et  connect i on.

2. 2. 4   Thermometers

Pr ovi de t her momet er s conf or mi ng t o ASTM E1;  i ndust r i al  pat t er n Type I ,  
Cl ass 3.   Ensur e t hat  t her momet er s i nst al l ed 1830 mi l l i met er  6 f eet  or  
hi gher  above t he f l oor  have an adj ust abl e- angl e body.   Ensur e t hat  t he 
scal e i s not  l ess t han 175 mi l l i met er  7- i nches l ong,  and t hat  t he case f ace 
i s manuf act ur ed f r om manuf act ur er ' s st andar d pol i shed al umi num or  AI SI  300 
ser i es pol i shed cor r osi on- r esi st ant  st eel .   I ndi cat e t he t her momet er  
r ange.   Pr ovi de t her momet er s wi t h nonf er r ous separ abl e wel l s.

2. 2. 5   Bolting

Pr ovi de f l ange and gener al - pur pose bol t i ng hex- bol t s conf or mi ng t o 
ASTM F568M ASTM A307,  Gr ade B;  and heavy hex- nut s conf or mi ng t o ASME B18. 2. 1
 ASME B18. 2. 2.   Do not  use squar e- head bol t s or  nut s.

2. 3   MATERIALS

**************************************************************************
NOTE:   Coor di nat e i ndi cat ed and speci f i ed vacuum and 
pr essur e r at i ngs wi t h t est  cr i t er i a.

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

2. 3. 1   Abovegr ound Pi pi ng Mat er i al s

Pi pi ng f or  Vacuum Syst ems To 100 Kpa 29. 5 I nches Of  Mer cur y Vacuum.

2. 3. 1. 1   Bl ack Car bon St eel

Pi pe 3 mm t hr ough 37 mm 1/ 8 i nch t hr ough 1- 1/ 2 i nches:   Schedul e 40,  
f ur nace but t  wel d,  bl ack car bon st eel ,  conf or mi ng t o ASTM A53/ A53M,  Type F.

Pi pe 50 mm t hr ough 200 mm 2 t hr ough 8 i nches wher e i ndi cat ed:   Schedul e 40,  
seaml ess ( Type 5)  or  el ect r i c  ( Type E)  r esi st ance- wel ded,  bl ack car bon 
st eel ,  conf or mi ng t o ASTM A53/ A53M,  Gr ade B,  Type [ E]  [ S] .   Gr ade A shoul d 
be used f or  per mi ssi bl e f i el d bendi ng.

Fi t t i ngs 50 mm 2 i nches and under :   1050 ki l opascal  150 pounds per  squar e 
i nch,  gage ( psi g)  wor ki ng st eam- pr essur e ( wsp) ,  banded,  bl ack mal l eabl e 
i r on,  scr ewed,  conf or mi ng t o ASTM A197/ A197M, ASTM A234/ A234M and ASME B16. 3.
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Uni ons 50 mm 2 i nches and under :   1724 ki l opascal  250 psi g wsp,  f emal e,  
scr ewed,  bl ack mal l eabl e i r on,  wi t h br ass- t o- i r on seat  and gr ound j oi nt ,  
conf or mi ng t o ASME B16. 39 and MSS SP- 83.

Coupl i ngs 50 mm 2 i nches and under :   St andar d wei ght ,  scr ewed,  bl ack car bon 
steel.

Fi t t i ngs 67 mm 2- 1/ 2 i nches and over :   St eel ,  but t  wel d,  conf or mi ng t o 
MSS SP- 43, ASTM A234/ A234M and ASME B16. 9

Fl anges 67 mm 2- 1/ 2 i nches and over :   1050 ki l opascal  150 psi g wsp,  f or ged 
st eel ,  wel di ng neck,  t o mat ch pi pe wal l  t hi ckness,  conf or mi ng t o ASME B16. 5
and ASTM A694/ A694M.

Gr ooved pi pe coupl i ngs and f i t t i ngs 67 mm 2- 1/ 2 i nches and over :   Use of  
mal l eabl e i r on coupl i ngs and f i t t i ngs conf or mi ng t o r equi r ement s speci f i ed 
under  " Gr ooved Pi pe Coupl i ngs and Fi t t i ngs"  i n t hi s sect i on i s opt i onal .

2. 3. 1. 2   Gal vani zed Car bon St eel

Pi pe 3 mm t hr ough 37 mm 1/ 8 i nch t hr ough 1- 1/ 2 i nches:   Schedul e 40,  
f ur nace but t  wel d,  bl ack car bon st eel ,  conf or mi ng t o ASTM A53/ A53M,  Type F.

Pi pe 50 mm t hr ough 200 mm 2 t hr ough 8 i nches wher e i ndi cat ed:   Schedul e 40,  
seaml ess or  el ect r i c- r esi st ance- wel ded,  gal vani zed st eel ,  conf or mi ng t o 
ASTM A53/ A53M,  Gr ade B,  Type E or  S.

Fi t t i ngs 200 mm and under :   1050 ki l opascal  8 i nches and under :   150 psi g 
wsp,  banded,  gal vani zed,  mal l eabl e i r on,  scr ewed,  conf or mi ng t o 
ASTM A197/ A197M, ASTM A234/ A234M and ASME B16. 3.

Uni ons 50 mm and under :   2068 ki l opascal  2 i nches and under :   300 psi g wsp,  
f emal e,  scr ewed,  gal vani zed,  mal l eabl e i r on wi t h br ass- t o- i r on seat  and 
gr ound j oi nt  conf or mi ng t o ASME B16. 39.

2. 3. 1. 3   Spi r al  Wel ded Pi pe

**************************************************************************
NOTE:   Type SWP wal l  t hi ckness i s  based on st r ess 
val ues of  86. 2 Megapascal  12, 500 pounds per  squar e 
i nch ( psi ) ,  85 per cent  of  ext er nal  aver age col l apse 
pr essur e wi t h a saf et y f act or  of  4.

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

Pi pe[  150 mm t hr ough 914 mm 6  t hr ough 36 i nches: ]   El ect r i c- f usi on- wel ded,  
car bon st eel ,  conf or mi ng t o ASTM A139/ A139M,  Gr ade B,  wi t h wal l  t hi ckness 
as f ol l ows:

NOMINAL
DIAMETER

MILLIMETER

MINIMUM
WALL THI CKNESS

MILLIMETER

300 3.18

350 3.58
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NOMINAL
DIAMETER

MILLIMETER

MINIMUM
WALL THI CKNESS

MILLIMETER

400 4.37

450 4.78

550 5.56

600 6.35

700 7.14

750 7.92

900 9.53

NOMINAL
DIAMETER

INCHES

MINIMUM
WALL THI CKNESS

INCH

12 0.125

14 0.141

16 0.172

18 0.188

22 0.219

24 0.250

28 0.281

30 0.312

36 0.375

Ref er  t o par agr aph SUPPORTI NG ELEMENTS I NSTALLATI ON f or  addi t i onal  
requirements.

a.   Fi t t i ngs ( al l  s i zes) :   Speci f y mat er i al s and t hi cknesses f or  pi pe.   
Ensur e t hat  f i t t i ng conf i gur at i on and di mensi ons conf or m t o AWWA C208, 
Tabl es 1 and 2.

Ensur e f i t t i ngs ar e but t  wel d end,  13789 ki l opascal  2, 000 pounds per  squar e 
i nch ( psi ) ,  f or ged car bon st eel ,  t hr eaded hal f  coupl i ng,  conf or mi ng t o 
ASTM A105/ A105M and ASME B16. 11

Ret ap t hr eads af t er  wel di ng.

b.   Fl anges ( al l  s i zes) :   For ged car bon st eel ,  s l i p- on,  conf or mi ng t o 
ASTM A181/ A181M,  Cl ass 60 or  70,  and AWWA C207,  Cl ass D,  and ASTM A105/ A105M
 concent r i c ser r at ed f i ni sh.

[ c.   Gr ooved coupl i ngs:   See par agr aph GROOVED PI PE COUPLI NGS AND FI TTI NGS.   
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Ensur e t hat  pi pe ends have wel ded col l ar s gr ooved t o f i t  coupl i ngs,  
f abr i cat ed f r om ASTM A53/ A53M pi pe.

] 2. 3. 2   Cont r ol  and I nst r ument at i on Syst em Tubi ng

Use copper  t ubi ng,  Type CPR- C&I .

For  al l  s i zes,  use 6 mm 1/ 4 i nch mi ni mum:   Har d- dr awn or  anneal ed,  seaml ess 
copper ,  conf or mi ng t o ASTM B280,  No.  C12200.

Use copper  f i t t i ngs f or  al l  s i zes,   sol der - j oi nt ,  wr ought  copper ,  
conf or mi ng t o ASME B16. 22 and MSS SP- 104.

Use bal l  s l eeve compr essi on,  r od or  f or ged br ass,  UL- appr oved,  wi t h mi ni mum 
pr essur e r at i ng of  1380 ki l opascal  at  38 degr ees C 200 psi  at  100 degr ees F.

Use sol der ,  95- 5 t i n- ant i mony,  al l oy Sb5,  conf or mi ng t o AWS WHB- 2. 9

2. 3. 3   Gr ooved Pi pe Coupl i ngs and Fi t t i ngs

Pr ovi de coupl i ngs wi t h a housi ng f abr i cat ed i n t wo or  mor e par t s of  
mal l eabl e i r on cast i ngs;  wi t h mol ded synt het i c- r ubber  coupl i ng gasket ,  
conf or mi ng t o r equi r ement s of  ASTM D2000.   Ensur e t hat  coupl i ng bol t s have 
oval - neck t r ack heads wi t h hexagonal  heavy nut s,  conf or mi ng t o ASTM A183.

Pr ovi de pi pe f i t t i ngs used wi t h coupl i ngs f abr i cat ed of  mal l eabl e i r on 
cast i ngs.   Wher e a manuf act ur er ' s  st andar d- si ze mal l eabl e i r on f i t t i ng 
pat t er n i s not  avai l abl e,  use f abr i cat ed f i t t i ngs.

Ensur e t hat  f i t t i ngs ar e f abr i cat ed f r om Schedul e 40 or  9. 53 mi l l i met er  
0. 375- i nch wal l  ASTM A53/ A53M,  seaml ess st eel  pi pe;  l ong- r adi us seaml ess 
wel di ng f i t t i ngs wi t h wal l  t hi ckness t o mat ch pi pe,  conf or mi ng t o 
ASTM A234/ A234M and MSS SP- 43 ASME B16. 9.

2. 3. 4   Met al l i c  Expansi on Joi nt s

**************************************************************************
NOTE:   Thi s speci f i cat i on does not  i ncl ude sl i p 
expansi on j oi nt s or  bal l  j oi nt s.

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

Pr ovi de packl ess bel l ows expansi on j oi nt s conf or mi ng t o ASTM F1120,  except  
as ot her wi se modi f i ed or  suppl ement ed by r equi r ement s.

Pr ovi de met al l i c  bel l ows desi gned i n accor dance wi t h ASME B31. 3,  Appendi x 
X,  and St andar ds of  t he Expansi on Joi nt  Manuf act ur er s Associ at i on.

Ensur e t hat  expansi on j oi nt s ar e [ Type I ,  Cl ass 1. ]  [ Type I ,  Cl ass 2. ]  
[ Type I I ,  Cl ass 1. ]  [ Type I I ,  Cl ass 2. ]  [ t i ed,  hi nged,  or  gi mbal ed. ]   
Ver i f y t hat  j oi nt s ar e desi gned and const r uct ed t o absor b al l  movement  of  
t he pi pe sect i ons i n whi ch t hey ar e i nst al l ed wi t h no det r i ment al  ef f ect  on 
t he pi pe or  suppor t i ng st r uct ur e.

[ Ver i f y t hat  oper at i ng pr essur es and t emper at ur es f or  each j oi nt  ar e as 
shown.

][ Pr ovi de j oi nt s t hat  ar e desi gned and r at ed f or  ser vi ce wi t h vacuum t o 2 
mi l l i met er  of  mer cur y absol ut e,  pr essur es t o 345 k i l opascal  50 psi g,  and 
t emper at ur es t o 121 degr ees C 250 degr ees F.
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][ Pr ovi de j oi nt s t hat  ar e desi gned and r at ed f or  ser vi ce wi t h vacuum t o 2 
mi l l i met er  of  mer cur y absol ut e,  pr essur es t o 1050 ki l opascal  150 psi g,  and 
t emper at ur es t o 260 degr ees C 500 degr ees F.

] Pr ovi de j oi nt s t hat  ar e desi gned wi t h bur st i ng st r engt h i n excess of  f our  
t i mes t hei r  r at ed pr essur e and ar e capabl e of  wi t hst andi ng hydr ost at i c t est s
 of  1. 5 t i mes t hei r  r at ed pr essur e wi t hout  l eakage or  di st or t i on whi l e hel d 
at  t hei r  uncompr essed l engt h,  wi t h a l i f e expect ancy of  not  l ess t han 
10, 000 cycl es.

Ensur e t hat  t he movement  capabi l i t y  of  each j oi nt  exceeds cal cul at ed 
movement  of  pi pi ng by [ 33]  [ _____]  per cent .

Pr ovi der  bel l ows and i nt er nal  s l eeve mat er i al  made f r om AI SI  304[ L]  
cor r osi on- r esi st ant  st eel . [   Use Type C- 22 Hast el l oy al l oy f or  bel l ows 
exposed t o hi ghl y cor r osi ve envi r onment s,  such as t hose f ound wi t hi n 1 mi l e
of  t he ocean or  at  a l aunch pad usi ng pr opel l ant s wi t h cor r osi ve exhaust  
products.]

Ensur e t hat  end connect i ons ar e as i ndi cat ed and r equi r e no f i el d 
pr epar at i on ot her  t han mai nt enance of  c l eanl i ness.

[ Ensur e t hat  t he but t  wel d end pr epar at i on of  t he expansi on j oi nt s conf or ms 
t o t he same codes and st andar ds r equi r ement s t hat  appl y t o t he pi pi ng 
syst em mat er i al s  at  t he i ndi cat ed j oi nt  l ocat i on.

][ Ensur e t hat  t he f l anges of  f l anged end expansi on j oi nt s conf or m t o t he same 
codes and st andar ds r equi r ement s t hat  appl y t o t he compani on f l anges 
speci f i ed f or  t he gi ven pi pi ng syst em at  t he i ndi cat ed j oi nt  l ocat i on.

] Van st one f l anges ar e not  accept abl e.

Pr ovi de j oi nt s 65 mi l l i met er  2- 1/ 2 i nches and smal l er  wi t h i nt er nal  gui des 
and l i mi t  st ops.

Pr ovi de j oi nt s 75 mi l l i met er  3 i nches and l ar ger  wi t h r emovabl e ext er nal  
cover s,  i nt er nal  s l eeves,  and pur gi ng connect i on.   Si ze s l eeves t o 
accommodat e t he l at er al  c l ear ance r equi r ed wi t h mi ni mum r educt i on of  f l ow 
ar ea,  usi ng over si zed bel l ows wher e necessar y.   When a s l eeve r equi r es a 
gasket  as par t  of  t he l ocki ng ar r angement ,  pr ovi de a gasket  made by t he 
same manuf act ur er .   Joi nt s wi t hout  pur gi ng connect i ons may be pr ovi ded;  
however ,  r emove t hese f r om t he l i ne or  do not  i nst al l  t hem unt i l  af t er  
c l eani ng oper at i ons have been compl et ed.

[ Pr ovi de t he cyl i ndr i cal  end por t i on of  t he r ei nf or ced bel l ows el ement  wi t h 
a t hr ust  s l eeve of  suf f i c i ent  t hi ckness t o br i ng t hi s por t i on wi t hi n t he 
st r ess al l owed by t he appl i cabl e code.   Ensur e  s l eeve pr ovi des 360- degr ee 
suppor t  f or  t he el ement  and end r ei nf or c i ng r i ng.

][ Pr ovi de f our  expansi on j oi nt s,  wi t h equi di st ant ,  per manent  t r am poi nt s 
c l ear l y mar ked on each j oi nt  end.   Locat e poi nt s t o pr event  obl i t er at i on 
dur i ng i nst al l at i on.   Ensur e t hat  t he di st ances bet ween t r am poi nt s 
( i ndi cat i ng i nst al l ed l engt hs)  ar e as not ed.   Over al l  di mensi on i s subj ect  
t o appr oval  by t he Cont r act i ng Of f i cer  af t er  j oi nt  i nst al l at i on.

] Pr ovi de expansi on j oi nt s wi t h adj ust abl e c l amps or  yokes at  quar t er  poi nt s 
st r addl i ng t he bel l ows.   Set  t he over al l  j oi nt  l engt h t o mai nt ai n t he 
j oi nt s i n t he manuf act ur er ' s r ecommended posi t i on dur i ng i nst al l at i on.
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Cl ear l y and l egi bl y mar k j oi nt s wi t h t he manuf act ur er ' s name or  t r ademar k 
and ser i al  number  and wi t h t he s i ze and ser i es or  cat al ogue number ,  bel l ows 
mat er i al ,  and di r ect i onal  f l ow ar r ow.

Ver i f y t hat  pr ovi s i ons ar e Level  A of  ASTM F1120,  and t hat  packi ng 
pr ovi s i ons ar e Level  8 of  ASTM F1120.

2. 3. 5   El ast omer  Caul k

Use t wo- component  pol ysul f i de or  pol yur et hane base el ast omer  caul k i ng 
mat er i al  conf or mi ng t o ASTM C920.

2. 3. 6   Flashing

Pr ovi de f l ashi ng mat er i al  meet i ng t he f ol l owi ng:

a.   Lead -  Ensur e t hat  sheet  l ead conf or ms t o ASTM B749,  Gr ade [ B]  [ C]  [ D]  
and wei ghs not  l ess t han 95 k i l ogr am per  squar e met er  4 pounds per  
squar e f oot .

b.   Copper  -  Ensur e sheet  copper  conf or ms t o ASTM B370 and wei gh not  l ess 
t han 5 k i l ogr am per  squar e met er  16 ounces per  squar e f oot .

2. 3. 7   Fl ange Gasket s

**************************************************************************
NOTE:   For  aver age vacuum ser vi ce appl i cat i on,  use 
chl or opr ene,  60 t o 65 Shor e A dur omet er  har dness.

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

Pr ovi de t he f ol l owi ng f l ange gasket s:

Type A:   Sof t  chl or opr ene sheet ,  45 t o 60 Shor e A dur omet er  har dness,  
conf or mi ng t o ASTM F147 and SAE AMS- C- 6183,  Type I I ,  Cl ass 2,  Gr ade A.

Type B:   Medi um chl or opr ene sheet ,  60 t o 65 Shor e A dur omet er  har dness,  
conf or mi ng t o ASTM F147 and SAE AMS- C- 6183,  Type I I ,  Cl ass 2,  Gr ade B.

Type C:   Fi r m chl or opr ene sheet ,  70 t o 80 Shor e A dur omet er  har dness,  
conf or mi ng t o ASTM F147 and SAE AMS- C- 6183,  Type I I ,  Cl ass 2,  Gr ade C.

2. 3. 8   Pi pe Thr ead Compounds

Use t et r af l uor oet hyl ene t ape not  l ess t han [ _____]  [ 0. 0508]  mi l l i met er  [ 2]  
mi l s t hi ck i n compr essed- ai r  syst ems f or  pi pe s i zes t o and i ncl udi ng 25 mm 
1 i nch i ps.   Tet r af l uor oet hyl ene di sper si ons and ot her  sui t abl e compounds 
may be used f or  al l  ot her  appl i cat i ons upon appr oval  by t he Cont r act i ng 
Officer.

PART 3   EXECUTI ON

3. 1   INSTALLATION

3. 1. 1   Abovegr ound Pi pi ng Syst ems

**************************************************************************
NOTE:   Pr oj ect s wi t h user s r equi r i ng a hi gh- gr ade 
vacuum and hi gh- pur i t y syst ems such as anal yt i cal  
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l abor at or y or  space f l i ght  oper at i ons shoul d 
consi der  pr eci s i on chemi cal  c l eani ng f or  par t i cul at e 
and nonvol at i l e r esi due ( NVR)  r emoval .   The pr esence 
of  r esi dual  hydr ocar bons wi t hi n pi pi ng may hamper  
t he abi l i t y  t o pul l  and sust ai n hi gh vacuum l evel s 
and al l ow cont ami nat es t o mi gr at e t o downst r eam 
services.

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

Fabr i cat e and i nst al l  syst ems i n accor dance wi t h ASME B31. 1, MSS SP- 58 and 
AWS WHB- 2. 9.

I nst al l  pi pi ng syst em mat er i al s i n accor dance wi t h t he manuf act ur er ' s 
instructions.

Fabr i cat e pi pe t o measur ement s est abl i shed on t he j ob,  and wor k i nt o pl ace 
wi t hout  spr i ngi ng or  f or c i ng.   Make adequat e pr ovi s i ons f or  absor bi ng al l  
expansi on and cont r act i on wi t hout  undue st r ess i n any par t  of  t he syst em.

Keep pi pe,  t ubi ng,  f i t t i ngs,  val ves,  equi pment ,  and accessor i es c l ean and 
f r ee of  f or ei gn mat er i al  bef or e bei ng i nst al l ed i n t hei r  r espect i ve syst ems.

[ Cl ean pi pe by hammer i ng,  shaki ng,  or  swabbi ng or  by a combi nat i on of  
met hods. ] [   Conduct  pr eci s i on c l eani ng i n accor dance wi t h IEST-STD-CC1246  
t o a c l eanl i ness l evel  of  300A or  l ower . ]

Pur ge l i nes wi t h dr y,  oi l - f r ee compr essed ai r  af t er  er ect i on,  but  do not  
r el y on pur gi ng f or  r emovi ng al l  f or ei gn mat t er .   Per f or m pur gi ng at  a 
vel oci t y gr eat er  t han t he maxi mum nor mal - f l ow vel oci t y and at  a vel oci t y 
appr oved by t he Cont r act i ng Of f i cer .

Dur i ng t he pr ogr ess of  const r uct i on,  pr oper l y pr ot ect  open ends of  pi pe,  
f i t t i ngs,  and val ves at  al l  t i mes t o pr event  t he admi ssi on of  f or ei gn 
mat t er .   Pl ace t he pl ugs or  caps i n t he ends of  al l  i nst al l ed wor k at  al l  
t i mes when connect i ons ar e not  act ual l y under  way.   Ensur e t hat  t he pl ugs 
ar e commer ci al l y  manuf act ur ed pr oduct s.

I nst al l  pi pi ng st r ai ght  and t r ue wi t h appr oved of f set s ar ound obst r uct i ons 
wi t h t he necessar y expansi on bends or  f i t t i ng of f set s and as may be 
necessar y t o i ncr ease headr oom or  t o avoi d i nt er f er ence wi t h t he bui l di ng 
const r uct i on,  el ect r i c  condui t ,  or  f aci l i t y  equi pment .   Dur i ng 
i nst al l at i on,  al l ow f or  t ool  space ar ound any f i t t i ngs subj ect  t o 
disassembly.

Use st andar d l ong- sweep pi pe f i t t i ngs f or  changes i n di r ect i on,  unl ess 
ot her wi se speci f i ed or  appr oved by t he Cont r act i ng Of f i cer .

[ Mi t er ed j oi nt  f i t t i ngs ar e not  per mi t t ed.

][ Mi t er ed j oi nt  f i t t i ngs ar e not  per mi t t ed i n Schedul e 40 wal l  t hi ckness 
pi pi ng syst ems but  ar e per mi t t ed,  as speci f i ed,  i n syst ems usi ng Type SWP 
materials.

] Pi pe bends i n seaml ess pi pe of  at  l east  f i ve pi pe di amet er s r adi us may be 
made wi t h hydr aul i c bender s i n t he f i el d f or  pi pe s i zes t o 100 mm 4 i nch 
i ps upon appr oval  of  t he Cont r act i ng Of f i cer .

Make T- connect i ons wi t h scr ewed T- f i t t i ngs,  gr ooved T- f i t t i ngs,  or  wher e 
pi pe i s bei ng wel ded,  wi t h ei t her  wel di ng T- f i t t i ngs or  f or ged br anch 
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out l et  f i t t i ngs ( wi t hout  s i ze l i mi t at i ons) .   Pr ovi de f or ged br anch out l et  
f i t t i ngs,  wher e used,  f l ar ed f or  i mpr oved f l ow wher e at t ached t o t he r un,  
r ei nf or ced agai nst  ext er nal  st r ai ns,  and desi gned t o wi t hst and f ul l  
pi pe- bur st  st r engt h r equi r ement s.

Shor t - r adi us el bows may be used onl y wher e speci f i cal l y  aut hor i zed by t he 
Cont r act i ng Of f i cer .

I nst al l  hor i zont al  pi pi ng wi t h t he gr ade and sl ope di r ect i on as not ed.

Use eccent r i c r educer s wher e necessar y t o per mi t  pr oper  dr ai nage of  pi pe 
l i nes.   Do not  use bushi ngs f or  t hi s pur pose.

[ Pr ovi de dr ai n val ves i n al l  pi pi ng syst ems at  l ow poi nt s and wher e 
ot her wi se i ndi cat ed.   Ensur e pi pe dr ai ns consi st  of  13 mm 1/ 2 i nch bal l  
val ves wi t h 19 mm 3/ 4 i nch hose,  gasket ed,  and capped adapt er .

] When t he pi pi ng desi gn per mi t s f l ange l oads on connect ed equi pment ,  do not  
al l ow t he l oad t o exceed 75 per cent  of  t he maxi mum al l owed by equi pment  
manufacturer.

[ Make expansi on bends f r om pi pe sect i ons and l ong- r adi us wel di ng el bows i n 
s i zes 25 mm 1 i nch and l ar ger .   Ensur e t hat  expansi on bends ar e col d- spr ung 
and wel ded i nt o t he l i ne,  and anchor ed bef or e r emovi ng t he spr eader  f r om 
t he expansi on bend.   I ndi cat e t he amount  of  col d spr i ng.

][ Pr ovi de expansi on j oi nt s at  poi nt s i ndi cat ed.   Pr ot ect  al l  expansi on j oi nt  
sur f aces f r om mechani cal  damage,  i ncl udi ng wel d spat t er ,  dur i ng 
i nst al l at i on and t est i ng oper at i ons.

] I nst al l  expansi on j oi nt s wi t h t he seal ed end of  t he i nt er nal  s l eeve as t he 
l eadi ng edge i n t he di r ect i on of  f l ow.   Ensur e t hat  t he l at er al  st r esses 
ar e not  i nduced by spr i ngi ng pi pe dur i ng i nst al l at i on.   Locat e t he 
expansi on j oi nt s c l ose t o an anchor ,  wi t h t he f i r s t  pi pe gui de,  l ocat ed at  
l east  4 pi pe di amet er s away f r om t he j oi nt  and t he second gui de l ocat ed at  
l east  12 t o 14 pi pe di amet er s f r om t he j oi nt .   Ensur e t hat  t he i nt er medi at e 
pi pe gui de spaci ng i s i n accor dance wi t h FSA-0017 .   The Cont r act i ng Of f i cer  
wi l l  r ej ect  any i nst al l ed j oi nt  wi t h ni cks,  scr at ches,  dent s,  and ot her  
damage,  even when ot her wi se pr oper l y i nst al l ed.

Bef or e accept ance of  an expansi on j oi nt  i nst al l at i on,  cycl e each j oi nt  f r om 
" zer o"  condi t i on t o maxi mum l oad not  l ess t han f i ve t i mes;  check t he j oi nt ,  
pi pi ng,  and equi pment  al i gnment  each t i me i n t he pr esence of  t he 
Cont r act i ng Of f i cer .

[ Lubr i cat e gui des t hat  ar e l ocat ed i n l i nes wi t h expansi on j oi nt s wi t h 
s i l i cone mol ybdenum di sul f i de l ubr i cant .

] 3. 1. 2   Joints

Ream pi pe ends bef or e t he j oi nt  connect i ons ar e made.

Make up scr ewed j oi nt s wi t h j oi nt  compound.

Appl y j oi nt  compounds t o t he mal e t hr ead onl y.   Exer ci se car e t o pr event  
compound f r om r eachi ng t he i nt er i or  of  t he pi pe.

Thr eads wi l l  be i nspect ed by t he Cont r act i ng Of f i cer  at  mi dpoi nt  of  a cut  
f or  chaser  al i gnment ,  pr oper  gr i ndi ng,  t hr ead t r ack,  and chat t er ,  and f or  
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cool ant  and l ubr i cant  ef f ect i veness.

Pr ovi de uni ons or  f l anges wher ever  necessar y t o per mi t  conveni ent  r emoval  
of  equi pment ,  val ves,  and pi pi ng accessor i es f r om t he pi pi ng syst em.

Assembl e f l anged j oi nt s wi t h appr opr i at e f l anges,  gasket s,  and bol t i ng.   
Ensur e t hat  t he c l ear ance bet ween f l ange f aces i s such t hat  t he connect i ons 
can be gasket ed and bol t ed t i ght  wi t hout  i mposi ng unaccount ed st r ai n on t he 
pi pi ng syst em.   Ensur e t hat  f l ange f aces ar e par al l el  and t hat  t he bor es 
ar e concent r i c.   Cent er  t he gasket s on t he f l ange f aces wi t hout  pr oj ect i ng 
i nt o t he bor e.   Lubr i cat e al l  bol t i ng wi t h oi l  and gr aphi t e bef or e assembl y 
t o ensur e uni f or m bol t  st r essi ng.   Dr aw up and t i ght en f l ange bol t s  i n 
st agger ed sequence i n or der  t o pr event  unequal  gasket  compr essi on and 
def or mat i on of  t he f l anges.   Wher ever  a f l ange wi t h a r ai sed f ace i s j oi ned 
t o a compani on f l ange wi t h a f l at  f ace,  machi ne down t he r ai sed f ace t o a 
smoot h mat chi ng sur f ace and use a f ul l  f ace gasket .   Af t er  t he pi pi ng 
syst em has been t est ed,  r et i ght en al l  bol t i ng.   Use onl y hex- head nut s and 
bol t s.   Use onl y f r esh- st ock gasket  mat er i al ,  1. 6 mi l l i met er  1/ 16 i nch 
thick.

Ensur e t hat  al l  f i el d- wel ded j oi nt s conf or m t o AWS WHB- 2. 9 and ASME B31. 1.

3. 1. 3   Cont r ol  and I nst r ument  Ai r  Pi pi ng

Use har d- cor e t ubi ng i n al l  exposed ar eas,  and use ei t her  har d- dr awn or  
anneal ed t ubi ng i n conceal ed ar eas.

Pr ovi de wr ought - copper  sol der  j oi nt  f i t t i ngs f or  suppl y syst em copper  
t ubi ng except  at  connect i ons t o appar at us wher e speci f i ed br ass mechani cal  
and i ps t hr ead adapt er  f i t t i ngs may be used.   Tool - made bends i nst ead of  
f i t t i ngs ar e accept abl e.   Neat l y nest  al l  mul t i pl e t ube r uns.

Mechani cal l y at t ach t ubi ng t o suppor t i ng sur f aces.   Do not  use adhesi ves t o 
at t ach t ubi ng t o suppor t  sur f aces.

Pr ovi de hor i zont al  suppor t s of  r i gi d copper  t ubi ng f or  l ess t han t hr ee 
t ubes usi ng 25 by 10 mi l l i met er  1 by 3/ 8 i nch met al  channel .   Pr ovi de 
pr opr i et ar y met al  t ube r ace f or  t hr ee or  mor e t ubes.

[ Anneal  and pr ot ect  copper  t ubi ng r uns embedded i n concr et e by met al l i c  or  
pl ast i c el ect r i c  condui t .

][ Ensur e t hat  t he copper  t ubi ng r uns i n soi l  ar e j oi nt l ess and pr ot ect ed by 
0. 3048 mi l l i met er  12- mi l  t hi ck bi t umi nous coat i ng or  equi val ent  PVC t ape 
wrapping.

] Make t ubi ng penet r at i ons of  concr et e sur f aces wi t h mi ni mum 25 mm 1 i nch 
i ps,  Schedul e 40 r i gi d unpl ast i c i zed PVC pi pe s l eeves,  except  t hat  
mul t i t ube har nesses 37 mm 1- 1/ 2 i nches out s i de di amet er  and l ar ger  need not  
have addi t i onal  pr ot ect i on.   Ext end sl eeves 150 mi l l i met er  6 i nches above 
f l oor s and 25 mi l l i met er  1 i nch bel ow gr ade sur f ace of  s l abs.   Wher e wat er -  
or  vapor - bar r i er  seal i ng i s r equi r ed,  appl y 13 mi l l i met er  1/ 2 i nch deep 
el ast omer  caul k t o sur f aces c l eaned of  oi l  and ot her  del et er i ous subst ances.

Sequent i al l y  pur ge t ubi ng wi t h dr y,  oi l - f r ee compr essed ai r  t o r i d t he 
syst em of  i mpur i t i es gener at ed dur i ng j oi nt  maki ng and i nst al l at i on and 
at mospher i c moi st ur e bef or e connect i ng cont r ol  i nst r ument s.
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3. 1. 4   Suppor t i ng El ement s I nst al l at i on

Pr ovi de suppor t i ng el ement s i n accor dance wi t h t he r equi r ement s of  
r ef er enced codes and st andar ds.

Hang pi pi ng f r om bui l di ng const r uct i on.   Do not  hang pi pi ng f r om r oof  deck 
or  f r om ot her  pi pe.

Wel di ng and cut t i ng of  bui l di ng st r uct ur al  st eel  i s  pr ohi bi t ed.

Use appr oved cast - i n- concr et e i nser t s or  bui l t - i n anchor s f or  at t achment  t o 
bui l di ng const r uct i on concr et e.   Wher e at t achment  by ei t her  of  t he above 
met hods i s not  pr act i cal ,  speci f i ed masonr y anchor  al t er nat e devi ces may be 
used upon r ecei pt  of  wr i t t en appr oval  of  an al t er nat e met hod f r om t he 
Cont r act i ng Of f i cer .

Embed f i sh pl at es i n t he concr et e t o t r ansmi t  hanger  l oads t o t he 
r ei nf or c i ng st eel  wher e hanger  r ods exceed 22 mi l l i met er  7/ 8 i nch i n 
diameter.

For  over head appl i cat i ons,  const r uct  masonr y anchor s sel ect ed of  f er r ous 
mat er i al s onl y.

I nst al l  masonr y anchor s i n accor dance wi t h AASHTO M 314 and CI D A- A- 1922, 
CI D A- A- 1923,  and CI D A- A- 1924 i n r ot ar y,  nonper cussi on,  el ect r i cal l y  
dr i l l ed hol es.   Sel f - dr i l l i ng anchor s ( Gr oup I I I )  may be used,  pr ovi ded 
t hat  masonr y dr i l l i ng i s done wi t h el ect r i c  hammer s sel ect ed and appl i ed i n 
a manner  t hat  pr ecl udes concr et e spal l i ng or  cr acki ng ( v i s i bl e or  
i nvi s i bl e) .   Pneumat i c t ool s ar e not  al l owed.

Sel ect  per cussi ve act i on,  el ect r i c  hammer s,  and combi nat i on r ot ar y- el ect r i c  
hammer s used f or  t he i nst al l at i on of  sel f - dr i l l i ng anchor s i n accor dance 
wi t h t he f ol l owi ng gui de:

a.   Tool  f or  anchor  devi ces,  nomi nal  s i zes 6 t hr ough 13 mi l l i met er  1/ 4 
t hr ough 1/ 2 i nch,  may be hammer  onl y or  combi nat i on r ot ar y- hammer  and 
r at ed at  l oad t o dr aw not  mor e t han 5. 0 t o 5. 5 amper es when oper at i ng 
on 120- vol t  60- her t z power .

b.   Tool  f or  anchor  devi ces,  nomi nal  s i zes 16 mi l l i met er  5/ 8 i nch and 
l ar ger ,  hammer  onl y,  r at ed at  l oad t o dr aw not  mor e t han 8. 0 amper es 
when oper at i ng on 120- vol t ,  60- her t z power .   Ensur e t hat  combi nat i on 
r ot ar y- hammer  t ool s on t he same power  suppl y have a f ul l - l oad cur r ent  
r at i ng not  t o exceed 10 amper es.

Si ze t he i nser t s and anchor s f or  t he t ot al  appl i ed st r ess wi t h a saf et y 
f act or  as r equi r ed by appl i cabl e codes,  but  i n no case l ess t han 4.

I nser t  anchor  devi ces i nt o concr et e sect i ons at  l east  t wi ce t he over al l  
l engt h of  t he devi ce,  and l ocat e at  l east  t he f ol l owi ng di st ance f r om any 
s i de or  end edge or  cent er l i ne of  adj acent  anchor  ser vi ce:
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Anchor 
Bolt 
Si ze     
M 
Designation

6 8 10 13 16 19 22

Minimum 
Edge        
Space 
(millimeter)*

90 85 105 130 150 180 200

Anchor 
Bolt 
Si ze     
inches

1/4 5/16 3/8 1/2 5/8 3/4 7/8

Minimum 
Edge        
Space 
inches*

3-1/2 3-1/4 4 5 6 7 8

* Except  wher e manuf act ur er  r equi r es gr eat er  di st ance.

I n speci al  c i r cumst ances,  upon pr i or  wr i t t en appr oval  of  t he Cont r act i ng 
Of f i cer ,  cent er - t o- cent er  di st ance may be r educed t o 50 per cent  of  t he 
gi ven di st ance,  pr ovi ded t hat  t he l oad on t he devi ce i s r educed i n di r ect  
pr opor t i on t o t he r educed di st ance.

Run al l  pi pi ng par al l el  wi t h t he l i nes of  t he bui l di ng unl ess ot her wi se 
i ndi cat ed.   Space and i nst al l  t he pi pi ng and component s so t hat  a t hr eaded 
pi pe f i t t i ng may be r emoved bet ween adj acent  pi pes and so t hat  t her e i s not  
l ess t han 13 mi l l i met er  1/ 2 i nch of  c l ear  space bet ween t he f i ni shed 
sur f ace and adj acent  pi pi ng.   Ar r ange hanger s on di f f er ent  adj acent  ser vi ce 
l i nes r unni ng par al l el  wi t h each ot her  i n l i ne wi t h each ot her  and par al l el  
t o t he l i nes of  t he bui l di ng.

Pl ace i dent i cal  ser vi ce syst em pi pi ng,  wher e pr act i cabl e,  at  t he same 
el evat i on and hung on t r apeze hanger s adj ust ed f or  t he pr oper  pi t ch.

Wher e pi pi ng i s gr ouped i n par al l el  r uns,  spaci ng di st ance of  t r apeze 
hanger s i s t he c l osest  i nt er val  r equi r ed f or  any s i ze pi pe suppor t ed.

Wher e i t  i s  necessar y t o avoi d any t r ansf er  of  l oad f r om suppor t  t o suppor t  
or  ont o connect i ng equi pment ,  use const ant - suppor t  pi pe hanger s.

Wel d anchor s and al i gnment  gui des i ncor por at ed i n pi pi ng syst ems t o t he 
pi pi ng and at t ached t o t he bui l di ng st r uct ur e i n accor dance wi t h 
r equi r ement s speci f i ed her ei n or  as appr oved by t he Cont r act i ng Of f i cer .

Sui t abl y br ace t he pi pi ng agai nst  r eact i on,  sway,  and vi br at i on.   Br aci ng 
consi st s of  hydr aul i c and spr i ng devi ces,  br acket s,  anchor  chai r s,  r ods,  or  
st r uct ur al  st eel ,  or  any sui t abl e combi nat i on t her eof .

Locat e pi pe l i nes,  when suppor t ed f r om r oof  pur l i ns,  not  gr eat er  t han 
one- si xt h of  t he pur l i n span f r om t he r oof  t r uss.   Do not  exceed 1780 Newt on
 400 pounds l oad per  hanger  when t he suppor t  i s  f r om a s i ngl e pur l i n or  
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3560 Newt on 800 pounds when t he hanger  l oad i s appl i ed t o pur l i ns hal f way 
bet ween pur l i ns by means of  auxi l i ar y suppor t  st eel .   When a suppor t  i s  not  
hal f way bet ween pur l i ns,  ensur e t hat  t he al l owabl e hanger  l oad i s t he 
pr oduct  of  400 t i mes t he i nver se r at i o of  t he l ongest  di st ance t o 
pur l i n- t o- pur l i n ser vi ce.

When t he hanger  l oad exceeds t he above l i mi t s,  f ur ni sh and i nst al l  
r ei nf or c i ng of  t he r oof  pur l i n( s)  or  addi t i onal  suppor t  beam( s) .   When an 
addi t i onal  beam i s used,  t he beam bear s on t he t op chor d of  t he r oof  
t r usses,  and t he bear i ng i s over  gusset  pl at es of  t op chor d.   St abi l i ze t he 
beam by connect i ng i t  t o t he r oof  pur l i n al ong t he bot t om f l ange.

Pur l i ns used t o suppor t  f i r e pr ot ect i on spr i nkl er  l i nes,  el ect r i cal  
l i ght i ng f i x t ur es,  and el ect r i cal  power  duct s or  cabl e t r ays ar e consi der ed 
f ul l y  l oaded;  pr ovi de suppl ement al  r ei nf or c i ng f or  t hese pur l i ns or  
auxi l i ar y suppor t  st eel .

I nst al l  hanger s and suppor t s f or  pi pi ng at  speci f i ed i nt er val s at  l ocat i ons 
not  mor e t han 900 mi l l i met er  3 f eet  f r om t he ends of  each r unout  and not  
over  25 per cent  of  speci f i ed i nt er val  f r om each change i n di r ect i on of  
piping.

Est abl i sh t he l oad r at i ng f or  al l  pi pe hanger s based on wei ght  and f or ces 
i mposed on al l  l i nes.   Ensur e t hat  t he def l ect i on per  span does not  exceed 
t he s l ope gr adi ent  of  pi pe.

[ Ensur e t hat  t he suppor t  pr ovi s i ons and suppor t  spaci ng f or  Type SWP 
mat er i al s i s  i n accor dance wi t h t he manuf act ur er ' s  r ecommendat i ons f or  t he 
application.

] Ensur e t hat  t he Schedul e 40 and heavi er  pi pe suppor t s ar e i n accor dance 
wi t h t he f ol l owi ng mi ni mum r od s i ze and maxi mum al l owabl e hanger  spaci ng;  
concent r at ed l oads r educe t he al l owabl e span pr opor t i onat el y:

PI PE SI ZE
MILLIMETER

ROD SI ZE
MILLIMETER

STEEL PI PE SPAN
MILLIMETER

        Up t o 25 10.0 2438

        32 t o 40 10.0 2048

        50 10.0 3658

        65 t o 90 13.0 3658

        100 t o 125 16.0 4877

        150 19.0 4877

        200 22.0 6096

PI PE SI ZE
(INCHES)

ROD SI ZE
(INCHES)

STEEL PI PE SPAN
(FEET)

       Up t o 1 3/8 8
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PI PE SI ZE
(INCHES)

ROD SI ZE
(INCHES)

STEEL PI PE SPAN
(FEET)

       1- 1/ 4 t o 1- 1/ 2 3/8 10

       2 3/8 12

       2- 1/ 2 t o 3/ 1/ 2 1/2 12

       4 t o 5 5/8 16

       6 3/4 16

       8 7/8 20

Suppor t  ver t i cal  r i ser s i ndependent l y of  connect ed hor i zont al  pi pi ng 
wher ever  pr act i cabl e,  and gui de f or  l at er al  st abi l i t y .   Pl ace c l amps under  
fittings.

[ Suppor t  pi pe at  each f l oor  and at  not  mor e t han 4500 mi l l i met er  15 f oot  
i nt er val s f or  pi pe 50 mm 2 i nches and smal l er ,  and at  not  mor e t han 6100 
mi l l i met er  20 f oot  i nt er val s f or  pi pe 67 mm 2- 1/ 2 i nches and l ar ger .

][ Af t er  t he pi pi ng syst ems have been i nst al l ed,  t est ed,  and pl aced i n 
sat i sf act or y oper at i on,  t i ght en hanger  r od nut s and j am nut s t o pr event  any 
loosening.

] 3. 1. 5   Sound St oppi ng

Pr ovi de ef f ect i ve sound st oppi ng and adequat e oper at i ng c l ear ance t o 
pr event  st r uct ur e cont act  wher e pi pes penet r at e wal l s,  f l oor s,  or  
cei l i ngs.   Wher e pi pe chases penet r at e occupi ed spaces,  pr ovi de speci al  
acoust i c t r eat ment  of  cei l i ngs.   Ensur e t he f i ni sh penet r at i on i s 
compat i bl e wi t h sur f ace bei ng penet r at ed.

Sound st oppi ng i s as speci f i ed wi t h par agr aph SLEEVES.

Lead wool  and vi scoel ast i c dampi ng compounds may be pr oposed f or  use wher e 
ot her  sound- st oppi ng met hods ar e not  pr act i cabl e,  pr ovi ded t hat  t emper at ur e 
and f i r e r esi st ance char act er i st i cs of  t he compound ar e sui t abl e f or  t he 
service.

3. 1. 6   Sleeves

I nst al l  s l eeves wher e pi pi ng passes t hr ough r oof s,  t hr ough masonr y or  
concr et e wal l s,  and t hr ough f l oor s.

Lay out  s l eeve wor k bef or e pl acement  of  s l abs or  const r uct i on of  wal l s and 
r oof ,  and set  al l  s l eeves necessar y t o compl et e t he wor k.

Wher e pi pe s l eeves ar e r equi r ed af t er  s l abs and masonr y ar e i nst al l ed,  
cor e- dr i l l  hol es t o accommodat e t hese sl eeves.   Set  t he s l eeves i n pl ace 
wi t h a t wo- component  epoxy adhesi ve syst em appr oved by t he Cont r act i ng 
Of f i cer .   Do not  al l ow such sl eeves t o car r y l oads unl ess appr oved by t he 
Cont r act i ng Of f i cer .

Ensur e t hat  t he s l eeves ar e f l ush wi t h t he cei l i ngs and f l oor  i n f i ni shed 
spaces and ext end 50 mi l l i met er  2 i nches above t he f l oor  i n unf i ni shed 
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spaces.

Ensur e t hat  t he s l eeves passi ng t hr ough st eel  decks ar e cont i nuousl y wel ded 
or  br azed t o t he deck.

Ensur e t hat  t he s l eeves ext endi ng t hr ough f l oor s,  r oof s,  l oad bear i ng 
wal l s,  and f i r e bar r i er s ar e cont i nuous and f abr i cat ed f r om Schedul e 40 
st eel  pi pe wi t h wel ded anchor  l ugs.   For m al l  ot her  s l eeves by mol ded 
l i near  pol yet hyl ene l i ner s or  s i mi l ar  mat er i al s t hat  ar e r emovabl e.   
Pr ovi de a s l eeve di amet er  l ar ge enough t o accommodat e pi pe and seal i ng 
mat er i al s wi t h a mi ni mum of  10 mi l l i met er  3/ 8 i nch c l ear ance.   Ensur e t hat  
t he s l eeve accommodat es mechani cal  and t her mal  mot i on of  pi pe t o pr ecl ude 
t r ansmi ssi on of  v i br at i on t o wal l s and t he gener at i on of  noi se.

Pack sol i d t he space bet ween a pi pe and t he i nsi de of  a pi pe s l eeve or  a 
const r uct i on sur f ace penet r at i on wi t h a mi ner al  f i ber  conf or mi ng t o 
ASTM C592,  For m B,  Cl ass 8 wher ever  t he pi pi ng passes t hr ough f i r ewal l s,  
equi pment  r oom wal l s,  f l oor s,  or  cei l i ngs connect ed t o occupi ed spaces,  and 
at  ot her  l ocat i ons wher e s l eeves or  const r uct i on sur f ace penet r at i ons occur  
bet ween condi t i oned and uncondi t i oned spaces.   Fi l l  t he space bet ween a 
pi pe,  bar e or  i nsul at ed,  and t he i nsi de of  a pi pe s l eeve or  const r uct i on 
sur f ace penet r at i on wi t h an el ast omer  caul k t o a dept h of  13 mi l l i met er  1/ 2 
i nch.   Ensur e t hat  t he sur f aces t o be caul ked ar e oi l -  and gr ease- f r ee.

3. 1. 7   Escutcheons

Pr ovi de escut cheons at  al l  penet r at i ons of  pi pi ng i nt o f i ni shed ar eas.   
Wher e f i ni shed ar eas ar e separ at ed by par t i t i ons t hr ough whi ch pi pi ng 
passes,  pr ovi de escut cheons on bot h s i des of  t he par t i t i on.   Wher e 
suspended cei l i ngs ar e i nst al l ed,  pr ovi de pl at es at  t he under si de onl y of  
such cei l i ngs.   Use chr ome- pl at ed escut cheons i n occupi ed spaces and of  
suf f i c i ent  s i ze t o conceal  openi ngs i n bui l di ng const r uct i on.   At t ach 
escut cheons f i r ml y,  pr ef er abl y wi t h set scr ews.

3. 1. 8   Flashings

Pr ovi de t he r equi r ed f l ashi ngs at  mechani cal  syst em penet r at i ons of  
bui l di ng boundar i es.

3. 2   FI ELD QUALI TY CONTROL

**************************************************************************
NOTE:   Del et e par agr aph t i t l e and f ol l owi ng 
par agr aphs when vacuum syst ems ar e not  appl i cabl e t o 
t he pr oj ect .

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

3. 2. 1   Vacuum Syst ems Test i ng

**************************************************************************
NOTE:   I f  t he speci f i ed syst em i s  i dent i f i ed as 
cr i t i cal ,  conf i gur ed,  or  mi ssi on- essent i al ,  use 
Sect i on 01 86 12. 07 40 RELI ABI LI TY CENTERED 
ACCEPTANCE FOR MECHANI CAL SYSTEMS t o est abl i sh 
pr edi ct i ve and accept ance t est i ng cr i t er i a,  above 
and beyond t hat  l i s t ed bel ow.

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

Per f or m PT&I  t est s and pr ovi de submi t t al s as speci f i ed i n Sect i on 
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01 86 12. 07 40 RELI ABI LI TY CENTERED ACCEPTANCE FOR MECHANI CAL SYSTEMS.

Bef or e accept ance of  t he wor k,  pr essur e- t est  and vacuum- t est  compl et ed 
syst ems i n t he pr esence of  t he Cont r act i ng Of f i cer .

**************************************************************************
NOTE:   Because of  t he expansi ve f or ce of  compr essed 
ai r ,  pneumat i c t est i ng r equi r es speci al  pr ecaut i ons 
and compet ent  super vi s i on t o pr event  i nj ur y and 
damage shoul d a f ai l ur e occur .

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

Conduct  pneumat i c pr essur e t est s usi ng dr y,  oi l - f r ee compr essed [ ai r ]  
[ car bon di oxi de]  [ ni t r ogen]  f or  t he syst em under  t est .   Pr essur e- t est  i n 
t wo st ages,  pr el i mi nar y and accept ance.

Evacuat e al l  ar eas not  di r ect l y i nvol ved i n pneumat i c pr essur e t est i ng of  
f er r ous pi pi ng i n excess of  34. 5 k i l opascal  5 psi .

Pr essur e t est i ng of  any syst em f or  any pur pose i nc l udes pr el i mi nar y t est i ng 
by appl y i ng i nt er nal  pr essur es not  i n excess of  35 k i l opascal  5 psi ,  
swabbi ng j oi nt s under  t est  wi t h st andar d hi gh- f i l m- st r engt h soap sol ut i on 
conf or mi ng t o MIL-PRF-25567 ,  and obser vi ng f or  bubbl es.

When t est i ng r eveal s t hat  l eakage exceeds speci f i ed l i mi t s,  i sol at e t he 
l eaks,  r epl ace t he r epai r ed def ect i ve mat er i al s wher e necessar y,  and r et est  
t he syst em unt i l  speci f i ed r equi r ement s ar e met .   Remake l eaki ng gasket  
j oi nt s wi t h new gasket s and new f l ange bol t i ng,  and di scar d used bol t i ng 
and gasket s.   Remake l eaki ng t ubi ng j oi nt s wi t h t he new f i t t i ngs and new 
t ube ends.

Use onl y st andar d pi pi ng f l anges,  pl ugs,  caps,  and val ves f or  seal i ng of f  
pi pi ng f or  t est  pur poses.

Remove component s t hat  woul d ot her wi se be damaged by t est  pr essur e f r om 
pi pi ng syst ems dur i ng t est i ng.   Check pi pi ng syst em component s such as 
val ves f or  pr oper  oper at i on under  syst em t est  pr essur e.

[ Pr ot ect  expansi on j oi nt s agai nst  syst em pr essur es by sui t abl e 
movement - l i mi t i ng devi ces.

] Add no t est  medi a t o a syst em dur i ng a t est  f or  a per i od as speci f i ed or  t o 
be det er mi ned by t he Cont r act i ng Of f i cer .

Dur at i on of  a t est  wi l l  be det er mi ned by t he Cont r act i ng Of f i cer .   Test  may 
be t er mi nat ed by di r ect i on of  t he Cont r act i ng Of f i cer  at  any poi nt  dur i ng a 
24- hour  per i od af t er  i t  has been det er mi ned t hat  t he per mi ssi bl e l eakage 
r at e has not  been exceeded.

3. 2. 2   Test  Gages

[ Ensur e t hat  pr essur e t est  gages conf or m t o ASME B40. 100 and have a di al  
di amet er  of  at  l east  125 mi l l i met er  4- 1/ 2 i nches.   Maxi mum per mi ssi bl e 
scal e r ange f or  a gi ven pr essur e t est  i s  such t hat  dur i ng t he t est  t he 
poi nt er  has a st ar t i ng posi t i on at  mi dpoi nt  of  t he di al  or  wi t hi n t he 
mi ddl e t hi r d of  t he scal e r ange.   Ensur e t hat  a cer t i f i cat i on of  accur acy 
and cor r ect i on t abl e bear s a dat e wi t hi n 90 cal endar  days bef or e t est  use,  
t est  gage number ,  and t he pr oj ect  number ,  unl ess ot her wi se appr oved by t he 
Cont r act i ng Of f i cer .
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][ Gover nment  wi l l  f ur ni sh vacuum t est  gages.

][ Gover nment  wi l l  f ur ni sh pr essur e and vacuum t est  gages.

] 3. 2. 3   Accept ance Pr essur e Test i ng

Test  dur i ng st eady- st at e ambi ent  t emper at ur e condi t i ons.

Test  pi pi ng syst ems at  175 ki l opascal  25 psi .   Mai nt ai n t est  pr essur e f or  a 
per i od of  not  l ess t han 2 hour s wi t h no pr essur e dr op.

Test  cont r ol  and i nst r ument at i on t ubi ng syst ems at  210 ki l opascal  30 psi .   
Mai nt ai n t est  pr essur e f or  not  l ess t han 24 hour s wi t h no measur abl e 
pr essur e dr op.

3. 2. 4   Accept ance Vacuum Test i ng

**************************************************************************
NOTE:   Bef or e sel ect i on of  t he f ol l owi ng t est  
cr i t er i a,  r evi ew pr ovi s i ons t o ensur e sui t abi l i t y  
f or  pr oj ect  appl i cat i on.

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

Evacuat e t he pi pi ng syst em t o a pr essur e of  13 mi l l i met er  0. 51 i nches of  
mer cur y,  absol ut e.   Oper at e each syst em at  l east  t hr ee t i mes dur i ng l eakage 
t est s.   Rat e of  pr essur e r i se cannot  exceed 0. 8 mi l l i met er  0. 032 i nches of  
mer cur y per  hour .

When l eakage exceeds t he al l owabl e r at e,  t est  t he suspect ed ar ea usi ng a 
hel i um mass spect r omet er  i n ei t her  t he det ect or - pr obe or  t r acer - pr obe 
configuration.

a.   Det ect or  Pr obe Met hod:   I nt er nal l y pr essur i ze t he t est  pi ece wi t h 
hel i um gas and use a mass spect r omet er  ( t uned f or  hel i um)  t o pr obe t he 
ext er i or  sur f ace t o spat i al l y  i sol at e t he l eak.   Empl oy a f l exi bl e l i ne 
t o scan a capi l l ar y t ube over  t he sur f ace t o det ect  t he l eak.

b.   Tr acer  Pr obe Met hod:   Evacuat e t he t est  pi ece and f l ood t he suspect ed 
ar ea i n hel i um gas.   Si mul t aneousl y,  use a hel i um mass spect r omet er  t o 
exami ne t he at mospher e wi t hi n t he t est  pi ece t o det er mi ne t he ext ent  t o 
whi ch hel i um i s dr awn i nt o t he evacuat ed vol ume.   For  mor e accur at e 
measur ement s,  j acket  t he suspect ed ar ea and f i l l  t he ar ea bet ween t he 
j acket  and t he t est  pi ece wi t h 90 t o 100- per cent  pur e hel i um gas as t he 
t est i ng i s conduct ed.

        - -  End of  Sect i on - -
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