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SUBDRAI NAGE PI PI NG
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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  subdr ai nage syst ems f or  dr ai nage of  
wat er  f r om under  t he gr ound usi ng pi pes l ess t han 
300 mm 12 i nches i n di amet er .

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 
pr esent .

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

1. 1   UNI T PRI CES

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

The par agr aph as wr i t t en cont empl at es t aki ng bi ds on 
a uni t - pr i ce basi s.   When i t  i s  det er mi ned t hat  a 
l ump sum cont r act  may be mor e advi sabl e,  t he 
par agr aph wi l l  be del et ed.

Del et e par agr aph UNI T PRI CES f or  Navy pr oj ect s.
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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1. 1. 1   Pi pe Subdr ai ns

Measur e t he l engt h of  pi pe i nst al l ed f r om end t o end al ong t he cent er l i nes 
wi t hout  any deduct i on f or  t he di amet er  of  t he manhol es.   Pi pe wi l l  be pai d 
f or  accor di ng t o t he number  of  l i near  met er s f eet  of  subdr ai ns pl aced i n 
t he accept ed wor k.   Payment  f or  beddi ng and [ dr ai nage l ayer ]  [ f i l t er ]  
mat er i al s,  except  geot ext i l es,  wi l l  be i ncl uded i n t he payment  f or  t he 
pi pe subdr ai n syst em.

1. 1. 2   Bl i nd or  Fr ench Dr ai ns

Bl i nd or  f r ench dr ai ns wi l l  be pai d f or  by t he l i near  met er  f oot  and 
measur ed f r om end t o end al ong t he cent er l i nes of  t he compl et ed dr ai ns.

1. 1. 3   Manhol es

Manhol es t o be pai d f or  wi l l  be t he number  of  manhol es compl et ed wi t h 
base,  r ungs or  l adder s,  f r ames,  and cover s or  gr at i ngs ( wher e speci f i ed)  
const r uct ed i n t he accept ed wor k.

1. 1. 4   Fl ushi ng and Obser vat i on Ri ser s

Fl ushi ng and obser vat i on r i ser s t o be pai d f or  wi l l  be t he number  of  
f l ushi ng and obser vat i on r i ser s compl et ed wi t h f r ames and cover s ( wher e 
speci f i ed)  const r uct ed i n t he accept ed wor k.

1. 1. 5   Geot ext i l e

Measur e geot ext i l e f or  payment  by t he squar e met er  [ yar d] [ f oot ]  i n pl ace.   
Measur e over l apped j oi nt s and seams as a s i ngl e l ayer  of  c l ot h.

1. 2   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 si 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.
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AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO M 190 ( 2004;  R 2019)  St andar d Speci f i cat i on f or  
Asphal t - Coat ed Cor r ugat ed Met al  Cul ver t  
Pi pe and Pi pe Ar ches

AASHTO M 252 ( 2009;  R 2017)  St andar d Speci f i cat i on f or  
Cor r ugat ed Pol yet hyl ene Dr ai nage Pi pe

AASHTO M 288 ( 2021)  St andar d Speci f i cat i on f or  
Geosynt het i c Speci f i cat i on f or  Hi ghway 
Appl i cat i ons

ASTM I NTERNATI ONAL ( ASTM)

ASTM A27/ A27M ( 2020)  St andar d Speci f i cat i on f or  St eel  
Cast i ngs,  Car bon,  f or  Gener al  Appl i cat i on

ASTM A47/ A47M ( 1999;  R 2022;  E 2022)  St andar d 
Speci f i cat i on f or  Fer r i t i c  Mal l eabl e I r on 
Cast i ngs

ASTM A48/ A48M ( 2003;  R 2021)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

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

ASTM A760/ A760M ( 2015,  R 2020)  St andar d Speci f i cat i on f or  
Cor r ugat ed St eel  Pi pe,  Met al l i c- Coat ed f or  
Sewer s and Dr ai ns

ASTM A762/ A762M ( 2019)  St andar d Speci f i cat i on f or  
Cor r ugat ed St eel  Pi pe,  Pol ymer  Pr ecoat ed 
f or  Sewer s and Dr ai ns

ASTM A798/ A798M ( 2022)  St andar d Pr act i ce f or  I nst al l i ng 
Fact or y- Made Cor r ugat ed St eel  Pi pe f or  
Sewer s and Ot her  Appl i cat i ons

ASTM B745/ B745M ( 2015;  R 2021)  St andar d Speci f i cat i on f or  
Cor r ugat ed Al umi num Pi pe f or  Sewer s and 
Dr ai ns

ASTM C33/ C33M ( 2023)  St andar d Speci f i cat i on f or  Concr et e 
Aggr egat es

ASTM C136/ C136M ( 2019)  St andar d Test  Met hod f or  Si eve 
Anal ysi s of  Fi ne and Coar se Aggr egat es

ASTM C478 ( 2018)  St andar d Speci f i cat i on f or  Ci r cul ar  
Pr ecast  Rei nf or ced Concr et e Manhol e 
Sect i ons

ASTM C478M ( 2018)  St andar d Speci f i cat i on f or  Pr ecast  
Rei nf or ced Concr et e Manhol e Sect i ons 
( Met r i c)

SECTI ON 33 46 16  Page 5



ASTM D2321 ( 2020)  St andar d Pr act i ce f or  Under gr ound 
I nst al l at i on of  Ther mopl ast i c Pi pe f or  
Sewer s and Ot her  Gr avi t y- Fl ow Appl i cat i ons

ASTM D2487 ( 2017;  E 2020)  St andar d Pr act i ce f or  
Cl assi f i cat i on of  Soi l s f or  Engi neer i ng 
Pur poses ( Uni f i ed Soi l  Cl assi f i cat i on 
Syst em)

ASTM D3034 ( 2016)  St andar d Speci f i cat i on f or  Type PSM 
Pol y( Vi nyl  Chl or i de)  ( PVC)  Sewer  Pi pe and 
Fi t t i ngs

ASTM D3753 ( 2019)  Gl ass- Fi ber - Rei nf or ced Pol yest er  
Manhol es and Wet wel l s

ASTM D4632/ D4632M ( 2015a)  Gr ab Br eaki ng Load and El ongat i on 
of  Geot ext i l es

ASTM F758 ( 2014;  R 2023)  Smoot h- Wal l  Pol y( Vi nyl  
Chl or i de)  ( PVC)  Pl ast i c Under dr ai n Syst ems 
f or  Hi ghway,  Ai r por t ,  and Si mi l ar  Dr ai nage

ASTM F949 ( 2020)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Cor r ugat ed 
Sewer  Pi pe wi t h a Smoot h I nt er i or  and 
Fi t t i ngs

1. 3   SUBMI TTALS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
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 ,  and cor r espondi ng submi t t al  
i t ems i n t he t ext ,  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 cl assi f i 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  Ar my pr oj ect s,  f i l l  i n t he empt y br acket s 
f ol l owi ng t he " G"  c l assi f i cat i on,  wi t h a code of  up 
t o t hr ee char act er s 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 ct  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 ct  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 
and Ai r  For ce pr oj ect s.

The " S"  c l assi f i cat i on i ndi cat es submi t t al s r equi r ed 
as pr oof  of  compl i ance f or  sust ai nabi l i t y  Gui di ng 
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Pr i nci pl es Val i dat i on or  Thi r d Par t y Cer t i f i cat i on 
and as descr i bed i n Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES.

Choose t he f i r st  br acket ed i t em f or  Navy and Ai r  
For ce 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"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat 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 code f ol l owi ng t he " G"  c l assi f i cat 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 he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 04 Sampl es

Geot ext i l e

Pi pe and Pi pe Fi t t i ngs

SD- 06 Test  Repor t s

Geot ext i l e JP- 8 Fuel  Resi st ance Test

SD- 07 Cer t i f i cat es

Geot ext i l e

Pi pe and Pi pe Fi t t i ngs

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

1. 4. 1   Del i ver y and St or age

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Thi s t i me r est r i ct i on appl i es t o pi pe 
cont ai ni ng nor mal  quant i t i es of  ul t r avi ol et  ( UV)  
i nhi bi t or s such as car bon bl ack or  t i t ani um di oxi de,  
i n geogr aphi c ar eas r ecei v i ng nor mal  UV exposur e.   
Del ays i n i nst al l at i on l onger  t han 6 mont hs,  f r om 
t i me of  manuf act ur er  t o t i me of  i nst al l at i on,  may be 
al l owed when t he Cont r act or  can show t hat  t he pi pe 
has been cover ed or  st or ed i ndoor s f or  t he dur at i on 
of  t he addi t i onal  del ay.

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

I nspect  mat er i al s del i ver ed t o s i t e f or  damage;  unl oad,  and st or e wi t h 
mi ni mum handl i ng.   Do not  st or e mat er i al s di r ect l y on t he gr ound.   Keep 
t he i nsi de of  pi pes and f i t t i ngs sf r ee of  di r t  and debr i s.   Keep,  dur i ng 
shi pment  and st or age,  geot ext i l e wr apped i n bur l ap or  s i mi l ar  heavy dut y 
pr ot ect i ve cover i ng.   Pr ot ect  t he geot ext i l e f r om mud,  soi l ,  dust ,  and 
debr i s.   Do not  st or e geot ext i l e mat er i al s i n di r ect  sunl i ght .   I nst al l  
pl ast i c pi pe wi t hi n 6 mont hs f r om t he dat e of  manuf act ur e unl ess ot her wi se 
appr oved.
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1. 4. 2   Handl i ng

Handl e mat er i al s i n such a manner  as t o ensur e del i ver y t o t he t r ench i n 
sound undamaged condi t i on.   Car r y pi pe t o t he t r ench.

PART 2   PRODUCTS

2. 1   PI PE FOR SUBDRAI NS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Wher e t he t ype of  pi pe i s t o be t he 
Cont r act or ' s opt i on,  t he t ypes t hat  ar e accept abl e 
shoul d be i ncl uded i n t hi s speci f i cat i on.   The 
i nappl i cabl e t ypes of  pi pe shoul d be del et ed.

Per f or at i on and sl ot  s i z i ng i s based on embedment  
gr adat i on,  f l ow r equi r ement s,  and st r uct ur al  
consi der at i ons.   The embedment  mat er i al  gr adat i on i s 
i n t ur n based on t he gr adat i on of  t he sur r oundi ng 
soi l .   I n or der  t o mi ni mi ze t he mi gr at i on of  f i nes 
i nt o t he coar ser  mat er i al  whi l e mai nt ai ni ng adequat e 
per meabi l i t y ,  t he f ol l owi ng cr i t er i a shoul d be met :

Al l  soi l s ( except  c l ays wi t hout  a sand or  s i l t  
f r act i on) :

( 15 per cent  s i ze of  dr ai nage or  f i l t er  mat er i al ) / ( 85 
per cent  s i ze of  mat er i al  t o be dr ai ned)     =  5 ( max)

( 50 per cent  s i ze of  dr ai nage or  f i l t er  mat er i al ) / ( 50 
per cent  s i ze of  mat er i al  t o be dr ai ned)     = 25 ( max)

( 15 per cent  s i ze of  dr ai nage or  f i l t er  mat er i al  = 
0. 4 ( max)

Al l  Soi l s

( 15 per cent  s i ze of  dr ai nage or  f i l t er  mat er i al ) / ( 15 
per cent  s i ze of  mat er i al  t o be dr ai ned)     =  5 ( mi n)

( 50 per cent  s i ze of  dr ai nage or  f i l t er  
mat er i al ) / ( s l ot  wi dt h)  =  1. 2 ( mi n)

( 50 per cent  s i ze of  dr ai nage or  f i l t er  
mat er i al ) / ( hol e di amet er )  =  1. 0 ( mi n)

The mi ni mum r ecommended subdr ai n pi pe di amet er  i s 
150 mm 6 i nches.

The dr awi ngs shoul d i ndi cat e whi ch pi pes must  be 
per f or at ed ( col l ect or  pi pes)  and whi ch pi pes must  
not  be per f or at ed ( out l et  pi pes) .

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

Submi t  sampl es of  pi pe and pi pe f i t t i ngs,  bef or e st ar t i ng t he wor k.   
Pr ovi de t ype and si zes of  subdr ai n pi pe i ndi cat ed.   Submi t  cer t i f i cat i ons 
f r om t he manuf act ur er s at t est i ng t hat  mat er i al s meet  speci f i cat i on 
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r equi r ement s.   Cer t i f i cat es ar e r equi r ed f or  dr ai n pi pe and f i t t i ngs.

2. 1. 1   Pl ast i c

Pr ovi de pl ast i c pi pe cont ai ni ng ul t r avi ol et  i nhi bi t or  t o pr ovi de 
pr ot ect i on f r om exposur e t o di r ect  sunl i ght .   Pr ovi de pi pe wi t h wi t h bel l  
and spi got  or  sol vent  cement  j oi nt s.   Pr ovi de manuf act ur er ' s st andar d t ype 
f i t t i ngs conf or mi ng t o t he i ndi cat ed speci f i cat i on.

2. 1. 1. 1   Pol yvi nyl  Chl or i de ( PVC)  and Fi t t i ngs

ASTM D3034,  ASTM F949 or  ASTM F758,  Type PS 46.

2. 1. 1. 2   Cor r ugat ed Pol yet hyl ene ( PE)  and Fi t t i ngs

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   AASHTO M 252 Type S pi pe has an out er  
cor r ugat ed pi pe wal l  and a smoot h l i ner .   Type SP 
pi pe i s per f or at ed Type S pi pe.

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

AASHTO M 252,  Type S or  SP as i ndi cat ed.

2. 1. 1. 3   Pi pe Per f or at i ons

Pr ovi de pi pe per f or at i ons wi t h a mi ni mum wat er  i nl et  ar ea of  1, 060 mm 
squar ed per  l i near  met er  0. 5 squar e i nch per  l i near  f oot  and as speci f i ed 
bel ow.

2. 1. 1. 3. 1   Ci r cul ar  Per f or at i ons i n Pl ast i c Pi pe

Cl eanl y cut  c i r cul ar  hol es not  mor e t han 9. 5 mm 3/ 8 i nch or  l ess t han 4. 8 
mm 3/ 16 i nch i n di amet er  and ar r ange i n r ows par al l el  t o t he l ongi t udi nal  
axi s of  t he pi pe.   Pr ovi de pi pe wi t h per f or at i ons spaced uni f or ml y al ong 
r ows.   Unl ess ot her wi se r ecommended by t he pi pe manuf act ur er ,  pr ovi de pi pe 
wi t h r ows appr oxi mat el y 38 mm 1- 1/ 2 i nches apar t  and ar r anged i n a 
st agger ed pat t er n so t hat  al l  per f or at i ons l i e at  t he mi dpoi nt  bet ween 
per f or at i ons i n adj acent  r ows.   Space t he r ows over  not  mor e t han 155 
degr ees of  c i r cumf er ence.   Pr ovi de pi pe t hat  i s not  per f or at ed f or  a 
l engt h equal  t o t he dept h of  t he socket  at  t he spi got  or  t ongue end and 
pr ovi de per f or at i ons t hat  cont i nue at  uni f or m spaci ng over  t he ent i r e 
l engt h of  t he pi pe.

2. 1. 1. 3. 2   Sl ot t ed Per f or at i ons i n Pl ast i c Pi pe

Cl eanl y cut  c i r cumf er ent i al  s l ot s so as not  t o r est r i ct  t he i nf l ow of  
wat er  and uni f or ml y spaced al ong t he l engt h and ci r cumf er ence of  t he 
pi pe.   Pr ovi de pi pe wi t h s l ot s not  exceedi ng 3. 2 mm 1/ 8 i nch nor  l ess t han 
0. 8 mm 1/ 32 i nch i n wi dt h.   Pr ovi de pi pe wi t h i ndi v i dual  s l ot  l engt hs not  
exceedi ng 10 per cent  of  t he pi pe i nsi de nomi nal  c i r cumf er ence on 150 t o 
200 mm 6 t o 8 i nch di amet er  pi pe,  and 63. 5 mm 2- 1/ 2 i nches on 250 mm 10 
i nch di amet er  pi pe.   Symmet r i cal l y space r ows of  s l ot s so t hat  t hey ar e 
f ul l y  cont ai ned i n 2 quadr ant s of  t he pi pe.   Cent er  s l ot s i n t he val l eys 
of  t he cor r ugat i ons of  pr of i l e wal l  pi pe.

2. 1. 2   Cor r ugat ed St eel

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Cor r ugat ed st eel  pi pe may be i nst al l ed i n 
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soi l s wi t h a pH r ange of  6. 0 t o 8. 0 pr ovi ded t he 
r esi st i v i t y i s gr eat er  t han 2, 000 ohm- cm.   A 
bi t umi nous coat i ng shoul d be used when soi l  or  
gr ound- wat er  condi t i ons ar e at  or  near  t hese l i mi t s.

150 t o 200 mm 6 t o 8 i nch di amet er  pi pe has 38 by 
6. 5 mm 1- 1/ 2 by 1/ 4 i nch cor r ugat i ons.   Type I  pi pe 
has a c i r cul ar  cr oss sect i on.   Type I I I  pi pe i s Type 
I  pi pe t hat  has been per f or at ed.   Cl ass 1 
per f or at i ons ar e 4. 8 mm t o 9. 5 mm 3/ 16 t o 3/ 8 i nch 
i n di amet er  wi t h f our  r ows of  per f or at i ons.   Each 
per f or at i on i s l ocat ed on t he i nsi de cr est s or  al ong 
t he neut r al  axi s of  t he cor r ugat i ons.

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

ASTM A760/ A760M,  Type I  or  I I I ,  as i ndi cat ed [ wi t h a coat i ng conf or mi ng t o 
AASHTO M 190,  Type A] .   Pr ovi de Cl ass 1 per f or at i ons i n Type I I I  pi pe.   
Pi pe sheet  t hi ckness 1. 63 mm 0. 064 i nch.

2. 1. 3   Cor r ugat ed Al umi num Al l oy

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Cor r ugat ed al umi num pi pe wi t hout  bi t umi nous 
coat i ng may be i nst al l ed i n soi l  wi t h pH r ange of  
5. 5 t o 8. 5 i f  t he r esi st i v i t y i s gr eat er  t han 500 
ohm- cm or  5. 0 t o 9. 0 wher e t he r esi st i v i t y i s 
gr eat er  t han 1, 500 ohm- cm.   Thi s t ype of  pi pe shoul d 
not  be i nst al l ed i n mat er i al  c l assi f i ed as OH or  OL 
accor di ng t o t he Uni f i ed Soi l  Cl assi f i cat i on Syst em 
as pr esent ed i n ASTM D2487.   Bar e al umi num al l oy 
pi pe has sat i sf act or y cor r osi on r esi st ance i n c l ean 
gr anul ar  mat er i al s even when subj ect ed t o sea wat er .

Ful l y bi t umi nous coat ed cor r ugat ed al umi num pi pe may 
be consi der ed i n soi l s wher e t he pH r ange i s 6. 0 t o 
8. 0 and r esi st i v i t y i s gr eat er  t han 2, 000 ohm- cm.

150 t o 200 mm 6 t o 8 i nch di amet er  pi pe has 38 by 
6. 5 mm 1- 1/ 2 by 1/ 4 i nch cor r ugat i ons.   Type I  pi pe 
has a c i r cul ar  cr oss sect i on.   Type I I I  pi pe i s Type 
I  pi pe t hat  has been per f or at ed.   Cl ass 1 
per f or at i ons ar e 4. 8 mm t o 9. 5 mm 3/ 16 t o 3/ 8 i nch 
i n di amet er  wi t h f our  r ows of  per f or at i ons.   Each 
per f or at i on i s l ocat ed on t he i nsi de cr est s or  al ong 
t he neut r al  axi s of  t he cor r ugat i ons.

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

ASTM B745/ B745M,  Type I  or  I I I ,  as i ndi cat ed [ wi t h a bi t umi nous coat i ng 
conf or mi ng t o AASHTO M 190,  Type A] .   Pr ovi de Cl ass 1 per f or at i ons i n Type 
I I I  pi pe.   Pi pe sheet  t hi ckness 1. 63 mm 0. 064 i nch.

2. 1. 4   Pr ecoat ed Cor r ugat ed St eel

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:  150 t o 200 mm 6 t o 8 i nch di amet er  pi pe has 38 
by 6. 5 mm 1- 1/ 2 by 1/ 4 i nch cor r ugat i ons.   Type I  
pi pe has a c i r cul ar  cr oss sect i on.   Type I I I  pi pe i s 
Type I  pi pe t hat  has been per f or at ed.   Cl ass 1 
per f or at i ons ar e 4. 8 mm t o 9. 5 mm 3/ 16 t o 3/ 8 i nch 
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i n di amet er  wi t h f our  r ows of  per f or at i ons.   Each 
per f or at i on i s l ocat ed on t he i nsi de cr est s or  al ong 
t he neut r al  axi s of  t he cor r ugat i ons.

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

ASTM A762/ A762M,  Type I  or  I I I ,  as i ndi cat ed.   Pr ovi de Cl ass 1 
per f or at i ons i n Type I I I  pi pe.

2. 2   GEOTEXTI LE

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   When geot ext i l e i s not  used i n t he dr ai nage 
syst em,  t he r equi r ement  f or  geot ext i l e wi l l  be 
del et ed f r om t hi s speci f i cat i on.   When geot ext i l e i s 
used i n t he dr ai nage syst em i t  may be speci f i ed 
ei t her  by r ef er enci ng AASHTO M 288, r equi r ement s i n 
Sect i on 31 05 19. 13 GEOTEXTI LES FOR EARTHWORK ( f i r st  
set  of  br acket s) ,  or  by speci f y i ng t he r equi r ement s 
i n t hi s par agr aph ( r emai ni ng br acket s) .

Desi gn cr i t er i a f or  geot ext i l es ar e based on t he 
equi val ent  openi ng si ze ( AOS) ,  per cent  open ar ea 
( POA) ,  and geot ext i l e per meabi l i t y  ( Kg) .   The AOS i s 
def i ned as t he number  of  t he US St andar d Si eve 
havi ng openi ngs cl osest  i n s i ze t o t he l ar gest  
openi ngs i n t he geot ext i l e.   The AOS speci f i ed 
shoul d be based on t he cr i t er i a descr i bed bel ow.   To 
per f or m pi pi ng cr i t er i a comput at i ons,  expr ess t he 
AOS as t he equi val ent  US st andar d s i eve openi ng i n 
mi l l i met er s.   The AOS can be used f or  woven and 
nonwoven geot ext i l es  Wher e a desi gner  desi r es t o 
use " per cent  open ar ea, "  t he per cent  open ar ea 
shoul d be based on t he cr i t er i a bel ow.   The per cent  
open ar ea shoul d be used onl y f or  woven f abr i cs.   
The per meabi l i t y  t est  can be used f or  nonwoven and 
woven geot ext i l es.

The AOS t est  i s  a means of  eval uat i ng t he pi pi ng 
r esi st ance of  a geot ext i l e,  and t he per cent  open 
ar ea t est  i s  i nt ended t o assur e adequat e f l ow 
t hr ough t he geot ext i l e and adequat e r esi st ance t o 
r educt i on i n per meabi l i t y  over  t i me ( c l oggi ng) .   The 
per cent  open ar ea t est  i s  an i ndi r ect  t est  whi ch has 
been shown t o cor r el at e wi t h a woven geot ext i l e' s 
l ong t er m per meabi l i t y .   The per meabi l i t y  t est  
measur es t he abi l i t y  of  t he geot ext i l e t o pass wat er  
wi t hout  any soi l  on t he f abr i c.   Thi s t est  does not  
pr ovi de a di r ect  measur e of  f i el d per f or mance of  t he 
geot ext i l e.

Speci f y geot ext i l e pr oper t i es whi ch wi l l  al l ow 
r et ent i on of  t he soi l  bei ng pr ot ect ed,  per mi t  
suf f i c i ent  f l ow t hr ough t he f abr i c,  and pr event  
c l oggi ng.   The desi gner  shoul d sel ect  t he AOS,  POA,  
and Kg,  based on t he f ol l owi ng cr i t er i a:
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Pr ot ect ed Soi l  Per cent
Passi ng 0. 075 mm No.  200 

Si eve

Pi pi ng ( a. )
Maxi mum AOS ( mm)

Woven Mi ni mum
POA

Nonwoven
Mi ni mum POA

Less t han 5 per cent  ( b. ) D85 ( c. ) 10 per cent Ks ( d. )

5 t o 50 per cent  ( b. ) D85 4 per cent Ks

50 t o 85 per cent ( a. )  D85
( b. )  Upper  Li mi t  on AOS i s 
AOS -  0. 212 mm No.  70

4 per cent Ks

Mor e t han 85 per cent ( a. )  D85
( b. )  Lower  Li mi t  on AOS i s 
AOS -  0. 125 mm No.  120

Ks

a.   When t he pr ot ect ed soi l  cont ai ns appr eci abl e quant i t i es ( 20 t o 30 per cent )  of  
mat er i al  r et ai ned on t he  4. 75 mm,  No.  4 si eve,  use onl y t he soi l  passi ng t he 4. 75 mm,
 No.  4 si eve i n sel ect i ng t he AOS of  t he f i l t er  f abr i c.

b.   These pr ot ect ed soi l s may have a l ar ge per meabi l i t y and t hus t he POA of  Kg may 
be a cr i t i cal  desi gn f act or .

c.   D85 i s t he gr ai n si ze i n mi l l i met er s f or  whi ch 85 per cent  of  t he sampl e by 
wei ght  has smal l er  gr ai ns.

d.   Kg i s t he per meabi l i t y of  t he nonwoven f abr i c,  and Ks i s t he per meabi l i t y of  
t he pr ot ect ed soi l .

The AOS r equi r ement  shoul d be speci f i ed as a r ange 
t o al l ow f or  manuf act ur i ng t ol er ances.   The smal l est  
s i eve openi ng si ze of  t he AOS r ange shoul d not  be 
smal l er  t han t he openi ngs of  a 0. 125 mm No.  120 US 
St andar d Si eve.   I t  i s  pr ef er abl e t o speci f y a 
geot ext i l e wi t h openi ngs as l ar ge as al l owed by t he 
cr i t er i a.

Fabr i c st r engt h r equi r ement s var y wi t h i nt ended use 
and const r uct i on pr ocedur es.   Recommended val ues ar e:

Type Mi ni mum Test

Tensi l e 444. 8 N 100 l bs ASTM D4632/ D4632M gr ab t est  25 mm 1 i nch squar e 
and 300 mm 12 i nches  per  mi nut e const ant  r at e at  
t r aver se.

El ongat i on 15 per cent ASTM D4632/ D4632M det er mi ne appar ent  br eaki ng 
el ongat i on.

Punct ur e 177. 8 N 40 l bs. ASTM D3787 except  pol i shed st eel  bal l  r epl aced 
wi t h a 8 mm 5/ 16 i nch di amet er  sol i d st eel  
cyl i nder  wi t h a hemi spher i cal  t i p cent er ed wi t hi n 
t he r i ng cl amp.

Tear 177. 8 N 40 l bs. ASTM D4533 t r apezoi dal  t ear  st r engt h.

Col l ect or  pi pes shoul d not  be wr apped wi t h 
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geot ext i l e.   I f  t he geot ext i l e i s used t o l i ne a 
t r ench,  t he col l ect or  pi pe shoul d be separ at ed f r om 
t he geot ext i l e by a mi ni mum of  150 mm 6 i nches of  
gr anul ar  backf i l l  mat er i al .

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

[ Pr ovi de geot ext i l e conf or mi ng t o AASHTO M 288 and meet i ng t he subsur f ace 
dr ai nage r equi r ement s. ]   [ Pr ovi de geot ext i l e meet i ng t he r equi r ement s i n 
Sect i on 31 05 19. 13 GEOTEXTI LES FOR EARTHWORK. ] [ Pr ovi de geot ext i l e t hat  i s  
a [ woven]  [ nonwoven]  per vi ous sheet  of  pol ymer i c mat er i al  consi st i ng of  
l ong- chai n synt het i c pol ymer s composed of  at  l east  95 per cent  by wei ght  
pol ypr opyl ene ( PP)  or  pol yest er  ( PET) .  The use of  woven sl i t  f i l m 
geot ext i l es ( i . e.  geot ext i l es made f r om yar ns of  a f l at ,  t ape- l i ke 
char act er )  wi l l  not  be al l owed.  Add st abi l i zer s and/ or  i nhi bi t or s t o t he 
base pol ymer ,  as needed,  t o make t he f i l ament s r esi st ant  t o det er i or at i on 
by ul t r avi ol et  l i ght ,  oxi dat i on,  and heat  exposur e.   The equi val ent  
openi ng si ze ( AOS)  wi l l  be no f i ner  t han US St andar d Si eve No.  [ _____]  and 
no coar ser  t han US St andar d Si eve No.  [ _____] .   AOS i s def i ned as t he 
number  of  t he US St andar d s i eve havi ng openi ngs cl osest  i n s i ze t o t he 
f i l t er  f abr i c openi ngs.   [ The per cent  open ar ea wi l l  not  be l ess t han 
[ _____]  per cent  and not  mor e t han [ _____]  per cent .   Per cent  open ar ea i s 
def i ned as t he summat i on of  open ar eas di v i ded by t he t ot al  ar ea of  t he 
f i l t er  f abr i c and expr essed as a per cent . ]   The mi ni mum gr ab st r engt h wi l l  
be 160 pounds i n accor dance wi t h ASTM D4632/ D4632M.   Pr ovi de geot ext i l e 
wi t h f i l ament s const r uct ed so as t o r et ai n t hei r  r el at i ve posi t i on wi t h 
r espect  t o each ot her .   [ Sel vage or  ot her wi se f i ni sh t he edges of  t he 
geot ext i l e t o pr event  t he out er  mat er i al  f r om pul l i ng away f r om t he 
f abr i c. ]   [ Pr ovi de geot ext i l e t hat  i s  woven i nt o a wi dt h t hat  may be 
i nst al l ed as shown wi t hout  l ongi t udi nal  seams. ] ]

Submi t  sampl es of  geot ext i l e and cer t i f i cat i ons f r om t he manuf act ur er s 
at t est i ng t hat  geot ext i l e meet s speci f i cat i on r equi r ement s.

2. 3   [ DRAI NAGE LAYER]  [ SUBDRAI N FI LTER AND BEDDI NG]  MATERI AL

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The t hi ckness and gr adat i on of  t he f i l t er  
mat er i al  f or  use wi t h pi pe subdr ai ns and bl i nd or  
f r ench dr ai ns wi l l  be det er mi ned by soi l  condi t i ons 
and subsoi l  dr ai nage r equi r ement s.   Fi l t er  mat er i al  
wi l l  be gr aded i n accor dance wi t h t he r equi r ement s 
of  UFC 3- 250- 01,  as appl i cabl e.   The f i l t er  mat er i al  
pl aced adj acent  t o per f or at ed pi pe wi l l  be of  a s i ze 
t hat  wi l l  pr event  t he ent r ance of  any of  t he f i l t er  
mat er i al  i nt o t he dr ai n.   Gr aded ( composi t e or  
l ayer ed)  f i l t er s wi l l  be used wher e speci f i ed,  and 
cr oss sect i ons wi l l  be as i ndi cat ed on t he 
dr awi ngs.   See UFC 3- 250- 01 f or  di mensi ons of  f i l t er  
and beddi ng mat er i al  ar ound pi pe.   Wher e si t e 
condi t i ons r equi r e mor e t han one f i l t er  gr adat i on,  
t he dr awi ngs wi l l  i ndi cat e ar eas of  di f f er ent  
gr adat i on and t he t abl e expanded.

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

[ Pr ovi de dr ai nage l ayer  mat er i al  meet i ng t he r equi r ement s i n Sect i on 
32 11 23. 23 BASE COURSE DRAI NAGE LAYERS] [ Pr ovi de subdr ai n f i l t er  and 
beddi ng mat er i al  composed of  washed sand,  sand and gr avel ,  cr ushed st one,  
cr ushed st one scr eeni ngs,  or  s l ag composed of  har d,  t ough,  dur abl e 
par t i c l es f r ee f r om adher ent  coat i ngs.   Fi l t er  mat er i al  may not  cont ai n 
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cor r osi ve agent s,  or gani c mat t er ,  or  sof t ,  f r i abl e,  t hi n,  or  el ongat ed 
par t i c l es.   Pr ovi de f i l t er  mat er i al  t hat  i s  evenl y gr aded bet ween t he 
l i mi t s speci f i ed i n TABLE I .   Gr adat i on cur ves wi l l  exhi bi t  no abr upt  
changes i n s l ope denot i ng ski p or  gap gr adi ng.   Pr ovi de f i l t er  mat er i al s 
t hat  ar e c l ean and f r ee f r om soi l  and f or ei gn mat er i al s.   Remove and 
r epl ace f i l t er  bl anket s f ound t o be di r t y or  ot her wi se cont ami nat ed wi t h 
mat er i al  meet i ng t he speci f i c  r equi r ement s,  at  no addi t i onal  cost  t o t he 
Gover nment .

TABLE I

Type I
Gr adat i on E 11
ASTM C33/ C33M

Type I I
Gr adat i on 57
ASTM C33/ C33M

Type I I I
Gr adat i on [ _____]

[ _____]

ASTM C136/ C136M 
Si eve Si ze,  mm

Per cent  Passi ng Per cent  Passi ng Per cent  Passi ng

37. 5 1- 1/ 2 i nch - - 100 [ _____]

25. 0 1 i nch - - 90 -  100 [ _____]

9. 5 3/ 8 i nch 100 25 -  60 [ _____]

4. 75 No.  4 95 -  100 5 -  40 [ _____]

2. 36 No.  8 - - 0 -  20 [ _____]

1. 18 No.  16 45 -  80 - - [ _____]

0. 30 No.  50 10 -  30 - - [ _____]

0. 15 No.  100 0 -  10 - - [ _____]

]

2. 4   DRAI NAGE STRUCTURES

2. 4. 1   Concr et e

Pr ovi de concr et e and r ei nf or ced concr et e conf or mi ng t o t he r equi r ement s f or
 [ 21]  [ _____]  MPa [ 3, 000]  [ _____]  psi  concr et e i n Sect i on 03 30 00 
CAST- I N- PLACE CONCRETE.

2. 4. 2   Mor t ar

Pr ovi de mor t ar  f or  connect i ons t o dr ai nage st r uct ur es t hat  i s composed of  
one par t  by vol ume of  por t l and cement  and t wo par t s of  sand.   Pr ovi de 
suf f i c i ent  quant i t y of  wat er  i n t he mi xt ur e t o pr oduce a st i f f  wor kabl e 
mor t ar .   Use wat er  t hat  i s  c l ean and f r ee of  i nj ur i ous aci ds,  al kal i es,  
and or gani c i mpur i t i es.   Use t he mor t ar  wi t hi n 30 mi nut es f r om t he t i me 
t he i ngr edi ent s ar e mi xed wi t h wat er .

2. 4. 3   Manhol es and Appur t enances

2. 4. 3. 1   Pr ecast  Rei nf or ced Concr et e Manhol e Ri ser s and Tops

 ASTM C478M ASTM C478.
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2. 4. 3. 2   Pr ecast  Concr et e Manhol e Bases

ASTM C478MASTM C478.   Pr ovi de bases t hat  al l ow sui t abl e connect i on wi t h 
i nf l uent  and ef f l uent  l i nes and t o pr ovi de a sui t abl e base st r uct ur e f or  
r i ser  sect i ons.

2. 4. 3. 3   Gl ass Fi ber - Rei nf or ced Pol yest er  ( FRP)

ASTM D3753.

2. 4. 3. 4   Fr ames and Cover s or  Gr at i ngs

Except  as ot her wi se per mi t t ed,  pr ovi de f r ames and gr at i ngs,  or  f r ames and 
cover s of  ei t her  cast  i r on wi t h t ensi l e st r engt h t est  not  l ess t han 
ASTM A48/ A48M Cl ass 25 or  st eel  conf or mi ng t o ASTM A27/ A27M,  Cl ass 65- 35.   
Requi r ed wei ght ,  shape,  and si ze ar e i ndi cat ed on t he dr awi ngs.   Fr ames 
and cover s not  subj ect ed t o vehi cul ar  t r af f i c  or  st or age may be of  
mal l eabl e i r on wher e i ndi cat ed.   Pr ovi de mal l eabl e- i r on f r ames and cover s 
conf or mi ng t o ASTM A47/ A47M and of  t he wei ght ,  shape,  and si ze i ndi cat ed.

2. 4. 3. 5   St eel  Ladder

Pr ovi de a st eel  l adder  wher e t he dept h of  a manhol e exceeds 3. 66 m 12 f eet .   
The l adder  wi l l  be not  l ess t han 400 mm 16 i nches i n wi dt h,  wi t h 19. 1 mm 
3/ 4 i nch di amet er  r ungs spaced 304. 8 mm 12 i nches apar t .   Pr ovi de t wo 
st r i nger s t hat  ar e a mi ni mum 9. 5 mm 3/ 8 i nch t hi ck and 50. 8 mm 2 i nches 
wi de.   Adequat el y anchor  l adder  t o t he wal l  by means of  st eel  i nser t s 
spaced not  mor e t han 1. 83 m 6 f eet  apar t  ver t i cal l y,  and i nst al l  so as t o 
pr ovi de at  l east  152. 4 mm 6 i nches of  space bet ween t he wal l  and t he 
r ungs.   Gal vani ze l adder s and i nser t s af t er  f abr i cat i on i n conf or mance 
wi t h ASTM A123/ A123M.

2. 5   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

2. 5. 1   Geot ext i l e JP- 8 Fuel  Resi st ance Test

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Del et e t hi s par agr aph when geot ext i l e wi l l  
not  be exposed t o JP- 8 f uel .

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

I mmer se f i ve unaged geot ext i l e sampl es,  97 t o 107 mm by 147 t o 157 mm 4 
( pl us or  mi nus 0. 2)  by 6 ( pl us or  mi nus 0. 2)  i nches i n JP- 8 f uel  at  r oom 
t emper at ur e f or  a per i od of  7 days.   Test  each sampl e f or  t ensi l e st r engt h 
and el ongat i on i n accor dance wi t h ASTM D4632/ D4632M.   Pr ovi de geot ext i l e 
wi t h a st r engt h i n any di r ect i on of  not  l ess t han 85 per cent  of  t he 
st r engt h speci f i ed i n par agr aph GEOTEXTI LE.

PART 3   EXECUTI ON

3. 1   EXCAVATI ON AND BEDDI NG FOR SUBDRAI N SYSTEMS

Excavat e t r enches,  i ncl udi ng t he r emoval  of  r ock and unst abl e mat er i al ,  i n 
accor dance wi t h Sect i on 31 00 00 EARTHWORK.   Pl ace beddi ng  mat er i al  i n 
t he t r ench as i ndi cat ed or  as r equi r ed as r epl acement  mat er i al s used i n 
t hose ar eas wher e unst abl e mat er i al s wer e r emoved.  Compact  beddi ng 
mat er i al  as speci f i ed f or  cohesi onl ess mat er i al  i n Sect i on 31 00 00 
EARTHWORK.
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3. 2   MANHOLES AND FLUSHI NG AND OBSERVATI ON RI SERS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The det ai l s i ndi cat i ng s i ze,  shape,  
mat er i al s,  t hi ckness of  var i ous sect i ons,  t he f i ni sh 
r equi r ed,  and amount s or  r ei nf or ci ng,  i f  any,  f or  
headwal l s,  and manhol es wi l l  be shown i n t he 
dr awi ngs.   Al so,  t he shape,  s i ze,  t hi ckness of  
sect i ons,  k i nd of  mat er i al s,  and wei ght  f or  f r ames 
and cover s f or  subdr ai n manhol es wi l l  be i ndi cat ed 
i n t he dr awi ngs.   The cover s wi l l  be desi gned t o 
have ampl e st r engt h f or  t he t r af f i c  condi t i ons t o 
whi ch t hey may be subj ect ed.  Fi xed l adder s or  l adder  
r ungs wi l l  be pr ovi ded f or  manhol es 3. 6 m 12 f eet  or  
deeper  measur ed f r om t op of  gr at e t o i nver t  of  
out l et  pi pe.

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

3. 2. 1   Manhol es

I nst al l  manhol es compl et e wi t h f r ames and cover s or  gr at i ngs at  t he 
l ocat i ons and wi t hi n t he l i mi t s and si zes i ndi cat ed.   Const r uct  manhol es 
of  one of  t he mat er i al s speci f i ed f or  manhol es i n par agr aph DRAI NAGE 
STRUCTURES.   [ Compl et el y f i l l  pr ecast  concr et e manhol e j oi nt s so t hat  t hey 
ar e smoot h and f r ee of  sur pl us mor t ar  or  mast i c on t he i nsi de of  t he 
st r uct ur e. ]   Use ei t her  pr ecast  or  cast - i n- pl ace concr et e manhol e bases.

3. 2. 2   Fl ushi ng and Obser vat i on Ri ser s

I nst al l  f l ushi ng and obser vat i on r i ser  pi pes wi t h f r ames and cover s at  t he 
l ocat i ons i ndi cat ed.   Const r uct  r i ser s of  non- per f or at ed [ pl ast i c]  [ or ]  
[ gal vani zed]  [ bi t umi nous coat ed]  [ cor r ugat ed met al ]  pi pe.   Joi n r i ser  
pi pes t o t he subdr ai n syst em as i ndi cat ed.

3. 3   I NSTALLATI ON OF GEOTEXTI LE AND PI PE FOR SUBDRAI NS

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   Out l et s f or  subdr ai ns,  i f  possi bl e,  wi t hi n 
r easonabl e cost s,  wi l l  be desi gned so t hat  sever e 
r ai nst or ms wi l l  nei t her  submer ge t he dr ai ns nor  back 
up wat er  i nt o t he dr ai ns.   Wher e out l et s ar e not  
subj ect  t o backwat er  or  f l oodi ng,  t he out l et s wi l l  
be pr ovi ded wi t h gr at es or  heavy scr eens t o pr event  
act s of  vandal i sm or  ent r ance by r odent s.   I f  
sui t abl e out l et s f or  bl i nd or  f r ench dr ai ns i nt o 
per vi ous st r at a of  gr avel  or  sand wi t h a l ower  wat er  
t abl e ar e not  obt ai nabl e,  pi pe out l et s may be 
r equi r ed.   The per f or at ed pi pe wi l l  ext end i nt o t he 
f i l t er  mat er i al  of  t he bl i nd or  f r ench dr ai n a 
suf f i c i ent  di st ance t o pr ovi de ampl e wat er way 
openi ngs f or  t he par t i cul ar  dr ai n and non- per f or at ed 
pi pe wi l l  ext end t hr ough t he i mper vi ous mat er i al  t o 
a sui t abl e out l et .   Out l et s subj ect  t o f l oodi ng wi l l  
be pr ovi ded wi t h sui t abl e and pr oper l y i nst al l ed 
check val ves or  f l ap gat es.   I f  out l et  pi pes ar e 
necessar y f or  bl i nd or  f r ench dr ai ns,  and ar e t o be 
pai d f or  as a separ at e i t em,  such r equi r ement  wi l l  
be c l ear l y speci f i ed,  gi v i ng t he var i ous k i nds and 
si zes of  pi pe r equi r ed.
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* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *

3. 3. 1   I nst al l at i on of  Geot ext i l e

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   When geot ext i l e i s not  used i n t he dr ai nage 
syst em,  t he r equi r ement  f or  geot ext i l e wi l l  be 
del et ed f r om t hi s speci f i cat i on.

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

3. 3. 1. 1   Tr ench Li ni ng and Over l aps

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
NOTE:   The st r engt h pr oper t i es of  most  geot ext i l es 
composed of  pl ast i c mat er i al s ar e adver sel y af f ect ed 
by ul t r avi ol et  r ays.   Consequent l y,  t he geot ext i l e 
shoul d be exposed t o sunl i ght  as l i t t l e as possi bl e,  
and pr ef er abl y shoul d be cover ed t he same day as 
i nst al l ed.   When geot ext i l e i s used t o separ at e t he 
dr ai nage l ayer  or  f i l t er  mat er i al  f r om t he soi l  
bei ng dr ai ned,  t he gr adat i on r at i os of  f i l t er  
mat er i al  t o pr ot ect ed soi l  gi ven i n UFC 3- 230- 06A,  
do not  appl y;  however ,  s i ze t he geot ext i l e t o f i l t er  
t he pr ot ect ed soi l .

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

Gr ade t r enches t o be l i ned wi t h geot ext i l e t o obt ai n smoot h s i de and 
bot t om sur f aces so t hat  t he geot ext i l e wi l l  not  br i dge cavi t i es i n t he 
soi l  or  be damaged by pr oj ect i ng r ock.   Lay t he geot ext i l e f l at  but  not  
st r et ched on t he soi l ,  and secur e i t  wi t h anchor  pi ns i n accor dance wi t h 
manuf act ur er ' s i nst r uct i ons.   Over l ap at  l east  150 t o 300 mm 6 t o 12 i nches,  
and secur e wi t h anchor  pi ns al ong t he over l aps.

3. 3. 2   I nst al l at i on of  Pi pe f or  Subdr ai ns

3. 3. 2. 1   Pi pel ayi ng

I nst al l  pi pe i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.   
Thor oughl y exami ne each sect i on of  pi pe bef or e bei ng l ai d;  do not  use 
def ect i ve or  damaged pi pe.   Do not  l ay pi pe when t he t r ench condi t i ons or  
weat her  i s unsui t abl e f or  such wor k.   Remove wat er  f r om t r enches by sump 
pumpi ng or  ot her  appr oved met hods.   Lay t he pi pe t o t he gr ades and 
al i gnment  as i ndi cat ed.   Bed t he pi pe t o t he est abl i shed gr adel i ne.   
Cent er  per f or at i ons on t he bot t om of  t he pi pe.   Lay bel l - and- spi got  t ype 
wi t h t he bel l  ends upst r eam.  Appr oval  of  al l  i n- pl ace pi pes by t he 
Cont r act i ng Of f i cer  i s r equi r ed pr i or  t o backf i l l i ng.

3. 3. 2. 2   Joi nt i ngs

3. 3. 2. 2. 1   Per f or at ed Cor r ugat ed Met al  Pi pe or  Bi t umi nous Coat ed,  
Per f or at ed Cor r ugat ed Met al  Pi pe

Secur el y f ast en t oget her  t he sect i ons of  per f or at ed cor r ugat ed met al  pi pe 
or  bi t umi nous coat ed,  per f or at ed cor r ugat ed met al  pi pe st andar d connect i ng 
bands f ur ni shed by t he manuf act ur er  of  t he pi pe.

3. 3. 2. 2. 2   Bi t umi nous Coat ed or  Uncoat ed Cor r ugat ed Al umi num Pi pe

I f  al umi num pi pe i s t o be connect ed t o di ssi mi l ar  met al ,  i nsul at e t he 
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connect i on by bi t umi nous coat i ng or  ot her  nonconduct i ve mat er i al .   
Secur el y f ast en st andar d j oi nt s bet ween cor r ugat ed al umi num pi pe wi t h 
st andar d connect i ng bands f ur ni shed by t he manuf act ur er  of  t he pi pe.

3. 4   I NSTALLATI ON OF [ DRAI NAGE LAYER] [ FI LTER]  MATERI AL AND BACKFI LLI NG FOR 
PERFORATED SUBDRAI NS

Af t er  per f or at ed pi pe f or  subdr ai ns has been l ai d,  i nspect ed,  and 
appr oved,  pl ace [ dr ai nage l ayer ]  [ f i l t er ]  mat er i al  ar ound and over  t he 
pi pe t o t he dept h i ndi cat ed.   Pl ace t he [ dr ai nage l ayer ]  [ f i l t er ]  mat er i al  
i n l ayer s not  t o exceed 200 mm 8 i nches t hi ck.   [ Sat ur at e by f l oodi ng. ]  
[ Thor oughl y compact  each l ayer  usi ng mechani cal  t amper s or  r ammer s. ]

3. 5   I NSTALLATI ON OF BEDDI NG AND BACKFI LL FOR NON- PERFORATED SUBRAI N 
OUTFALL PI PE

3. 5. 1   Pl ast i c Pi pe

Pl ace and compact  pi pe embedment  f or  pl ast i c pi pe i n accor dance wi t h 
ASTM D2321.   Use Cl ass I B or  I I  embedment  mat er i al s.

3. 5. 2   Cor r ugat ed Met al  Pi pe

Pl ace and compact  beddi ng ans st r uct ur al  backf i l l  f or  cor r ugat ed met al  
pi pe i n accor dance wi t h ASTM A798/ A798M.   Use st r uct ur al  backf i l l  
mat er i al s c l assi f i ed by ASTM D2487 as ei t her  GW,  GM,  GP- GM,  GW- GM,  GC,  
GP- GC or  SW.

3. 6   I NSTALLATI ON OF AND BACKFI LLI NG FOR BLI ND OR FRENCH DRAI NS

Pl ace f i l t er  mat er i al  as i ndi cat ed and compact  as speci f i ed f or  
cohesi onl ess mat er i al s i n Sect i on 31 00 00 EARTHWORK.   Ext end f i l t er  
mat er i al  t o a sui t abl e out l et  or  t o an out l et  t hr ough a pi pel i ne as 
i ndi cat ed.   Pl ace and compact  over l y i ng backf i l l  mat er i al  as speci f i ed i n 
Sect i on 31 00 00 EARTHWORK.

        - -  End of  Sect i on - -
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