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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  st or m dr ai nage pi pi ng syst ems usi ng 
concr et e,  c l ay,  st eel ,  duct i l e i r on,  al umi num,  
pol yvi nyl  chl or i de ( PVC) ,  pol yet hyl ene ( PE) ,   
pol ypr opyl ene ( PP)  pi pe and st eel  r ei nf or ced 
pol yet hyl ene ( SRPE)  pi pe.

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:   On t he pr oj ect  dr awi ng,  show:

1.   Pl an and l ocat i on of  al l  new pi pel i nes,  
i ncl udi ng t ype of  ser vi ce and si ze of  pi pe.

2.   Locat i on,  s i ze,  and t ype of  ser vi ce of  exi st i ng 
connect i ng,  i nt er sect i ng,  or  adj acent  pi pel i nes and 
ot her  ut i l i t i es.

3.   Paved ar eas and r ai l r oads whi ch pass over  new 
pipelines.
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4.   Pr of i l e,  wher e necessar y t o show unusual  
conditions.

5.   I nver t  el evat i ons at  begi nni ng and end of  
pi pel i nes and at  manhol es or  s i mi l ar  st r uct ur es.

6.   Cl ass or  st r engt h of  pi pe and l i mi t s f or  same 
wher e c l ass or  st r engt h wi l l  be di f f er ent  f or  
di f f er ent  sect i ons of  pi pel i ne.   Pr ovi de shape 
r equi r ement s i f  di f f er ent  shapes avai l abl e.

7.   Desi gn det ai l s  f or  per t i nent  manhol es,  cat ch 
basi ns,  cur b i nl et s,  and head wal l s.

8.   St or e dr ai nage l i nes and cul ver t s r equi r ed t o be 
watertight.

9.   Beddi ng condi t i ons,  wher e di f f er ent  f r om t hose 
speci f i ed and l ocat i on of  cr adl e( s) ,  when cr adl e i s 
r equi r ed i f  not  cover ed under  t he appr opr i at e 
specifications.

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

1. 1   UNI T PRI CES

**************************************************************************
NOTE:   Del et e t hi s par agr aph when t he wor k speci f i ed 
i s i ncl uded i n a l ump sum cont r act  pr i ce.

Separ at e bi d may be r equi r ed f or  each i t em f or  t he 
const r uct i on of  t he var i ous s i zes of  pi pe cul ver t s 
and st or m dr ai ns and i ndi v i dual  mi scel l aneous 
dr ai nage st r uct ur es,  i ncl udi ng al l  excavat i on,  
mat er i al s,  backf i l l i ng,  et c. ,  f or  t he compl et ed wor k.

I f  separ at e bi d i t ems ar e used f or  t he excavat i on,  
t hi s f act  shoul d be c l ear l y st at ed i n t he 
speci f i cat i ons and bi d f or m,  i ndi cat i ng t hat  payment  
i s  t o be made separ at el y f or  ear t h excavat i on,  r ock 
excavat i on,  bor r ow excavat i on,  or  ot her  i t ems t hat  
ot her wi se mi ght  be const r ued as t he basi s f or  a 
c l ai m by t he Cont r act or .   Uni t  pr i ces f or  r ock 
excavat i on shoul d be i ndependent  of ,  and not  i n 
addi t i on t o,  t he uni t  bi d pr i ce f or  common 
excavat i on,  unl ess so speci f i ed and so st at ed i n t he 
bi d f or m.

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

1. 1. 1   Pi pe Cul ver t s and St or m Dr ai ns

The l engt h of  pi pe i nst al l ed wi l l  be measur ed al ong t he cent er l i nes of  t he 
pi pe f r om end t o end of  pi pe wi t hout  deduct i ons f or  di amet er  of  manhol es.   
Pi pe wi l l  be pai d f or  at  t he cont r act  uni t  pr i ce f or  t he number  of  l i near  
met er s f eet  of  cul ver t s or  st or m dr ai ns pl aced i n t he accept ed wor k.

1. 1. 2   St or m Dr ai nage St r uct ur es

**************************************************************************
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NOTE:   Fi l l  br acket s wi t h dept h r equi r ement s.
**************************************************************************

The quant i t y of  manhol es and i nl et s wi l l  be measur ed as t he t ot al  number  of  
manhol es and i nl et s of  t he var i ous t ypes of  const r uct i on,  compl et e wi t h 
f r ames and gr at i ngs or  cover s and,  wher e i ndi cat ed,  wi t h f i xed s i de- r ai l  
l adder s,  const r uct ed t o t he dept h of  [ _____]  met er s f eet  i n t he accept ed 
wor k.   The dept h of  manhol es and i nl et s wi l l  be measur ed f r om t he t op of  
gr at i ng or  cover  t o i nver t  of  out l et  pi pe.   Manhol es and i nl et s const r uct ed 
t o dept hs gr eat er  t han t he dept h speci f i ed above wi l l  be pai d f or  as uni t s 
at  t he cont r act  uni t  pr i ce f or  manhol es and i nl et s,  pl us an addi t i onal  
amount  per  l i near  met er  f oot  f or  t he measur ed dept h beyond a dept h of  
[ _____]  met er s f eet .

1. 1. 3   Wal l s and Headwal l s

Wal l s and headwal l s wi l l  be measur ed by t he number  of  cubi c met er s yar ds of  
r ei nf or ced concr et e,  pl ai n concr et e,  or  masonr y used i n t he const r uct i on of  
t he wal l s and headwal l s.   Wal l  and headwal l s wi l l  be pai d f or  at  t he 
cont r act  uni t  pr i ce f or  t he number  of  wal l s and headwal l s const r uct ed i n 
t he compl et ed wor k.

1. 1. 4   Fl ar ed End Sect i ons

Fl ar ed end sect i ons wi l l  be measur ed by t he uni t .   Fl ar ed end sect i ons wi l l  
be pai d f or  at  t he cont r act  uni t  pr i ce f or  t he var i ous s i zes i n t he 
accept ed wor k.

1. 1. 5   Sheet i ng and Br aci ng

Payment  wi l l  be made f or  t hat  sheet i ng and br aci ng or der ed t o be l ef t  i n 
pl ace,  based on t he number  of  squar e met er s f eet  of  sheet i ng and br aci ng 
r emai ni ng bel ow t he sur f ace of  t he gr ound.

1. 1. 6   Rock Excavat i on

**************************************************************************
NOTE:   Ref er ence shoul d be made t o ot her  sect i ons of  
t he pr oj ect  speci f i cat i ons,  as appl i cabl e,  or  
per t i nent  r equi r ement s may be i nc l uded i n t hi s 
section.

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

Payment  wi l l  be made f or  t he number  of  cubi c met er s yar ds of  mat er i al  
accept abl y excavat ed,  as speci f i ed and def i ned as r ock excavat i on i n 
Sect i on 31 00 00 EARTHWORK,  measur ed i n t he or i gi nal  posi t i on,  and comput ed 
by al l owi ng act ual  wi dt h of  r ock excavat i on wi t h t he f ol l owi ng 
l i mi t at i ons:   maxi mum r ock excavat i on wi dt h,  750 mm 30 i nches f or  pi pe of  
300 mm 12 i nch or  l ess nomi nal  di amet er ;  maxi mum r ock excavat i on wi dt h,  400 
mm 16 i nches gr eat er  t han out s i de di amet er  of  pi pe of  mor e t han 300 mm 12 
i nch nomi nal  di amet er .   Measur ement  wi l l  i nc l ude aut hor i zed over dept h 
excavat i on.   Payment  wi l l  al so i ncl ude al l  necessar y dr i l l i ng and bl ast i ng,  
and al l  i nci dent al s necessar y f or  sat i sf act or y excavat i on and di sposal  of  
aut hor i zed r ock excavat i on.   No separ at e payment  wi l l  be made f or  backf i l l  
mat er i al  r equi r ed t o r epl ace r ock excavat i on;  t hi s  cost  shal l  be i ncl uded 
i n t he Cont r act or ' s uni t  pr i ce bi d per  cubi c met er  yar d f or  r ock 
excavat i on.   I n r ock excavat i on f or  manhol es and ot her  appur t enances,  300 mm
 1 f oot  wi l l  be al l owed out s i de t he wal l  l i nes of  t he st r uct ur es.
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1. 1. 7   Backf i l l  Repl aci ng Unst abl e Mat er i al

Payment  wi l l  be made f or  t he number  of  cubi c met er s yar ds of  sel ect  
gr anul ar  mat er i al  r equi r ed t o r epl ace unst abl e mat er i al  f or  f oundat i ons 
under  pi pes or  dr ai nage st r uct ur es,  whi ch wi l l  const i t ut e f ul l  compensat i on 
f or  t hi s backf i l l  mat er i al ,  i ncl udi ng r emoval  and di sposal  of  unst abl e 
mat er i al  and al l  excavat i ng,  haul i ng,  pl aci ng,  compact i ng,  and al l  
i nci dent al s necessar y t o compl et e t he const r uct i on of  t he f oundat i on 
satisfactorily.

1. 1. 8   Pi pe Pl aced by Jacki ng

Payment  wi l l  be made f or  t he number  of  l i near  met er s f eet  of  j acked pi pe 
accept ed i n t he compl et ed wor k measur ed al ong t he cent er l i ne of  t he pi pe i n 
place.

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 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 HB- 17 ( 2002;  Er r at a 2003;  Er r at a 2005,  17t h 
Edi t i on)  St andar d Speci f i cat i ons f or  
Hi ghway Br i dges

AASHTO M 167M/ M 167 ( 2017)  St andar d Speci f i cat i on f or  
Cor r ugat ed St eel  St r uct ur al  Pl at e,  
Zi nc- Coat ed,  f or  Fi el d- Bol t ed Pi pe,  
Pi pe- Ar ches,  and Ar ches

AASHTO M 190 ( 2004;  R 2017)  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
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AASHTO M 219 ( 1992;  R 2017)  St andar d Speci f i cat i on f or  
Cor r ugat ed Al umi num Al l oy St r uct ur al  Pl at e 
f or  Fi el d- Bol t ed Pi pe,  Pi pe- Ar ches,  and 
Arches

AASHTO M 243 ( 1996;  R 2017)  St andar d Speci f i cat i on f or  
Fi el d- Appl i ed Coat i ng of  Cor r ugat ed Met al  
St r uct ur al  Pl at e f or  Pi pe,  Pi pe- Ar ches,  
and Ar ches

AASHTO M 294 ( 2017)  St andar d Speci f i cat i on f or  
Cor r ugat ed Pol yet hyl ene Pi pe,  300-  t o 
1500- mm ( 12-  t o 60- i n. )  Di amet er

AASHTO MP 20 ( 2013;  R 2017)  St andar d Speci f i cat i on f or  
St eel - Rei nf or ced Pol yet hyl ene ( PE)  Ri bbed 
Pi pe,  300-  t o 1500- mm ( 12-  t o 60- i n)  
Diameter

AMERI CAN CONCRETE I NSTI TUTE I NTERNATI ONAL ( ACI )

ACI  346 ( 2009)  Speci f i cat i on f or  Cast - i n- Pl ace 
Concr et e Pi pe

AMERI CAN RAI LWAY ENGI NEERI NG AND MAI NTENANCE- OF- WAY ASSOCI ATI ON 
(AREMA)

AREMA Eng Man ( 2017)  Manual  f or  Rai l way Engi neer i ng

ASTM I NTERNATI ONAL ( ASTM)

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

ASTM A48/ A48M ( 2003;  R 2012)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

ASTM A536 ( 1984;  R 2014)  St andar d Speci f i cat i on f or  
Duct i l e I r on Cast i ngs

ASTM A716 ( 2008;  R 2014)  St andar d Speci f i cat i on f or  
Duct i l e I r on Cul ver t  Pi pe

ASTM A742/ A742M ( 2013)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Met al l i c  Coat ed and Pol ymer  
Pr ecoat ed f or  Cor r ugat ed St eel  Pi pe

ASTM A760/ A760M ( 2015)  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 ( 20015)  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 ( 2017)  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
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ASTM A807/ A807M ( 2017)  St andar d Pr act i ce f or  I nst al l i ng 
Cor r ugat ed St eel  St r uct ur al  Pl at e Pi pe f or  
Sewer s and Ot her  Appl i cat i ons

ASTM A849 ( 2015)  St andar d Speci f i cat i on f or  
Post - Appl i ed Coat i ngs,  Pavi ngs,  and 
Li ni ngs f or  Cor r ugat ed St eel  Sewer  and 
Dr ai nage Pi pe

ASTM A929/ A929M ( 2018)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Met al l i c- Coat ed by t he Hot - Di p 
Pr ocess f or  Cor r ugat ed St eel  Pi pe

ASTM B26/ B26M ( 2014;  E 2015)  St andar d Speci f i cat i on f or  
Al umi num- Al l oy Sand Cast i ngs

ASTM B745/ B745M ( 2015)  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 
Drains

ASTM C1103 ( 2014)  St andar d Pr act i ce f or  Joi nt  
Accept ance Test i ng of  I nst al l ed Pr ecast  
Concr et e Pi pe Sewer  Li nes

ASTM C1103M ( 2014)  St andar d Pr act i ce f or  Joi nt  
Accept ance Test i ng of  I nst al l ed Pr ecast  
Concr et e Pi pe Sewer  Li nes ( Met r i c)

ASTM C12 ( 2017)  St andar d Pr act i ce f or  I nst al l i ng 
Vi t r i f i ed Cl ay Pi pe Li nes

ASTM C139 ( 2017)  St andar d Speci f i cat i on f or  Concr et e 
Masonr y Uni t s f or  Const r uct i on of  Cat ch 
Basi ns and Manhol es

ASTM C14 ( 2015)  St andar d Speci f i cat i on f or  Concr et e 
Sewer ,  St or m Dr ai n,  and Cul ver t  Pi pe

ASTM C1433 ( 2016b)  St andar d Speci f i cat i on f or  Pr ecast  
Rei nf or ced Concr et e Monol i t hi c Box 
Sect i ons f or  Cul ver t s,  St or m Dr ai ns,  and 
Sewers

ASTM C1433M ( 2018)  St andar d Speci f i cat i on f or  Pr ecast  
Rei nf or ced Concr et e Monol i t hi c Box 
Sect i ons f or  Cul ver t s,  St or m Dr ai ns,  and 
Sewer s ( Met r i c)

ASTM C14M ( 2014)  St andar d Speci f i cat i on f or  Concr et e 
Sewer ,  St or m Dr ai n,  and Cul ver t  Pi pe 
(Metric)

ASTM C231/ C231M ( 2017a)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
Pr essur e Met hod

ASTM C270 ( 2014a)  St andar d Speci f i cat i on f or  Mor t ar  
f or  Uni t  Masonr y

SECTI ON 33 40 00  Page 10



ASTM C32 ( 2013;  R 2017)  St andar d Speci f i cat i on f or  
Sewer  and Manhol e Br i ck ( Made f r om Cl ay or  
Shale)

ASTM C425 ( 2004;  R 2013)  St andar d Speci f i cat i on f or  
Compr essi on Joi nt s f or  Vi t r i f i ed Cl ay Pi pe 
and Fi t t i ngs

ASTM C443 ( 2012;  R 2017)  St andar d Speci f i cat i on f or  
Joi nt s f or  Concr et e Pi pe and Manhol es,  
Usi ng Rubber  Gasket s

ASTM C443M ( 2012;  R 2017)  St andar d Speci f i cat i on f or  
Joi nt s f or  Concr et e Pi pe and Manhol es,  
Usi ng Rubber  Gasket s ( Met r i c)

ASTM C444 ( 2017)  St andar d Speci f i cat i on f or  
Per f or at ed Concr et e Pi pe

ASTM C444M ( 2017)  St andar d Speci f i cat i on f or  
Per f or at ed Concr et e Pi pe ( Met r i c)

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 
Sections

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 
(Metric)

ASTM C506 ( 2016a)  St andar d Speci f i cat i on f or  
Rei nf or ced Concr et e Ar ch Cul ver t ,  St or m 
Dr ai n,  and Sewer  Pi pe

ASTM C506M ( 2016a)  St andar d Speci f i cat i on f or  
Rei nf or ced Concr et e Ar ch Cul ver t ,  St or m 
Dr ai n,  and Sewer  Pi pe ( Met r i c)

ASTM C507 ( 2018)  St andar d Speci f i cat i on f or  
Rei nf or ced Concr et e El l i pt i cal  Cul ver t ,  
St or m Dr ai n,  and Sewer  Pi pe

ASTM C507M ( 2016)  St andar d Speci f i cat i on f or  
Rei nf or ced Concr et e El l i pt i cal  Cul ver t ,  
St or m Dr ai n,  and Sewer  Pi pe ( Met r i c)

ASTM C55 ( 2017)  St andar d Speci f i cat i on f or  Concr et e 
Bui l di ng Br i ck

ASTM C62 ( 2017)  St andar d Speci f i cat i on f or  Bui l di ng 
Br i ck ( Sol i d Masonr y Uni t s Made f r om Cl ay 
or  Shal e)

ASTM C655 ( 2014)  Rei nf or ced Concr et e D- Load Cul ver t ,  
St or m Dr ai n,  and Sewer  Pi pe

ASTM C700 ( 2013)  St andar d Speci f i cat i on f or  
Vi t r i f i ed Cl ay Pi pe,  Ext r a St r engt h,  
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St andar d St r engt h,  and Per f or at ed

ASTM C76 ( 2018)  St andar d Speci f i cat i on f or  
Rei nf or ced Concr et e Cul ver t ,  St or m Dr ai n,  
and Sewer  Pi pe

ASTM C76M ( 2018)  St andar d Speci f i cat i on f or  
Rei nf or ced Concr et e Cul ver t ,  St or m Dr ai n,  
and Sewer  Pi pe ( Met r i c)

ASTM C828 ( 2011)  Low- Pr essur e Ai r  Test  of  Vi t r i f i ed 
Cl ay Pi pe Li nes

ASTM C877 ( 2008)  Ext er nal  Seal i ng Bands f or  Concr et e 
Pi pe,  Manhol es,  and Pr ecast  Box Sect i ons

ASTM C877M ( 2002;  R 2009)  Ext er nal  Seal i ng Bands f or  
Concr et e Pi pe,  Manhol es,  and Pr ecast  Box 
Sect i ons ( Met r i c)

ASTM C923 ( 2008;  R 2013;  E 2016)  St andar d 
Speci f i cat i on f or  Resi l i ent  Connect or s 
Bet ween Rei nf or ced Concr et e Manhol e 
St r uct ur es,  Pi pes and Lat er al s

ASTM C923M ( 2008b;  R 2013)  St andar d Speci f i cat i on f or  
Resi l i ent  Connect or s Bet ween Rei nf or ced 
Concr et e Manhol e St r uct ur es,  Pi pes and 
Lat er al s ( Met r i c)

ASTM C969 ( 2017)  St andar d Pr act i ce f or  I nf i l t r at i on 
and Exf i l t r at i on Accept ance Test i ng of  
I nst al l ed Pr ecast  Concr et e Pi pe Sewer  Li nes

ASTM C969M ( 2017)  St andar d Pr act i ce f or  I nf i l t r at i on 
and Exf i l t r at i on Accept ance Test i ng of  
I nst al l ed Pr ecast  Concr et e Pi pe Sewer  
Li nes ( Met r i c)

ASTM C990 ( 2009;  R 2014)  St andar d Speci f i cat i on f or  
Joi nt s f or  Concr et e Pi pe,  Manhol es and 
Pr ecast  Box Sect i ons Usi ng Pr ef or med 
Fl exi bl e Joi nt  Seal ant s

ASTM D1056 ( 2014)  St andar d Speci f i cat i on f or  Fl exi bl e 
Cel l ul ar  Mat er i al s -  Sponge or  Expanded 
Rubber

ASTM D1171 ( 2016;  E 2016)  St andar d Test  Met hod f or  
Rubber  Det er i or at i on -  Sur f ace Ozone 
Cr acki ng Out door s ( Tr i angul ar  Speci mens)

ASTM D1557 ( 2012;  E 2015)  St andar d Test  Met hods f or  
Labor at or y Compact i on Char act er i s t i cs of  
Soi l  Usi ng Modi f i ed Ef f or t  ( 56, 000 
f t - l bf / f t 3)  ( 2700 kN- m/ m3)

ASTM D1751 ( 2004;  E 2013;  R 2013)  St andar d 
Speci f i cat i on f or  Pr ef or med Expansi on 
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Joi nt  Fi l l er  f or  Concr et e Pavi ng and 
St r uct ur al  Const r uct i on ( Nonext r udi ng and 
Resi l i ent  Bi t umi nous Types)

ASTM D1752 ( 2004a;  R 2013)  St andar d Speci f i cat i on f or  
Pr ef or med Sponge Rubber  Cor k and Recycl ed 
PVC Expansi on

ASTM D1784 ( 2011)  St andar d Speci f i cat i on f or  Ri gi d 
Pol y( Vi nyl  Chl or i de)  ( PVC)  Compounds and 
Chl or i nat ed Pol y( Vi nyl  Chl or i de)  ( CPVC)  
Compounds

ASTM D2167 ( 2015)  Densi t y and Uni t  Wei ght  of  Soi l  i n 
Pl ace by t he Rubber  Bal l oon Met hod

ASTM D2321 ( 2018)  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 D2729 ( 2017)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Sewer  Pi pe and 
Fittings

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 
Fittings

ASTM D3212 ( 2007;  R 2013)  St andar d Speci f i cat i on f or  
Joi nt s f or  Dr ai n and Sewer  Pl ast i c Pi pes 
Usi ng Fl exi bl e El ast omer i c Seal s

ASTM D3350 ( 2012)  Pol yet hyl ene Pl ast i cs Pi pe and 
Fi t t i ngs Mat er i al s

ASTM D6938 ( 2017a)  St andar d Test  Met hod f or  I n- Pl ace 
Densi t y and Wat er  Cont ent  of  Soi l  and 
Soi l - Aggr egat e by Nucl ear  Met hods ( Shal l ow 
Depth)

ASTM F1417 ( 2011a)  St andar d Test  Met hod f or  
I nst al l at i on Accept ance of  Pl ast i c Gr avi t y 
Sewer  Li nes Usi ng Low Pr essur e Ai r

ASTM F2562/ F2562M ( 2015)  Speci f i cat i on f or  St eel  Rei nf or ced 
Ther mopl ast i c Ri bbed Pi pe and Fi t t i ngs f or  
Non- Pr essur e Dr ai nage and Sewer age

ASTM F2736 ( 2013;  E 2014)  St andar d Speci f i cat i on f or  
6 t o 30 i n.  ( 152 To 762 mm)  Pol ypr opyl ene 
( PP)  Cor r ugat ed Si ngl e Wal l  Pi pe And 
Doubl e Wal l  Pi pe

ASTM F2764/ F2764M ( 2017;  E 2017)  St andar d Speci f i cat i on f or  
6 t o 60 i n.  [ 150 t o 1500 mm]  Pol ypr opyl ene 
( PP)  Cor r ugat ed Doubl e and Tr i pl e Wal l  
Pi pe and Fi t t i ngs f or  Non- Pr essur e 
Sani t ar y Sewer  Appl i cat i ons
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ASTM F2881 ( 2011)  St andar d Speci f i cat i on f or  12 t o 60 
i n.  ( 300 t o 1500 mm)  Pol ypr opyl ene ( PP)  
Dual  Wal l  Pi pe and Fi t t i ngs f or  
Non- Pr essur e St or m Sewer  Appl i cat i ons

ASTM F477 ( 2014)  St andar d Speci f i cat i on f or  
El ast omer i c Seal s ( Gasket s)  f or  Joi ni ng 
Pl ast i c Pi pe

ASTM F679 ( 2016)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Lar ge- Di amet er  
Pl ast i c Gr avi t y Sewer  Pi pe and Fi t t i ngs

ASTM F714 ( 2013)  Pol yet hyl ene ( PE)  Pl ast i c Pi pe 
( SDR- PR)  Based on Out si de Di amet er

ASTM F794 ( 2003;  R 2014)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pr of i l e Gr avi t y 
Sewer  Pi pe and Fi t t i ngs Based on 
Cont r ol l ed I nsi de Di amet er

ASTM F894 ( 2013)  Pol yet hyl ene ( PE)  Lar ge Di amet er  
Pr of i l e Wal l  Sewer  and Dr ai n Pi pe

ASTM F949 ( 2015)  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   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.

The " S"  f ol l owi ng a submi t t al  i t em i ndi cat es t hat  

SECTI ON 33 40 00  Page 14



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

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

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

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  [ Cont r act or  Qual i t y  Cont r ol  
appr oval . ]  [ i nf or mat i on onl y.   When used,  a desi gnat i on f ol l owi ng t he " G"  
desi gnat i on i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he 
Gover nment . ]   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY 
REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 04 Sampl es

Pi pe f or  Cul ver t s and St or m Dr ai ns

SD- 07 Cer t i f i cat es

Resi n Cer t i f i cat i on

Oi l  Resi st ant  Gasket

Leakage Test

Hydr ost at i c Test  on Wat er t i ght  Joi nt s

Det er mi nat i on of  Densi t y

Fr ame and Cover  f or  Gr at i ngs

Post - I nst al l at i on I nspect i on Repor t

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

Pl aci ng Pi pe

**************************************************************************
NOTE:   For  Navy,  i ncl ude a cer t i f i cat e submi t t al  f or  
t he Low I mpact  Devel opment  ( LI D)  Ver i f i cat i on Repor t  
t o compl y wi t h UFC 3- 210- 10 and FC 1- 300- 09N Navy 
and Mar i ne Cor ps Desi gn Pr ocedur es.  DoD Pol i cy and 
Navy Pol i cy r equi r es LI D dat a t o be r epor t ed 
annual l y.  The LI D Ver i f i cat i on Repor t  must  be 
downl oaded f r om t he Whol e Bui l di ng Desi gn Gui de 
( WBDG) and at t ached t o t hi s speci f i cat i on.   The 
Desi gner  of  Recor d ( DoR)  i s r esponsi bl e f or  
compl et i ng t he desi gn por t i on of  t he r epor t  pr i or  t o 
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at t achi ng i t  t o t hi s speci f i cat i on.  Gover nment  
appr oval  was added t o ensur e t hat  t he submi t t al  i s  
del i ver ed t o t he Gover nment  and not  t he Cont r act or ' s 
DoR f or  Desi gn Bui l d pr oj ect s.

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

LI D Ver i f i cat i on Repor t ;  G 

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

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

Mat er i al s del i ver ed t o s i t e shal l  be i nspect ed f or  damage,  unl oaded,  and 
st or ed wi t h a mi ni mum of  handl i ng.   Mat er i al s shal l  not  be st or ed di r ect l y 
on t he gr ound.   The i nsi de of  pi pes and f i t t i ngs shal l  be kept  f r ee of  di r t  
and debr i s.   Bef or e,  dur i ng,  and af t er  i nst al l at i on,  pl ast i c pi pe and 
f i t t i ngs shal l  be pr ot ect ed f r om any envi r onment  t hat  woul d r esul t  i n 
damage or  det er i or at i on t o t he mat er i al .   Keep a copy of  t he manuf act ur er ' s 
i nst r uct i ons avai l abl e at  t he const r uct i on s i t e at  al l  t i mes and f ol l ow 
t hese i nst r uct i ons unl ess di r ect ed ot her wi se by t he Cont r act i ng Of f i cer .   
Sol vent s,  sol vent  compounds,  l ubr i cant s,  el ast omer i c gasket s,  and any 
s i mi l ar  mat er i al s r equi r ed t o i nst al l  pl ast i c pi pe shal l  be st or ed i n 
accor dance wi t h t he manuf act ur er ' s r ecommendat i ons and shal l  be di scar ded 
i f  t he st or age per i od exceeds t he r ecommended shel f  l i f e.   Sol vent s i n use 
shal l  be di scar ded when t he r ecommended pot  l i f e i s  exceeded.

1. 4. 2   Handling

Mat er i al s shal l  be handl ed i n a manner  t hat  ensur es del i ver y t o t he t r ench 
i n sound,  undamaged condi t i on.   Pi pe shal l  be car r i ed t o t he t r ench,  not  
dragged.

PART 2   PRODUCTS

2. 1   PI PE FOR CULVERTS AND STORM DRAI 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 ( wi t h s i ze,  c l ass,  
shape,  st r engt h,  sheet  t hi ckness,  or  gauge)  t hat  ar e 
accept abl e shoul d be l i s t ed.   The i nappl i cabl e t ypes 
of  pi pe wi l l  be del et ed.   I n speci f y i ng pl ast i c,  
c l ay,  and concr et e pi pe or  al umi num al l oy and st eel  
pi pe f or  cul ver t s and st or m dr ai ns,  pi pe of  
compar abl e st r engt h f or  t he var i ous s i zes shoul d be 
specified.

The pi pe c l ass,  t he t ype of  j oi nt ,  and i nst al l at i on 
pr ocedur es shoul d be as speci f i ed i n Sect i on 33 30 00
 SANI TARY SEWERAGE and Sect i on 33 31 23. 00 10 
SANI TARY SEWER FORCE MAI N PI PI NG.

Pi pe mat er i al s whi ch ar e known t o be unsui t abl e f or  
l ocal  condi t i ons ( i . e. ,  cor r osi on,  r oot  penet r at i on,  
et c. )  shoul d not  be per mi t t ed f or  t he pr oj ect .   
However ,  consi der at i on shoul d be gi ven t o t he use of  
pr ot ect i ve coat i ngs and j oi nt i ng met hods wher e 
economi cal l y f easi bl e.
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I n ar eas wher e pr obl ems wi t h r oot  penet r at i on ar e 
ant i c i pat ed,  speci f y pi pe whi ch has t he k i nd of  
j oi nt  whi ch wi l l  successf ul l y  r es i st  r oot  
penet r at i on.   Gener al l y speaki ng,  t he mor e 
wat er t i ght  t he j oi nt ,  t he gr eat er  wi l l  be t he 
r esi st ance t o r oot  penet r at i on.   Rubber - gasket ed and 
compr essi on- t ype j oi nt s ar e consi der ed t o gi ve t he 
best  per f or mance f or  t hi s appl i cat i on.

Amer i can Soci et y of  Ci v i l  Engi neer s ( ASCE)  Manual  
No.  37,  " Desi gn and Const r uct i on of  Sani t ar y and 
St or m Sewer s, "  cont ai ns met hods of  cal cul at i on f or  
st r uct ur al  r equi r ement s of  pi pe;  f r om t hese,  t he 
r equi r ed st r engt hs f or  pi pe of  var i ous mat er i al s may 
det er mi ned.   I nvest i gat e ext er nal  l oads,  i ncl udi ng 
ear t h l oads,  t r uck l oads,  sei smi c l oads,  and i mpact ,  
i n t he desi gn st age of  t he pr oj ect .   Gi ve speci al  
at t ent i on,  i n t he desi gn st age of  t he pr oj ect ,  t o 
pl ast i c pi pe mat er i al s,  par t i cul ar l y wi t h r espect  t o 
super i mposed ext er nal  l oads whi ch coul d cause 
excessi ve def l ect i on of  t he pi pe.   The degr ee of  
s i def i l l  compact i on shoul d be consi der ed 
r eal i st i cal l y ,  par t i cul ar l y i n mar gi nal  cases.   See 
al so t he appendi ces t o ASTM D2321.

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

Pi pe f or  cul ver t s and st or m dr ai ns shal l  be of  t he s i zes i ndi cat ed and 
shal l  conf or m t o t he r equi r ement s speci f i ed.

2. 1. 1   Concr et e Pi pe

**************************************************************************
NOTE:   The var i ous c l asses desi gnat e di f f er ent  
D- l oads.   D- l oad i s def i ned as t he mi ni mum r equi r ed 
t hr ee- edge t est  l oad on a pi pe t o pr oduce a 0. 01 
i nch cr ack and/ or  ul t i mat e f ai l ur e i n pounds per  
l i near  f oot  per  f oot  ( no met r i c def i ni t i on)  of  
i nsi de di amet er .

Wher e sul f at e- r esi st ant  pi pe i s r equi r ed and 
concr et e pi pe i s  t o be an opt i on,  speci f y Type I I  or  
Type V cement .   Speci f y Type I I  ( moder at e sul f at e 
r esi st i ng)  cement  when wat er - sol ubl e sul f at es ( as 
S04)  i n t he soi l  ar e i n t he r ange of  0. 1 t o 0. 2 
per cent  and,  f or  wat er ,  ar e i n t he r ange of  150 t o 
1, 000 par t s per  mi l l i on.  Speci f y Type V ( sul f at e 
r esi st i ng)  cement  when soi l s cont ai n i n excess of  
0. 2 per cent  wat er - sol ubl e sul f at e and wat er  sampl es 
cont ai n i n excess of  1, 000 par t s per  mi l l i on.   I n 
ar eas wher e r eact i ve aggr egat es ar e known t o occur ,  
speci f y l ow al kal i  cement .

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

Manuf act ur ed i n accor dance wi t h and conf or mi ng t o ASTM C76M ASTM C76,  Cl ass 
[ I ]  [ I I ]  [ I I I ]  [ I V]  [ V] ,  or  ASTM C655,  [ _____]  D- Load.

SECTI ON 33 40 00  Page 17



2. 1. 1. 1   Rei nf or ced Ar ch Cul ver t  and St or m Dr ai npi pe

Manuf act ur ed i n accor dance wi t h and conf or mi ng t o ASTM C506M ASTM C506, 
Cl ass [ A- I I ]  [ A- I I I ]  [ A- I V] .

2. 1. 1. 2   Rei nf or ced El l i pt i cal  Cul ver t  and St or m Dr ai npi pe

Manuf act ur ed i n accor dance wi t h and conf or mi ng t o ASTM C507M ASTM C507.   
Hor i zont al  el l i pt i cal  pi pe shal l  be Cl ass [ HE- A]  [ HE- I ]  [ HE- I I ]  [ HE- I I I ]  
[ HE- I V] .   Ver t i cal  el l i pt i cal  pi pe shal l  be Cl ass [ VE- I I ]  [ VE- I I I ]  [ VE- I V]  
[ VE- V]  [ VE- VI ] .

2. 1. 1. 3   Nonr ei nf or ced Pi pe

Manuf act ur ed i n accor dance wi t h and conf or mi ng t o ASTM C14M ASTM C14,  Cl ass 
[ 1]  [ 2]  [ 3] .

2. 1. 1. 4   Cast - I n- Pl ace Nonr ei nf or ced Condui t

**************************************************************************
NOTE:   Thi s t ype condui t  shoul d not  be used beneat h 
st r uct ur es,  f or  dr ai n cr ossi ngs,  adj acent  t o paved 
ar eas,  or  under  hi gh f i l l s .

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

ACI  346,  except  t hat  t est i ng shal l  be t he r esponsi bi l i t y  of  and at  t he 
expense of  t he Cont r act or .   I n t he case of  ot her  conf l i c t s bet ween ACI  346 
and pr oj ect  speci f i cat i ons,  r equi r ement s of  ACI  346 shal l  gover n.

2. 1. 2   Cl ay Pi pe

**************************************************************************
NOTE:   Speci f y " bel l - and- spi got  pi pi ng onl y"  i n 
ar eas wher e cor r osi on pr obl ems may be ant i c i pat ed 
wi t h t he st ai nl ess st eel  par t s of  t he coupl i ngs used 
f or  pl ai n- end pi pi ng.

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

St andar d or  ext r a st r engt h,  as i ndi cat ed,  conf or mi ng t o ASTM C700.

2. 1. 3   Cor r ugat ed St eel  Pi pe

**************************************************************************
NOTE:   The sever al  di f f er ent  met al l i c  coat i ngs may 
not  pr ovi de equal  pr ot ect i on of  t he base met al  
agai nst  cor r osi on and / or  abr asi on i n al l  
envi r onment s.   For  sever e envi r onment s,  a 
combi nat i on of  speci al  coat i ngs may be r equi r ed t o 
pr ovi de t he desi r ed ser vi ce l i f e.   Addi t i onal  
pr ot ect i on f or  cor r ugat ed st eel  pi pe may be pr ovi ded 
by use of  non- met al l i c  coat i ngs appl i ed bef or e or  
af t er  f abr i cat i on of  t he pi pe.   A descr i pt i on of  
avai l abl e coat i ngs and dur abi l i t y  gui del i nes i s 
i ncl uded i n t he Nat i onal  Cor r ugat ed St eel  Pi pe 
Associ at i on ( NCSPA)  publ i cat i on " Moder n Sewer  
Design".

Cor r ugat ed st eel  pi pi ng wi t h ar ami d f i ber  composi t e 
coat i ng i s r ecommended f or  use wher e sever el y 
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cor r osi ve condi t i ons,  such as hi ghl y aci d soi l s ,  
t i dal  dr ai nage,  mi ne dr ai nage,  and cer t ai n 
i ndust r i al  wast es,  ar e pr esent .

To pr omot e compet i t i ve bi ddi ng,  pol ymer  pr ecoat ed 
pi pe shoul d gener al l y be speci f i ed as an opt i on i f  a 
non- met al l i c  coat i ng i s r equi r ed t o pr ovi de t he 
desi r ed ser vi ce l i f e.   Many pi pe manuf act ur er ' s 
pr oduce pol ymer  pr ecoat ed pi pe i n l i eu of  bi t umi nous 
coat ed pi pe.   Pol ymer  pr ecoat i ng pr ovi des gr eat er  
addi t i onal  ser vi ce l i f e t han bi t umi nous coat i ng.   
Some sever e envi r onment s may cause cor r osi on 
pr obl ems t o accessor y i t ems such as r i vet s or  
coupl i ng band har dwar e t hat  do not  have a pol ymer  
coating.

Ot her  cor r ugat i on s i zes ar e avai l abl e and may be 
specified.

For  Ar my,  cor r ugat ed st eel  pi pe i s al so avai l abl e i n 
a f or m cal l ed " nest abl e cul ver t  pi pe. "   Thi s pi pe i s 
f ur ni shed i n semi - cyl i ndr i cal  pi eces whi ch ar e 
f ast ened t oget her  on t he j ob s i t e t o f or m a pi pel i ne 
of  r ound cr oss sect i on.   Nest abl e cul ver t  pi pe was 
devel oped as a means of  conser vi ng shi ppi ng and 
st or age space,  and i t s use shoul d be consi der ed when 
such space i s at  a pr emi um,  as i n some over seas 
pr oj ect s,  et c.   When speci f i ed,  nest abl e cul ver t  
pi pe shoul d conf or m t o MI L- P- 236.   Ot her  
newl y- devel oped pr oduct s may be i ncl uded subj ect  t o 
appr oval ,  on a case- by- case basi s,  by HQUSACE 
( CEMP- ET)  Washi ngt on,  DC 20314- 1000.

For  Navy,  i ndi cat e sheet  t hi ckness on t he dr awi ngs.
**************************************************************************

ASTM A760/ A760M,  z i nc or  al umi num ( Type 2)  coat ed  pi pe of  ei t her :

a.   Type [ I ]  [ I I ]  pi pe wi t h [ annul ar ]  [ hel i cal ]  68 by 13 mm 2- 2/ 3 by 1/ 2 
i nch cor r ugat i ons.

b.   Type [ I R]  [ I I R]  pi pe wi t h hel i cal  19 by 19 by 190 mm 3/ 4 by 3/ 4 by 
7- 1/ 2 i nch cor r ugat i ons.

2. 1. 3. 1   Ful l y Bi t umi nous Coat ed

AASHTO M 190 Type A and ASTM A760/ A760M zi nc or  al umi num ( Type 2)  coat ed  
pi pe of  ei t her :

a.   Type [ I ]  [ I I ]  pi pe wi t h [ annul ar ]  [ hel i cal ]  68 by 13 mm 2- 2/ 3 by 1/ 2 
i nch cor r ugat i ons.

b.   Type [ I R]  [ I I R]  pi pe wi t h hel i cal  19 by 19 by 190 mm 3/ 4 by 3/ 4 by 
7- 1/ 2 i nch cor r ugat i ons.

2. 1. 3. 2   Hal f  Bi t umi nous Coat ed,  Par t  Paved

AASHTO M 190 Type B and ASTM A760/ A760M zi nc or  al umi num ( Type 2)  coat ed  
Type [ I ]  [ I I ]  pi pe wi t h [ annul ar ]  [ hel i cal ]  68 by 13 mm 2- 2/ 3 by 1/ 2 i nch 
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corrugations.

2. 1. 3. 3   Ful l y Bi t umi nous Coat ed,  Par t  Paved

AASHTO M 190 Type C and ASTM A760/ A760M zi nc or  al umi num ( Type 2)  coat ed  
Type [ I ]  [ I I ]  pi pe wi t h [ annul ar ]  [ hel i cal ]  68 by 13 mm 2- 2/ 3 by 1/ 2 i nch 
corrugations.

2. 1. 3. 4   Ful l y Bi t umi nous Coat ed,  Ful l y Paved

AASHTO M 190 Type D and ASTM A760/ A760M zi nc or  al umi num ( Type 2)  coat ed  
Type [ I ]  [ I I ]   pi pe wi t h [ annul ar ]  [ hel i cal ]  68 by 13 mm 2- 2/ 3 by 1/ 2 i nch 
corrugations.

2. 1. 3. 5   Concrete-Lined

**************************************************************************
NOTE:   Concr et e- l i ned cor r ugat ed st eel  pi pe combi nes 
t he st r uct ur al  economy of  cor r ugat ed st eel  pi pe wi t h 
t he hydr aul i c ef f i c i ency of  a concr et e l i ni ng t o 
pr ovi de an al t er nat i ve t o r ei nf or ced concr et e pi pe.

Smoot h- l i ned cor r ugat ed pi pe and pi pe ar ch wi l l  not  
be gi ven hydr aul i c cr edi t  f or  t he l i ni ng unl ess i t  
can be demonst r at ed t hat  t he l i ni ng wi l l  l ast  f or  
t he f ul l  ser vi ce l i f e of  t he pr oj ect .   I f  t he l i ni ng 
wi l l  l ast  f or  t he f ul l  ser vi ce l i f e,  use t he same 
" n"  val ue as f or  concr et e pi pe.   I f  t he l i ni ng wi l l  
not  l ast  t he f ul l  ser vi ce l i f e,  use t he " n"  val ue 
f or  uncoat ed cor r ugat ed pi pe or  pi pe ar ch.

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

ASTM A760/ A760M zi nc coat ed Type I  cor r ugat ed st eel  pi pe wi t h [ annul ar ]  
[ hel i cal ]  68 by 13 mm 2- 2/ 3 by 1/ 2 i nch cor r ugat i ons and a concr et e l i ni ng 
i n accor dance wi t h ASTM A849.

2. 1. 3. 6   Pol ymer  Pr ecoat ed

ASTM A762/ A762M cor r ugat ed st eel  pi pe f abr i cat ed f r om ASTM A742/ A742M Gr ade 
250/ 250 10/ 10 pol ymer  pr ecoat ed sheet  of  ei t her :

a.   Type [ I ]  [ I I ]  pi pe wi t h [ annul ar ]  [ hel i cal ]  68 by 13 mm 2- 2/ 3 by 1/ 2 
i nch cor r ugat i ons.

b.   Type [ I R]  [ I I R]  pi pe wi t h hel i cal  19 by 19 by 190 mm 3/ 4 by 3/ 4 by 
7- 1/ 2 i nch cor r ugat i ons.

2. 1. 3. 7   Pol ymer  Pr ecoat ed,  Par t  Paved

ASTM A762/ A762M Type [ I ]  [ I I ]  cor r ugat ed st eel  pi pe and AASHTO M 190 Type B 
( modi f i ed) ,  paved i nver t  onl y,  f abr i cat ed f r om ASTM A742/ A742M Gr ade 250/ 250
 10/ 10 pol ymer  pr ecoat ed sheet  wi t h [ annul ar ]  [ hel i cal ]  68 by 13 mm 2- 2/ 3 
by 1/ 2 i nch cor r ugat i ons.

2. 1. 3. 8   Pol ymer  Pr ecoat ed,  Ful l y Paved

ASTM A762/ A762M Type [ I ]  [ I I ]  cor r ugat ed st eel  pi pe and AASHTO M 190 Type D 
( modi f i ed) ,  f ul l y  paved onl y,  f abr i cat ed f r om ASTM A742/ A742M Gr ade 250/ 250 
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10/ 10 pol ymer  pr ecoat ed sheet  wi t h [ annul ar ]  [ hel i cal ]  68 by 13 mm 2- 2/ 3 by 
1/ 2 i nch cor r ugat i ons.

2. 1. 4   Cor r ugat ed Al umi num Pi pe

**************************************************************************
NOTE:   Coor di nat e wi t h par agr aph Cor r ugat ed St eel  
Pipe.

Cor r ugat ed al umi num pi pe has shown 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 seawat er  i s  pr esent .   However ,  cor r ugat ed 
al umi num pi pe shoul d not  be used i n hi ghl y aci d ( pH 
bel ow 4)  or  hi ghl y al kal i ne ( pH above 9)  soi l s ,  or  
i n or gani c s i l t s  and cl ays,  i dent i f i ed as Types OH 
and OL i n t he Soi l  Cl assi f i cat i on Char t ,  ASTM 
D2487.   Thi s pi pe shoul d al so not  be used wher e i t  
wi l l  be i n cont act  wi t h ot her  met al s or  i n met al l i c  
deposits.

For  Navy,  do not  use AASHTO M 190 Type C,  concr et e 
l i ni ng on al umi num mat er i al s.

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

ASTM B745/ B745M cor r ugat ed al umi num pi pe of  ei t her :

a.   Type [ I ]  [ I I ]  pi pe wi t h [ annul ar ]  [ hel i cal ]  cor r ugat i ons.

b.   Type [ I A]  [ I R]  [ I I A]  [ I I R]  pi pe wi t h hel i cal  cor r ugat i ons.

2. 1. 4. 1   Al umi num Ful l y Bi t umi nous Coat ed

Bi t umi nous coat i ng shal l  conf or m t o ASTM A849 Type [ _____] .   Pi pi ng shal l  
conf or m t o AASHTO M 190 Type A and ASTM B745/ B745M cor r ugat ed al umi num pi pe 
of  ei t her :

a.   Type [ I ]  [ I I ]  pi pe wi t h [ annul ar ]  [ hel i cal ]  cor r ugat i ons.

b.   Type [ I A]  [ I R]  [ I I A]  [ I I R]  pi pe wi t h hel i cal  cor r ugat i ons.

2. 1. 4. 2   Al umi num Ful l y Bi t umi nous Coat ed,  Par t  Paved

Bi t umi nous coat i ng shal l  conf or m t o ASTM A849 Type [ _____] .   Pi pi ng shal l  
conf or m t o AASHTO M 190 Type C and ASTM B745/ B745M cor r ugat ed al umi num 
al l oy pi pe of  ei t her :

a.   Type [ I ]  [ I I ]  pi pe wi t h [ annul ar ]  [ hel i cal ]  cor r ugat i ons.

b.   Type [ I R]  [ I I R]  pi pe wi t h hel i cal  cor r ugat i ons.

2. 1. 5   St r uct ur al  Pl at e,  St eel  Pi pe,  Pi pe Ar ches and Ar ches

**************************************************************************
NOTE:   Coor di nat e wi t h par agr aph Cor r ugat ed St eel  
Pipe.

Thi s par agr aph i ncl udes opt i ons f or  pr ovi di ng a 
pr ot ect i ve coat i ng on t he st r uct ur al  pl at e pi pe.   
The desi gner  wi l l  del et e t hese opt i ons when 
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pr ot ect i ve coat i ng i s not  a par t  of  t he pr oj ect  
r equi r ement s.   When pr ot ect i ve coat i ng on t he 
st r uct ur al - pl at e pi pe i s a pr oj ect  r equi r ement ,  t he 
desi gner  wi l l  sel ect  t he appl i cabl e opt i on.   St eel  
and al umi num pi pe manuf act ur er s st at e t hat  i t  i s  
i mpr act i cabl e i n i ni t i al  const r uct i on t o pr ovi de a 
per manent  paved i nver t  of  bi t umi nous mat er i al  i n 
st r uct ur al - pl at e cor r ugat ed st eel  and al umi num pi pe.

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

Assembl ed wi t h gal vani zed st eel  nut s and bol t s,  f r om gal vani zed cor r ugat ed 
st eel  pl at es conf or mi ng t o AASHTO M 167M/ M 167.   Pi pe coat i ng,  when 
r equi r ed,  shal l  conf or m t o t he r equi r ement s of  [ AASHTO M 190 Type A]  [
AASHTO M 243] .   Thi ckness of  pl at es shal l  be as i ndi cat ed.

2. 1. 6   St r uct ur al  Pl at e,  Al umi num Pi pe,  Pi pe Ar ches and Ar ches

**************************************************************************
NOTE:   Coor di nat e wi t h par agr aph Cor r ugat ed St eel  
Pi pe and par agr aph St r uct ur al  Pl at e,  St eel  Pi pe,  
Pi pe Ar ches and Ar ches.

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

Assembl ed wi t h ei t her  al umi num al l oy,  al umi num coat ed st eel ,  st ai nl ess 
st eel  or  z i nc coat ed st eel  nut s and bol t s.   Nut s and bol t s,  and al umi num 
al l oy pl at es shal l  conf or m t o AASHTO M 219.   Pi pe coat i ng,  when r equi r ed,  
shal l  conf or m t o t he r equi r ement s of  [ AASHTO M 190,  Type A]  [ AASHTO M 243
] .   Thi ckness of  pl at es shal l  be as i ndi cat ed.

2. 1. 7   Duct i l e I r on Cul ver t  Pi pe

ASTM A716.

2. 1. 8   Pol y Vi nyl  Chl or i de ( PVC)  Pi pe

Submi t  t he pi pe manuf act ur er ' s r esi n cer t i f i cat i on,  i ndi cat i ng t he cel l  
c l assi f i cat i on of  PVC used t o manuf act ur e t he pi pe,  pr i or  t o i nst al l at i on 
of  t he pi pe.

2. 1. 8. 1   Type PSM PVC Pi pe

ASTM D3034,  Type PSM,  maxi mum SDR 35,  pr oduced f r om PVC cer t i f i ed by t he 
Manuf act ur er  as meet i ng t he r equi r ement s of  ASTM D1784,  mi ni mum cel l  c l ass 
12454-B.

2. 1. 8. 2   Pr of i l e PVC Pi pe

ASTM F794,  Ser i es 46,  pr oduced f r om PVC cer t i f i ed by t he Manuf act ur er  as 
meet i ng t he r equi r ement s of  ASTM D1784,  mi ni mum cel l  c l ass 12454- B.

2. 1. 8. 3   Smoot h Wal l  PVC Pi pe

ASTM F679 pr oduced f r om PVC cer t i f i ed by t he Manuf act ur er  as meet i ng t he 
r equi r ement s of  ASTM D1784,  mi ni mum cel l  c l ass 12454- B.

2. 1. 8. 4   Cor r ugat ed PVC Pi pe

ASTM F949 pr oduced f r om PVC cer t i f i ed by t he Manuf act ur er  as meet i ng t he 
r equi r ement s of  ASTM D1784,  mi ni mum cel l  c l ass 12454- B.
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2. 1. 9   Pol yet hyl ene ( PE)  Pi pe

Submi t  t he pi pe manuf act ur er ' s r esi n cer t i f i cat i on,  i ndi cat i ng t he cel l  
c l assi f i cat i on of  PE used t o manuf act ur e t he pi pe,  pr i or  t o i nst al l at i on of  
t he pi pe.   The mi ni mum cel l  c l assi f i cat i on f or  pol yet hyl ene pl ast i c  shal l  
appl y t o each of  t he seven pr i mar y pr oper t i es of  t he cel l  c l assi f i cat i on 
l i mi t s i n accor dance wi t h ASTM D3350.

2. 1. 9. 1   Smoot h Wal l  PE Pi pe

ASTM F714,  maxi mum DR of  21 f or  pi pes 80 t o 600 mm 3 t o 24 i nches i n 
di amet er  and maxi mum DR of  26 f or  pi pes 650 t o 1200 mm 26 t o 48 i nches i n 
di amet er .   Pi pe shal l  be pr oduced f r om PE cer t i f i ed by t he r esi n pr oducer  
as meet i ng t he r equi r ement s of  ASTM D3350,  mi ni mum cel l  c l ass 335434C.

2. 1. 9. 2   Cor r ugat ed PE Pi pe

**************************************************************************
NOTE:   Cor r ugat ed PE pi pe cul ver t s and st or m dr ai ns 
shal l  not  be i nst al l ed beneat h ai r f i el d pavement s 
unl ess appr oved i n wr i t i ng by t he maj or  command.   
Type S pi pe has a f ul l  c i r cul ar  cr oss- sect i on,  wi t h 
an out er  cor r ugat ed pi pe wal l  and a smoot h i nner  
l i ner .   Type C pi pe has a f ul l  c i r cul ar  
cr oss- sect i on,  wi t h a cor r ugat ed sur f ace bot h i nsi de 
and out s i de.   Cor r ugat i ons may be ei t her  annul ar  or  
helical.

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

AASHTO M 294,  Type [ S]   [ C] .   For  s l ow cr ack gr owt h r esi st ance,  accept ance 
of  r esi ns shal l  be det er mi ned by usi ng t he not ched const ant  l i gament - st r ess 
( NCLS)  t est  meet i ng t he r equi r ement s of  AASHTO M 294.   Pi pe wal l s shal l  
have t he f ol l owi ng pr oper t i es:

Nomi nal  Si ze ( mm)  ( i nch) ) Mi ni mum Wal l  Ar ea ( squar e
mm/ m)  ( squar e i n/ f t )

Mi ni mum Moment  of  I ner t i a
of  Wal l  Sect i on ( mm t o t he

4t h/ mm)  ( i n.  t o t he 4t h/ i n. )

30012 32001.5 3900.024

37515 40001.91 8700.053

45018 49002.34 10200.062

60024 66003.14 19000.116

75030 83003.92 26700.163

90036 95004.50 36400.222

105042 99004.69 89000.543

120048 10,9005.15 89000.543
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Nomi nal  Si ze ( mm)  ( i nch) ) Mi ni mum Wal l  Ar ea ( squar e
mm/ m)  ( squar e i n/ f t )

Mi ni mum Moment  of  I ner t i a
of  Wal l  Sect i on ( mm t o t he

4t h/ mm)  ( i n.  t o t he 4t h/ i n. )

135054 12,0005.67 13,1100.800

150060 13,6506.45 13,1100.800

2. 1. 9. 3   Pr of i l e Wal l  PE Pi pe

ASTM F894,  RSC 160,  pr oduced f r om PE cer t i f i ed by t he r esi n pr oducer  as 
meet i ng t he r equi r ement s of  ASTM D3350,  mi ni mum cel l  c l ass 334433C.   Pi pe 
wal l s shal l  have t he f ol l owi ng pr oper t i es:

Nomi nal  Si ze ( mm)
(inch)

Mi ni mum Wal l  Ar ea
( squar e mm/ m)
( squar e i n/ f t )

Mi ni mum Moment  of  I ner t i a of  Wal l  Sect i on
( mm t o t he 4t h/ mm)  ( i n t o t he 4t h/ i n)

Cel l  Cl ass 334433C Cel l  Cl ass 335434C

45018 63002.96 8500.052 6200.038

52521 88004.15 11500.070 8400.051

60024 99004.66 13300.081 9700.059

67527 12,5005.91 20500.125 14900.091

75030 12,5005.91 20500.125 14900.091

82533 14,8006.99 26400.161 21600.132

90036 17,1007.81 33100.202 27000.165

105042 16,5008.08 45400.277 37200.227

120048 18,7008.82 55400.338 45400.277

2. 1. 10   St eel  Rei nf or ced Pol yet hyl ene ( SRPE)  Pi pe

SRPE pi pe wi l l  meet  t he r equi r ement s of  ASTM F2562/ F2562M 200 -  3000 mm 8 -  
120 i nch di amet er  pi pe and AASHTO MP 20 ( 300 -  1525 ( 12 -  60 i nch di amet er  
pipe).

2. 1. 11   Pol ypr opyl ene ( PP)  Pi pe

Doubl e wal l  and t r i pl e wal l  pi pe wi t h a di amet er  of  300 t o 1525 mm 12 t o 60 
i nches shal l  meet  t he r equi r ement s of  ASTM F2736, ASTM F2764/ F2764M,  or  
ASTM F2881.

2. 2   PERFORATED PI PI NG

**************************************************************************
NOTE:   For  Navy,  do not  use pi pe s i zes gr eat er  t han  
10 i nches 250 mm i n di amet er .
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**************************************************************************

2. 2. 1   Cl ay Pi pe

ASTM C700,  [ st andar d]  [ ext r a]  st r engt h.

2. 2. 2   Concr et e Pi pe

Manuf act ur ed i n accor dance wi t h and conf or mi ng t o ASTM C444M ASTM C444,  and 
appl i cabl e r equi r ement s of  ASTM C14M ASTM C14,  Cl ass [ _____] .

2. 2. 3   Cor r ugat ed St eel  Pi pe

ASTM A760/ A760M,  Type I I I ,  z i nc- coat ed.

2. 2. 4   Cor r ugat ed Al umi num Pi pe

ASTM B745/ B745M,  Type I I I .

2. 2. 5   Pol yvi nyl  Chl or i de ( PVC)  Pi pe

ASTM D2729.

2. 2. 6   Pol ypr opyl ene ( PP)  Pi pe

ASTM F2881,  Cl ass I I  per f or at i on pat t er ns.

2. 3   DRAI NAGE STRUCTURES

2. 3. 1   Fl ar ed End Sect i ons

Sect i ons shal l  be of  a st andar d desi gn f abr i cat ed f r om zi nc coat ed st eel  
sheet s meet i ng r equi r ement s of  ASTM A929/ A929M.

2. 3. 2   Pr ecast  Rei nf or ced Concr et e Box

**************************************************************************
NOTE:   Wher e sul f at e- r esi st ant  pi pe i s r equi r ed and 
concr et e pi pe i s  t o be an opt i on,  t he use of  Type I I  
or  Type V cement  wi l l  be speci f i ed.

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

Manuf act ur ed i n accor dance wi t h and conf or mi ng t o ASTM C1433M ASTM C1433.

2. 4   MI SCELLANEOUS MATERI ALS

**************************************************************************
NOTE:   The shape,  s i ze,  t hi ckness of  sect i ons,  k i nds 
of  mat er i al s,  and wei ght s f or  f r ames,  cover s,  and 
gr at i ngs f or  i nl et s and manhol es,  as wel l  as t he 
amount  of  wat er way openi ng f or  i nl et s and gr at i ngs 
shoul d be i ndi cat ed on t he dr awi ngs.   The cover s and 
gr at i ngs shoul d 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,  st r ai ght - t ype gal vani zed st eel  
l adder s shoul d be pr ovi ded f or  manhol es over  3. 66 m 
12 f eet  deep measur ed f or m t op of  gr at e t o i nver t  of  
out l et  pi pe.

**************************************************************************
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2. 4. 1   Concrete

**************************************************************************
NOTE:   Ref er ence shoul d be made t o ot her  sect i ons of  
t he pr oj ect  speci f i cat i ons,  as appl i cabl e,  or  
per t i nent  r equi r ement s may be i nc l uded i n t hi s 
section.

The ai r  cont ent s speci f i ed ar e f or  concr et e t hat  
wi l l  be subj ect ed t o f r eezi ng weat her  and t he 
possi bl e act i on of  dei c i ng chemi cal s.   I n c l i mat es 
wher e f r eezi ng i s not  a f act or  but  wher e ai r  
ent r ai nment  i s  used i n l ocal  commer ci al  pr act i ce t o 
i mpr ove t he wor kabi l i t y  and pl acabi l i t y  of  concr et e,  
concr et e havi ng ai r  cont ent  of  4. 5 pl us or  mi nus 1. 5 
per cent  may be speci f i ed as Cont r act or ' s opt i on t o 
nonai r ent r ai ned concr et e.

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

Unl ess ot her wi se speci f i ed,  concr et e and r ei nf or ced concr et e shal l  conf or m 
t o t he r equi r ement s f or  [ _____]  MPa psi  concr et e under  Sect i on [
03 30 00. 00 10 CAST- I N- PLACE CONCRETE]  [ 03 30 00 CAST- I N- PLACE CONCRETE] .   
The concr et e mi xt ur e shal l  have ai r  cont ent  by vol ume of  concr et e,  based on 
measur ement s made i mmedi at el y af t er  di schar ge f r om t he mi xer ,  of  5 t o 7 
per cent  when maxi mum si ze of  coar se aggr egat e exceeds 37. 5 mm 1- 1/ 2 i nches.   
Ai r  cont ent  shal l  be det er mi ned i n accor dance wi t h ASTM C231/ C231M.   The 
concr et e cover i ng over  st eel  r ei nf or c i ng shal l  not  be l ess t han 25 mm 1 i nch
 t hi ck f or  cover s and not  l ess t han 40 mm 1- 1/ 2 i nches t hi ck f or  wal l s and 
f l oor i ng.   Concr et e cover i ng deposi t ed di r ect l y agai nst  t he gr ound shal l  
have a t hi ckness of  at  l east  75 mm 3 i nches bet ween st eel  and gr ound.   
Expansi on- j oi nt  f i l l er  mat er i al  shal l  conf or m t o ASTM D1751,  or  ASTM D1752, 
or  shal l  be r esi n- i mpr egnat ed f i ber boar d conf or mi ng t o t he physi cal  
r equi r ement s of  ASTM D1752.

2. 4. 2   Mortar

Mor t ar  f or  pi pe j oi nt s,  connect i ons t o ot her  dr ai nage st r uct ur es,  and br i ck 
or  bl ock const r uct i on shal l  conf or m t o ASTM C270,  Type M,  except  t hat  t he 
maxi mum pl acement  t i me shal l  be 1 hour .   The quant i t y of  wat er  i n t he 
mi xt ur e shal l  be suf f i c i ent  t o pr oduce a st i f f  wor kabl e mor t ar  but  i n no 
case shal l  exceed [ _____]  l i t er s gal l ons of  wat er  per  sack of  cement .   
Wat er  shal l  be c l ean and f r ee of  har mf ul  aci ds,  al kal i s ,  and or gani c 
i mpur i t i es.   The mor t ar  shal l  be used wi t hi n 30 mi nut es af t er  t he 
i ngr edi ent s ar e mi xed wi t h wat er .   The i nsi de of  t he j oi nt  shal l  be wi ped 
cl ean and f i ni shed smoot h.   The mor t ar  head on t he out s i de shal l  be 
pr ot ect ed f r om ai r  and sun wi t h a pr oper  cover i ng unt i l  sat i sf act or i l y  
cured.

2. 4. 3   Pr ecast  Concr et e Segment al  Bl ocks

Pr ecast  concr et e segment al  bl ock shal l  conf or m t o ASTM C139,  not  mor e t han 
200 mm 8 i nches t hi ck,  not  l ess t han 200 mm 8 i nches l ong,  and of  such 
shape t hat  j oi nt s can be seal ed ef f ect i vel y and bonded wi t h cement  mor t ar .

2. 4. 4   Brick

Br i ck shal l  conf or m t o ASTM C62,  Gr ade SW;  ASTM C55,  Gr ade S- I  or  S- I I ;  or  
ASTM C32,  Gr ade MS.   Mor t ar  f or  j oi nt i ng and pl ast er i ng shal l  consi st  of  
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one par t  por t l and cement  and t wo par t s f i ne sand.   Li me may be added t o t he 
mor t ar  i n a quant i t y not  mor e t han 25 per cent  of  t he vol ume of  cement .   The 
j oi nt s shal l  be f i l l ed compl et el y and shal l  be smoot h and f r ee f r om sur pl us 
mor t ar  on t he i nsi de of  t he st r uct ur e.   Br i ck st r uct ur es shal l  be pl ast er ed 
wi t h 13 mm 1/ 2 i nch of  mor t ar  over  t he ent i r e out s i de sur f ace of  t he 
wal l s.   For  squar e or  r ect angul ar  st r uct ur es,  br i ck shal l  be l ai d i n 
st r et cher  cour ses wi t h a header  cour se ever y s i xt h cour se.   For  r ound 
st r uct ur es,  br i ck shal l  be l ai d r adi al l y  wi t h ever y s i xt h cour se a 
st r et cher  cour se.

2. 4. 5   Pr ecast  Rei nf or ced Concr et e Manhol es

**************************************************************************
NOTE:   Rubber - t ype gasket  j oi nt s shoul d be speci f i ed 
onl y wher e wat er t i ght ness i s essent i al .

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

Conf or m t o ASTM C478M ASTM C478.   Joi nt s bet ween pr ecast  concr et e r i ser s 
and t ops shal l  be [ f ul l - bedded i n cement  mor t ar  and shal l  be smoot hed t o a 
uni f or m sur f ace on bot h i nt er i or  and ext er i or  of  t he st r uct ur e]  [ made wi t h 
f l exi bl e wat er t i ght ,  r ubber - t ype gasket s meet i ng t he r equi r ement s of  
par agr aph JOI NTS] .

2. 4. 6   Pr ef abr i cat ed Cor r ugat ed Met al  Manhol es

**************************************************************************
NOTE:   For  Navy,  do not  use cor r gat ed met al  manhol es.

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

Manhol es shal l  be of  t he t ype and desi gn r ecommended by t he manuf act ur er .   
Manhol es shal l  be compl et e wi t h f r ames and cover ,  or  f r ames and gr at i ngs.

2. 4. 7   Fr ame and Cover  f or  Gr at i ngs

**************************************************************************
NOTE:   Consi der  t he l i kel i hood of  bi cycl e t r af f i c  
when sel ect i ng t he t ype of  i nl et  cover  conf i gur at i on.

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

Submi t  cer t i f i cat i on on t he abi l i t y  of  f r ame and cover  or  gr at i ngs t o car r y 
t he i mposed l i ve l oad.   Fr ame and cover  f or  gr at i ngs shal l  be cast  gr ay 
iron, ASTM A48/ A48M,  Cl ass 35B;  cast  duct i l e i r on,  ASTM A536,  Gr ade 
65- 45- 12;  or  cast  al umi num,  ASTM B26/ B26M,  Al l oy 356. O- T6.   Wei ght ,  shape,  
s i ze,  and wat er way openi ngs f or  gr at es and cur b i nl et s shal l  be as 
i ndi cat ed on t he pl ans.   The wor d " St or m Sewer "  shal l  be st amped or  cast  
i nt o cover s so t hat  i t  i s  pl ai nl y v i s i bl e.

2. 4. 8   Joints

2. 4. 8. 1   Fl exi bl e Wat er t i ght  Joi nt s

**************************************************************************
NOTE:   Thi s par agr aph cover s compr essi on- t ype 
r ubber - gasket ed j oi nt s.   When pi pe r equi r i ng a 
pr essur e- t ype j oi nt  i s  speci f i ed,  t he r equi r ement s 
of  t hi s par agr aph may not  appl y and t he j oi nt  shoul d 
be made i n accor dance wi t h t he speci f i cat i ons f or  
t he pi pe.

**************************************************************************
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a.   Fl exi bl e wat er t i ght  j oi nt s shal l  be made wi t h pl ast i c or  r ubber - t ype 
gasket s f or  concr et e pi pe and wi t h f act or y- f abr i cat ed r esi l i ent  
mat er i al s f or  c l ay pi pe.   The desi gn of  j oi nt s and t he physi cal  
r equi r ement s f or  pr ef or med f l exi bl e j oi nt  seal ant s shal l  conf or m t o 
ASTM C990,  and r ubber - t ype gasket s shal l  conf or m t o ASTM C443M ASTM C443.   
Fact or y- f abr i cat ed r esi l i ent  j oi nt  mat er i al s shal l  conf or m t o ASTM C425.   
Gasket s shal l  have not  mor e t han one f act or y- f abr i cat ed spl i ce,  except  
t hat  t wo f act or y- f abr i cat ed spl i ces of  t he r ubber - t ype gasket  ar e 
per mi t t ed i f  t he nomi nal  di amet er  of  t he pi pe bei ng gasket ed exceeds 
1. 35 m 54 i nches.

b.   Rubber  gasket s shal l  compl y wi t h t he oi l  r esi s t ant  gasket  r equi r ement s 
of ASTM C443M ASTM C443.   Cer t i f i ed copi es of  t est  r esul t s shal l  be 
del i ver ed t o t he Cont r act i ng Of f i cer  bef or e gasket s or  j oi nt i ng 
mat er i al s ar e i nst al l ed.   Al t er nat e t ypes of  wat er t i ght  j oi nt  may be 
f ur ni shed,  i f  speci f i cal l y  appr oved.

2. 4. 8. 2   Ext er nal  Seal i ng Bands

Requi r ement s f or  ext er nal  seal i ng bands shal l  conf or m t o ASTM C877M 
ASTM C877.

2. 4. 8. 3   Fl exi bl e Wat er t i ght ,  Gasket ed Joi nt s

**************************************************************************
NOTE:   The i nappl i cabl e t ype of  gasket  mat er i al  
shoul d be del et ed.   Type 2A1 shoul d be speci f i ed 
wher e speci f i c  r esi st ance t o t he act i on of  pet r ol eum 
base oi l s  i s  not  r equi r ed.   Type 2B3 has speci f i c  
r equi r ement s f or  oi l  r esi st ance wi t h l ow swel l .   
Fi l l  i n bl ank f or  any ot her  combi nat i on of  Cl ass and 
Gr ade r equi r ed.

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

a.   Gasket s:   When i nf i l t r at i on or  exf i l t r at i on i s  a concer n f or  pi pe 
l i nes,  t he coupl i ngs may be r equi r ed t o have gasket s.   The cl osed- cel l  
expanded r ubber  gasket s shal l  be a cont i nuous band appr oxi mat el y 178 mm 
7 i nches wi de and appr oxi mat el y 10 mm 3/ 8 i nch t hi ck,  meet i ng t he 
r equi r ement s of  ASTM D1056,  Type 2 [ A1]  [ B3]  [ _____] ,  and shal l  have a 
qual i t y  r et ent i on r at i ng of  not  l ess t han 70 per cent  when t est ed f or  
weat her  r esi st ance by ozone chamber  exposur e,  Met hod B of  ASTM D1171.   
Rubber  O- r i ng gasket s shal l  be 21 mm 13/ 16 i nch i n di amet er  f or  pi pe 
di amet er s of  914 mm 36 i nches or  smal l er  and 22 mm 7/ 8 i nch i n di amet er  
f or  l ar ger  pi pe havi ng 13 mm 1/ 2 i nch deep end cor r ugat i on.   Rubber  
O- r i ng gasket s shal l  be 35 mm 1- 3/ 8 i nches i n di amet er  f or  pi pe havi ng 
25 mm 1 i nch deep end cor r ugat i ons.   O- r i ngs shal l  meet  t he 
r equi r ement s of  ASTM C990 or   ASTM C443M ASTM C443.  Pr ef or med f l ex i bl e 
j oi nt  seal ant s shal l  conf or m t o ASTM C990,  Type B.

b.   Connect i ng Bands:   Connect i ng bands shal l  be of  t he t ype,  s i ze and 
sheet  t hi ckness of  band,  and t he s i ze of  angl es,  bol t s,  r ods and l ugs 
as i ndi cat ed or  wher e not  i ndi cat ed as speci f i ed i n t he appl i cabl e 
st andar ds or  speci f i cat i ons f or  t he pi pe.   Ext er i or  r i vet  heads i n t he 
l ongi t udi nal  seam under  t he connect i ng band shal l  be count er sunk or  t he 
r i vet s shal l  be omi t t ed and t he seam wel ded.   Wat er t i ght  j oi nt s shal l  
be t est ed and shal l  meet  t he t est  r equi r ement s of  par agr aph HYDROSTATI C 
TEST ON WATERTI GHT JOI NTS.
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2. 4. 8. 4   PVC Pl ast i c Pi pes

Joi nt s shal l  be sol vent  cement  or  el ast omer i c gasket  t ype i n accor dance 
wi t h t he speci f i cat i on f or  t he pi pe and as r ecommended by t he pi pe 
manufacturer.

2. 4. 8. 5   Smoot h Wal l  PE Pl ast i c Pi pe

Pi pe shal l  be j oi ned usi ng but t  f usi on met hod as r ecommended by t he pi pe 
manufacturer.

2. 4. 8. 6   Cor r ugat ed PE Pl ast i c Pi pe

Pi pe j oi nt s shal l  be [ soi l ]  [ s i l t ]  [ wat er ]  t i ght  and shal l  conf or m t o t he 
r equi r ement s i n AASHTO M 294. [   Wat er  t i ght  j oi nt s shal l  be made usi ng a PE 
coupl i ng and r ubber  gasket s as r ecommended by t he pi pe manuf act ur er .   
Rubber  gasket s shal l  conf or m t o ASTM F477.]

2. 4. 8. 7   Pr of i l e Wal l  PE Pl ast i c Pi pe

Joi nt s shal l  be gasket ed or  t her mal  wel d t ype wi t h i nt egr al  bel l  i n 
accor dance wi t h ASTM F894.

2. 4. 8. 8   Duct i l e I r on Pi pe

Coupl i ngs and f i t t i ngs shal l  be as r ecommended by t he pi pe manuf act ur er .

2. 4. 8. 9   Dual  Wal l  and Tr i pl e Wal l  PP Pi pe

Spi got  shal l  have t wo gasket s meet i ng t he r equi r ement s of  ASTM F477. 
Gasket s shal l  be i nst al l ed by t he pi pe manuf act ur er  and cover ed wi t h a 
r emovabl e,  pr ot ect i ve wr ap t o ensur e t he gasket s ar e f r ee f r om debr i s.   Use 
a j oi nt  l ubr i cant  avai l abl e f r om t he manuf act ur er  on t he gasket  and bel l  
dur i ng assembl y.   [ ASTM F2881 f or   300 t o 1500 mm 12 t o 60 i nches pi pe] [
ASTM F2736 f or   300 t o 750 mm 12 t o 30 i nches pi pe] [ ASTM F2764/ F2764M f or   
750 t o 1500 mm 30 t o 60 i nches pi pe]  di amet er s shal l  have a r ei nf or ced bel l  
wi t h a pol ymer  composi t e band i nst al l ed by t he manuf act ur er .   Fi t t i ngs 
shal l  conf or m t o [ ASTM F2881]  [ ASTM F2736]  [ ASTM F2764/ F2764M] .   Bel l  and 
spi got  connect i ons shal l  ut i l i ze a spun- on,  wel ded or  i nt egr al  bel l  and 
spi got  wi t h gasket s meet i ng ASTM F477.

2. 4. 8. 10   St eel  Rei nf or ced Pol yet hyl ene ( SRPE)  Pi pe

SRPE j oi nt s shal l  meet  t he r equi r ement s of  ASTM D3212.

2. 4. 9   Fl ap Gat es

Fl ap Gat es shal l  be [ medi um]  [ or ]  [ heavy] - dut y wi t h [ c i r cul ar ]  
[ r ect angul ar ]  openi ng and doubl e- hi nged.   [ Top pi vot  poi nt s shal l  be 
adj ust abl e. ]   The seat  shal l  be one- pi ece cast  i r on wi t h a r ai sed sect i on 
ar ound t he per i met er  of  t he wat er way openi ng t o pr ovi de t he seat i ng f ace.   
The seat i ng f ace of  t he seat  shal l  be [ cast  i r on]  [ br onze]  [ st ai nl ess 
st eel ]  [ neopr ene] .   The cover  shal l  be one- pi ece cast  i r on wi t h necessar y 
r ei nf or c i ng r i b,  l i f t i ng eye f or  manual  oper at i on,  and bosses t o pr ovi de a 
pi vot  poi nt  connect i on wi t h t he l i nks.   The seat i ng f ace of  t he cover  shal l  
be [ cast  i r on]  [ br onze]  [ st ai nl ess st eel ]  [ neopr ene] .   Li nks or  hi nge ar ms 
shal l  be cast  or  duct i l e i r on.   Hol es of  pi vot  poi nt s shal l  be br onze 
bushed.   Al l  f ast ener s shal l  be ei t her  gal vani zed st eel ,  br onze or  
st ai nl ess st eel .
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2. 5   STEEL LADDER

St eel  l adder  shal l  be pr ovi ded wher e t he dept h of  t he st or m dr ai nage 
st r uct ur e exceeds 3. 66 m 12 f eet .   These l adder s shal l  be not  l ess t han 406 
mm 16 i nches i n wi dt h,  wi t h 19 mm 3/ 4 i nch di amet er  r ungs spaced 305 mm 12 
i nches apar t .   The t wo st r i nger s shal l  be a mi ni mum 10 mm 3/ 8 i nch t hi ck and
 63 mm 2- 1/ 2 i nches wi de.   Ladder s and i nser t s shal l  be gal vani zed af t er  
f abr i cat i on i n conf or mance wi t h ASTM A123/ A123M.

2. 6   RESI LI ENT CONNECTORS

**************************************************************************
NOTE:  Del et e t he r equi r ement  f or  r esi l i ent  
connect or s when a wat er t i ght  connect i on bet ween pi pe 
and manhol es and i nl et s i s  not  r equi r ed.

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

Fl exi bl e,  wat er t i ght  connect or s used f or  connect i ng pi pe t o manhol es and 
i nl et s shal l  conf or m t o ASTM C923M ASTM C923.

2. 7   EROSI ON CONTROL RI P RAP

Pr ovi de non- er odi bl e r ock not  exceedi ng 375 mm 15 i nches i n i t s  gr eat est  
di mensi on and choked wi t h suf f i c i ent  smal l  r ocks t o pr ovi de a dense mass 
wi t h a mi ni mum t hi ckness of  [ 200 mm]  [ 8 i nches]  [ as i ndi cat ed] .

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON OF PI PE CULVERTS,  STORM DRAI NS,  AND DRAI NAGE STRUCTURES

**************************************************************************
NOTE:   Ref er ence shoul d be made t o ot her  sect i ons of  
t he pr oj ect  speci f i cat i ons,  as appl i cabl e,  or  
per t i nent  r equi r ement s may be i nc l uded i n t hi s 
section.

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

Excavat i on of  t r enches,  and f or  appur t enances and backf i l l i ng f or  cul ver t s 
and st or m dr ai ns,  shal l  be i n accor dance wi t h t he appl i cabl e por t i ons of  
Section 31 00 00 EARTHWORK, 31 23 00. 00 20 EXCAVATI ON AND FI LL and t he 
r equi r ement s speci f i ed bel ow.

3. 1. 1   Trenching

**************************************************************************
NOTE:   Economi c consi der at i ons shoul d det er mi ne t he 
wi dt h of  t r ench t o be used i n t he desi gn anal ysi s 
and t o be speci f i ed f or  const r uct i on.   Wher e i t  i s  
mor e economi cal  t o cont r ol  t r ench wi dt h and t her eby 
use l ess cost l y pi pe,  t he wi dt h of  t he t r ench shal l  
var y wi t h t he pi pe di amet er  and shoul d be hel d t o a 
mi ni mum consi st ent  wi t h t he space r equi r ed f or  
pr oper  i nst al l at i on of  t he pi pe and t he backf i l l  at  
t he s i des of  t he pi pe.   Wher e t he s i des of  t he 
excavat i ons ar e t o be suppor t ed,  pr oper  al l owance 
shoul d be made f or  t he space occupi ed by t he 
sheet i ng and br aci ng.

**************************************************************************
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The wi dt h of  t r enches at  any poi nt  bel ow t he t op of  t he pi pe shal l  be not  
gr eat er  t han t he out s i de di amet er  of  t he pi pe pl us [ _____]  mm i nches t o 
per mi t  sat i sf act or y j oi nt i ng and t hor ough t ampi ng of  t he beddi ng mat er i al  
under  and ar ound t he pi pe.   Sheet i ng and br aci ng,  wher e r equi r ed,  shal l  be 
pl aced wi t hi n t he t r ench wi dt h as speci f i ed,  wi t hout  any over excavat i on.   
Wher e t r ench wi dt hs ar e exceeded,  r edesi gn wi t h a r esul t ant  i ncr ease i n 
cost  of  st r onger  pi pe or  speci al  i nst al l at i on pr ocedur es wi l l  be 
necessar y.   Cost  of  t hi s r edesi gn and i ncr eased cost  of  pi pe or  
i nst al l at i on shal l  be bor ne by t he Cont r act or  wi t hout  addi t i onal  cost  t o 
t he Gover nment .

3. 1. 2   Removal  of  Rock

**************************************************************************
NOTE:   Unl ess ot her wi se speci f i ed,  mat er i al  used t o 
r epl ace unst abl e mat er i al  or  r ock excavat i on shoul d 
be compact ed t o a mi ni mum densi t y  of  90 per cent  f or  
cohesi ve soi l s and 95 per cent  f or  noncohesi ve soi l s,  
as det er mi ned by ASTM D1557.

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

Rock i n ei t her  l edge or  boul der  f or mat i on shal l  be r epl aced wi t h sui t abl e 
mat er i al s t o pr ovi de a compact ed ear t h cushi on havi ng a t hi ckness bet ween 
unr emoved r ock and t he pi pe of  at  l east  200 mm 8 i nches or  13 mm 1/ 2 i nch 
f or  each met er  f oot  of  f i l l  over  t he t op of  t he pi pe,  whi chever  i s  gr eat er ,  
but  not  mor e t han t hr ee- f our t hs t he nomi nal  di amet er  of  t he pi pe.   Wher e 
bel l - and- spi got  pi pe i s used,  t he cushi on shal l  be mai nt ai ned under  t he 
bel l  as wel l  as under  t he st r ai ght  por t i on of  t he pi pe.   Rock excavat i on 
shal l  be as speci f i ed and def i ned i n Sect i on 31 00 00 EARTHWORK 
31 23 00. 00 20 EXCAVATI ON AND FI LL .

3. 1. 3   Removal  of  Unst abl e Mat er i al

**************************************************************************
NOTE:   Coor di nat e wi t h pr ecedi ng par agr aph.

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

Wher e wet  or  ot her wi se unst abl e soi l  i ncapabl e of  pr oper l y suppor t i ng t he 
pi pe,  as det er mi ned by t he Cont r act i ng Of f i cer ,  i s  unexpect edl y encount er ed 
i n t he bot t om of  a t r ench,  such mat er i al  shal l  be r emoved t o t he dept h 
r equi r ed and r epl aced t o t he pr oper  gr ade wi t h sel ect  gr anul ar  mat er i al ,  
compact ed as pr ovi ded i n par agr aph BACKFI LLI NG.   When r emoval  of  unst abl e 
mat er i al  i s  due t o t he f aul t  or  negl ect  of  t he Cont r act or  whi l e per f or mi ng 
shor i ng and sheet i ng,  wat er  r emoval ,  or  ot her  speci f i ed r equi r ement s,  such 
r emoval  and r epl acement  shal l  be per f or med at  no addi t i onal  cost  t o t he 
Government.

3. 2   BEDDING

**************************************************************************
NOTE:   I t  shoul d be not ed t hat  pi pe cover  
r equi r ement s wi l l  be di f f er ent  f or  di f f er ent  t ypes 
of  beddi ng.

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

The beddi ng sur f ace f or  t he pi pe shal l  pr ovi de a f i r m f oundat i on of  uni f or m 
densi t y t hr oughout  t he ent i r e l engt h of  t he pi pe.
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3. 2. 1   Concr et e Pi pe Requi r ement s

When no beddi ng c l ass i s speci f i ed or  det ai l ed on t he dr awi ngs,  concr et e 
pi pe shal l  be bedded i n gr anul ar  mat er i al  mi ni mum 100 mm 4 i nch i n dept h i n 
t r enches wi t h soi l  f oundat i on.   Dept h of  gr anul ar  beddi ng i n t r enches wi t h 
r ock f oundat i on shal l  be 13 mm 1/ 2 i nch i n dept h per  300 mm f oot  of  dept h 
of  f i l l ,  mi ni mum dept h of  beddi ng shal l  be 200 mm 8 i nch up t o maxi mum 
dept h of  600 mm 24 i nches.   The mi ddl e t hi r d of  t he gr anul ar  beddi ng shal l  
be l oosel y pl aced.   Bel l  hol es and depr essi ons f or  j oi nt s shal l  be r emoved 
and f or med so ent i r e bar r el  of  pi pe i s uni f or ml y suppor t ed.   The bel l  hol e 
and depr essi ons f or  t he j oi nt s shal l  be not  mor e t han t he l engt h,  dept h,  
and wi dt h r equi r ed f or  pr oper l y maki ng t he par t i cul ar  t ype of  j oi nt .

3. 2. 2   Cl ay Pi pe Requi r ement s

Beddi ng f or  c l ay pi pe shal l  be as speci f i ed by ASTM C12.

3. 2. 3   Cor r ugat ed St eel  and Al umi num Pi pe

Beddi ng f or  cor r ugat ed st eel  and al umi num pi pe and pi pe ar ch shal l  be i n 
accor dance wi t h ASTM A798/ A798M.   I t  i s  not  r equi r ed t o shape t he beddi ng 
t o t he pi pe geomet r y.   However ,  f or  pi pe ar ches,  ei t her  shape t he beddi ng 
t o t he r el at i vel y f l at  bot t om ar c or  f i ne gr ade t he f oundat i on t o a shal l ow 
v- shape.   Beddi ng f or  cor r ugat ed st r uct ur al  pl at e pi pe shal l  meet  
r equi r ement s of  ASTM A807/ A807M.

3. 2. 4   Duct i l e I r on Pi pe

Beddi ng f or  duct i l e i r on pi pe shal l  be as shown on t he dr awi ngs.

3. 2. 5   Pl ast i c Pi pe

Beddi ng f or  PVC,  PE,  SRPE and PP pi pe shal l  meet  t he r equi r ement s of  
ASTM D2321.   Use Cl ass I B or  I I  mat er i al  f or  beddi ng,  haunchi ng,  and 
i ni t i al  backf i l l .   Use Cl ass I ,  I I ,  or  I I I  mat er i al  f or  PP pi pe beddi ng,  
haunchi ng and i ni t i al  backf i l l .

3. 3   PLACI NG PI PE

**************************************************************************
NOTE:   The Cont r act or  shoul d be r equi r ed t o per f or m 
def l ect i on t est i ng when war r ant ed by t he scope and 
si ze of  t he pr oj ect .

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

Each pi pe shal l  be t hor oughl y exami ned bef or e bei ng l ai d;  def ect i ve or  
damaged pi pe shal l  not  be used.   Pl ast i c pi pe,  excl udi ng SRPE pi pe shal l  be 
pr ot ect ed f r om exposur e t o di r ect  sunl i ght  pr i or  t o l ayi ng,  i f  necessar y t o 
mai nt ai n adequat e pi pe st i f f ness and meet  i nst al l at i on def l ect i on 
requirements.   Pi pel i nes shal l  be l ai d t o t he gr ades and al i gnment  
i ndi cat ed.   Pr oper  f aci l i t i es shal l  be pr ovi ded f or  l ower i ng sect i ons of  
pi pe i nt o t r enches.   Li f t i ng l ugs i n ver t i cal l y  el ongat ed pi pe shal l  be 
pl aced i n t he same ver t i cal  pl ane as t he maj or  axi s of  t he pi pe.   Pi pe 
shal l  not  be l ai d i n wat er ,  and pi pe shal l  not  be l ai d when t r ench 
condi t i ons or  weat her  ar e unsui t abl e f or  such wor k.   Di ver si on of  dr ai nage 
or  dewat er i ng of  t r enches dur i ng const r uct i on shal l  be pr ovi ded as 
necessar y.   Def l ect i on of  i nst al l ed f l exi bl e pi pe shal l  not  exceed t he 
f ol l owi ng l i mi t s:
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TYPE OF PI PE MAXI MUM ALLOWABLE
DEFLECTI ON ( per cent )

Cor r ugat ed St eel  and Al umi num 5

Concr et e- Li ned Cor r ugat ed St eel 3

Pl ast i c ( PVC,  PE,  SRPE,  and PP) 5

Not e post  i nst al l at i on r equi r ement s of  par agr aph DEFLECTI ON TESTI NG i n PART 
3 of  t hi s speci f i cat i on f or  al l  pi pe pr oduct s i ncl udi ng def l ect i on t est i ng 
r equi r ement s f or  f l exi bl e pi pe.

3. 3. 1   Concr et e,  Cl ay,  PVC,  Ri bbed PVC,  Duct i l e I r on and Cast - I r on Pi pe

Layi ng shal l  pr oceed upgr ade wi t h spi got  ends of  bel l - and- spi got  pi pe and 
t ongue ends of  t ongue- and- gr oove pi pe poi nt i ng i n t he di r ect i on of  t he f l ow.

3. 3. 2   El l i pt i cal  and El l i pt i cal  Rei nf or ced Concr et e Pi pe

The manuf act ur er ' s r ef er ence l i nes,  desi gnat i ng t he t op of  t he pi pe,  shal l  
be wi t hi n 5 degr ees of  a ver t i cal  pl ane t hr ough t he l ongi t udi nal  ax i s of  
t he pi pe,  dur i ng pl acement .   Damage t o or  mi sal i gnment  of  t he pi pe shal l  be 
pr event ed i n al l  backf i l l i ng oper at i ons.

3. 3. 3   PE,  SRPE,  and Dual  Wal l  and Tr i pl e Wal l  PP Pi pe

Layi ng shal l  be wi t h t he separ at e sect i ons j oi ned f i r ml y on a bed shaped t o 
l i ne and gr ade and shal l  f ol l ow manuf act ur er ' s gui del i nes.

3. 3. 4   Cor r ugat ed St eel  and Al umi num Pi pe and Pi pe Ar ch

**************************************************************************
NOTE:   Coor di nat e wi t h par agr aph Cor r ugat ed St eel  
Pipe.

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

Layi ng shal l  be wi t h t he separ at e sect i ons j oi ned f i r ml y t oget her ,  wi t h t he 
out s i de l aps of  c i r cumf er ent i al  j oi nt s poi nt i ng upst r eam,  and wi t h 
l ongi t udi nal  l aps on t he s i des.   Par t  paved pi pe shal l  be i nst al l ed so t hat  
t he cent er l i ne of  bi t umi nous pavement  i n t he pi pe,  i ndi cat ed by sui t abl e 
mar ki ngs on t he t op at  each end of  t he pi pe sect i ons,  coi nci des wi t h t he 
speci f i ed al i gnment  of  pi pe.   Ful l y paved st eel  pi pe or  pi pe ar ch shal l  
have a pai nt ed or  ot her wi se appl i ed l abel  i nsi de t he pi pe or  pi pe ar ch 
i ndi cat i ng sheet  t hi ckness of  pi pe or  pi pe ar ch.   Any unpr ot ect ed met al  i n 
t he j oi nt s shal l  be coat ed wi t h bi t umi nous mat er i al  as speci f i ed i n 
AASHTO M 190 or  AASHTO M 243.   I nt er i or  coat i ng shal l  be pr ot ect ed agai nst  
damage f r om i nser t i on or  r emoval  of  st r ut s or  t i e wi r es.   Li f t i ng l ugs 
shal l  be used t o f aci l i t at e movi ng pi pe wi t hout  damage t o ext er i or  or  
i nt er i or  coat i ngs.   Dur i ng t r anspor t at i on and i nst al l at i on,  pi pe or  pi pe 
ar ch and coupl i ng bands shal l  be handl ed wi t h car e t o pr ecl ude damage t o 
t he coat i ng,  pavi ng or  l i ni ng.   Damaged coat i ngs,  pavi ngs and l i ni ngs shal l  
be r epai r ed i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons pr i or  t o 
pl aci ng backf i l l .   Pi pe on whi ch coat i ng,  pavi ng or  l i ni ng has been damaged 
t o such an ext ent  t hat  sat i sf act or y f i el d r epai r s cannot  be made shal l  be 
r emoved and r epl aced.   Ver t i cal  el ongat i on,  wher e i ndi cat ed,  shal l  be 
accompl i shed by f act or y el ongat i on.   Sui t abl e mar ki ngs or  pr oper l y pl aced 
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l i f t i ng l ugs shal l  be pr ovi ded t o ensur e pl acement  of  f act or y el ongat ed 
pi pe i n a ver t i cal  pl ane.

3. 3. 5   St r uct ur al - Pl at e St eel

St r uct ur al  pl at e shal l  be i nst al l ed i n accor dance wi t h ASTM A807/ A807M.   
St r uct ur al  pl at e shal l  be assembl ed i n accor dance wi t h i nst r uct i ons 
f ur ni shed by t he manuf act ur er .   I nst r uct i ons shal l  show t he posi t i on of  
each pl at e and t he or der  of  assembl y.   Bol t s shal l  be t i ght ened 
pr ogr essi vel y and uni f or ml y,  st ar t i ng at  one end of  t he st r uct ur e af t er  al l  
pl at es ar e i n pl ace.   The oper at i on shal l  be r epeat ed t o ensur e t hat  al l  
bol t s ar e t i ght ened t o meet  t he t or que r equi r ement s of  270 Newt on met er s 
200 f oot - pounds pl us or  mi nus 68 Newt on met er s 50 f oot - pounds.   Any power  
wr enches used shal l  be checked by t he use of  hand t or que wr enches or  
l ong- handl ed socket  or  st r uct ur al  wr enches f or  amount  of  t or que pr oduced.   
Power  wr enches shal l  be checked and adj ust ed f r equent l y as needed,  
accor di ng t o t ype or  condi t i on,  t o ensur e pr oper  adj ust ment  t o suppl y t he 
r equi r ed t or que.

3. 3. 6   St r uct ur al - Pl at e Al umi num

St r uct ur al  pl at e shal l  be assembl ed i n accor dance wi t h i nst r uct i ons 
f ur ni shed by t he manuf act ur er .   I nst r uct i ons shal l  show t he posi t i on of  
each pl at e and t he or der  of  assembl y.   Bol t s shal l  be t i ght ened 
pr ogr essi vel y and uni f or ml y,  st ar t i ng at  one end of  t he st r uct ur e af t er  al l  
pl at es ar e i n pl ace.   The oper at i on shal l  be r epeat ed t o ensur e t hat  al l  
bol t s ar e t or qued t o a mi ni mum of  136 Newt on met er s 100 f oot - pounds on 
al umi num al l oy bol t s and a mi ni mum of  203 Newt on met er s 150 f oot - pounds on 
gal vani zed st eel  bol t s.   Any power  wr enches used shal l  be checked by t he 
use of  hand t or que wr enches or  l ong- handl ed socket  or  st r uct ur al  wr enches 
f or  t he amount  of  t or que pr oduced.   Power  wr enches shal l  be checked and 
adj ust ed as f r equent l y as needed,  accor di ng t o t ype or  condi t i on,  t o ensur e 
t hat  t hey ar e i n pr oper  adj ust ment  t o suppl y t he r equi r ed t or que.

3. 3. 7   Mul t i pl e Cul ver t s

**************************************************************************
NOTE:   Wher e encasement  or  ot her  speci al  condi t i ons 
ar e speci f i ed,  mi ni mum spaci ng as speci f i ed i n t hi s 
par agr aph shoul d not  appl y.

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

Wher e mul t i pl e l i nes of  pi pe ar e i nst al l ed,  adj acent  s i des of  pi pe shal l  be 
at  l east  hal f  t he nomi nal  pi pe di amet er  or  1 met er  3 f eet  apar t ,  whi chever  
i s  l ess.

3. 3. 8   Jacki ng Pi pe Thr ough Fi l l s

Met hods of  oper at i on and i nst al l at i on f or  j acki ng pi pe t hr ough f i l l s  shal l  
conf or m t o r equi r ement s speci f i ed i n Vol ume 1,  Chapt er  1,  Par t  4 of  
AREMA Eng Man.

3. 4   JOINTING

**************************************************************************
NOTE:   Wher e wat er t i ght ness i s not  r equi r ed,  
wat er t i ght  and at  l east  one ot her  t ype of  j oi nt  
shoul d be i ncl uded f or  each t ype of  pi pe r equi r ed.   
Wher e wat er t i ght ness i s essent i al ,  del et e par agr aphs 
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Cement - Mor t ar  Bel l - and- Spi got  Joi nt  t hr ough Pl ast i c 
Seal i ng Compound Joi nt s f or  Tongue- and- Gr ooved Pi pe 
below.

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

3. 4. 1   Concr et e and Cl ay Pi pe

3. 4. 1. 1   Cement - Mor t ar  Bel l - and- Spi got  Joi nt

The f i r st  pi pe shal l  be bedded t o t he est abl i shed gr ade l i ne,  wi t h t he bel l  
end pl aced upst r eam.   The i nt er i or  sur f ace of  t he bel l  shal l  be t hor oughl y 
c l eaned wi t h a wet  br ush and t he l ower  por t i on of  t he bel l  f i l l ed wi t h 
mor t ar  as r equi r ed t o br i ng i nner  sur f aces of  abut t i ng pi pes f l ush and 
even.   The spi got  end of  each subsequent  pi pe shal l  be c l eaned wi t h a wet  
br ush and uni f or ml y mat ched i nt o a bel l  so t hat  sect i ons ar e c l osel y 
f i t t ed.   Af t er  each sect i on i s l ai d,  t he r emai nder  of  t he j oi nt  shal l  be 
f i l l ed wi t h mor t ar ,  and a bead shal l  be f or med ar ound t he out s i de of  t he 
j oi nt  wi t h suf f i c i ent  addi t i onal  mor t ar .   I f  mor t ar  i s  not  suf f i c i ent l y 
st i f f  t o pr event  appr eci abl e s l ump bef or e set t i ng,  t he out s i de of  t he j oi nt  
shal l  be wr apped or  bandaged wi t h cheesecl ot h t o hol d mor t ar  i n pl ace.

3. 4. 1. 2   Cement - Mor t ar  Oakum Joi nt  f or  Bel l - and- Spi got  Pi pe

A cl osel y t wi st ed gasket  shal l  be made of  j ut e or  oakum of  t he di amet er  
r equi r ed t o suppor t  t he spi got  end of  t he pi pe at  t he pr oper  gr ade and t o 
make t he j oi nt  concent r i c.   Joi nt  packi ng shal l  be i n one pi ece of  
suf f i c i ent  l engt h t o pass ar ound t he pi pe and l ap at  t op.   Thi s gasket  
shal l  be t hor oughl y sat ur at ed wi t h neat  cement  gr out .   The bel l  of  t he pi pe 
shal l  be t hor oughl y c l eaned wi t h a wet  br ush,  and t he gasket  shal l  be l ai d 
i n t he bel l  f or  t he l ower  t hi r d of  t he c i r cumf er ence and cover ed wi t h 
mor t ar .   The spi got  of  t he pi pe shal l  be t hor oughl y c l eaned wi t h a wet  
br ush,  i nser t ed i n t he bel l ,  and car ef ul l y  dr i ven home.   A smal l  amount  of  
mor t ar  shal l  be i nser t ed i n t he annul ar  space f or  t he upper  t wo- t hi r ds of  
t he c i r cumf er ence.   The gasket  shal l  be l apped at  t he t op of  t he pi pe and 
dr i ven home i n t he annul ar  space wi t h a caul k i ng t ool .   The r emai nder  of  
t he annul ar  space shal l  be f i l l ed compl et el y wi t h mor t ar  and bevel ed at  an 
angl e of  appr oxi mat el y 45 degr ees wi t h t he out s i de of  t he bel l .   I f  mor t ar  
i s  not  suf f i c i ent l y st i f f  t o pr event  appr eci abl e s l ump bef or e set t i ng,  t he 
out s i de of  t he j oi nt  t hus made shal l  be wr apped wi t h cheesecl ot h.   Pl aci ng 
of  t hi s t ype of  j oi nt  shal l  be kept  at  l east  f i ve j oi nt s behi nd l ay i ng 
operations.

3. 4. 1. 3   Cement - Mor t ar  Di aper  Joi nt  f or  Bel l - and- Spi got  Pi pe

The pi pe shal l  be cent er ed so t hat  t he annul ar  space i s uni f or m.   The 
annul ar  space shal l  be caul ked wi t h j ut e or  oakum.   Bef or e caul k i ng,  t he 
i nsi de of  t he bel l  and t he out s i de of  t he spi got  shal l  be c l eaned.

a.   Di aper  Bands:   Di aper  bands shal l  consi st  of  heavy c l ot h f abr i c  t o hol d 
gr out  i n pl ace at  j oi nt s and shal l  be cut  i n l engt hs t hat  ext end 
one- ei ght h of  t he c i r cumf er ence of  pi pe above t he spr i ng l i ne on one 
si de of  t he pi pe and up t o t he spr i ng l i ne on t he ot her  s i de of  t he 
pi pe.   Longi t udi nal  edges of  f abr i c bands shal l  be r ol l ed and st i t ched 
ar ound t wo pi eces of  wi r e.   Wi dt h of  f abr i c bands shal l  be such t hat  
af t er  f abr i c has been secur el y st i t ched ar ound bot h edges on wi r es,  t he 
wi r es wi l l  be uni f or ml y spaced not  l ess t han 200 mm 8 i nches apar t .   
Wi r es shal l  be cut  i nt o l engt hs t o pass ar ound pi pe wi t h suf f i c i ent  
ext r a l engt h f or  t he ends t o be t wi st ed at  t op of  pi pe t o hol d t he band 
secur el y i n pl ace;  bands shal l  be accur at el y cent er ed ar ound l ower  
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por t i on of  j oi nt .

b.   Gr out :   Gr out  shal l  be pour ed bet ween band and pi pe f r om t he hi gh s i de 
of  band onl y,  unt i l  gr out  r i ses t o t he t op of  band at  t he spr i ng l i ne 
of  pi pe,  or  as near l y so as possi bl e,  on t he opposi t e s i de of  pi pe,  t o 
ensur e a t hor ough seal i ng of  j oi nt  ar ound t he por t i on of  pi pe cover ed 
by t he band.   Si l t ,  s l ush,  wat er ,  or  pol l ut ed mor t ar  gr out  f or ced up on 
t he l ower  s i de shal l  be f or ced out  by pour i ng,  and r emoved.

c.   Remai nder  of  Joi nt :   The r emai ni ng unf i l l ed upper  por t i on of  t he j oi nt  
shal l  be f i l l ed wi t h mor t ar  and a bead f or med ar ound t he out s i de of  
t hi s upper  por t i on of  t he j oi nt  wi t h a suf f i c i ent  amount  of  addi t i onal  
mor t ar .   The di aper  shal l  be l ef t  i n pl ace.   Pl aci ng of  t hi s t ype of  
j oi nt  shal l  be kept  at  l east  f i ve j oi nt s behi nd act ual  l ayi ng of  pi pe.   
No backf i l l i ng ar ound j oi nt s shal l  be done unt i l  j oi nt s have been f ul l y  
i nspect ed and appr oved.

3. 4. 1. 4   Cement - Mor t ar  Tongue- and- Gr oove Joi nt

The f i r st  pi pe shal l  be bedded car ef ul l y  t o t he est abl i shed gr ade l i ne wi t h 
t he gr oove upst r eam.   A shal l ow excavat i on shal l  be made under neat h t he 
pi pe at  t he j oi nt  and f i l l ed wi t h mor t ar  t o pr ovi de a bed f or  t he pi pe.   
The gr ooved end of  t he f i r st  pi pe shal l  be t hor oughl y c l eaned wi t h a wet  
br ush,  and a l ayer  of  sof t  mor t ar  appl i ed t o t he l ower  hal f  of  t he gr oove.   
The t ongue of  t he second pi pe shal l  be c l eaned wi t h a wet  br ush;  whi l e i n 
hor i zont al  posi t i on,  a l ayer  of  sof t  mor t ar  shal l  be appl i ed t o t he upper  
hal f  of  t he t ongue.   The t ongue end of  t he second pi pe shal l  be i nser t ed i n 
t he gr ooved end of  t he f i r st  pi pe unt i l  mor t ar  i s  squeezed out  on i nt er i or  
and ext er i or  sur f aces.   Suf f i c i ent  mor t ar  shal l  be used t o f i l l  t he j oi nt  
compl et el y and t o f or m a bead on t he out s i de.

3. 4. 1. 5   Cement - Mor t ar  Di aper  Joi nt  f or  Tongue- and- Gr oove Pi pe

The j oi nt  shal l  be of  t he t ype descr i bed f or  cement - mor t ar  
t ongue- and- gr oove j oi nt  i n t hi s par agr aph,  except  t hat  t he shal l ow 
excavat i on di r ect l y beneat h t he j oi nt  shal l  not  be f i l l ed wi t h mor t ar  unt i l  
af t er  a gauze or  cheesecl ot h band di pped i n cement  mor t ar  has been wr apped 
ar ound t he out s i de of  t he j oi nt .   The cement - mor t ar  bead at  t he j oi nt  shal l  
be at  l east  13 mm 1/ 2 i nch,  t hi ck and t he wi dt h of  t he di aper  band shal l  be 
at  l east  200 mm 8 i nches.   The di aper  shal l  be l ef t  i n pl ace.   Pl aci ng of  
t hi s t ype of  j oi nt  shal l  be kept  at  l east  f i ve j oi nt s behi nd t he act ual  
l ayi ng of  t he pi pe.   Backf i l l i ng ar ound t he j oi nt s shal l  not  be done unt i l  
t he j oi nt s have been f ul l y  i nspect ed and appr oved.

3. 4. 1. 6   Pl ast i c Seal i ng Compound Joi nt s f or  Tongue- and- Gr ooved Pi pe

Seal i ng compounds shal l  f ol l ow t he r ecommendat i on of  t he par t i cul ar  
manuf act ur er  i n r egar d t o speci al  i nst al l at i on r equi r ement s.   Sur f aces t o 
r ecei ve l ubr i cant s,  pr i mer s,  or  adhesi ves shal l  be dr y and cl ean.   Seal i ng 
compounds shal l  be af f i xed t o t he pi pe not  mor e t han 3 hour s pr i or  t o 
i nst al l at i on of  t he pi pe,  and shal l  be pr ot ect ed f r om t he sun,  bl owi ng 
dust ,  and ot her  del et er i ous agent s at  al l  t i mes.   Seal i ng compounds shal l  
be i nspect ed bef or e i nst al l at i on of  t he pi pe,  and any l oose or  i mpr oper l y 
af f i xed seal i ng compound shal l  be r emoved and r epl aced.   The pi pe shal l  be 
al i gned wi t h t he pr evi ousl y i nst al l ed pi pe,  and t he j oi nt  pul l ed t oget her .   
I f ,  whi l e maki ng t he j oi nt  wi t h mast i c- t ype seal ant ,  a s l i ght  pr ot r usi on of  
t he mat er i al  i s  not  v i s i bl e al ong t he ent i r e i nner  and out er  c i r cumf er ence 
of  t he j oi nt  when t he j oi nt  i s  pul l ed up,  t he pi pe shal l  be r emoved and t he 
j oi nt  r emade.   Af t er  t he j oi nt  i s  made,  al l  i nner  pr ot r usi ons shal l  be cut  
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of f  f l ush wi t h t he i nner  sur f ace of  t he pi pe.   I f  non- mast i c- t ype seal ant  
mat er i al  i s  used,  t he " Squeeze- Out "  r equi r ement  above wi l l  be wai ved.

3. 4. 1. 7   Fl exi bl e Wat er t i ght  Joi nt s

Gasket s and j oi nt i ng mat er i al s shal l  be as r ecommended by t he par t i cul ar  
manuf act ur er  i n r egar d t o use of  l ubr i cant s,  cement s,  adhesi ves,  and ot her  
speci al  i nst al l at i on r equi r ement s.   Sur f aces t o r ecei ve l ubr i cant s,  
cement s,  or  adhesi ves shal l  be c l ean and dr y.   Gasket s and j oi nt i ng 
mat er i al s shal l  be af f i xed t o t he pi pe not  mor e t han 24 hour s pr i or  t o t he 
i nst al l at i on of  t he pi pe,  and shal l  be pr ot ect ed f r om t he sun,  bl owi ng 
dust ,  and ot her  del et er i ous agent s at  al l  t i mes.   Gasket s and j oi nt i ng 
mat er i al s shal l  be i nspect ed bef or e i nst al l i ng t he pi pe;  any l oose or  
i mpr oper l y af f i xed gasket s and j oi nt i ng mat er i al s shal l  be r emoved and 
r epl aced.   The pi pe shal l  be al i gned wi t h t he pr evi ousl y i nst al l ed pi pe,  
and t he j oi nt  pushed home.   I f ,  whi l e t he j oi nt  i s  bei ng made t he gasket  
becomes vi s i bl y di s l ocat ed t he pi pe shal l  be r emoved and t he j oi nt  r emade.

3. 4. 1. 8   Ext er nal  Seal i ng Band Joi nt  f or  Nonci r cul ar  Pi pe

Sur f aces t o r ecei ve seal i ng bands shal l  be dr y and cl ean.   Bands shal l  be 
i nst al l ed i n accor dance wi t h manuf act ur er ' s r ecommendat i ons.

3. 4. 2   Cor r ugat ed St eel  and Al umi num Pi pe

3. 4. 2. 1   Fi el d Joi nt s

**************************************************************************
NOTE:   Del et e t hi s par agr aph wher e wat er t i ght ness i s 
essential.

I n t he t ext  bel ow,  del et e br acket ed sent ence,  
r egar di ng f i l l i ng of  annul ar  space,  except  when pi pe 
750 mm 30 i nches i n di amet er  and l ar ger  i s  i ncl uded 
i n t he pr oj ect .   Del et e r ef er ence t o pi pe s i ze 
except  when necessar y t o di f f er ent i at e f r om 
cor r ugat ed met al  pi pe of  l ess t han 750 mm 30 i nches 
di amet er  whi ch i s al so i ncl uded i n t he pr oj ect .

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

Tr ansver se f i el d j oi nt s shal l  be desi gned so t hat  t he successi ve connect i on 
of  pi pe sect i ons wi l l  f or m a cont i nuous l i ne f r ee of  appr eci abl e 
i r r egul ar i t i es i n t he f l ow l i ne.   I n addi t i on,  t he j oi nt s shal l  meet  t he 
gener al  per f or mance r equi r ement s descr i bed i n ASTM A798/ A798M.   Sui t abl e 
t r ansver se f i el d j oi nt s whi ch sat i sf y t he r equi r ement s f or  one or  mor e of  
t he j oi nt  per f or mance cat egor i es can be obt ai ned wi t h t he f ol l owi ng t ypes 
of  connect i ng bands f ur ni shed wi t h sui t abl e band- end f ast eni ng devi ces:   
cor r ugat ed bands,  bands wi t h pr oj ect i ons,  f l at  bands,  and bands of  speci al  
desi gn t hat  engage f act or y r ef or med ends of  cor r ugat ed pi pe.   The space 
bet ween t he pi pe and connect i ng bands shal l  be kept  f r ee f r om di r t  and gr i t  
so t hat  cor r ugat i ons f i t  snugl y.   The connect i ng band,  whi l e bei ng 
t i ght ened,  shal l  be t apped wi t h a sof t - head mal l et  of  wood,  r ubber  or  
pl ast i c,  t o t ake up s l ack and ensur e a t i ght  j oi nt .   [ The annul ar  space 
bet ween abut t i ng sect i ons of  par t  paved,  and f ul l y  paved pi pe and pi pe 
ar ch,  i n s i zes 750 mm 30 i nches or  l ar ger ,  shal l  be f i l l ed wi t h a 
bi t umi nous mat er i al  af t er  j oi nt i ng. ]   Fi el d j oi nt s f or  each t ype of  
cor r ugat ed met al  pi pe shal l  mai nt ai n pi pe al i gnment  dur i ng const r uct i on and 
pr event  i nf i l t r at i on of  f i l l  mat er i al  dur i ng t he l i f e of  t he 
i nst al l at i ons.   The t ype,  s i ze,  and sheet  t hi ckness of  t he band and t he 
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si ze of  angl es or  l ugs and bol t s shal l  be as i ndi cat ed or  wher e not  
i ndi cat ed,  shal l  be as speci f i ed i n t he appl i cabl e st andar ds or  
speci f i cat i ons f or  t he pi pe.

3. 4. 2. 2   Fl exi bl e Wat er t i ght ,  Gasket ed Joi nt s

I nst al l at i on shal l  be as r ecommended by t he gasket  manuf act ur er  f or  use of  
l ubr i cant s and cement s and ot her  speci al  i nst al l at i on r equi r ement s.   The 
gasket  shal l  be pl aced over  one end of  a sect i on of  pi pe f or  hal f  t he wi dt h 
of  t he gasket .   The ot her  hal f  shal l  be doubl ed over  t he end of  t he same 
pi pe.   When t he adj oi ni ng sect i on of  pi pe i s i n pl ace,  t he doubl ed- over  
hal f  of  t he gasket  shal l  t hen be r ol l ed over  t he adj oi ni ng sect i on.   Any 
unevenness i n over l ap shal l  be cor r ect ed so t hat  t he gasket  cover s t he end 
of  pi pe sect i ons equal l y.   Connect i ng bands shal l  be cent er ed over  
adj oi ni ng sect i ons of  pi pe,  and r ods or  bol t s pl aced i n posi t i on and nut s 
t i ght ened.   Band Ti ght eni ng:   The band shal l  be t i ght ened evenl y,  even 
t ensi on bei ng kept  on t he r ods or  bol t s,  and t he gasket ;  t he gasket  shal l  
seat  pr oper l y i n t he cor r ugat i ons.   Wat er t i ght  j oi nt s shal l  r emai n 
uncover ed f or  a per i od of  t i me desi gnat ed,  and bef or e bei ng cover ed,  
t i ght ness of  t he nut s shal l  be measur ed wi t h a t or que wr ench.   I f  t he nut  
has t ended t o l oosen i t s gr i p on t he bol t s or  r ods,  t he nut  shal l  be 
r et i ght ened wi t h a t or que wr ench and r emai n uncover ed unt i l  a t i ght ,  
per manent  j oi nt  i s  assur ed.

3. 5   DRAI NAGE STRUCTURES

**************************************************************************
NOTE:   Coor di nat e wi t h par agr aph MI SCELLANEOUS 
MATERIALS.

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

3. 5. 1   Manhol es and I nl et s

**************************************************************************
NOTE:   Pr epar e t he r equi r ed par agr aph or  sect i on 
cover i ng t he essent i al  r equi r ement s f or  r ei nf or ced 
concr et e i nl et  const r uct i on and i nser t  t he r equi r ed 
r ef er ence t o t he par agr aph or  sect i on pr epar ed t o 
cover  t hese i t ems.

Del et e t he r equi r ement  f or  f l exi bl e wat er t i ght  
connect or s ( l ast  sent ence)  when a wat er t i ght  
connect i on bet ween pi pe and manhol es and i nl et s i s  
not  r equi r ed.

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

Const r uct i on shal l  be of  r ei nf or ced concr et e,  pl ai n concr et e,  br i ck,  
pr ecast  r ei nf or ced concr et e,  pr ecast  concr et e segment al  bl ocks,  
pr ef abr i cat ed cor r ugat ed met al ,  or  bi t umi nous coat ed cor r ugat ed met al ;  
compl et e wi t h f r ames and cover s or  gr at i ngs;  and wi t h f i xed gal vani zed 
st eel  l adder s wher e i ndi cat ed.   Pi pe st uds and j unct i on chamber s of  
pr ef abr i cat ed cor r ugat ed met al  manhol es shal l  be f ul l y  bi t umi nous- coat ed 
and paved when t he connect i ng br anch l i nes ar e so t r eat ed.   Pi pe 
connect i ons t o concr et e manhol es and i nl et s shal l  be made wi t h f l ex i bl e,  
wat er t i ght  connect or s.

3. 5. 2   Wal l s and Headwal l s

**************************************************************************
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NOTE:   Dr y- st one masonr y may be speci f i ed and used 
f or  cr i b const r uct i on and/ or  s l opi ng r et ai ni ng wal l s 
t hat  wi l l  sust ai n l i t t l e or  no ear t h pr essur e.

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

Const r uct i on shal l  be as i ndi cat ed.

3. 6   STEEL LADDER I NSTALLATI ON

Ladder  shal l  be adequat el y anchor ed 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  ver t i cal l y ,  and shal l  be i nst al l ed t o 
pr ovi de at  l east  152 mm 6 i nches of  space bet ween t he wal l  and t he r ungs.   
The wal l  al ong t he l i ne of  t he l adder  shal l  be ver t i cal  f or  i t s  ent i r e 
length.

3. 7   BACKFILLING

**************************************************************************
NOTE:   The t hi ckness of  l ayer s of  backf i l l  and t he 
degr ee of  compact i on r equi r ed t o pr event  undesi r abl e 
set t l ement  shoul d be det er mi ned by soi l  condi t i ons 
and t he j ob compact i on r equi r ement s.   When r i gi d 
pi pe i s t o be pl aced under  hi gh f i l l s ,  t he i mper f ect  
t r ench met hod of  i nst al l at i on may be speci f i ed.

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

3. 7. 1   Backf i l l i ng Pi pe i n Tr enches

Af t er  t he pi pe has been pr oper l y bedded,  sel ect ed mat er i al  f r om excavat i on 
or  bor r ow,  at  a moi st ur e cont ent  t hat  wi l l  f aci l i t at e compact i on,  shal l  be 
pl aced al ong bot h s i des of  pi pe i n l ayer s not  exceedi ng 150 mm 6 i nches i n 
compact ed dept h.   The backf i l l  shal l  be br ought  up evenl y on bot h s i des of  
pi pe f or  t he f ul l  l engt h of  pi pe.   The f i l l  shal l  be t hor oughl y compact ed 
under  t he haunches of  t he pi pe.   Each l ayer  shal l  be t hor oughl y compact ed 
wi t h mechani cal  t amper s or  r ammer s.   Thi s met hod of  f i l l i ng and compact i ng 
shal l  cont i nue unt i l  t he f i l l  has r eached an el evat i on equal  t o t he 
mi dpoi nt  ( spr i ng l i ne)  of  concr et e pi pe or  has r eached an el evat i on of  at  
l east  300 mm 12 i nches above t he t op of  t he pi pe f or  f l exi bl e pi pe.   The 
r emai nder  of  t he t r ench shal l  be backf i l l ed and compact ed by spr eadi ng and 
r ol l i ng or  compact ed by mechani cal  r ammer s or  t amper s i n l ayer s not  
exceedi ng [ _____]  mm i nches.   Test s f or  densi t y shal l  be made as necessar y 
t o ensur e conf or mance t o t he compact i on r equi r ement s speci f i ed bel ow.   
Wher e i t  i s  necessar y,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  t hat  
sheet i ng or  por t i ons of  br aci ng used be l ef t  i n pl ace,  t he cont r act  wi l l  be 
adj ust ed accor di ngl y.   Unt r eat ed sheet i ng shal l  not  be l ef t  i n pl ace 
beneat h st r uct ur es or  pavement s.

3. 7. 2   Backf i l l i ng Pi pe i n Fi l l  Sect i ons

For  pi pe pl aced i n f i l l  sect i ons,  backf i l l  mat er i al  and t he pl acement  and 
compact i on pr ocedur es shal l  be as speci f i ed bel ow.   The f i l l  mat er i al  shal l  
be uni f or ml y spr ead i n l ayer s l ongi t udi nal l y on bot h s i des of  t he pi pe,  not  
exceedi ng 150 mm 6 i nches i n compact ed dept h,  and shal l  be compact ed by 
r ol l i ng par al l el  wi t h pi pe or  by mechani cal  t ampi ng or  r ammi ng.   Pr i or  t o 
commenci ng nor mal  f i l l i ng oper at i ons,  t he cr own wi dt h of  t he f i l l  at  a 
hei ght  of  300 mm 12 i nches above t he t op of  t he pi pe shal l  ext end a 
di st ance of  not  l ess t han t wi ce t he out s i de pi pe di amet er  on each s i de of  
t he pi pe or  4 m 12 f eet ,  whi chever  i s  l ess.   Af t er  t he backf i l l  has r eached 
at  l east  300 mm 12 i nches above t he t op of  t he pi pe,  t he r emai nder  of  t he 
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f i l l  shal l  be pl aced and t hor oughl y compact ed i n l ayer s not  exceedi ng 
[ _____]  mm i nches.   Use sel ect  gr anul ar  mat er i al  f or  t hi s ent i r e r egi on of  
backf i l l  f or  f l exi bl e pi pe i nst al l at i ons.

3. 7. 3   Movement  of  Const r uct i on Machi ner y

When compact i ng by r ol l i ng or  oper at i ng heavy equi pment  par al l el  wi t h t he 
pi pe,  di spl acement  of  or  i nj ur y t o t he pi pe shal l  be avoi ded.   Movement  of  
const r uct i on machi ner y over  a cul ver t  or  st or m dr ai n at  any st age of  
const r uct i on shal l  be at  t he Cont r act or ' s r i sk.   Any damaged pi pe shal l  be 
r epai r ed or  r epl aced.

3. 7. 4   Compaction

3. 7. 4. 1   Gener al  Requi r ement s

Cohesi onl ess mat er i al s i ncl ude gr avel s,  gr avel - sand mi xt ur es,  sands,  and 
gr avel l y sands.   Cohesi ve mat er i al s i ncl ude cl ayey and si l t y  gr avel s,  
gr avel - s i l t  mi xt ur es,  c l ayey and si l t y  sands,  sand- cl ay mi xt ur es,  c l ays,  
s i l t s ,  and ver y f i ne sands.   When r esul t s of  compact i on t est s f or  
moi st ur e- densi t y  r el at i ons ar e r ecor ded on gr aphs,  cohesi onl ess soi l s wi l l  
show st r ai ght  l i nes or  r ever se- shaped moi st ur e- densi t y cur ves,  and cohesi ve 
soi l s wi l l  show nor mal  moi st ur e- densi t y cur ves.

3. 7. 4. 2   Mi ni mum Densi t y

**************************************************************************
NOTE:   For  cul ver t s or  st or m dr ai ns i nst al l ed 
beneat h st r uct ur es ( i ncl udi ng embankment s)  t hat  have 
cr i t i cal  st abi l i t y  r equi r ement s or  set t l ement  
l i mi t at i ons,  t he maxi mum densi t y r equi r ement s shoul d 
be i ncr eased as necessar y.   I f  onl y a cohesi ve soi l  
or  onl y a cohesi onl ess mat er i al  wi l l  be used as 
backf i l l ,  t he i nappl i cabl e val ue wi l l  be del et ed.

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

Backf i l l  over  and ar ound t he pi pe and backf i l l  ar ound and adj acent  t o 
dr ai nage st r uct ur es shal l  be compact ed at  t he appr oved moi st ur e cont ent  t o 
t he f ol l owi ng appl i cabl e mi ni mum densi t y,  whi ch wi l l  be det er mi ned as 
speci f i ed bel ow.

a.   Under  ai r f i el d and hel i por t  pavement s,  paved r oads,  st r eet s,  par ki ng 
ar eas,  and si mi l ar - use pavement s i ncl udi ng adj acent  shoul der  ar eas,  t he 
densi t y shal l  be not  l ess t han 90 per cent  of  maxi mum densi t y f or  
cohesi ve mat er i al  and 95 per cent  of  maxi mum densi t y f or  cohesi onl ess 
mat er i al ,  up t o t he el evat i on wher e r equi r ement s f or  pavement  subgr ade 
mat er i al s and compact i on shal l  cont r ol .

b.   Under  unpaved or  t ur f ed t r af f i c  ar eas,  densi t y  shal l  not  be l ess t han 
90 per cent  of  maxi mum densi t y f or  cohesi ve mat er i al  and 95 per cent  of  
maxi mum densi t y f or  cohesi onl ess mat er i al .

c.   Under  nont r af f i c  ar eas,  densi t y shal l  be not  l ess t han t hat  of  t he 
sur r oundi ng mat er i al .
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3. 8   FI ELD PAI NTI NG

3. 8. 1   Cast - I r on Cover s,  Fr ames,  Gr at i ngs,  And St eps

Af t er  i nst al l at i on,  c l ean cast - i r on,  not  bur i ed i n masonr y or  concr et e,  of  
mor t ar ,  r ust ,  gr ease,  di r t ,  and ot her  del et er i ous mat er i al s t o bar e met al  
and appl y a coat  of  bi t umi nous pai nt .

3. 8. 2   St eel  Cover s And Fr ames Or  Concr et e Fr ames

Af t er  i nst al l at i on,  c l ean st eel  or  concr et e,  not  bur i ed i n masonr y or  
concr et e,  of  mor t ar ,  di r t ,  gr ease,  and ot her  del et er i ous mat er i al s t o bar e 
met al .   Appl y a coat  of  pr i mer ,  [      ] ,  t o a mi ni mum dr y f i l m t hi ckness of  
[      ]  mm mi l ;  and appl y a t op coat ,  [      ]  t o a mi ni mum dr y f i l m 
t hi ckness of  [      ]  mm mi l s,  col or  opt i onal .   Pai nt i ng must  conf or m t o 
Sect i on 09 90 00 PAI NTS AND COATI NGS.   Do not  pai nt  sur f aces subj ect  t o 
abrasion.

3. 9   FI ELD QUALI TY CONTROL

3. 9. 1   Tests

Test i ng i s t he r esponsi bi l i t y  of  t he Cont r act or .   Per f or m al l  t est i ng and 
r et est i ng at  no addi t i onal  cost  t o t he Gover nment .

**************************************************************************
NOTE:   Del et e par agr aph when wat er t i ght  j oi nt s ar e 
not  r equi r ed.

When t he quant i t y of  pi pe r equi r ed f or  a pr oj ect  i s  
so smal l  t hat  t he pr ovi s i ons f or  t est i ng and 
cer t i f i cat i on of  wat er t i ght ness of  j oi nt s appear s t o 
be economi cal l y unf easi bl e,  such pr ovi s i ons shoul d 
be del et ed.

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

[ 3. 9. 1. 1   HYDROSTATI C TEST ON WATERTI GHT JOI NTS

Wat er t i ght  j oi nt s shal l  be t est ed and shal l  meet  t est  r equi r ement s of  
par agr aph HYDROSTATI C TEST ON WATERTI GHT JOI NTS.   Rubber  gasket s shal l  
compl y wi t h t he oi l  r esi st ant  gasket  r equi r ement s of  ASTM C443M ASTM C443.   
Cer t i f i ed copi es of  t est  r esul t s shal l  be del i ver ed t o t he Cont r act i ng 
Of f i cer  bef or e gasket s or  j oi nt i ng mat er i al s ar e i nst al l ed.

3. 9. 1. 1. 1   Concr et e,  Cl ay,  PVC,  PE,  SRPE and PP Pi pe

A hydr ost at i c t est  shal l  be made on t he wat er t i ght  j oi nt  t ypes as 
pr oposed.   Onl y one sampl e j oi nt  of  each t ype needs t est i ng;  however ,  i f  
t he sampl e j oi nt  f ai l s  because of  f aul t y desi gn or  wor kmanshi p,  an 
addi t i onal  sampl e j oi nt  may be t est ed.   Dur i ng t he t est  per i od,  gasket s or  
ot her  j oi nt i ng mat er i al  shal l  be pr ot ect ed f r om ext r eme t emper at ur es whi ch 
mi ght  adver sel y af f ect  t he per f or mance of  such mat er i al s.   Per f or mance 
r equi r ement s f or  j oi nt s i n r ei nf or ced and nonr ei nf or ced concr et e pi pe shal l  
conf or m t o ASTM C990 or  ASTM C443M ASTM C443.   Test  r equi r ement s f or  j oi nt s 
i n c l ay pi pe shal l  conf or m t o ASTM C425.   Test  r equi r ement s f or  j oi nt s i n 
PVC,  PE,  and PP pl ast i c pi pe shal l  conf or m t o ASTM D3212.
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3. 9. 1. 1. 2   Cor r ugat ed St eel  and Al umi num Pi pe

**************************************************************************
NOTE:   The pi pe l engt h t est ed f or  hydr ost at i c t est  
on j oi nt s must  not  exceed t he " Al l owabl e span i n 
f eet  f or  CSP Fl owi ng Ful l , "  TABLE 4. 5,  of  Amer i can 
I r on and St eel  I nst i t ut e Publ i cat i on " Handbook of  
St eel  Dr ai nage and Hi ghway Const r uct i on Pr oduct s" .   
The j oi nt  i s  i n t he cent er  of  t he sampl e t est ed,  t he 
suppor t s shoul d be at  21 per cent  of  t he sampl e 
l engt h f r om t he ends of  t he sampl e t o devel op 15 
per cent  moment  when f i l l ed wi t h wat er .

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

A hydr ost at i c t est  shal l  be made on t he wat er t i ght  j oi nt  syst em or  coupl i ng 
band t ype pr oposed.   The moment  st r engt h r equi r ed of  t he j oi nt  i s  expr essed 
as 15 per cent  of  t he cal cul at ed moment  capaci t y of  t he pi pe on a t r ansver se 
sect i on r emot e f r om t he j oi nt  by t he AASHTO HB- 17 ( Di v i s i on I I ,  Sect i on 
26) .   The pi pe shal l  be suppor t ed f or  t he hydr ost at i c t est  wi t h t he j oi nt  
l ocat ed at  t he poi nt  whi ch devel ops 15 per cent  of  t he moment  capaci t y of  
t he pi pe based on t he al l owabl e span i n met er s f eet  f or  t he pi pe f l owi ng 
f ul l  or  54, 233 Newt on met er s 40, 000 f oot - pounds,  whi chever  i s  l ess.   
Per f or mance r equi r ement s shal l  be met  at  an i nt er nal  hydr ost at i c pr essur e of
 69 kPa 10 psi ,  f or  a 10 mi nut e per i od f or  bot h annul ar  cor r ugat ed st eel  
and al umi num pi pe and hel i cal  cor r ugat ed st eel  and al umi num pi pe wi t h 
f act or y r ef or med ends.

][ 3. 9. 1. 2   Leakage Test

**************************************************************************
NOTE:   Del et e t hi s par agr aph when hydr ost at i c t est  
i s  used.

Sel ect  appr opr i at e l eakage r at e.
**************************************************************************

Li nes shal l  be t est ed f or  l eakage by l ow pr essur e ai r  or  wat er  t est i ng or  
exf i l t r at i on t est s,  as appr opr i at e,  pr i or  t o compl et i ng backf i l l .   Low 
pr essur e ai r  t est i ng f or  v i t r i f i ed c l ay pi pes shal l  conf or m t o ASTM C828.   
Low pr essur e ai r  t est i ng f or  concr et e pi pes shal l  conf or m t o ASTM C969M 
ASTM C969.   Low pr essur e ai r  t est i ng f or  pl ast i c pi pe shal l  conf or m t o 
ASTM F1417.   Low pr essur e ai r  t est i ng pr ocedur es f or  ot her  pi pe mat er i al s 
shal l  use t he pr essur es and t est i ng t i mes pr escr i bed i n ASTM C828 or  
ASTM C969M ASTM C969,  af t er  consul t at i on wi t h t he pi pe manuf act ur er .   
Test i ng of  i ndi v i dual  j oi nt s f or  l eakage by l ow pr essur e ai r  or  wat er  shal l  
conf or m t o ASTM C1103M ASTM C1103.   Pr i or  t o exf i l t r at i on t est s,  t he t r ench 
shal l  be backf i l l ed up t o at  l east  t he l ower  hal f  of  t he pi pe.   I f  
r equi r ed,  suf f i c i ent  addi t i onal  backf i l l  shal l  be pl aced t o pr event  pi pe 
movement  dur i ng t est i ng,  l eavi ng t he j oi nt s uncover ed t o per mi t  
i nspect i on.   Vi s i bl e l eaks encount er ed shal l  be cor r ect ed r egar dl ess of  
l eakage t est  r esul t s.   When t he wat er  t abl e i s 600 mm 2 f eet  or  mor e above 
t he t op of  t he pi pe at  t he upper  end of  t he pi pel i ne sect i on t o be t est ed,  
i nf i l t r at i on shal l  be measur ed usi ng a sui t abl e wei r  or  ot her  devi ce 
accept abl e t o t he Cont r act i ng Of f i cer .   An exf i l t r at i on t est  shal l  be made 
by f i l l i ng t he l i ne t o be t est ed wi t h wat er  so t hat  a head of  at  l east  600 
mm 2 f eet  i s  pr ovi ded above bot h t he wat er  t abl e and t he t op of  t he pi pe at  
t he upper  end of  t he pi pel i ne t o be t est ed.   The f i l l ed l i ne shal l  be 
al l owed t o st and unt i l  t he pi pe has r eached i t s maxi mum absor pt i on,  but  not  
l ess t han 4 hour s.   Af t er  absor pt i on,  t he head shal l  be r eest abl i shed.   The 
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amount  of  wat er  r equi r ed t o mai nt ai n t hi s wat er  l evel  dur i ng a 2- hour  t est  
per i od shal l  be measur ed.   Leakage as measur ed by t he exf i l t r at i on t est  
shal l  not  exceed [ 60 l i t er s per  mm i n di amet er  per  k i l omet er  250 gal l ons 
per  i nch i n di amet er  per  mi l e of  pi pel i ne per  day]  [ 9 mL per  mm i n di amet er  
per  100 met er s 0. 2 gal l ons per  i nch i n di amet er  per  100 f eet  of  pi pel i ne 
per  hour ] .

] 3. 9. 1. 3   Det er mi nat i on of  Densi t y

Test i ng shal l  be per f or med by an appr oved commer ci al  t est i ng l abor at or y or  
by t he Cont r act or  subj ect  t o appr oval .   Test s shal l  be per f or med i n 
suf f i c i ent  number  t o ensur e t hat  speci f i ed densi t y  i s  bei ng obt ai ned.   
Labor at or y t est s f or  moi st ur e- densi t y r el at i ons shal l  be made i n accor dance 
with ASTM D1557 except  t hat  mechani cal  t amper s may be used pr ovi ded t he 
r esul t s ar e cor r el at ed wi t h t hose obt ai ned wi t h t he speci f i ed hand t amper .   
Fi el d densi t y t est s shal l  be det er mi ned i n accor dance wi t h ASTM D2167 or  
ASTM D6938.   When ASTM D6938 i s used,  t he cal i br at i on cur ves shal l  be 
checked and adj ust ed,  i f  necessar y,  usi ng t he sand cone met hod as descr i bed 
i n par agr aph Cal i br at i on of  t he r ef er enced publ i cat i ons.   ASTM D6938 
r esul t s i n a wet  uni t  wei ght  of  soi l  and ASTM D6938 shal l  be used t o 
det er mi ne t he moi st ur e cont ent  of  t he soi l .   The cal i br at i on cur ves 
f ur ni shed wi t h t he moi st ur e gauges shal l  be checked al ong wi t h densi t y 
cal i br at i on checks as descr i bed i n ASTM D6938.   Test  r esul t s shal l  be 
f ur ni shed t he Cont r act i ng Of f i cer .   The cal i br at i on checks of  bot h t he 
densi t y and moi st ur e gauges shal l  be made at  t he begi nni ng of  a j ob on each 
di f f er ent  t ype of  mat er i al  encount er ed and at  i nt er val s as di r ect ed.

[ 3. 9. 1. 4   Def l ect i on Test i ng

**************************************************************************
NOTE:   Speci f y Laser  pr of i l er  or  mandr el  i nspect i on 
onl y when war r ant ed by scope or  s i ze of  pr oj ect  or  
when wat er t i ght ness i s r equi r ed.

For  Navy,  del et e l aser  pr of i l er  i nspect i on.
**************************************************************************

Conduct  def l ect i on t est  no sooner  t han 30 days af t er  compl et i on of  f i nal  
backf i l l  and compact i on t est i ng.   Cl ean or  f l ush al l  l i nes pr i or  t o 
t est i ng.   Per f or m a def l ect i on t est  on ent i r e l engt h of  i nst al l ed f l exi bl e 
pi pel i ne upon compl et i on of  wor k adj acent  t o and over  t he pi pel i ne,  
i ncl udi ng backf i l l i ng,  pl acement  of  f i l l ,  gr adi ng,  pavi ng,  pl acement  of  
concr et e,  and any ot her  super i mposed l oads.   Def l ect i on of  pi pe i n t he 
i nst al l ed pi pel i ne under  ext er nal  l oads shal l  not  exceed l i mi t s i n 
par agr aph PLACI NG PI PE above as per cent  of  t he aver age i nsi de di amet er  of  
pi pe.   Use a [ l aser  pr of i l er  or ]  mandr el  t o det er mi ne i f  al l owabl e 
def l ect i on has been exceeded.

[ 3. 9. 1. 4. 1   Laser  Pr of i l er

I nspect  pi pe i nt er i or  wi t h l aser  pr of i l i ng equi pment .   Ut i l i ze l ow bar r el  
di st or t i on v i deo equi pment  f or  pi pe s i zes 1. 22 m 48 i nches or  l ess.   Use a 
camer a wi t h sui t abl e l i ght i ng  t o al l ow a c l ear  pi ct ur e of  t he ent i r e 
per i pher y of  t he pi pe i nt er i or .   Cent er  t he camer a i n t he pi pe bot h 
ver t i cal l y  and hor i zont al l y .   The camer a must   be abl e t o pan and t i l t  t o a 
90 degr ee angl e wi t h t he axi s of  t he pi pe r ot at i ng 360 degr ees.   Use 
equi pment  t o move t he camer a t hr ough t he pi pe t hat  wi l l  not  obst r uct  t he 
camer a' s v i ew or  i nt er f er e wi t h pr oper  document at i on of  t he pi pe' s 
condi t i on.   The vi deo i mage shal l  be c l ear ,  f ocused,  and r el at i vel y f r ee 
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f r om r ol l  s t at i c  or  ot her  i mage di st or t i on qual i t i es t hat  woul d pr event  t he 
r evi ewer  f r om eval uat i ng t he condi t i on of  t he pi pe.   For  i ni t i al  post  
i nst al l at i on i nspect i ons f or  pi pe s i zes l ar ger  t han 1. 22 m 48 i nches,  a 
v i sual  i nspect i on shal l  be compl et ed of  t he pi pe i nt er i or .

][ 3. 9. 1. 4. 2   Mandrel

Pass t he mandr el  t hr ough each r un of  pi pe by pul l i ng i t  by hand.   I f  
def l ect i on r eadi ngs i n excess of  t he al l owabl e def l ect i on of  aver age i nsi de 
di amet er  of  pi pe ar e obt ai ned,  st op and begi n t est  f r om t he opposi t e 
di r ect i on.   The mandr el  must  meet  t he Pi pe Manuf act ur e' s r ecommendat i ons 
and t he f ol l owi ng r equi r ement s.   Pr ovi de a Mandr el  t hat  i s  r i gi d,  
nonadj ust abl e,  has a mi ni mum of  9 f i ns,  pul l i ng r i ngs at  each end,  and i s 
engr aved wi t h t he nomi nal  pi pe s i ze and mandr el  out s i de di amet er .   The 
mandr el  must  be 5 per cent  l ess t han t he cer t i f i ed- act ual  pi pe di amet er  f or  
Pl ast i c Pi pe,  5 per cent  l ess t han t he cer t i f i ed- act ual  pi pe di amet er  f or  
Cor r ugat ed St eel  and Al umi num,  3 per cent  l ess t han t he cer t i f i ed- act ual  
pi pe di amet er  f or  Concr et e- Li ned Cor r ugat ed St eel  and Duct i l e I r on Cul ver t .  
The Gover nment  wi l l  ver i f y t he out s i de di amet er ( OD) of  t he Cont r act or  
pr ovi ded  mandr el  t hr ough t he use of  Cont r act or  pr ovi ded pr ovi ng r i ngs.

] ] 3. 9. 2   Inspection

3. 9. 2. 1   Post - I nst al l at i on I nspect i on

Vi sual l y i nspect  each segment  of  concr et e pi pe f or  al i gnment ,  set t l ement ,   
j oi nt  separ at i ons,  soi l  mi gr at i on t hr ough t he j oi nt ,  cr acks,  buckl i ng,  
bul gi ng and def l ect i on.   An engi neer  must  eval uat e al l  def ect s t o det er mi ne 
i f  any r emedi at i on or  r epai r  i s  r equi r ed.

3. 9. 2. 1. 1   Concrete

Cr acks wi t h a wi dt h gr eat er  t han 0. 25 mm 0. 01 i nches.   An engi neer  must  
eval uat e al l  pi pes wi t h cr acks wi t h a wi dt h gr eat er  t han 0. 25 mm 0. 01 i nches
 but  l ess t han 2. 5 mm 0. 10 i nches t o det er mi ne i f  any r emedi at i on or  r epai r  
i s  r equi r ed.

3. 9. 2. 1. 2   Fl exi bl e Pi pe

Check each f l exi bl e pi pe ( PE,  PVC,  PP,  Cor r egat ed St eel  And Al umi num)   f or  
r i ps,  t ear s,  j oi nt  separ at i ons,  soi l  mi gr at i on t hr ough t he j oi nt ,  cr acks,  
l ocal i zed bucki ng,  bul ges,  set t l ement  and al i gnment .

3. 9. 2. 1. 3   Post - I nst al l at i on I nspect i on Repor t

The def l ect i on r esul t s and f i nal  post  i nst al l at i on i nspect i on r epor t  must  
i ncl ude:   [ a copy of  al l  v i deo t aken,  ] pi pe l ocat i on i dent i f i cat i on,  
equi pment  used f or  i nspect i on,  i nspect or  name,  devi at i on f r om desi gn,  
gr ade,  devi at i on f r om l i ne,  def l ect i on and def or mat i on of  f l exi bl e pi pe,  
i nspect or  not es,  condi t i on of  j oi nt s,  condi t i on of  pi pe wal l  ( e. g.  
di st r ess,  cr acki ng,  wal l  damage dent s,  bul ges,  cr eases,  t ear s,  hol es,  et c. ) .

3. 9. 2. 2   Low I mpact  Devel opment  I nspect i on

**************************************************************************
NOTE:   For  Navy,  i ncl ude a Low I mpact  Devel opment  
( LI D)  i nspect i on t o compl y wi t h UFC 3- 210- 10 and FC 
1- 300- 09N Navy and Mar i ne Cor ps Desi gn Pr ocedur es.  
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Downl oad t he LI D Ver i f i cat i on Repor t  f r om t he Whol e 
Bui l di ng Desi gn Gui de ( WBDG) and at t ached t o t hi s 
speci f i cat i on sect i on.   The Desi gner  of  Recor d ( DoR)  
i s r esponsi bl e f or  compl et i ng t he desi gn por t i on of  
t he r epor t  pr i or  t o at t achi ng i t  t o t hi s 
specification.

LI D Ver i f i cat i on Repor t  i s  used t o r ef er ence t he LI D 
Ver i f i cat i on Repor t  wi t hi n t hi s Sect i on and l i s t s 
t he At t achment  on t he Sect i on Tabl e of  Cont ent s onl y 
dur i ng Pr ocess Pr i nt / Publ i sh.   The LI D Ver i f i cat i on 
Repor t  must  be manual l y i nser t ed t o t he pr i nt ed Job 
or  added t o t he PDF usi ng Adobe Acr obat  f eat ur es.

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

I nspect  Low I mpact  Devel opment  ( LI D)  f eat ur es i ndi cat ed on t he desi gn 
por t i on of  t he LI D Ver i f i cat i on Repor t .   Cer t i f y  LI D f eat ur es wer e 
const r uct ed accor di ng t o pl ans and speci f i cat i ons or  by submi t t i ng as- bui l t  
dr awi ngs i n accor dance wi t h UFGS 01 78 00 Cl oseout  Submi t t al s.  When 
as- bui l t  dr awi ngs show devi at i ons t o t he LI D f eat ur es,  document  t he  
devi at i ons on t he LI D Ver i f i cat i on Repor t .

3. 9. 3   Repai r  Of  Def ect s

3. 9. 3. 1   Leakage Test

When l eakage exceeds t he maxi mum amount  speci f i ed,  cor r ect  sour ce of  excess 
l eakage by r epl aci ng damaged pi pe and gasket s and r et est .

3. 9. 3. 2   Def l ect i on Test i ng

When def l ect i on r eadi ngs ar e i n excess of  t he al l owabl e def l ect i on of  
aver age i nsi de di amet er  of  pi pe ar e obt ai ned,  r emove pi pe whi ch has 
excessi ve def l ect i on and r epl ace wi t h new pi pe.   Ret est  30 days af t er  
compl et i ng backf i l l ,  l eakage t est i ng and compact i on t est i ng.

3. 9. 3. 3   Inspection

Repl ace pi pe  or  r epai r  def ect s i ndi cat ed i n t he Post - I nst al l at i on 
I nspect i on Repor t .

3. 9. 3. 3. 1   Concrete

Repl ace pi pes havi ng cr acks wi t h a wi dt h gr eat er  t han 2. 5 mm 0. 1 i nches.

3. 9. 3. 3. 2   Fl exi bl e Pi pe

Repl ace pi pes havi ng cr acks or  spl i t s .

3. 10   PROTECTION

Pr ot ect  st or m dr ai nage pi pi ng and adj acent  ar eas f r om super i mposed and 
ext er nal  l oads dur i ng const r uct i on.

3. 11   WARRANTY PERI OD

Pi pe segment s f ound t o have def ect s dur i ng t he war r ant y per i od must  be 
r epl aced wi t h new pi pe and r et est ed.
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        - -  End of  Sect i on - -
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