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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  f i ber gl ass r ei nf or ced pl ast i c ( FRP)  
pi pe and t ube r ai l i ngs,  cust omar i l y  manuf act ur ed t o 
meet  speci f i c  r equi r ement s i n bui l di ng const r uct i on 
and f abr i cat ed FRP i t ems,  whi ch ar e not  a par t  of  
t he st r uct ur al  FRP component s or  f r amewor k.

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

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

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

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

**************************************************************************
NOTE:   Uni t s of  wor k nor mal l y i nc l uded i n t hi s 
sect i on shoul d be FRP i t ems t hat  r equi r e speci f i c  
f abr i cat i on t o meet  t he desi r ed pr oj ect  r equi r ement s.

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

**************************************************************************
NOTE:   I ncl ude i n dr awi ngs a compl et e desi gn 
i ndi cat i ng t he char act er  of  t he wor k t o be per f or med 
and showi ng t he f ol l owi ng:

a.   Locat i on and det ai l s  of  each f abr i cat ed FRP pi pe 
and t ube r ai l i ngs component s showi ng al l  di mensi ons,  
shapes,  and si zes of  member s and connect i ons,  and 
t he r el at i on of  i t ems t o ot her  bui l di ng component s.
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b.   Al l  s i zes and di mensi ons.

c.   Speci al  f ast eni ngs,  at t achment s or  anchor i ng,  
i ncl udi ng anchor age devi ces embedded i n ot her  
const r uct i on,  i ncl udi ng but  not  l i mi t ed t o,  pr ecast  
concr et e wal l  panel s,  pr ecast  concr et e st r uct ur al  
member s,  pr ecast  concr et e r oof  decki ng,  br i ck and 
bl ock masonr y,  and pr ecast  st one wor k;  anchor age 
devi ces t o st r uct ur al  st eel  f r amewor k,  i ncl udi ng,  
but  not  l i mi t ed t o,  st eel  bar  gr at i ng,  st eel  f l oor  
pl at es,  and st r uct ur al  st eel  r oof  or  f l oor  decki ng.

d.   Locat i on and speci al  det ai l s  of  expansi on j oi nt  
covers.

e.   Connect i on det ai l s ,  ot her  t han manuf act ur er ' s 
st andar d f or  pi pe and t ube r ai l i ngs.

f .   Locat i ons and det ai l s  r emovabl e sect i ons of  
handrails.

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

PART 1   GENERAL

Thi s Sect i on i nc l udes new f i ber gl ass r ei nf or ced pl ast i c ( FRP)  pi pe and t ube 
r ai l i ng/ guar ds,  mount i ng syst ems and accessor i es.

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 SOCI ETY OF CI VI L ENGI NEERS ( ASCE)

ASCE 7 ( 2017)  Mi ni mum Desi gn Loads f or  Bui l di ngs 
and Ot her  St r uct ur es
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AMERI CAN SOCI ETY OF SAFETY ENGI NEERS ( ASSE/ SAFE)

ASSE/ SAFE A10. 3 ( 2013)  Oper at i ons -  Saf et y Requi r ement s 
f or  Powder  Act uat ed Fast eni ng Syst ems

ASME I NTERNATI ONAL ( ASME)

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 B18. 21. 1 ( 2009;  R 2016)  Washer s:  Hel i cal  
Spr i ng- Lock,  Toot h Lock,  and Pl ai n Washer s 
( I nch Ser i es)

ASME B18. 21. 2M ( 1999;  R 2014)  Lock Washer s ( Met r i c Ser i es)

ASME B18. 6. 2 ( 1998;  R 2010)  Sl ot t ed Head Cap Scr ews,  
Squar e Head Set  Scr ews,  and Sl ot t ed 
Headl ess Set  Scr ews:  I nch Ser i es

ASME B18. 6. 3 ( 2013;  R 2017)  Machi ne Scr ews,  Tappi ng 
Scr ews,  and Machi ne Dr i ve Scr ews ( I nch 
Series)

ASTM I NTERNATI ONAL ( ASTM)

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 C1107/ C1107M ( 2017)  St andar d Speci f i cat i on f or  Packaged 
Dr y,  Hydr aul i c- Cement  Gr out  ( Nonshr i nk)

ASTM D1148 ( 2013)  St andar d Test  Met hod f or  Rubber  
Det er i or at i on—Di scol or at i on f r om 
Ul t r avi ol et  ( UV)  and Heat  Exposur e of  
Li ght - Col or ed Sur f aces

ASTM D2344/ D2344M ( 2016)  St andar d Test  Met hod f or  Shor t - Beam 
St r engt h of  Pol ymer  Mat r i x Composi t e 
Mat er i al s and Thei r  Lami nat es

ASTM D430 ( 2006;  R 2012)  St andar d Test  Met hods f or  
Rubber  Det er i or at i on -  Dynami c Fat i gue

ASTM D638 ( 2014)  St andar d Test  Met hod f or  Tensi l e 
Pr oper t i es of  Pl ast i cs

ASTM D696 ( 2016)  St andar d Test  Met hod f or  
Coef f i c i ent  of  Li near  Ther mal  Expansi on of  
Pl ast i cs Bet ween - 30 degr ees C and 30 
degr ees C Wi t h a Vi t r eous Si l i ca 
Dilatometer

ASTM D790 ( 2017)  St andar d Test  Met hods f or  Fl exur al  
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Pr oper t i es of  Unr ei nf or ced and Rei nf or ced 
Pl ast i cs and El ect r i cal  I nsul at i ng 
Materials

ASTM E488/ E488M ( 2015)  St andar d Test  Met hods f or  St r engt h 
of  Anchor s i n Concr et e and Masonr y El ement s

ASTM E84 ( 2018)  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

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I BC ( 2018)  I nt er nat i onal  Bui l di ng Code

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

NFPA 101 ( 2018;  TI A 18- 1;  TI A 18- 2;  TI A 18- 3)  Li f e 
Saf et y Code

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

29 CFR 1910. 23 ( Nov 2016)  Ladder s

29 CFR 1926 Saf et y and Heal t h Regul at i ons f or  
Construction

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 
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  
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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 us i 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- 01 Pr econst r uct i on Submi t t al s

Qual i f i cat i ons of  Manuf act ur er ;  G[ ,  [ ____] ]

Qual i f i cat i ons of  Engi neer  of  Recor d;  G[ ,  [ ____] ]

SD- 02 Shop Dr awi ngs

I nst al l at i on Dr awi ngs;  G[ ,  [ ____] ]

SD- 03 Pr oduct  Dat a

FRP Pi pe and Tube;  G[ ,  [ ____] ]

Rai l i ngs/ Guar ds;  G[ ,  [ ____] ]

Anchor age Mat er i al s;  G[ ,  [ ____] ]

Adhesi ves;  G[ ,  [ ____] ]

Resi ns;  G[ ,  [ ____] ]

Har dener s;  G[ ,  [ ____] ]

Manuf act ur er ' s Sampl e War r ant y

SD- 06 Test  Repor t s

Ul t r avi ol et  Test  Repor t s

Ther mal  Expansi on Test  Repor t s

 Fl ame Spr ead Test  Repor t s

SD- 07 Cer t i f i cat es

Manuf act ur er ' s Cer t i f i cat i on by t he St at e of  [ _____]  Pr oduct  
Approval
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Pr oof  of  Cer t i f i cat i on f r om a mi ni mum of  t wo qual i t y  assur ance 
pr ogr ams f or  i t s  f aci l i t i es or  pr oduct s ( UL,  DNV,  ABS,  USCG,  AARR)

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

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

SD- 09 Manuf act ur er ' s Fi el d Repor t s

Manuf act ur er ' s Cer t i f i cat i on of  I nst al l at i on

SD- 11 Cl oseout  Submi t t al s

Manuf act ur er ' s War r ant y

1. 3   QUALI TY CONTROL

1. 3. 1   Qual i f i cat i ons of  Manuf act ur er

Submi t  Qual i f i cat i ons Of  Manuf act ur er  document at i on cer t i f y i ng t hat  t he 
Fi ber gl ass Rei nf or ced Pl ast i c ( FRP)  manuf act ur er  has a mi ni mum of  
[ 10] [ _____]  year s of  exper i ence i n manuf act ur i ng FRP pr oduct s.

Pr ovi de i t ems wi t hi n t hi s sect i on f r om manuf act ur er s havi ng a mi ni mum of  
[ 5]  [ 10]  [ _____]  year s of  exper i ence i n t he desi gn and manuf act ur e of  
s i mi l ar  pr oduct s and syst ems.

[ Submi t  document at i on pr ovi ng a mi ni mum of  f i ve separ at e,  s i mi l ar  
i nst al l at i ons wi t hi n t he l ast  [ 5]  [ 10]  [ _____]  year s.

][ Submi t  t he Pr oof  of  Cer t i f i cat i on f r om a mi ni mum of  t wo qual i t y  assur ance 
pr ogr ams f or  i t s  f aci l i t i es or  pr oduct s ( UL,  DNV,  ABS,  USCG,  AARR) .

][ Submi t  t he manuf act ur er ' s cer t i f i cat i on by t he St at e of  [ _____]  Pr oduct  
Approval.

] Pr ovi de t he manuf act ur er ' s sampl e war r ant y f or  al l  FRP pr oduct s agai nst  
def ect s i n mat er i al  and wor kmanshi p f or  a mi ni mum of  [ 5]  [ _____]  year s.   
Pr ovi de evi dence of  manuf act ur er ' s I SO 9001: 2000 st andar d cer t i f i cat i on.

1. 3. 2   Qual i f i cat i ons of  Engi neer  of  Recor d

[ Submi t  Qual i f i cat i ons of  Engi neer  of  Recor d document at i on t hat  t he Engi neer  
of  Recor d i s cur r ent l y l i censed wi t hi n t he j ur i sdi ct i on of  t he pr oj ect .

][ Submi t  document at i on t hat  t he Engi neer  of  Recor d i s appr oved,  aut hor i zed,  
and cur r ent l y l i censed by t he St at e of  [ _____] ,  and has a mi ni mum of  [ 5]  
year s of  exper i ence as an appr oved Engi neer  f or  manuf act ur er s of  s i mi l ar  
pi pe and t ube r ai l i ng syst ems.   Requi r e t he Engi neer  of  Recor d t o suppl y 
t he name and l ocat i on of  [ f i ve]  pr oj ect s of  s i mi l ar  s i ze and scope f or  
whi ch t hey have pr ovi ded engi neer i ng cal cul at i ons usi ng t he manuf act ur er ' s 
pr oduct s submi t t ed f or  t hi s pr oj ect  wi t hi n t he pr evi ous [ 3]  [ _____]  year s.   
Pr ovi de cer t i f i ed and si gned cal cul at i ons pr epar ed by Engi neer  f or :

] a.   The desi gn i n accor dance wi t h I nt er nat i onal  Bui l di ng Code and ASCE 7

b.   I nst al l at i on dr awi ngs
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1. 4   DELI VERY,  HANDLI NG,  AND STORAGE

Del i ver  al l  manuf act ur ed mat er i al s i n or i gi nal ,  unbr oken pal l et s,  packages,  
cont ai ner s,  or  bundl es bear i ng t he l abel  of  t he manuf act ur er s,  c l ear l y 
mar ked and i dent i f i ed r el at i ve t o t he compl et e syst em.   Pr ovi de al l  
adhesi ves,  r esi ns and t hei r  cat al yst s and har dener s i n c l ear l y mar ked or  
not ed cr at es or  boxes.   St or e al l  manuf act ur ed mat er i al s i n dr y i ndoor  
f aci l i t i es wi t h a const ant  t emper at ur e r ange bet ween 21. 11 and 29. 44 
degr ees C 70 and 85 degr ees F unt i l  t hey ar e r equi r ed.

Handl e al l  mat er i al s t o pr event  abr asi on,  cr acki ng,  chi ppi ng,  t wi st i ng,  or  
ot her  def or mat i ons,  and ot her  t ypes of  damage.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

2. 1. 1   I nst al l at i on Dr awi ngs

Submi t  t empl at es and er ect i on and i nst al l at i on dr awi ngs i ndi cat i ng 
t hi ckness,  t ype,  and di mensi ons.   Show const r uct i on det ai l s ,  r ei nf or cement ,  
anchor age,  and i nst al l at i on wi t h r el at i on t o t he bui l di ng const r uct i on.

I ncl ude pl ans,  el evat i ons,  sect i ons,  det ai l s ,  and at t achment s t o ot her  
wor k.   I ndi cat e f or  i nst al l ed pr oduct s t o compl y wi t h desi gn l oads.   
I ncl ude st r uct ur al  anal ysi s dat a s i gned and seal ed by t he qual i f i ed 
pr of essi onal  engi neer  r esponsi bl e f or  t hei r  pr epar at i on.

2. 1. 2   Pr oduct  Dat a

Submi t  t he manuf act ur er ' s cat al og dat a i ncl udi ng t wo copi es of  
manuf act ur er ' s speci f i cat i ons,  l oad t abl es,  di mensi on di agr ams,  and anchor  
det ai l s  f or  t he f ol l owi ng i t ems:

a.   FRP Pi pe and Tube

b.   Rai l i ngs/ Guar ds

c.   Anchor age Mat er i al s

d.   Adhesi ves

e.   Resi ns

f .   Har dener s

2. 1. 3   Desi gn Requi r ement s

Ensur e t hat  al l  post s and r ai l s  ar e FRP st r uct ur al  shapes manuf act ur ed by 
t he pul t r usi on pr ocess.   Compose st r uct ur al  shapes of  f i ber gl ass 
r ei nf or cement  and r esi n i n qual i t i es,  quant i t i es,  pr oper t i es,  ar r angement s,  
and di mensi ons as necessar y t o meet  t he desi gn r equi r ement s i n accor dance 
with ASCE 7, 29 CFR 1910. 23, NFPA 101,  and di mensi ons speci f i ed.

Ensur e t hat  f i ber gl ass r ei nf or cement s ar e a combi nat i on of  cont i nuous 
r ovi ng,  cont i nuous st r and mat ,  and sur f aci ng vei l  i n suf f i c i ent  quant i t i es 
as needed by t he appl i cat i on r equi r ed,  t he physi cal  pr oper t i es r equi r ed,  or  
both.
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Pr ovi de r esi ns,  wi t h appr opr i at e har dener s,  of  i sopht hal i c pol yest er ,  wi t h 
t he chemi cal  f or mul at i on necessar y f or  cor r osi on r esi st ance,  st r engt h,  and 
ot her  physi cal  pr oper t i es.

Ensur e t hat  al l  f i ni shed sur f aces of  FRP i t ems,  i ncl udi ng FRP pi pe and 
t ube,  r ai l i ngs/ guar ds,  anchor age mat er i al s,  and f abr i cat i ons,  ar e smoot h,  
r esi n- r i ch,  and f r ee of  voi ds,  dr y spot s,  cr acks,  and unr ei nf or ced ar eas.   
Pr ovi de compl et e cover age of  al l  gl ass f i ber s wi t h r esi n t o pr ot ect  agai nst  
t hei r  exposur e t o wear  or  weat her i ng.

Pr ot ect  al l  pul t r uded st r uct ur al  shapes f r om ul t r avi ol et  ( UV)  at t ack wi t h:

a.   I nt egr al  UV i nhi bi t or s wi t hi n t he r esi n

b.   Synt het i c sur f aci ng vei l  t o hel p pr oduce a r esi n- r i ch sur f ace

c.   UV- r esi st ant  coat i ng f or  out door  exposur es

Pr ovi de FRP pr oduct s t hat  have a f l ame spr ead r at i ng of  25 or  l ess as 
speci f i ed i n ASTM E84,  Tunnel  Test .   Submi t  [ _____]  copi es of  Fl ame Spr ead 
Test  Repor t s t o t he Cont r act i ng Of f i cer .

Ensur e t hat  r ai l s ,  post s,  and k i ck pl at es ar e i nt egr al l y  pi gment ed yel l ow.   
Submi t  [ _____]  copi es of  Ul t r avi ol et  Test  Repor t s f or  FRP mat er i al ,  s i mi l ar  
t o t he r equi r ement s of  ASTM D1148 f or  r ubber  det er i or at i on,  and ASTM D430, 
t o t he Cont r act i ng Of f i cer .   Submi t  t est i ng dat a r el at i ng t o Ther mal  
Expansi on Test  Repor t s.

Pr ovi de st r uct ur al  shapes i n t he guar dr ai l  syst em t o meet  mi ni mum 
l ongi t udi nal  mechani cal  pr oper t i es as f ol l ows:

Tensi l e St r engt h ASTM D638 2. 068427e+008 pascal

Tensi l e Modul us ASTM D638 1. 723689e+010 pascal

 Fl exur al  St r engt h ASTM D790 2. 068427e+008 pascal

Fl exur al  Modul us ASTM D790 1. 241056e+010 pascal

Fl exur al  Modul us- Ful l  Sect i on 1. 930532e+010 pascal

Shor t  Beam Shear ASTM D2344/ D2344M 3. 102641e+007 pascal

Shear  Modul us- Tr ansver se 3. 102641e+009 pascal

Coef f i c i ent  of  Ther mal  
Expansion

ASTM D696 2. 032e- 005 cm/ cm/ m

Fl ame Spr ead ASTM E84 2. 032e- 005 cm/ cm/ m

Tensi l e St r engt h ASTM D638 30, 000 psi

Tensi l e Modul us ASTM D638 2, 500, 000 psi
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Fl exur al  St r engt h ASTM D790 30, 000 psi

Fl exur al  Modul us ASTM D790 1, 800, 000 psi

Fl exur al  Modul us- Ful l  
Section

2, 800, 000 psi

Shor t  Beam Shear ASTM D2344/ D2344M 4, 500 psi

Shear  Modul us- Tr ansver se 450, 000 psi

Coef f i c i ent  of  Ther mal  
Expansion

ASTM D696 . 000008 i n/ i n/ F

Fl ame Spr ead ASTM E84 25 or  l ess

2. 1. 4   Per f or mance Requi r ement s

2. 1. 4. 1   St r uct ur al  Per f or mance of  Pi pe and Tube Rai l i ngs

Pr ovi de a pi pe and t ube r ai l i ng syst em capabl e of  wi t hst andi ng t he ef f ect s 
of  gr avi t y l oads i n accor dance wi t h ASCE 7 and I nt er nat i onal  Bui l di ng Code,  
I CC I BC t he St at e of  [ _____]  Bui l di ng Code,  wi t h t he f ol l owi ng l oads and 
st r esses wi t hi n l i mi t s and under  t he condi t i ons i ndi cat ed:

a.   Handr ai l s:

( 1)  Uni f or m l oad of  6. 91 Kgf / m 50 l bf / f oot  appl i ed i n any di r ect i on.

( 2)  Concent r at ed l oad of  90. 72 Kgf  200 l bf  appl i ed i n any di r ect i on.

( 3)  Uni f or m and concent r at ed l oads need not  be assumed t o act  
concurrently.

b.   Top Rai l s of  Guar ds:

( 1)  Uni f or m l oad of  6. 91 Kgf / m 50 l bf / f oot  appl i ed i n any di r ect i on.

( 2)  Concent r at ed l oad of  90. 72 Kgf  200 l bf  appl i ed i n any di r ect i on.

( 3)  Uni f or m and concent r at ed l oads need not  be assumed t o act  
concurrently.

c.   I nf i l l  of  Guar ds:

( 1)  Concent r at ed l oad of  6. 91 Kgf / m 50 l bf  appl i ed hor i zont al l y  on an 
ar ea of  929 squar e cent i met er  1 squar e f oot .

( 2)  Uni f or m l oad of  1. 2 k i l opascal  25 l bf / squar e f oot  appl i ed 
horizontally.

( 3)  I nf i l l  l oad and ot her  l oads need not  be assumed t o act  
concurrently.

2. 2   FABRICATION

Per f or m f abr i cat i on of  t he handr ai l  post / r ai l  connect i on such t hat  t he 
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r ai l s  ar e unbr oken and cont i nuous t hr ough t he post  wi t hout  t he use of  packs 
or  spl i ces.   I nst al l  t he bot t om r ai l  t hr ough t he post  at  a pr epar ed hol e 
made t o f i t  t he out s i de di mensi ons of  t he r ai l ,  and t he t op r ai l  f i t  i nt o a 
machi ned,  u- shaped pocket  f or med i nt o t he t op of  t he post  such t hat  t he 
r ai l  i s  l ocat ed at  t he cent er  of  t he post .   Radi us al l  exposed cor ner s t o 
el i mi nat e shar p edges.   Joi n t he r ai l s  t o t he post  t hr ough a combi nat i on of  
bondi ng and r i vet i ng.   Ensur e t hat  no shar p,  pr ot r udi ng edges r emai n af t er  
assembl y of  t he handr ai l .   Space t he post s no mor e t han 1. 83 m 72 i nches 
apar t .   At t ach post  bases accor di ng t o t he const r uct i on cont r act  dr awi ngs.   
Rei nf or ce post  bases t o a hei ght  of  22 cm 8 1/ 2 i nches.   Coat  al l  
f i el d- f abr i cat ed and shop- f abr i cat ed cut s wi t h a v i nyl  est er  r esi n t o 
pr ovi de maxi mum cor r osi on r esi st ance.

2. 3   MATERIALS

2. 3. 1   Fasteners

Pr ovi de Type 316 st ai nl ess- st eel  conceal ed f ast ener s,  unl ess unavoi dabl e or  
st andar d f or  r ai l i ngs i ndi cat ed.

2. 3. 2   Anchors

Pr ovi de cast - i n- pl ace epoxy mechani cal  anchor s,  f abr i cat ed f r om 
cor r osi on- r esi st ant  mat er i al s wi t h capabi l i t y  t o sust ai n,  wi t hout  f ai l ur e,  
a l oad equal  t o s i x t i mes t he desi gn l oad i mposed when i nst al l ed i n uni t  
masonr y and equal  t o f our  t i mes t he desi gn l oad i mposed when i nst al l ed i n 
concr et e,  as det er mi ned by t est i ng as speci f i ed i n ASTM E488/ E488M.

2. 3. 3   Gr out  And Anchor i ng Cement

Pr ovi de f act or y- packaged,  nonshr i nk,  nonmet al l i c  gr out  compl yi ng wi t h 
ASTM C1107/ C1107M;  or  wat er - r esi st ant ,  nonshr i nk anchor i ng cement ;  
r ecommended by t he manuf act ur er  f or  ext er i or  use.   Ensur e t hat  al l  ot her  
adhesi ves conf or m t o t he manuf act ur er ' s r ecommendat i ons and i nst r uct i ons.

2. 3. 4   Component  Connect i ons

2. 3. 4. 1   Lag Scr ews and Bol t s

Pr ovi de l ag scr ews and bol t s conf or mi ng t o ASME B18. 2. 1,  of  t he t ype and 
gr ade best  sui t ed f or  t he pur pose.

2. 3. 4. 2   Toggl e Bol t s

Pr ovi de t oggl e bol t s conf or mi ng t o ASME B18. 2. 1.

2. 3. 4. 3   Bol t s,  Nut s,  St uds,  and Ri vet s

Pr ovi de bol t s,  nut s,  st uds,  and r i vet s conf or mi ng t o ASME B18. 2. 2 and 
ASTM A307.

2. 3. 4. 4   Powder - Dr i ven Fast ener s

Fol l ow saf et y pr ovi s i ons of  ASSE/ SAFE A10. 3.

2. 3. 4. 5   Screws

Pr ovi de scr ews conf or mi ng t o ASME B18. 2. 1, ASME B18. 6. 2,  and ASME B18. 6. 3.
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2. 3. 4. 6   Washers

Pr ovi de pl ai n washer s conf or mi ng t o ASME B18. 21. 1.   Pr ovi de bevel ed washer s 
f or  Amer i can St andar d beams and channel s,  squar e or  r ect angul ar ,  t aper ed i n 
t hi ckness,  and smoot h.   Pr ovi de l ock washer s conf or mi ng t o ASME B18. 21. 2M 
and ASME B18. 21. 1.

PART 3   EXECUTI ON

3. 1   INSTALLATION

I nst al l  i t ems i n accor dance wi t h 29 CFR 1910. 23 and 29 CFR 1926 at  
l ocat i ons i ndi cat ed,  accor di ng t o t he manuf act ur er ' s i nst r uct i ons.   Ver i f y 
al l  measur ement s and t ake al l  f i el d measur ement s necessar y bef or e 
f abr i cat i on.   I ncl ude al l  mat er i al s and par t s necessar y t o compl et e each 
i t em,  even t hough such wor k i s not  def i ni t el y shown or  speci f i ed.   Per f or m 
cut t i ng,  dr i l l i ng,  and f i t t i ng r equi r ed f or  i nst al l i ng r ai l i ngs.   Set  
r ai l i ngs accur at el y i n l ocat i on,  al i gnment ,  and el evat i on.   Submi t  [ _____]  
s i gned copi es of  Manuf act ur er ' s Cer t i f i cat i on of  I nst al l at i on.

a.   Set  post s pl umb wi t hi n a t ol er ance of  1. 6 mm 1/ 16 i nch i n 0. 91 met er  3 
feet.

b.   Al i gn r ai l s  so var i at i ons f r om l evel  f or  hor i zont al  member s and 
var i at i ons f r om par al l el  wi t h r ake of  st eps and r amps f or  s l opi ng 
member s do not  exceed 6. 4 mm 1/ 4 i nch i n 3. 66 met er  12 f eet .

3. 1. 1   Anchor age,  Fast eni ngs,  and Connect i ons

Pr ovi de anchor age wher e necessar y f or  f ast eni ng mi scel l aneous FRP i t ems 
secur el y i n pl ace.   I ncl ude f or  anchor age not  ot her wi se speci f i ed or  
i ndi cat ed s l ot t ed i nser t s,  expansi on shi el ds,  and powder - dr i ven f ast ener s,  
when appr oved f or  concr et e;  t oggl e bol t s and t hr ough- bol t s f or  masonr y;  
machi ne and car r i age bol t s f or  st eel ;  t hr ough- bol t s and scr ews.   Conceal  
f ast eni ngs wher e pr act i cabl e.

3. 1. 2   Workmanship

Ensur e t hat  FRP wor k i s wel l  f or med t o shape and s i ze,  wi t h shar p l i nes and 
angl es and t r ue cur ves.   Ensur e t hat  dr i l l i ng and punchi ng pr oduces c l ean 
t r ue l i nes and sur f aces.   Ensur e t hat  exposed sur f aces of  wor k- i n- pl ace t o 
have smoot h f i ni shes.   Mi l l  j oi nt s wher e t i ght  f i t s  ar e r equi r ed.   Ensur e 
t hat  cor ner  j oi nt s ar e coped or  mi t er ed,  wel l  f or med,  and i n t r ue 
al i gnment .   Accur at el y set  wor k t o est abl i shed l i nes and el evat i ons and 
secur el y f ast en i n pl ace.   Ensur e t hat  t he i nst al l at i on i s i n accor dance 
wi t h t he manuf act ur er ' s i nst al l at i on i nst r uct i ons and t he appr oved 
dr awi ngs,  cut s,  and det ai l s .

3. 2   CLOSEOUT ACTI VI TI ES

3. 2. 1   Warranty

Submi t  [ _____]  s i gned copi es of  t he Manuf act ur er ' s  War r ant y 30 cal endar  
days bef or e f i nal  i nspect i on.

3. 2. 2   Manuf act ur er ' s I nst r uct i ons
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Submi t  t he manuf act ur er ' s i nst r uct i ons f or  shi ppi ng and handl i ng,  and 
pr ocedur es f or  er ect i on,  car e,  and mai nt enance upon compl et i on of  
installation.

            - -  End of  Sect i on - -
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