
**************************************************************************
USACE /  NAVFAC /  AFCEC /  NASA                UFGS- 03 23 00 ( May 2016)
                                             Change 1 -  08/ 18
                                             - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   USACE                   Super sedi ng
                                             UFGS- 03 23 00 ( November  2009)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref er ences ar e i n agr eement  wi t h UMRL dat ed Oct ober  2018
**************************************************************************

SECTI ON TABLE OF CONTENTS

DI VI SI ON 03 -  CONCRETE

SECTI ON 03 23 00

STRESSED TENDON REI NFORCI NG

05/16

PART 1   GENERAL

  1. 1   LUMP SUM PRI CES
    1. 1. 1   St eel  St r essi ng Tendons and Accessor i es f or  Pr est r essed Concr et e
      1. 1. 1. 1   Payment
      1. 1. 1. 2   Uni t  of  Measur e
  1. 2   REFERENCES
  1. 3   SUBMI TTALS
  1. 4   QUALI TY ASSURANCE
    1. 4. 1   Tendon I nst al l er  Qual i f i cat i ons
      1. 4. 1. 1   Unbonded Tendons
      1. 4. 1. 2   Bonded Tendons
    1. 4. 2   I nst al l at i on Dr awi ngs
    1. 4. 3   PTI  Cer t i f i ed Pl ant s
  1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

PART 2   PRODUCTS

  2. 1   MATERI ALS
    2. 1. 1   Mat er i al  Recycl ed Cont ent
    2. 1. 2   St r essi ng Tendons
      2. 1. 2. 1   Seven- Wi r e St r ess- Rel i eved St r and and St r and Assembl i es
      2. 1. 2. 2   St r ess- Rel i eved Wi r e and Wi r e Assembl i es
      2. 1. 2. 3   Hi gh- St r engt h St eel  Bar s
    2. 1. 3   Accessor i es
      2. 1. 3. 1   Duct s
      2. 1. 3. 2   Tendon Sheat hi ng
      2. 1. 3. 3   Tendon Coat i ng
      2. 1. 3. 4   Anchor ages and Coupl er s
      2. 1. 3. 5   Gr out
      2. 1. 3. 6   Encapsul at i on Syst em
        2. 1. 3. 6. 1   Wedge- Cavi t y Caps
          2. 1. 3. 6. 1. 1   Caps f or  Fi xed-  and St r essi ng- End Anchor age Devi ces
          2. 1. 3. 6. 1. 2   Caps at  I nt er medi at e Anchor ages
        2. 1. 3. 6. 2   Sl eeves

SECTI ON 03 23 00  Page 1



      2. 1. 3. 7   Nonpr est r essed St eel  Bar s
      2. 1. 3. 8   Pocket  For mer s
      2. 1. 3. 9   Sheat hi ng Repai r  Tape
  2. 2   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

PART 3   EXECUTI ON

  3. 1   I NSTALLATI ON
    3. 1. 1   Anchor ages
    3. 1. 2   St r essi ng Tendons and Duct s f or  Gr out ed Post - Tensi oned Syst ems
    3. 1. 3   Sheat hi ng I nspect i on and Repai r
    3. 1. 4   Pr est r essi ng Met hod and Equi pment
    3. 1. 5   Tensi oni ng Tendons
      3. 1. 5. 1   Post - Tensi oni ng
    3. 1. 6   Gr out i ng Post - Tensi oned Tendons
    3. 1. 7   Accur acy of  St r ess and El ongat i on Measur ement
      3. 1. 7. 1   St r ess Measur ement
      3. 1. 7. 2   El ongat i on Measur ement
    3. 1. 8   Pr est r essi ng Oper at i ons Recor ds
    3. 1. 9   Tendon Fi ni shi ng
  3. 2   I NSPECTI ON
  3. 3   MATERI ALS DI SPOSI TI ON RECORDS

- -  End of  Sect i on Tabl e of  Cont ent s - -

SECTI ON 03 23 00  Page 2



**************************************************************************
USACE /  NAVFAC /  AFCEC /  NASA                UFGS- 03 23 00 ( May 2016)
                                             Change 1 -  08/ 18
                                             - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   USACE                   Super sedi ng
                                             UFGS- 03 23 00 ( November  2009)

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS

Ref er ences ar e i n agr eement  wi t h UMRL dat ed Oct ober  2018
**************************************************************************

SECTI ON 03 23 00

STRESSED TENDON REI NFORCI NG
05/16

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  f ur ni shi ng al l  equi pment ,  
mat er i al s,  t echni ques and l abor  f or  pr ovi di ng and 
i nst al l i ng st eel  st r essi ng t endons and accessor i es 
f or  t he const r uct i on of  pr est r essed concr et e.   Thi s 
sect i on was or i gi nal l y devel oped f or  USACE Ci vi l  
Wor ks pr oj ect s.

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

1. 1   LUMP SUM PRI CES

**************************************************************************
NOTE:   I f  Sect i on 01 22 00. 00 10 PRI CE AND PAYMENT 
PROCEDURES i s i ncl uded i n t he pr oj ect  
speci f i cat i ons,  t hi s par agr aph t i t l e ( LUMP SUM 
PRI CES)  shoul d be del et ed f r om t hi s sect i on and t he 
r emai ni ng appr opr i at el y edi t ed subpar agr aphs shoul d 
be i nser t ed i nt o Sect i on 01 22 00. 00 10.

**************************************************************************
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1. 1. 1   St eel  St r essi ng Tendons and Accessor i es f or  Pr est r essed Concr et e

1. 1. 1. 1   Payment

Payment  wi l l  const i t ut e f ul l  compensat i on f or  f ur ni shi ng al l  pl ant ,  l abor ,  
mat er i al s and equi pment  and per f or mi ng al l  oper at i ons necessar y f or  st eel  
st r essi ng t endons and accessor i es f or  pr est r essed concr et e.

1. 1. 1. 2   Uni t  of  Measur e

Uni t  of  measur e:  l ump sum.

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 CONCRETE I NSTI TUTE I NTERNATI ONAL ( ACI )

ACI  318 ( 2014;  Er r at a 1- 2 2014;  Er r at a 3- 5 2015;  
Er r at a 6 2016;  Er r at a 7- 9 2017)  Bui l di ng 
Code Requi r ement s f or  St r uct ur al  Concr et e 
( ACI  318- 14)  and Comment ar y ( ACI  318R- 14)

ACI  318M ( 2014;  ERTA 2015)  Bui l di ng Code 
Requi r ement s f or  St r uct ur al  Concr et e & 
Commentary

ACI  SP- 66 ( 2004)  ACI  Det ai l i ng Manual

ASTM I NTERNATI ONAL ( ASTM)

ASTM A416/ A416M ( 2017a)  St andar d Speci f i cat i on f or  
Low- Rel axat i on,   Seven- Wi r e f or  
Pr est r essed Concr et e

ASTM A421/ A421M ( 2015)  St andar d Speci f i cat i on f or  Uncoat ed 

SECTI ON 03 23 00  Page 4



St r ess- Rel i eved St eel  Wi r e f or  Pr est r essed 
Concrete

ASTM A722/ A722M ( 2015)  St andar d Speci f i cat i on f or  Uncoat ed 
Hi gh- St r engt h St eel  Bar  f or  Pr est r essi ng 
Concrete

ASTM C109/ C109M ( 2016a)  St andar d Test  Met hod f or  
Compr essi ve St r engt h of  Hydr aul i c  Cement  
Mor t ar s ( Usi ng 2- i n.  or  ( 50- mm)  Cube 
Specimens)

POST- TENSI ONI NG I NSTI TUTE ( PTI )

PTI  M10. 3 ( 2000)  Fi el d Pr ocedur es Manual  f or  
Unbonded Si ngl e St r and Tendons

PTI  M50. 3 ( 2012)  Gui de Speci f i cat i on f or  Gr out ed 
Post-Tensioning

PTI  M55. 1 ( 2012;  ERTA 2012;  Addendum 1 2013)  
Speci f i cat i on f or  Gr out i ng of  
Post - Tensi oned St r uct ur es

PTI - CRT- 20 G1- 1015 ( 2015)  Manual  f or  Cer t i f i cat i on of  Pl ant s 
Pr oduci ng Unbonded Si ngl e St r and Tendons

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

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

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

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

SD- 02 Shop Dr awi ngs

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

Pr ocedur es f or  Gr out i ng Oper at i ons

SD- 03 Pr oduct  Dat a

Pr est r essi ng Met hod and Equi pment ;  G[ ,  [ _____] ]

Mat er i al s Di sposi t i on Recor ds

Pr est r essi ng Oper at i ons Recor ds

Recycl ed Cont ent  f or  St eel ;  S

SD- 06 Test  Repor t s

St r essi ng Tendons and Accessor i es

SD- 07 Cer t i f i cat es

Tendon I nst al l er  Qual i f i cat i ons

1. 4   QUALI TY ASSURANCE

1. 4. 1   Tendon I nst al l er  Qual i f i cat i ons

1. 4. 1. 1   Unbonded Tendons

I nst al l at i on cr ew must  have at  l east  t wo PTI  Level  2 cer t i f i ed i nst al l er s 
and al l  ot her  per sonnel  must  be PTI  Level  1 cer t i f i ed i nst al l er s.   Submi t  
PTI  cer t i f i cat i ons.

[ 1. 4. 1. 2   Bonded Tendons

The di r ect  super vi sor  of  t he Post - Tensi oni ng oper at i ons must  be cer t i f i ed 

SECTI ON 03 23 00  Page 6



as PTI  Level  2 Bonded PT Fi el d Speci al i s t .   The f or eman of  each 
i nst al l at i on and st r essi ng cr ew must  be cer t i f i ed as PTI  Level  2 Bonded PT 
Fi el d Speci al i s t .  The f or eman of  each gr out i ng cr ew must  be cer t i f i ed as 
PTI  Level  2 PT Fi el d Speci al i s t  and ASBI  Cer t i f i ed Gr out i ng Techni c i an.  At  
l east  25 per cent  of  each cr ew must  be cer t i f i ed i n PTI  Level  1 Bonded 
PT- Fi el d I nst al l at i on.  Submi t  PTI  cer t i f i cat i ons.

] 1. 4. 2   I nst al l at i on Dr awi ngs

Submi t  det ai l ed i nst al l at i on dr awi ngs f or  st r essi ng t endons and accessor i es 
appr oved pr i or  t o commenci ng t he wor k and showi ng t he t ype and si ze of  
st r essi ng t endons and anchor ages,  t endon pr of i l es,  er ect i on met hods,  
sequence of  st r essi ng and st r essi ng cal cul at i ons.

1. 4. 3   PTI  Cer t i f i ed Pl ant s

Fabr i cat i on pl ant  must  be cer t i f i ed by PTI - CRT- 20 G1- 1015.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  mat er i al s sui t abl y wr apped,  packaged or  cover ed at  t he f act or y t o 
pr event  bei ng af f ect ed by di r t ,  wat er  and r ust .   Pr ot ect  mat er i al s agai nst  
abr asi on or  damage dur i ng shi pment  and handl i ng.   Pl ace mat er i al s st or ed at  
t he s i t e above t he gr ound on el evat ed,  cover ed pl at f or ms.

PART 2   PRODUCTS

2. 1   MATERIALS

St r essi ng t endons and accessor i es must  conf or m t o t he r equi r ement s of  
ACI  318M  ACI  318 except  as speci f i ed.   Submi t  cer t i f i ed mat er i al s t est  
r epor t s f or  al l  r equi r ed mat er i al s t est s;  not e t he speci f i c  st andar ds 
f ol l owed i n t he per f or mance of  t est s,  show t hat  mat er i al s compl y wi t h t he 
appl i cabl e speci f i cat i ons f or  each mat er i al  shi pment ,  and i dent i f i ed wi t h 
speci f i c  l ot s pr i or  t o use of  mat er i al s i n t he wor k.

2. 1. 1   Mat er i al  Recycl ed Cont ent

For  pr oduct s i n t hi s sect i on,  wher e appl i cabl e and t o ext ent  al l owed by 
per f or mance cr i t er i a,  pr ovi de mi ni mum 75 per cent  r ecycl ed cont ent  f or  st eel

2. 1. 2   St r essi ng Tendons

St r essi ng t endons must  be c l ean and f r ee of  l oose r ust ,  scal e and pi t t i ng.   
Per manent l y pr ot ect  unbonded t endons f r om cor r osi on wi t h an appr oved 
appl i ed coat i ng.

2. 1. 2. 1   Seven- Wi r e St r ess- Rel i eved St r and and St r and Assembl i es

Seven- wi r e st r ess- r el i eved st r and and st r and assembl i es must  conf or m t o 
ASTM A416/ A416M,  Gr ade [ 1725 ( 250) ]  [ 1860 ( 270) ] ,  st r and di amet er  as 
i ndi cat ed.   St r and assembl i es may be f i el d assembl ed wi t h anchor  f i t t i ngs 
posi t i vel y at t ached t o st r ands f or  bonded t endons onl y.

2. 1. 2. 2   St r ess- Rel i eved Wi r e and Wi r e Assembl i es

St r ess- r el i eved wi r e and wi r e assembl i es must  conf or m t o ASTM A421/ A421M, 
Type BA or  WA,  wi r e di amet er  as shown.   Wi r e assembl i es must  be shop 
assembl ed wi t h anchor  f i t t i ngs posi t i vel y at t ached t o wi r es.
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2. 1. 2. 3   Hi gh- St r engt h St eel  Bar s

Hi gh- st r engt h st eel  bar s must  conf or m t o ASTM A722/ A722M,  Type I  or  I I ,  
Gr ade 1035 ( 150)  meet i ng al l  suppl ement ar y r equi r ement s.

2. 1. 3   Accessories

2. 1. 3. 1   Ducts

**************************************************************************
NOTE:   Use t hi s par agr aph f or  gr out ed t endons.

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

Pr ovi de t endon duct s of  gal vani zed sheet  st eel  or  pl ast i c,  capabl e of  
t r ansmi t t i ng f or ces f r om gr out  t o t he sur r oundi ng concr et e,  f l exi bl e enough 
t o conf or m t o t he t endon pr of i l e and st r ong enough t o mai nt ai n t hei r  shape 
wi t hout  def or mi ng,  saggi ng,  or  col l apsi ng dur i ng concr et e pl acement  and 
vi br at i on.   The i nsi de di amet er  of  t he duct s must  be l ar ge enough t o 
pr ovi de an i nt er nal  ar ea at  l east  t wo and a hal f  t i mes t he gr oss ar ea of  
mul t i pl e wi r e,  bar  or  st r and assembl i es and must  be at  l east  13 mm 1/ 2- i nch 
l ar ger  t han t he di amet er  of  a s i ngl e wi r e,  bar  or  st r and pl aced i n t he 
duct s.   Desi gn duct s f or  wat er t i ght  connect i ons wi t h al l  f i t t i ngs.

**************************************************************************
NOTE:   Use t he next  t wo par agr aphs f or  unbonded 
tendons.

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

2. 1. 3. 2   Tendon Sheat hi ng

Tendon sheat hi ng must  have a mi ni mum t hi ckness of  1. 25 mm 0. 050 i nch f or  

pol yet hyl ene or  pol ypr opyl ene wi t h a mi ni mum densi t y of  0. 9 g/ cm3 0. 034 

lb/in 3.  The sheat hi ng must  be cont i nuous over  t he l engt h of  t he t endon [ t o 
pr ovi de wat er t i ght  encapsul at i on of  st r and]  [ bet ween anchor ages t o pr event  
i nt r usi on of  cement  past e or  l oss of  coat i ng f or  a non- encapsul at ed syst em. ]

2. 1. 3. 3   Tendon Coat i ng

For  unbonded t endons pr ovi de a compound wi t h f r i c t i on- r educi ng,  
moi st ur e- di spl aci ng,  and cor r osi on- i nhi bi t i ng pr oper t i es t hat  i s  chemi cal l y 
st abl e and nonr eact i ve wi t h pr est r essi ng st eel ,  nonpr est r essed 
r ei nf or cement ,  sheat hi ng mat er i al  and concr et e.  The compound must  have a 
mi ni mum coat i ng wei ght  of [  1. 14 kg 2. 5 l b f or  12 mm 0. 5 i nch] [  1. 36 kg 3 l b 
f or  15 mm 0. 6 i nch]  di amet er  st r and per  30 m 100 f eet  of  st r and.   
Compl et el y f i l l  t he annul ar  space bet ween t he st r and and sheat hi ng over  t he 
ent i r e t endon l engt h wi t h t he t endon coat i ng.

2. 1. 3. 4   Anchor ages and Coupl er s

Anchor ages and coupl er s must  be met al  of  pr oven cor r osi on r esi st ance and 
compat i bl e wi t h t he st r essi ng t endons,  capabl e of  devel opi ng 95 per cent  of  
t he act ual  br eaki ng st r engt h of  t he st r ands.   Anchor ages must  be t he 
but t on- head,  wedge,  nut  and t hr ead,  gr i p nut ,  t hr ead- bar ,  t hr eaded pl at e or  
ot her  appr oved t ype and must  be pr ovi ded wi t h bear i ng pl at es bar s,  r i ngs,  
bel l s or  ot her  posi t i ve- at t achi ng anchor  f i t t i ngs.   Pr ovi de coupl er s wi t h 
housi ngs l ong enough t o per mi t  t he necessar y movement s and f i t t i ngs whi ch 
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al l ow compl et e gr out i ng of  al l  component s.   Bar  coupl er s must  meet  t he 
r equi r ement s of  ASTM A722/ A722M and devel op 100 per cent  of  t he mi ni mum bar  
ul t i mat e t ensi l e st r engt h.

2. 1. 3. 5   Grout

**************************************************************************
NOTE:   Use t hi s par agr aph f or  bonded t endons.

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

**************************************************************************
NOTE:   Cl ass A gr out  i s  f or  i ndoor  appl i cat i ons and 
out door  nonaggr essi ve exposur es.   Cl ass B gr out  i s  
f or  aggr essi ve exposur es such as ar eas subj ect ed t o 
wet / dr y cycl es,  mar i ne envi r onment s or  dei c i ng 
sal t s.   Cl ass C gr out  can be used f or  ei t her  
nonaggr essi ve or  aggr essi ve exposur e.   Cl ass D gr out  
i s  a speci al i zed gr out  used i n cr i t i cal  appl i cat i ons 
wher e t he pr oper t i es of  t he gr out  ar e speci f i ed by 
t he engi neer .

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

Gr out  f or  gr out i ng post - t ensi oned t endons must  be a Cl ass [ A] [ B] [ C] [ D]  i n 
accor dance wi t h PTI  M55. 1.   The mi ni mum 7- day compr essi ve st r engt h of  50 mm 
2- i nch gr out  cubes,  mol ded,  cur ed and t est ed i n accor dance wi t h 
ASTM C109/ C109M must  be 20. 7 MPa 3000 psi .

2. 1. 3. 6   Encapsul at i on Syst em
**************************************************************************

NOTE:   I ncl ude t hi s par agr aph f or  unbonded t endons 
i n aggr essi ve exposur es.

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

Wat er t i ght  encapsul at i on of  pr est r essi ng st r and consi st i ng of  t he f ol l owi ng:

2. 1. 3. 6. 1   Wedge- Cavi t y Caps

At t ached t o anchor ages wi t h a posi t i ve mechani cal  connect i on and compl et el y 
f i l l ed wi t h t endon coat i ng.

2. 1. 3. 6. 1. 1   Caps f or  Fi xed-  and St r essi ng- End Anchor age Devi ces

Desi gned t o pr ovi de wat er t i ght  encapsul at i on of  wedge cavi t y.  Si zed t o 
al l ow r equi r ed ext ensi on of  st r and past  t he wedges.  At t ach cap f or  
f i xed- end anchor age devi ce i n f abr i cat i ng pl ant .

2. 1. 3. 6. 1. 2   Caps at  I nt er medi at e Anchor ages

Open t o al l ow passage of  st r and.

2. 1. 3. 6. 2   Sleeves

At t ached t o anchor age devi ce wi t h posi t i ve mechani cal  connect i on;  
over l apped a mi ni mum of  100 mm 4 i nches wi t h sheat hi ng and compl et el y 
f i l l ed wi t h t endon coat i ng.

2. 1. 3. 7   Nonpr est r essed St eel  Bar s

Pr ovi de r ei nf or c i ng bar s i n accor dance wi t h [ 03 30 00 CAST- I N- PLACE 
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CONCRETE]  [ 03 20 00. 00 10 CONCRETE REI NFORCI NG] .   Coor di nat e pl acement  of  
nonpr est r essed st eel  r ei nf or cement  wi t h i nst al l at i on of  t endons.

2. 1. 3. 8   Pocket  For mer s

Pocket  f or mer s must  be capabl e of  compl et el y seal i ng wedge cavi t y and be 
s i zed t o pr ovi de t he r equi r ed cover  of  t he anchor age and al l ow access f or  
cut t i ng st r and t ai l .

2. 1. 3. 9   Sheat hi ng Repai r  Tape

Repai r  t ape must  be el ast i c,  sel f - adhesi ve,  moi st ur e pr oof  t ape wi t h a 
mi ni mum wi dt h of  50 mm 2 i nches,  i n cont r ast i ng col or  t o t endon sheat hi ng.   
Repai r  t ape must  be nonr eact i ve wi t h t he sheat hi ng,  coat i ng,  or  
pr est r essi ng st eel .

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

Per f or m r equi r ed mat er i al  t est s on st r essi ng t endons and accessor i es by an 
appr oved l abor at or y t o demonst r at e t hat  t he mat er i al s ar e i n conf or mance 
wi t h t he speci f i cat i ons.   These t est s ar e at  t he Cont r act or ' s expense.

PART 3   EXECUTI ON

3. 1   INSTALLATION

**************************************************************************
NOTE:   I ncl ude br acket ed l i nes f or  bonded t endons.   
Ref er  t o " Sel ect ed Post - Tensi oni ng Pr ot ect i on 
Level s"  by L. B.  Kr auser  f or  gui dance f or  t he 
sel ect i on of  Tendon Pr ot ect i on Level  f or  speci f i c  
post - t ensi oni ng appl i cat i ons.

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

I nst al l  or  pl ace st r essi ng t endons and accessor i es  as speci f i ed and as 
shown on cont r act  and appr oved i nst al l at i on dr awi ngs.   I nst al l at i on det ai l s  
of  st r essi ng t endons and accessor i es not  speci f i ed or  shown must  be i n 
accor dance wi t h ACI  SP- 66,   ACI  318M ACI  318 and PTI  M10. 3.   Mai nt ai n a 
mi ni mum r adi us of  cur vat ur e of  480- st and di amet er s f or  l at er al  devi at i ons 
t o avoi d openi ngs,  duct s,  and embedded i t ems.   Li mi t  t endon bundl es t o 
[ f i ve] [ ____]  t endons.   Mai nt ai n a mi ni mum of  300 mm 12 i nches bet ween 
cent er  of  adj acent  bundl es.   Wel di ng must  not  be per f or med near  or  adj acent  
t o st r essi ng t endons.   Do not  i nst al l  s t r essi ng t endons unt i l  al l  wel di ng 
has been compl et ed on suppor t s or  any par t  whi ch mi ght  be i n cont act  wi t h 
t he t endons.   Secur el y suppor t  unbonded t endons at  r egul ar  i nt er val s not  t o 
exceed 1220 mm 48 i nches. [   Gr out ed t endons must  meet  pr ot ect i on l evel  
[ 1A] [ 1B] [ 2] [ 3]  per  PTI  M50. 3. ]   Pl ace nonpr est r essed st eel  bar s i n 
accor dance wi t h [ 03 30 00 CAST- I N- PLACE CONCRETE] [ 03 20 00. 00 10 CONCRETE 
REINFORCING].

3. 1. 1   Anchorages

Set  anchor ages i n a pl ane nor mal  t o t he axi s of  t he t endons such t hat  
uni f or m bear i ng on t he concr et e i s assur ed.   Do not  swi t ch f i xed-  and 
st r essi ng- end anchor age l ocat i ons f r om t hat  shown on t he appr oved 
i nst al l at i on dr awi ngs.   Use posi t i ve connect i ng anchor ages r at her  t han 
gr i ppi ng t ypes f or  anchor i ng embedded ends of  t endons.   Per manent l y  pr ot ect  
anchor ages and anchor  f i t t i ngs agai nst  cor r osi on.   Recess par al l el  wi r e 
anchor age wedges or  cor es wi t hi n t he member s.
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3. 1. 2   St r essi ng Tendons and Duct s f or  Gr out ed Post - Tensi oned Syst ems

**************************************************************************
NOTE:   Use t hi s par agr aph f or  bonded t endons onl y.

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

Remove pr ot ect i ve cover i ngs and wr appi ngs,  c l osel y i nspect  each st r essi ng 
t endon t o see t hat  ni cks,  scor i ng,  pi t s or  ot her  damage does not  exi st ,  and 
c l osel y i nspect  hi gh st r engt h st eel  bar s t o assur e t hat  t hey ar e not  bent  
and t hat  t hr eaded ends ar e i n sat i sf act or y condi t i on i mmedi at el y pr i or  t o 
i nst al l at i on.   St r and,  wi r e and bar  t endons must  be shop or  f i el d assembl ed 
as r equi r ed and posi t i vel y at t ached t o anchor ages.   Anchor  t ype WA wi r e 
assembl i es onl y wi t h wedge t ype anchor ages.   Assembl e st r essi ng t endons and 
duct s t o r equi r ed shapes and di mensi ons and pl ace t hem wher e i ndi cat ed on 
dr awi ngs wi t hi n speci f i ed t ol er ances and adequat el y suppor t ed.   Secur el y 
suppor t  duct s t o be gr out ed at  r egul ar  i nt er val s not  exceedi ng 1220 mm 48 
i nches f or  r ound gal vani zed met al  duct  and st eel  pi pes,  610 mm 24 i nches 
f or  r ound pl ast i c duct s and f l at  duct s wi t h st r and pr ei nst al l ed and 305 mm 
12 i nches f or  f l at  duct s wi t h st r and pr ei nst al l ed and gr out  openi ngs and 
vent s must  be secur el y anchor ed t o duct s and t o ei t her  t he f or ms or  
r ei nf or c i ng st eel  t o pr event  di spl acement  dur i ng concr et e pl aci ng.   The 
ends of  duct s must  be ef f ect i vel y pr ot ect ed t o pr event  ent r y of  wat er ,  
concr et e,  gr out  or  debr i s.   Wi r es of  par al l el - wi r e assembl i es must  not  be 
spl i ced.   St eel  bar  t endons may be j oi ned by coupl er s wher e shown or  
appr oved.   St r ands t o be spl i ced must  have t he same l ay or  di r ect i on of  
t wi st  and t he ends must  be cut  by shear s or  abr asi ve gr i nder s.   No mor e 
t han one st r and may be spl i ced i n any one member  wher e s i ngl e st r and 
t ensi oni ng i s empl oyed.   St r and spl i ces must  be capabl e of  devel opi ng t he 
f ul l  ul t i mat e st r engt h of  t he st r and.   Check f or  s l i ppage of  t he spl i ce and 
cor r ect  f or  di f f er ent i al  s l i ppage.   Wher e mul t i pl e st r and t ensi oni ng i s 
used,  not  mor e t han 10 per cent  of  t he st r ands i n any member  may be spl i ced.

3. 1. 3   Sheat hi ng I nspect i on and Repai r

I nspect  sheat hi ng f or  damage af t er  i nst al l i ng t endons.   Repai r  damaged 
ar eas by r est or i ng t endon coat i ng and r epai r i ng or  r epl aci ng t endon 
sheat hi ng.   Fol l ow t ape r epai r  pr ocedur es i n PTI  M10. 3.

3. 1. 4   Pr est r essi ng Met hod and Equi pment

Submi t  descr i pt i ons of  t he pr oposed pr est r essi ng met hods and equi pment  
appr oved pr i or  t o t he st ar t  of  pr est r essi ng oper at i ons and i ndi cat i ng t he 
manuf act ur er  of  al l  pr est r essi ng equi pment ,  i ncl udi ng t ensi oni ng j acks,  
st r ess measur ement  gages,  dynamomet er s and l oad cel l s or  ot her  devi ces f or  
measur i ng st r essi ng l oads.   Descr i pt i ons must  i ncl ude cer t i f i ed cal i br at i on 
r ecor ds f or  each set  of  j acki ng equi pment  and t est i ng cur ves f or  st r ess 
measur ement  gages whi ch show t hat  t he gages have been cal i br at ed f or  t he 
j acks f or  whi ch t hey ar e t o be used.

3. 1. 5   Tensi oni ng Tendons

**************************************************************************
NOTE:   Det er mi nat i on of  t he i ni t i al  pr est r ess f or ce 
must  consi der  pr est r ess l osses i n accor dance wi t h 
ACI  318M/ ACI  318,  Sect i on 18. 6.

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

Tensi on st r essi ng t endons as speci f i ed and i ndi cat ed.   Det er mi ne t he st r ess 
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i nduced i n t he t endons by any met hod of  t ensi oni ng i ndependent l y by bot h 
( 1)  measur ement  of  t endon el ongat i on and ( 2)  di r ect  measur ement  of  f or ce 
usi ng a pr essur e gauge or  l oad cel l .   I f  t he r esul t s of  t hese t wo 
measur ement s do not  check each ot her  and t he t heor et i cal  val ues ar e not  
wi t hi n 7 per cent ,  car ef ul l y  check t he oper at i on and det er mi ne and cor r ect  
t he sour ce of  er r or  bef or e pr oceedi ng f ur t her .   Concr et e cyl i nder  t est s 
must  i ndi cat e a br eaki ng st r engt h of  at  l east  [ _____]  MPa psi  bef or e 
t r ansf er  of  st r ess t o ensur e t hat  t he concr et e st r engt h i s adequat e f or  t he 
r equi r ement s of  t he anchor ages or  f or  t r ansf er  t hr ough bond as wel l  as meet  
camber  or  def l ect i on r equi r ement s.   The f i nal  pr est r ess l oad i n each uni t  
af t er  seat i ng must  be as i ndi cat ed.   Take saf et y measur es t o pr event  
acci dent al  i nj ur y caused by f ai l ur e of  a st r essi ng t endon or  t endon 
component .   Pr ot ect  t he exposed ends of  st r essi ng t endons and anchor ages 
f r om damage dur i ng st r essi ng oper at i ons t o pr event  f ai l ur e.

3. 1. 5. 1   Post-Tensioning

Do not  per f or m t ensi oni ng unt i l  t he concr et e has r eached t he r equi r ed 
st r engt h at  t r ansf er  of  st r ess.   Measur e t he f or ce cor r espondi ng t o t he 
i ni t i al  t ensi on by a dynamomet er  or  ot her  appr oved met hod as a st ar t i ng 
poi nt  i n det er mi ni ng f i nal  el ongat i on.   The uni t s must  be t ensi oned unt i l  
t he pr oper  el ongat i ons and j acki ng pr essur es ar e at t ai ned and r econci l ed 
wi t hi n t he l i mi t s st at ed above.

3. 1. 6   Gr out i ng Post - Tensi oned Tendons

At  l east  f our  weeks pr i or  t o t he st ar t  of  const r uct i on submi t  wr i t t en 
pr ocedur es f or  gr out i ng oper at i ons f or  appr oval .   Per f or m gr out i ng bet ween 
each t endon and i t s encl osi ng duct  wi t hi n 7 days af t er  compl et i on of  t he 
t ensi oni ng oper at i on.   Do not  per f or m gr out i ng i f  ai r  t emper at ur e bel ow 7. 2 
degr ees C 45 degr ees F i s ant i c i pat ed wi t hi n 48 hour s af t er  gr out i ng unl ess 
an appr oved met hod of  t emper at ur e cont r ol  i s  used.   Mi x t he gr out  i n a 
mechani cal  mi xer  of  a t ype t hat  wi l l  pr oduce uni f or ml y and t hor oughl y mi xed 
gr out .   Fi r st ,  pl ace wat er  i n t he mi xer  f ol l owed by cement  and admi xt ur e.   
Cont i nuousl y agi t at e f r out  unt i l  i t  i s  pumped.   Di scar d gr out  t hat  has not  
been used wi t hi n 30 mi nut es of  t he f i r st  addi t i on of  wat er  t o ensur e t he 
f l owabi l i t y  of  t he gr out .   Just  bef or e gr out i ng,  bl ow t he duct s c l ear  by 
compr essed ai r .   Wi t h t he gr out  vent  open at  one end of  duct ,  appl y gr out  
cont i nuousl y under  moder at e pr essur e at  t he ot her  end unt i l  al l  ent r apped 
ai r  i s  f or ced out  as i ndi cat ed by a uni f or m f l ow of  gr out  f r om t he 
di schar ge vent .   Cl ose t he i nj ect i on poi nt  by an appr oved means t o pr event  
any l oss of  gr out .   For  a per i od of  at  l east  3 days af t er  gr out i ng t he 
t endons,  t he pr est r essed member s must  not  have equi pment  or  ot her  l oads 
pl aced on t hem.   A l onger  per i od may be r equi r ed,  dependi ng upon t he met hod 
of  cur i ng and magni t ude of  i mposed st r esses.

3. 1. 7   Accur acy of  St r ess and El ongat i on Measur ement

3. 1. 7. 1   St r ess Measur ement

Hydr aul i c gauges,  dynamomet er s,  l oad cel l s or  ot her  devi ces f or  measur i ng 
st r essi ng l oad must  have an accur acy of  r eadi ng wi t hi n t wo per cent  f or  
st r ess measur ement .   Gauges ar e r equi r ed t o have been cal i br at ed f or  t he 
j acks f or  whi ch t hey ar e used wi t hi n a per i od not  exceedi ng s i x mont hs.   
Per f or m r ecal i br at i on at  any t i me t hat  a gagi ng syst em shows i ndi cat i on of  
er r at i c r esul t s i n t he opi ni on of  t he Cont r act i ng Of f i cer .   Gauges must  
i ndi cat e l oads di r ect l y i n kN pounds or  be accompani ed by a char t  whi ch 
conver t s di al  r eadi ngs i nt o kN pounds.
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3. 1. 7. 2   El ongat i on Measur ement

Af t er  t he i ni t i al  f or ce has been appl i ed t o a t endon,  est abl i sh r ef er ence 
poi nt s f or  measur i ng el ongat i on due t o addi t i onal  t ensi oni ng f or ces.   They 
must  be l ocat ed accor di ng t o t he met hod of  t ensi oni ng and t ype of  
equi pment .   The syst em used must  be capabl e of  measur i ng t he t r ue 
el ongat i on pl us or  mi nus 2 mm 1/ 16- i nch.

3. 1. 8   Pr est r essi ng Oper at i ons Recor ds

Compi l e and submi t  compl et e pr est r essi ng oper at i ons r ecor ds showi ng t he 
manuf act ur er ,  i dent i f i cat i on and descr i pt i on of  mat er i al s and equi pment  
i ncl udi ng pr est r essi ng t endons and j acki ng and l oad measur i ng equi pment ;  
l ocat i on of  pr est r essi ng t endons;  i ni t i al  desi gn t ensi oni ng l oads,  f i nal  
desi gn t ensi oni ng l oads and act ual  t ensi oni ng l oads f or  t endons;  dat es 
t ensi oni ng l oads appl i ed;  and t heor et i cal  and act ual  el ongat i ons f or  
t endons bef or e compl et i on of  t he cont r act .

3. 1. 9   Tendon Fi ni shi ng

Do not  cut  st r and t ai l s  or  cover  anchor ages unt i l  s t r essi ng r ecor ds have 
been r evi ewed and appr oved.   Cut  st r and t ai l  bet ween 13 and 19 mm 1/ 2 and 
3/ 4 i nch f r om wedges as soon as possi bl e af t er  appr oval  of  el ongat i ons.   Do 
not  damage t endon or  concr et e dur i ng r emoval  of  st r and t ai l .   Accept abl e 
met hods of  cut t i ng st r and t ai l  i ncl ude oxyacet yl ene f l ame,  abr asi ve wheel ,  
hydr aul i c shear s or  pl asma cut t i ng.   Pat ch st r essi ng pocket  wi t hi n one day 
of  cut t i ng st r and t ai l .   Cl ean i nsi de sur f ace of  pocket  t o r emove l ai t ance 
or  t endon coat i ng bef or e i nst al l i ng pat ch mat er i al .   Fi ni sh pat ch mat er i al  
f l ush wi t h adj acent  concr et e.

3. 2   INSPECTION

The Cont r act or ' s  f aci l i t i es must  be open f or  i nspect i on by t he Cont r act i ng 
Of f i cer  at  any t i me.

3. 3   MATERI ALS DI SPOSI TI ON RECORDS

Compi l e accur at e mat er i al s di sposi t i on r ecor ds,  i dent i f y i ng al l  mat er i al s 
i ncor por at ed i nt o t he wor k and showi ng t he di sposi t i on of  speci f i c  l ot s of  
appr oved t est ed mat er i al s.   Submi t  r ecor ds whi ch i dent i f y t he i ncor por at i on 
of  appr oved mat er i al s i nt o t he wor k bef or e compl et i on of  t he cont r act .

       - -  End of  Sect i on - -
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