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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  r epai r  of  por t l and cement  concr et e 
usi ng epoxy r esi n gr out s,  mor t ar s and concr et es.

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   SCOPE

Thi s speci f i cat i on gover ns t he r ehabi l i t at i on of  s t r uct ur al  concr et e.

1. 2   DEFINITIONS

1. 2. 1   Bracing

Tempor ar y suppl ement al  member s used t o avoi d l ocal  or  gl obal  i nst abi l i t y  
dur i ng const r uct i on,  eval uat i on,  or  r epai r  t hat  ar e i nt ended t o be r emoved 
af t er  compl et i on of  const r uct i on.
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1. 2. 2   Delamination

A pl anar  separ at i on i n a mat er i al  t hat  i s  r oughl y par al l el  t o t he sur f ace 
of  t he mat er i al .

1. 2. 3   Rehabilitation

Repai r i ng or  modi f y i ng an exi st i ng st r uct ur e t o a desi r ed usef ul  condi t i on.

1. 2. 4   Repair

The r econst r uct i on or  r enewal  of  concr et e par t s of  an exi st i ng st r uct ur e 
f or  i t s  mai nt enance or  t o cor r ect  det er i or at i on,  damage,  or  f aul t y 
const r uct i on of  member s or  syst ems of  a st r uct ur e.

1. 2. 5   Shoring 

Pr ops or  post s of  t i mber  or  ot her  mat er i al  i n compr essi on used f or  t he 
t empor ar y suppor t  of  excavat i ons,  f or mwor k,  or  unsaf e st r uct ur es;  t he 
pr ocess of  er ect i ng shor es.

1. 2. 6   Ter mi nat i on Joi nt

The i nt er f ace wher e a pl acement  of  r epai r  mat er i al  meet s exi st i ng concr et e,  
t he edge of  an expansi on j oi nt ,  or  ot her  exi st i ng sur f aces.

1. 2. 7   Unsound Concr et e

Concr et e t hat  i s  f r act ur ed,  del ami nat ed,  spal l ed,  det er i or at ed,  def ect i ve,  
cont ami nat ed or  ot her wi se damaged.  

1. 3   REFERENCES

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

AASHTO M 288 ( 2017)  St andar d Speci f i cat i on f or  
Geosynt het i c Speci f i cat i on f or  Hi ghway 
Applications

AMERI CAN CONCRETE I NSTI TUTE ( ACI )

ACI  117 ( 2010;  Er r at a 2011)  Speci f i cat i ons f or  
Tol er ances f or  Concr et e Const r uct i on and 
Mat er i al s and Comment ar y

ACI  440. 5 ( 2008)  Speci f i cat i on f or  Const r uct i on wi t h 
Fi ber - Rei nf or ced Pol ymer  Rei nf or c i ng Bar s

ACI  440. 6 ( 2008)  Speci f i cat i on f or  Car bon and Gl ass 
Fi ber - Rei nf or ced Pol ymer  Bar  Mat er i al s f or  
Concr et e Rei nf or cement

ACI  440. 8 ( 2013)  Speci f i cat i on f or  Car bon and Gl ass 
Fi ber - Rei nf or ced Pol ymer  ( FRP)  Mat er i al s 
Made by Wet  Layup f or  Ext er nal  
St r engt heni ng of  Concr et e and Masonr y 
Structures
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ACI  503. 2- 503. 4 ( 2010,  R 2003)  Thr ee Epoxy Speci f i cat i ons

ACI  503. 3 ( 2010)  Speci f i cat i on f or  Pr oduci ng a 
Ski d- Resi st ant  Sur f ace on Concr et e by t he 
Use of  Epoxy and Aggr egat e

ACI  503. 7 ( 2007)  Speci f i cat i on f or  Cr ack Repai r  by 
Epoxy I nj ect i on

ACI  548. 10 ( 2010)  Speci f i cat i on f or  Type MMS ( Met hyl  
Met hacr yl at e Sl ur r y)  Pol ymer  Over l ays f or  
Br i dge and Par ki ng Gar age Decks

ACI  548. 12 ( 2012)  Speci f i cat i on f or  Bondi ng Har dened 
Concr et e and St eel  t o Har dened Concr et e 
wi t h an Epoxy Adhesi ve

ACI  548. 4 ( 2011)  St andar d Speci f i cat i on f or  
Lat ex- Modi f i ed Concr et e ( LMC)  Over l ays

ACI  548. 8 ( 2007)  Speci f i cat i on f or  Type EM ( Epoxy 
Mul t i - Layer )  Pol ymer  Over l ay f or  Br i dge 
and Par ki ng Gar age Decks

ACI  548. 9 ( 2008)  Speci f i cat i on f or  Type ES ( Epoxy 
Sl ur r y)  Pol ymer  Over l ay f or  Br i dge and 
Par ki ng Gar age Decks

AMERI CAN SOCI ETY OF CI VI L ENGI NEERS ( ASCE)

ASCE/ SEI  37 ( 2015)  Desi gn Loads on St r uct ur es Dur i ng 
Construction

ASTM I NTERNATI ONAL ( ASTM)

ASTM A775/ A775M ( 2017)  St andar d Speci f i cat i on f or  
Epoxy- Coat ed St eel  Rei nf or c i ng Bar s

ASTM A780/ A780M ( 2009;  R 2015)  St andar d Pr act i ce f or  
Repai r  of  Damaged and Uncoat ed Ar eas of  
Hot - Di p Gal vani zed Coat i ngs

ASTM A934/ A934M ( 2016)  St andar d Speci f i cat i on f or  
Epoxy- Coat ed Pr ef abr i cat ed St eel  
Rei nf or c i ng Bar s

ASTM C1059/ C1059M ( 2013)  St andar d Speci f i cat i on f or  Lat ex 
Agent s f or  Bondi ng Fr esh t o Har dened 
Concrete

ASTM C1077 ( 2017)  St andar d Pr act i ce f or  Agenci es 
Test i ng Concr et e and Concr et e Aggr egat es 
f or  Use i n Const r uct i on and Cr i t er i a f or  
Test i ng Agency Eval uat i on

ASTM C1438 ( 2013;  R 2017)  St andar d Speci f i cat i on f or  
Lat ex and Powder  Pol ymer  Modi f i er s f or  use 
i n Hydr aul i c Cement  Concr et e and Mor t ar
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ASTM C1583/ C1583M ( 2013)  St andar d Test  Met hod f or  Tensi l e 
St r engt h of  Concr et e Sur f aces and t he Bond 
St r engt h or  Tensi l e St r engt h of  Concr et e 
Repai r  and Over l ay Mat er i al s by Di r ect  
Tensi on ( Pul l - of f  Met hod)

ASTM C1600/ C1600M ( 2017)  St andar d Speci f i cat i on f or  Rapi d 
Har deni ng Hydr aul i c Cement

ASTM C1602/ C1602M ( 2018)  St andar d Speci f i cat i on f or  Mi xi ng 
Wat er  Used i n Pr oduct i on of  Hydr aul i c 
Cement  Concr et e

ASTM C33/ C33M ( 2018)  St andar d Speci f i cat i on f or  Concr et e 
Aggregates

ASTM C387/ C387M ( 2017)  St andar d Speci f i cat i on f or  
Packaged,  Dr y,  Combi ned Mat er i al s  f or  
Concr et e and Hi gh St r engt h Mor t ar

ASTM C42/ C42M ( 2018a)  St andar d Test  Met hod f or  Obt ai ni ng 
and Test i ng Dr i l l ed Cor es and Sawed Beams 
of  Concr et e

ASTM C496/ C496M ( 2017)  St andar d Test  Met hod f or  Spl i t t i ng 
Tensi l e St r engt h of  Cyl i ndr i cal  Concr et e 
Specimens

ASTM C881/ C881M ( 2015)  St andar d Speci f i cat i on f or  
Epoxy- Resi n- Base Bondi ng Syst ems f or  
Concrete

ASTM C882/ C882M ( 2013a)  Bond St r engt h of  Epoxy- Resi n 
Syst ems Used wi t h Concr et e by Sl ant  Shear

ASTM C928/ C928M ( 2013)  Packaged,  Dr y,  Rapi d- Har deni ng 
Cement i t i ous Mat er i al s f or  Concr et e Repai r s

ASTM D1078 ( 2011)  St andar d Test  Met hod f or  
Di st i l l at i on Range of  Vol at i l e Or gani c 
Liquids

ASTM D2103 ( 2015)  St andar d Speci f i cat i on f or  
Pol yet hyl ene Fi l m and Sheet i ng

ASTM D226/ D226M ( 2017)  St andar d Speci f i cat i on f or  
Asphal t - Sat ur at ed Or gani c Fel t  Used i n 
Roof i ng and Wat er pr oof i ng

ASTM D2822/ D2822M ( 2005;  R 2011;  E 2011)  St andar d 
Speci f i cat i on f or  Asphal t  Roof  Cement ,  
Asbestos-Containing

ASTM D323 ( 2015a)  Vapor  Pr essur e of  Pet r ol eum 
Pr oduct s ( Rei d Met hod)

ASTM D3418 ( 2015)  Tr ansi t i on Temper at ur es of  Pol ymer s 
by Di f f er ent i al  Scanni ng Cal or i met r y
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ASTM D4016 ( 2014)  Vi scosi t y  of  Chemi cal  Gr out s by 
Br ook f i el d Vi scomet er  ( Labor at or y Met hod)

ASTM D450/ D450M ( 2007;  E 2013;  R 2013)  Coal - Tar  Pi t ch Used 
i n Roof i ng,  Damppr oof i ng,  and Wat er pr oof i ng

ASTM D4580/ D4580M ( 2012)  St andar d Pr act i ce f or  Measur i ng 
Del ami nat i ons i n Concr et e Br i dge Decks by 
Sounding

ASTM D4869/ D4869M ( 2016a)  St andar d Speci f i cat i on f or  
Asphal t - Sat ur at ed Or gani c Fel t  
Under l ayment  Used i n St eep Sl ope Roof i ng

ASTM D542 ( 2014)  I ndex of  Ref r act i on of  Tr anspar ent  
Or gani c Pl ast i cs

ASTM D93 ( 2016)  St andar d Test  Met hods f or  
Fl ash- Poi nt  by Pensky- Mar t ens Cl osed Cup 
Tester

ASTM E329 ( 2018)  St andar d Speci f i cat i on f or  Agenci es 
Engaged i n Const r uct i on I nspect i on,  
Test i ng,  or  Speci al  I nspect i on

I NTERNATI ONAL CONCRETE REPAI R I NSTI TUTE ( I CRI )

I CRI  310. 2R ( 2013)  Sel ect i ng and Speci f y i ng Concr et e 
Sur f ace Pr epar at i on f or  Seal er s,  Coat i ngs,  
Pol ymer  Over l ays,  and Concr et e Repai r

1. 4   SUBMITTALS

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

Qual i f i cat i ons;  G[ ,  [ _____] ]

Wor k Pl an;  G[ ,  [ _____] ]

Qual i t y Cont r ol  Pl an;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Convent i onal  Concr et e

Polymers

Mi scel l aneous Mat er i al s And Equi pment
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SD- 04 Sampl es

Rei nf or cement  And Rei nf or cement  Suppor t s

[Polymers]

[ Mi scel l aneous Mat er i al s And Equi pment ]

SD- 05 Desi gn Dat a

For mwor k And Shor i ng;  G[ ,  [ _____] ]

Repai r  Pr ocedur es;  G[ ,  [ _____] ]

Mi xt ur e Pr opor t i oni ng;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Mi xt ur e Pr opor t i oni ng

Qual i t y Cont r ol

[ Tol er ence Repor t ]

[ Rei nf or cement  And Rei nf or cement  Suppor t s]

[ Convent i onal  Concr et e]

[Polymers]

[ Mi scel l aneous Mat er i al s And Equi pment ]

SD- 07 Cer t i f i cat es

Qualifications

Rei nf or cement  And Rei nf or cement  Suppor t s

[ Convent i onal  Concr et e]

[Polymers]

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

[ Equi pment  For  Concr et e Pr epar at i on]

[ Convent i onal  Concr et e]

[Polymers]

[ Mi scel l aneous Mat er i al s And Equi pment ]
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1. 5   QUALI TY ASSURANCE

1. 5. 1   Gener al  Requi r ement s

a.   Fol l ow t he r equi r ement s of  Sect i on 03 30 00 CAST- I N- PLACE CONCRETE f or  
Wor k i nvol v i ng por t l and cement  concr et e.

b.   To pr ot ect  per sonnel  f r om over exposur e t o t oxi c mat er i al s,  conf or m t o 
t he appl i cabl e manuf act ur er ' s Saf et y dat a sheet s or  l ocal  r egul at i ons.  
Submi t  manuf act ur er ' s Saf et y Dat a Sheet s f or  al l  pol ymer s as wel l  as 
ot her  pot ent i al l y  hazar dous mat er i al s.

c.   Submi t  t he r epai r  pr ocedur es f or  execut i ng t he wor k as wel l  as t he t est  
dat a and document at i on on mat er i al s used f or  r epai r .  Submi t t al  must  
i ncl ude component  mat er i al s,  mi xt ur e pr opor t i ons,  and suppl i er ' s  
qual i t y  cont r ol  pr ogr am.  

d.   I nspect i on and t est i ng of  sur f ace pr epar at i on as wel l  as pl acement  of  
r ei nf or c i ng st eel  must  be i n accor dance wi t h pr ovi s i ons i ncl uded her ei n 
and t he Cont r act  Document .  

e.   Sampl i ng and t est i ng of  mat er i al s,  as wel l  as i nspect i on and t est i ng of  
wor k,  must  be i n accor dance wi t h est abl i shed pr ocedur es,  manuf act ur er ' s 
i nst r uct i ons,  speci f i c  i nst r uct i ons f r om t he Cont r act i ng Of f i cer  i f  
gi ven,  or  r ecommended pr act i ces as r ef er enced her ei n and t he Cont r act  
Documents.

f .   Tr i al  bat ches and t est i ng r equi r ement s f or  var i ous r epai r  mat er i al s 
speci f i ed ar e t he r esponsi bi l i t y  of  t he Cont r act or .

g.   The t est i ng agency must  i nspect ,  sampl e,  and t est  r epai r  mat er i al s and 
concr et e pr oduct i on as r equi r ed.  When i t  appear s t hat  mat er i al  
f ur ni shed or  wor k per f or med by Cont r act or  f ai l s  t o conf or m t o Cont r act  
Document s t he t est i ng agency wi l l  i mmedi at el y r epor t  such def i c i ency.  

1. 5. 2   Qual i t y Cont r ol  Pl an

Submi t  a qual i t y  cont r ol  pl an as speci f i ed i n Sect i ons 01 45 00. 00 10 
QUALI TY CONTROL [ and]  [ 03 30 00 CAST- I N- PLACE CONCRETE] .

1. 5. 3   Qualifications

The submi t t al s must  wher e appl i cabl e,  i dent i f y agenci es and i ndi v i dual s who 
wi l l  be wor ki ng on t hi s cont r act  and t hei r  r el evant  exper i ence.  Do not  make 
changes i n appr oved agenci es or  per sonnel  wi t hout  pr i or  appr oval  of  t he 
Cont r act i ng Of f i cer .

1. 5. 3. 1   Test i ng Agenci es

I n addi t i on t o t he r equi r ement s of  Sect i on 01 45 00. 00 10 QUALI TY CONTROL,  
agenci es t hat  t est  concr et e mat er i al s must  meet  t he r equi r ement s of  
ASTM C1077.  Test i ng agenci es t hat  t est  or  i nspect  pl acement  of  r ei nf or c i ng 
st eel  must  meet  t he r equi r ement  of  ASTM E329.  Submi t  dat a on qual i f i cat i ons 
of  Cont r act or ' s pr oposed t est i ng agency f or  accept ance.

1. 5. 3. 2   Qual i t y Cont r ol  Per sonnel

Fi el d t est s of  r epai r  mat er i al s r equi r ed must  be made by an I CRI  Concr et e 
Sur f ace Repai r  Techni c i an Ti er  2.  Submi t  r esumes,  per t i nent  i nf or mat i on,  
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past  exper i ence,  t r ai ni ng and educat i on of  al l  oper at or s of  speci al i zed 
demol i t i on equi pment  i f  needed f or  t hi s and t he t hr ee par agr aphs above.

1. 5. 3. 3   Cont r act or  Qual i f i cat i ons

The cont r act or  per f or mi ng t he r epai r  wor k must  have been i nvol ved i n a 
mi ni mum of  [ t hr ee] [ _____]  concr et e r epai r  pr oj ect s s i mi l ar  i n s i ze and 
scope t o t hi s pr oj ect  f or  at  l east  [ f i ve] [ _____]  year s.  Submi t  i nf or mat i on,  
i ncl udi ng name,  dol l ar  val ue,  dat e,  and poi nt - of - cont act  f or  s i mi l ar  
pr oj ect s whi ch demonst r at es t he r equi r ed exper i ence and/ or  t r ai ni ng.

1. 5. 3. 4   Wor ker  Qual i f i cat i ons

a.   Each wor ker  engaged i n t he use of  speci al i zed r emoval  or  appl i cat i on 
equi pment ,  i ncl udi ng [ saw oper at or s]  [ mi l l i ng machi ne oper at or s, ]  
[ hydr omi l l i ng equi pment  oper at or s, ]  [ epoxy i nj ect i on]  [ _____] ,  must  
have sat i sf act or i l y  compl et ed an i nst r uct i on pr ogr am and t hr ee year s of  
exper i ence i n t he oper at i on of  t he equi pment .  [ The wor ker  must  have 
act i ve exper i ence wi t h t he equi pment  wi t hi n f i ve year s of  t he pr oj ect . ]

b.   Wor ker s i nst al l i ng adhesi ve anchor s must  be ACI  Adhesi ve Anchor  
I nst al l er  cer t i f i ed or  equi val ent .

**************************************************************************
NOTE:   Add wor ker  qual i f i cat i on r equi r ement s f or  t he 
usage of  speci al i zed equi pment  i f  needed.  The 
i nst r uct i on pr ogr am f or  wor ker s engaged i n t he use 
of  gr out  i nj ect i on equi pment  must  have i ncl uded 
t heor y on t he nat ur e and causes of  cr acki ng i n 
concr et e,  t he t echni cal  aspect s of  cor r ect  mat er i al  
sel ect i on and use,  and t he oper at i on,  mai nt enance,  
and t r oubl eshoot i ng of  equi pment  used i n t he r epai r  
work.

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

1. 5. 3. 5   Regul at or y Requi r ement s

Per f or m al l  wor k i n accor dance wi t h appl i cabl e Feder al ,  St at e,  and l ocal  
saf et y,  heal t h,  and envi r onment al  r equi r ement s.  The Cont r act or  i s  
r esponsi bl e f or  obt ai ni ng al l  per mi t s r equi r ed by Feder al ,  St at e,  and l ocal  
agenci es f or  t he per f or mance of  t he wor k.

1. 5. 4   [ Pr e- Const r uct i on Conf er ence]

**************************************************************************
NOTE:   Appr opr i at e t echni cal  r epr esent at i ves f or  
speci al i zed r epai r  mat er i al s shoul d be r equi r ed t o 
meet  wi t h t he Gover nment  and Cont r act or  
r epr esent at i ves t o ensur e t hat  al l  par t i es i nvol ved 
ar e knowl edgeabl e of  t he mat er i al  pr oper t i es and 
appl i cat i on r equi r ement s.

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

[ Conduct  a pr e- const r uct i on conf er ence t o di scuss r epai r  mat er i al s 
per f or mance r equi r ement s,  cont r ol  pr ovi s i ons,  and r ol es and 
r esponsi bi l i t i es f or  t he Wor k t o ensur e t hat  t he Cont r act or ' s per sonnel  
under st and al l  aspect s of  t he r epai r  mat er i al ,  i t s  pr oper t i es and 
appl i cat i on pr ocedur es.  The conf er ence must  i ncl ude t he Cont r act i ng Of f i cer  
or  aut hor i zed r epr esent at i ve,  t he Cont r act or ' s f i el d super i nt endent  and 
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f or eman,  and a compet ent  Techni cal  Repr esent at i ve of  t he mat er i al  
manuf act ur er ,  and ot her  i nvol ved t r ades or  suppl i er  r epr esent at i ves.  The 
Techni cal  Repr esent at i ve must  be f ul l y  qual i f i ed t o per f or m t he wor k. ]

1. 5. 5   Wor k Pl an

Pr epar e a wor k pl an descr i bi ng t he met hods of  concr et e r emoval  and r epai r ,  
i ncl udi ng met hods,  equi pment  and mat er i al s t o be used f or  each f eat ur e.  
Submi t  t he wor k pl an f or  appr oval  at  l east  30 days pr i or  t o t he st ar t  of  
t he wor k.  The pl an must  i ncl ude,  but  not  be l i mi t ed t o,  r epai r  mat er i al s t o 
be used wi t h speci f i c  i nf or mat i on on pr oduct s and/ or  const i t uent s,  and 
r equi r ement s f or  handl i ng,  st or age,  et c. ,  equi pment  t o be used,  sur f ace 
pr epar at i on,  and r equi r ement s f or  pl acement ,  f i ni shi ng,  cur i ng and 
pr ot ect i on speci f i c  t o t he mat er i al s used.  I ncl ude a descr i pt i on of  f i el d 
demonst r at i ons i n t he wor k pl an.  Do not  commence wor k unt i l  t he wor k pl an 
and f i el d demonst r at i on r epr esent at i ve of  t he t ype of  wor k ar e appr oved.

1. 6   ACCEPTANCE OF REHABI LI TATI ON WORK

1. 6. 1   Gener al  Requi r ement s 

a.   Compl et ed concr et e r ehabi l i t at i on wor k must  conf or m t o appl i cabl e 
r equi r ement s of  Cont r act  Document  and t hi s speci f i cat i on.  The 
Cont r act or  i s  r esponsi bl e t o br i ng Wor k i nt o compl i ance wi t h 
r equi r ement s of  Cont r act  Document s i f  t he Concr et e r epai r  wor k f ai l s  t o 
meet  one or  mor e r equi r ement s of  Cont r act  Document s.

b.   Cor r ect  r ej ect ed r epai r  wor k by r emovi ng and r epl aci ng or  by 
st r engt heni ng wi t h addi t i onal  const r uct i on accept abl e t o t he 
Cont r act i ng Of f i cer .  Use r epai r  met hods t hat  meet  appl i cabl e 
r equi r ement s f or  f unct i on,  dur abi l i t y ,  di mensi onal  t ol er ances,  and 
appearance.

c.   Submi t  pr oposed wor k pl an,  r epai r  met hods,  mat er i al s,  and modi f i cat i ons 
t o t he Wor k needed t o cor r ect  r ej ect ed r epai r  wor k t o meet  t he 
r equi r ement s of  Cont r act  Document s.

1. 6. 2   Tolerances

a.   Const r uct i on t ol er ances f or  r epai r s must  conf or m t o [ ACI  117] [     ] .  
Wher e exi st i ng condi t i ons do not  al l ow t ol er ances t o conf or m t o [ ACI  117
] [     ] ,  use t he det ai l s  and mat er i al s f or  such condi t i ons as i ndi cat ed 
i n t he Cont r act  Document s.  For  condi t i ons not  shown or  t hat  ar e 
di f f er ent  t han i ndi cat ed i n t he Cont r act  Document s,  not i f y t he 
Cont r act i ng Of f i cer  bef or e pr oceedi ng wi t h t he wor k at  t hose 
l ocat i ons. [ Pr ovi de a t ol er ence r epor t  as r equi r ed by Sect i on 03 30 00 
CAST- I N- PLACE CONCRETE. ]

b.   I naccur at el y f or med concr et e sur f aces r esul t i ng i n concr et e member s 
wi t h di mensi ons t hat  exceed [ ACI  117] [     ]  t ol er ances ar e subj ect  t o 
rejection.

1. 6. 3   Appearance

Concr et e sur f aces not  meet i ng t he r equi r ement s of  t he Cont r act  Document s 
must  be br ought  i nt o compl i ance.
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1. 7   PROTECTI ON OF COMPLETED REHABI LI TATI ON WORK

a.   Do not  al l ow const r uct i on l oads t o exceed t he l oads t hat  a st r uct ur al  
member  or  st r uct ur e i s saf el y capabl e of  suppor t i ng wi t hout  damage.  
Pr ovi de suppl ement al  suppor t  i f  const r uct i on l oads ar e expect ed t o 
exceed saf e l oad capaci t y.

b.   Pr ot ect  r epai r ed and adj acent  ar eas f r om damage by const r uct i on 
t r af f i c ,  equi pment ,  and mat er i al s .  Dur i ng t he cur i ng per i od,  pr ot ect  
r epai r  mat er i al s  f r om damage by mechani cal  di st ur bances,  i ncl udi ng 
l oad- i nduced st r esses,  shock,  and vi br at i on.

c.   Pr ot ect  r epai r  mat er i al s f r om envi r onment al  damage by weat her  event s 
dur i ng t he l engt h of  t he cur i ng per i od.

PART 2   PRODUCTS

**************************************************************************
NOTE:   Unconvent i onal  pr oduct s and mat er i al s coul d 
somet i mes be t he best  sol ut i ons f or  r epai r s.  Si nce 
t he r epai r  i ndust r y i s  evol v i ng,  pr oduct s and 
mat er i al s not  l i s t ed i n t hi s document  t hat  have had 
a r ecor d of  success i n t he f i el d coul d be al l owed on 
a pr oj ect .  The Cont r act i ng Of f i cer  must  per mi t  t he 
usage of  t hose mat er i al s pr i or  t o appl i cat i on.  
Addi t i onal  submi t t al s f or  t hose mat er i al s shoul d 
al so be r equest ed as needed.  

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

Pr oduct s or  mat er i al s used must  conf or m t o t he r equi r ement s i ncl uded her ei n 
as wel l  as t he Cont r act  Document s.  The usage of  ot her  pr oduct s or  mat er i al s 
not  cover ed by t hi s r equi r ement  or  speci f i ed i n t he Cont r act  Document s ar e 
per mi t t ed upon appr oval  by t he Cont r act i ng Of f i cer .  Addi t i onal  i nf or mat i on 
and submi t t al s f or  pr oduct s and mat er i al s not  i ncl uded i n t hi s document  
i ncl udi ng pr oduct  dat a,  sampl es,  desi gn dat a,  t est  r epor t s,  cer t i f i cat es,  
manuf act ur er ' s i nst r uct i ons,  and f i el d r epor t s must  be submi t t ed as 
r equest ed by t he Cont r act i ng Of f i cer .

2. 1   MATERI ALS FOR SHORI NG AND BRACI NG

2. 1. 1   Shor i ng and Br aci ng Syst ems

Use commer ci al l y  manuf act ur ed and engi neer ed shor i ng and br aci ng syst ems 
and component s,  except  wher e cust om bui l t  assembl i es of  l umber  or  ot her  
sui t abl e mat er i al s ar e per mi t t ed by t he Cont r act i ng Of f i cer .

2. 1. 2   Desi gn Requi r ement s

The desi gn of  t he br aci ng and shor i ng must  be based on ASCE/ SEI  37.

a.   Non- manuf act ur ed shor i ng and br aci ng syst ems must  have cal cul at i ons 
s i gned and seal ed by a Li censed Desi gn Pr of essi onal .

b.   Member s of  non- manuf act ur ed shor i ng syst ems,  must  be desi gned i n 
accor dance wi t h t he pr ovi s i ons of  t he gover ni ng bui l di ng code f or  t he 
speci f i c  mat er i al  of  t he member .

c.   Member s of  manuf act ur ed shor i ng syst ems,  consi st i ng of  pr e- engi neer ed 
component s desi gned and pr oduced speci f i cal l y  f or  st r uct ur al  shor i ng,  
must  be used i n accor dance wi t h t he manuf act ur er ' s  r ecommendat i ons.
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2. 2   EQUI PMENT FOR CONCRETE PREPARATI ON

**************************************************************************
NOTE:   Ref er  t o ACI  546R and I CRI  310. 2R f or  mor e 
det ai l  gui dance on met hods di scussed i n t hi s 
paragraph.

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

Means and met hods used f or  concr et e r emoval  and sur f ace pr epar at i on must  be 
sel ect ed and used such as t o mi ni mi ze damage t o t he st r uct ur e and t o t he 
concr et e subst r at e t hat  r emai ns.

2. 2. 1   Equi pment  f or  Concr et e Removal

Removal  equi pment  and t echni ques must  be sui t abl e t o pr oduce concr et e 
sur f ace pr of i l es and l evel  of  c l eanl i ness i n desi gnat ed ar eas as r equi r ed 
by t hi s speci f i cat i on and t he cont r act  Document s.

2. 2. 1. 1   [ Cut t i ng Equi pment ]

**************************************************************************
NOTE:   Cut t i ng equi pment  and met hods ar e used t o cut  
and r emove concr et e sect i ons.  I nc l ude t hi s par agr aph 
i f  cut t i ng equi pment  and met hods ar e r equi r ed or  
per mi t t ed f or  concr et e r emoval .

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

a.   The f ol l owi ng cut t i ng equi pment  ar e per mi t t ed:  [ Hi gh- pr essur e wat er  j et  
wi t hout  abr asi ves] [ Saw cut t i ng] [ Di amond wi r e cut t i ng] [ Mechani cal  
shear i ng] [ St i t ch dr i l l i ng] [ _____] .

**************************************************************************
NOTE:   Ref er  t o ACI  546R f or  det ai l s  on sel ect i ng 
t he di f f er ent  equi pment  and met hods f or  cut t i ng 
concrete. 

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

b.   Cut t i ng,  l i f t i ng,  and t r anspor t i ng equi pment  must  be adequat e t o cut ,  
suppor t ,  and t r anspor t  concr et e sect i ons wi t hout  i ncur r i ng any damage 
t o t he exi st i ng st r uct ur e.

2. 2. 1. 2   Concr et e Br eaker s

**************************************************************************
NOTE:   concr et e br eaker s ar e al so known as i mpact  
met hods.  These ar e t he most  commonl y used met hods 
f or  concr et e r emoval .

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

a.   Pr ovi de shar p t i ps on br eaker  equi pment  t o mi ni mi ze mi cr ocr acki ng 
damage i n par t i al  dept h r emoval .

**************************************************************************
NOTE:   Shar p- poi nt ed t ool s t end t o r educe t he 
pot ent i al  f or  mi cr ocr acki ng of  t he sur f ace concr et e 
l ef t  i n pl ace.

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

b.   The use of  t he f ol l owi ng i mpact  equi pment  and met hods i s per mi t t ed:  
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[ Hand- hel d br eaker s] [ Boom- mount ed br eaker s] [ Scabbl er s] [ Needl e 
scal er s] [ Scar i f i er s] [ Mi l l i ng met hods] [ _____] .  

c.   [ The maxi mum br eaker  s i ze i s [ _____] ] [ _____] .

**************************************************************************
NOTE:   Use t he i nf or mat i on pr ovi ded i n t hi s not e and 
ACI  546R t o sel ect  t he sui t abl e t ype and si ze of  
i mpact  br eaker s al l owed on t he pr oj ect  ( bul l et  poi nt  
b and c) .  Not e t hat  you can i ncl ude di f f er ent  t ypes 
and si zes of  br eaker s f or  a j ob and speci f y wher e 
each shoul d be used.  Usi ng l ar ge br eaker s i ncr eases 
t he pot ent i al  f or  mi cr ocr acki ng,  and t hat  i s  why a 
sui t abl e s i ze ( or  l i mi t s)  shoul d be speci f i ed.

Hand- hel d br eaker s ( chi ppi ng hammer s) :  s i ze r anges 
f r om 8 t o 90 l bs ( 3. 5 t o 41 kg) .  Smal l er  hand- hel d 
br eaker s ar e commonl y used i n par t i al  dept h r emoval  
of  sound and unsound concr et e and concr et e r emoval  
ar ound r ei nf or c i ng st eel  because t hey mi ni mi ze 
damage t o t he exi st i ng concr et e and r ei nf or c i ng 
st eel .  Lar ger  br eaker s ar e used f or  r emoval  of  l ar ge 
vol umes of  concr et e.  For  exampl e,  a 14 kg ( 30 l bs)  
br eaker  can be speci f i ed f or  r emoval  of  concr et e 
above r ei nf or c i ng st eel  whi l e a smal l er  7 kg ( 15 
l bs)   hammer  can be speci f i ed t o r emove concr et e 
ar ound r ei nf or c i ng st eel .  

Boom- mount ed br eaker s:  i s  l i ke t he hand- hel d br eaker  
except  t hat  i t  i s  mechani cal l y oper at ed and 
consi der abl y l ar ger  t han a handhel d br eaker .  
Boom- mount ed br eaker s di f f er  f r om hand- hel d br eaker s 
as t hey f unct i on on t he pr i nci pl e of  hi gh ener gy and 
l ow f r equency r at her  t han l ow ener gy and hi gh 
f r equency,  and ar e dr i ven by compr essed ai r  or  
hydr aul i c pr essur e.  The r each of  t he hydr aul i c ar m 
enabl es t he br eaker  t o be used on ver t i cal  or  
over head sur f aces at  a consi der abl e di st ance above 
and bel ow t he machi ne l evel .
The boom- mount ed br eaker  i s  a hi ghl y pr oduct i ve 
means of  r emovi ng concr et e;  however ,  t he hi gh- cycl e 
i mpact  ener gy del i ver ed t o a st r uct ur e by t he 
br eaker  gener at es f or ces t hat  may damage t he 
exi st i ng concr et e and r ei nf or c i ng st eel  and 
adver sel y af f ect  t he i nt egr i t y of  t he st r uct ur e.  
For  boom- mount ed br eaker s,  l i mi t s  speci f i ed ar e 
based on ener gy not  wei ght  ( exampl e 205 N- m or  150 
ft-lbs).

Mi l l i ng met hods can r emove a speci f i ed amount  of  
concr et e f r om l ar ge ar eas of  hor i zont al  or  ver t i cal  
sur f aces.  The r emoval  dept h t ypi cal l y  r anges f r om 
1/ 4 t o 4 i n.  ( 6 t o 100 mm) .  Removal  dept h i s 
det er mi ned by t he number  and si ze of  t eet h.  Mi l l i ng 
oper at i ons t ypi cal l y  l eave a sound sur f ace wi t h 
f ewer  mi cr of r act ur es t han i mpact  met hods.  
Rot ar y head mi l l i ng equi pment  i s  used f or  uni f or m 
dept h r emoval  on hor i zont al  or  ver t i cal  sur f aces.  
Boom- mount ed mi l l i ng head ar e used t ypi cal l y  f or  
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ver t i cal  sur f aces.

For  i nf or mat i on on Scabbl er s,  Needl e scal er s,  and 
Scar i f i er s r ef er  t o ACI  546R.

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

2. 2. 1. 3   [ Hydr omi l l i ng Equi pment ]

**************************************************************************
NOTE:   Del et e t hi s par agr aph i f  wat er  bl ast i ng 
equi pment  i s  not  al l owed on t he j ob.  For  mor e 
i nf or mat i on on hydr odemol i t i on r ef er  t o ACI  546R and 
I CRI  310. 3R.

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

a.   Hydr omi l l i ng equi pment  must  i ncl ude a t r ai l er - mount ed wat er  t ank,  
pumps,  hi gh- pr essur e hose,  wand wi t h saf et y r el ease cut of f  cont r ol ,  
nozzl e,  and auxi l i ar y wat er  r e- suppl y equi pment .  The wat er  t ank and 
auxi l i ar y r e- suppl y equi pment  must  be of  suf f i c i ent  capaci t y t o per mi t  
cont i nuous oper at i ons.

b.   Hydr odemol i t i on f or  concr et e r emoval  i s  per mi t t ed i n t he f ol l owi ng 
l ocat i ons:  [ _____]

**************************************************************************
NOTE:   Speci f y wher e ( t he l ocat i ons)  hydr odemol i t i on 
i s per mi t t ed t o be used f or  concr et e r emoval .

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

c.   Use pr ot ect i ve cover s and bar r i er s t o pr ot ect  adj acent  sur f aces not  
i nt ended t o be r epai r ed f r om wat er  bl ast i ng and over - spr ay.

d.   Use equi pment  capabl e of  del i ver i ng pr essur es of  35 MPa 5000 psi  t o 275 
MPa 40, 000 psi  at  7. 5 l i t er s/ mi n 2 gal / mi n t o 190 l i t er s/ mi n 50 gal / mi n 
f or  concr et e r emoval  and sur f ace pr epar at i on.

e.   [ Noi se r esul t i ng f r om hydr odemol i t i on oper at i ons must  be at  a noi se 
l evel  of  l ess t han [ 90 deci bel s] [ _____]  at  a di st ance of  [ 15 m 50 f t .  
][_____].]

**************************************************************************
NOTE:   Hydr odemol i t i on does not  pr oduce si gni f i cant  
sound t hat  i s  t r ansmi t t ed t hr ough a st r uct ur e;  
however ,  t he noi se f r om t he hydr odemol i t i on uni t  i n 
t he wor k ar ea i s  suf f i c i ent l y l oud and may be 
obj ect i onabl e t o t he publ i c.  I f  noi se r esul t i ng f r om 
hydr odemol i t i on oper at i ons need t o be cont r ol l ed,  
t hen add t he above r equi r ement  and make changes t o 
i t  as needed

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

2. 2. 2   Sur f ace pr epar at i on and cl eani ng equi pment

2. 2. 2. 1   [ Abr asi ve Bl ast i ng]

a.   Use [ dr y] [ wet ] [ dr y or  wet ]  oi l - f r ee abr asi ve bl ast i ng capabl e of  
r emovi ng l oose mi cr o- f r act ur ed ( br ui sed)  or  ot her wi se damaged or  
pul ver i zed concr et e sur f aces,  and r ust  f r om exposed st eel  
r ei nf or cement ,  and pr ovi di ng a sur f ace pr of i l e i n compl i ance wi t h t he 
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Cont r act  Document s.

**************************************************************************
NOTE:   Choose i f  dr y or  wet  abr asi ve bl ast i ng can be 
used.  Ref er  t o ACI  546R f or  mor e i nf or mat i on on t he 
topic.

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

b.   [ Use t he f ol l owi ng abr asi ve bl ast i ng met hods:  [ Sandbl ast i ng]  
[ Shot bl ast i ng]  [ _____] ]

**************************************************************************
NOTE:   Add t hi s r equi r ement  i f  met hods of  abr asi ve 
bl ast i ng need t o be speci f i ed.  Thi s r equi r ement  can 
be expanded t o i ncl ude l ocat i ons wher e cer t ai n 
met hods of  abr asi ve met hods shoul d be used.  I f  t hi s 
i s  needed,  t hen speci f y t he met hod al ong wi t h t he 
l ocat i on t hat  i t  shoul d be used.

**************************************************************************
2. 2. 2. 2   [ Low Pr essur e Wat er  Cl eani ng]

Use equi pment  capabl e of  del i ver i ng 7 MPa 1000 psi  t o 35 MPa t o 5000 psi  at  
7. 5 l i t er s/ mi n 2 gal / mi n t o 38 l i t er s/ mi n 10 gal / mi n f or  c l eani ng l oose 
mat er i al  f r om r epai r  ar eas.

2. 2. 2. 3   Ot her  Cl eani ng Equi pment

Use equi pment  t hat  del i ver s oi l  f r ee ai r  capabl e of  c l eani ng l oose mat er i al  
and debr i s f r om r epai r  ar eas.  I f  necessar y t o dr y t he concr et e sur f ace,  
[ gas- f i r ed t or ches or ]  c l ean,  dr y,  compr essed ai r  may be used.  Al so,  use 
vacuums capabl e of  r emovi ng l oose mat er i al  and debr i s.

2. 3   MATERI ALS FOR FORMWORK AND EMBEDDED I TEMS

a.   For mwor k and embedded i t ems must  meet  t he r equi r ement s speci f i ed i n 
Sect i on [ 03 30 00 CAST- I N- PLACE CONCRETE]  [ 03 30 53 MI SCELLANEOUS 
CAST- I N- PLACE CONCRETE] [ _____] .

**************************************************************************
NOTE:   For mwor k r equi r ement s f or  r epai r s ar e s i mi l ar  
t o r equi r ement s f or  new const r uct i on.  For mwor k 
shoul d be desi gned t o suppor t  r epai r  mat er i al  
pr essur es as wel l  as pr essur e r esul t i ng f r om 
pl acement  and consol i dat i on v i br at i ons.  For mwor k 
shoul d al so be desi gned t o mai nt ai n speci f i ed 
di mensi onal  t ol er ances.

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

b.   I nst al l  and r emove f or mwor k wi t hout  damagi ng or  st ai ni ng t he exi st i ng 
st r uct ur e or  r epai r  mat er i al .

c.   For ms used f or  pol ymer  concr et e/ mor t ar s must  be t i ght  enough t o hol d 
t he mat er i al  t hat  i s  used wi t hout  l eaki ng.  Al l  sur f aces wher e bond i s 
not  desi r ed,  but  whi ch ar e exposed t o t he monomer  or  r esi n,  must  be 
t r eat ed wi t h a f or m r el ease agent .

**************************************************************************
NOTE:   Some pol ymer s/ r esi ns/ monomer s have l ow 
vi scosi t y and mi ght  r equi r e t i ght er  f or ms t han what  
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i s  usual l y used f or  por t l and cement  concr et e.  
**************************************************************************

2. 4   REI NFORCEMENT AND REI NFORCEMENT SUPPORTS

2. 4. 1   St eel  Bar s,  Wi r es,  and Fi ber - r ei nf or ced Concr et e

a.   Rei nf or cement  and r ei nf or cement  suppor t  must  meet  t he r equi r ement s 
speci f i ed i n Sect i on [ 03 30 00 CAST- I N- PLACE CONCRETE]  [ 03 30 53 
MI SCELLANEOUS CAST- I N- PLACE CONCRETE] [ _____] .  

**************************************************************************
NOTE:   Convent i onal  r ei nf or cement  used f or  r epai r s 
i s  no di f f er ent  t han r ei nf or cement  used f or  new 
construction.

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

b.   Repai r  coat i ng damage i ncur r ed dur i ng shi pment ,  st or age,  handl i ng,  and 
pl aci ng of  r ei nf or c i ng bar s i n accor dance wi t h [ t he appr opr i at e ASTM 
st andar d pr act i ces f or  r epai r  of  damaged r ei nf or cement ] [ ASTM A780/ A780M
][ ASTM A775/ A775M][ ASTM A934/ A934M] [ _____] .  Damaged ar eas must  not  
exceed 2 per cent  of  sur f ace ar ea i n each l i near  f oot  of  each bar .

**************************************************************************
NOTE:   Coat ed r ei nf or c i ng bar s of t en i ncur  damage 
dur i ng t r anspor t at i on and handl i ng.  Coat ed 
r ei nf or c i ng bar s ar e used t o mi t i gat e cor r osi on and 
t hat  i s  why i t  i s  i mpor t ant  t o ensur e t hat  t hey ar e 
not  damaged and t he cause of  f ut ur e l ocal i zed 
cor r osi on f ai l ur es.  

ASTM has sever al  document s t hat  di scuss pr act i ces 
f or  r epai r  of  damaged bar s.  ASTM A780/ A780M 
di scusses t he r epai r  Zi nc- coat ed r ei nf or c i ng bar s,  
whi l e ASTM A775/ A775M and ASTM A934/ A934M di scuss 
pr act i ces f or  r epai r  of  epoxy- coat ed bar s ( See ASTM 
st andar ds f or  ot her  t ypes of  bar  r epai r s) .  Speci f y  a 
st andar d f or  r epai r  of  bar s as needed i n your  
pr oj ect .  I f  t he st at ement  " . . . i n accor dance wi t h t he 
appr opr i at e ASTM st andar d pr act i ces f or  r epai r  of  
damaged r ei nf or cement "  i s  sel ect ed,  t hen i t  wi l l  be 
up t o t he Cont r act or  t o choose t he ASTM st andar d f or  
r epai r  when mul t i pl e st andar ds exi st .

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

c.   Mechani cal  spl i ces f or  coat ed r ei nf or cement  must  have compat i bl e 
coat i ngs,  i n accor dance wi t h manuf act ur er ' s i nst r uct i ons.  Spl i ces f or  
gal vani zed r ei nf or cement  must  be gal vani zed or  coat ed wi t h di el ect r i c  
mat er i al .  Spl i ces used wi t h epoxy- coat ed or  dual - coat ed r ei nf or cement  
must  be coat ed wi t h di el ect r i c  mat er i al .

d.   Submi t  mi l l  cer t i f i cat es and shop dr awi ngs as r equi r ement  by Sect i on [
03 30 00 CAST- I N- PLACE CONCRETE]  [ 03 30 53 MI SCELLANEOUS CAST- I N- PLACE 
CONCRETE][_____].

2. 4. 2   Fi ber - Rei nf or ced Pol ymer s

**************************************************************************
NOTE:   Fi ber - Rei nf or ced Pol ymer s ( FRP)  i ncl ude FRP 
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bar s and FRP l ami nat es.  FRP bar s ar e used i nsi de 
( and somet i mes out s i de)  t he concr et e t o r epl ace 
convent i onal  st eel  r ei nf or cement .  FRP l ami nat es ar e 
at t ached out s i de concr et e member s mai nl y f or  
st r engt heni ng pur poses.  For  mor e i nf or mat i on on FRP 
bar s and l ami nat es,  r ef er  t o ACI  440 document s.

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

a.   Fi ber - Rei nf or ced Pol ymer s ( FRP)  bar s used as i nt er nal  r ei nf or cement  i n 
concr et e and t hei r  suppor t s must  meet  t he pr oduct  r equi r ement s of  
ACI  440. 5 and conf or m t o [ ACI  440. 6][_____].

**************************************************************************
NOTE:   ACI  440. 5 and ACI  440. 6 ar e t wo ACI  
speci f i cat i ons r el at ed t o t he use of  FRP bar s i n 
concr et e.  ACI  440. 5 i s a const r uct i on st andar d,  
whi l e ACI  440. 6 i s a mat er i al  st andar d.  ACI  440. 6 
was wr i t t en by an ACI  commi t t ee as t he basi s of  a 
f ut ur e ASTM st andar d.  I f  ACI  440. 6 i s wi t hdr awn and 
adopt ed by ASTM,  r ef er  t o t he ASTM mat er i al  st andar d 
i nst ead of  ACI  440. 6.

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

b.   Submi t  t est  r epor t s and cer t i f i cat es f or  FRP bar s as r equi r ed by 
ACI  440. 5 and t he Cont r act  Document s.

c.   Fi ber - Rei nf or ced Pol ymer  ( FRP)  l ami nat e mat er i al s ext er nal l y bonded t o 
concr et e made by wet  l ayup must  meet  t he r equi r ement s of  ACI  440. 8 and 
t he Cont r act  Document s.  Submi t  pr oduct  dat a sheet s f or  mat er i al s used 
f or  FRP l ayup syst ems as descr i bed i n ACI  440. 8.

d.   The use of  ext er nal l y bonded FRP syst ems ot her  t han wet  l ayup syst ems 
ar e per mi t t ed upon appr oval  by t he Cont r act i ng Of f i cer .  Submi t  pr oduct  
and mat er i al s dat a,  desi gn dat a,  t est  r epor t s,  cer t i f i cat es,  
manuf act ur er ' s i nst r uct i ons,  and f i el d r epor t s f or  t hose syst ems as 
r equest ed by t he Cont r act i ng Of f i cer  and r equi r ed by Cont r act  Document s.

**************************************************************************
NOTE:   To l ear n mor e about  commer ci al l y  avai l abl e 
ext er nal l y bonded FRP syst ems r ef er  t o ACI  440. 2R.

**************************************************************************
2. 5   CONVENTI ONAL CONCRETE

**************************************************************************
NOTE:   Convent i onal  concr et e used f or  r epai r s has 
t he same base r equi r ement s as concr et e used f or  new 
construction. 
Addi t i onal  r equi r ement s t o consi der  i n mat er i al  
sel ect i on i ncl ude:
-  Good t ensi l e bond,  t o have a st r ong bond bet ween 
t he r epai r  and subst r at e.
-  Modul us of  el ast i c i t y s i mi l ar  t o subst r at e.
-  Low dr yi ng shr i nkage so t hat  t he mat er i al  does not  
l ose vol ume over  t i me.
-  Mat chi ng coef f i c i ent  of  t her mal  expansi on wi t h t he 
subst r at e by usi ng s i mi l ar  coar se aggr egat e t ype.  
Mat er i al s wi t h di f f er ent  coef f i c i ent s of  t her mal  
expansi on wi l l  shr i nk/ expand at  di f f er ent  r at es and 
cause cr acki ng or  spal l i ng.
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-  Low cr eep so t hat  t he r epai r  does not  r el ax over  
t i me due t o l oads.
Not e t hat  t hese mat er i al  r equi r ement s and pr oper t i es 
shoul d have been consi der ed i n t he desi gn phase.  
Ref er  t o ACI  546R,  ACI  546. 3R,  and I CRI  320. 2R.  f or  
mor e i nf or mat i on t he sel ect i on of  mat er i al s f or  
repair.

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

a.   Por t l and cement  concr et e mat er i al s must  meet  t he r equi r ement s speci f i ed 
i n Sect i on [ 03 30 00 CAST- I N- PLACE CONCRETE]  [ 03 30 53 MI SCELLANEOUS 
CAST- I N- PLACE CONCRETE] [ _____] .

b.   Mat er i al s f or  shot cr et e must  meet  t he r equi r ement s of  Sect i on 03 37 13 
SHOTCRETE.

c.   [ For  cement  based bondi ng syst ems use neat  por t l and cement  or  a bl end 
of  por t l and cement  and an ASTM C33/ C33M f i ne aggr egat e f i l l er  
pr opor t i oned one t o one by mass.  The wat er - t o- cement  r at i o of  t he 
bondi ng mi xt ur e must  be [ equal  t o t he wat er - t o- cement  r at i o of  concr et e 
used as a r epai r  or  over l ay mat er i al ] [ _____] .  Wat er  used must  meet  
ASTM C1602/ C1602M r equi r ement s. ]

**************************************************************************
NOTE:   I f  t he use of  cement  based bondi ng agent  i s  
not  per mi t t ed,  del et e t hi s r equi r ement .  I f  i t  i s  
per mi t t ed,  t hen speci f y t he wat er - t o- cement  r at i o 
f or  t hat  mi xt ur e.

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

d.   [ Use cement i t i ous mat er i al s i ndi cat ed i n t he Cont r act  Document s. ] [ Use 
cement i t i ous mat er i al s of  t he same br and and t ype f r om t he same 
manuf act ur i ng pl ant  as t he cement i t i ous mat er i al s used i n t he concr et e 
r epr esent ed by t he submi t t ed f i el d t est  r ecor ds or  used i n t r i al  
mixtures.][_____]

**************************************************************************
NOTE:   I f  i nf or mat i on on cement i t i ous mat er i al s i s  
pr ovi ded i n t he Cont r act  Document s,  t hen t he f i r st  
par t  of  t he r equi r ement  shoul d be suf f i c i ent .  I f  t he 
i nf or mat i on on cement i t i ous mat er i al s i s  not  
pr ovi ded,  t he second par t  of  t he r equi r ement  wi l l  
r equi r e t he use of  mat er i al s t hat  mat ch t he exi st i ng 
concr et e ( subst r at e) .  
Usi ng s i mi l ar  cement i t i ous mat er i al s i s  pr escr i bed 
t o have compat i bi l i t y  bet ween t he r epai r  mat er i al  
and t he exi st i ng subst r at e.  The use of  i ncompat i bl e 
mat er i al s can cause det er i or at i on at  t he i nt er f ace 
bet ween t he exi st i ng and new concr et e due t o 
di f f er ent i al  vol ume changes.  
Not e t hat  t hi s r equi r ement  i s  onl y appl i cabl e i f  t he 
mat er i al s or i gi nal l y used f or  t he subst r at e wer e 
adequat e and not  t he cause of  det er i or at i on.  
Mat er i al  sel ect i on shoul d have been consi der ed i n 
t he desi gn phase of  t he r epai r .

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

e.   Aggr egat es used i n concr et e must  be obt ai ned f r om t he same sour ces [ , be 
of  t he same t ype] [ and have t he same si ze r ange]  as aggr egat es used i n 

SECTI ON 03 01 00  Page 20



t he concr et e r epr esent ed by submi t t ed hi st or i cal  dat a or  used i n t r i al  
mixtures.

**************************************************************************
NOTE:   Li ke cement i t i ous mat er i al s r equi r ement s,  
aggr egat es used f or  concr et e need t o be compat i bl e 
wi t h t he exi st i ng concr et e.  

Onl y r equi r e t he same si ze r ange of  aggr egat e i f  i t  
i s  appr opr i at e f or  t he r epai r .  Remember  t hat  t he 
maxi mum coar se aggr egat e s i ze shoul d not  exceed 
t hr ee- f our t hs of  t he mi ni mum cl ear  spaci ng bet ween 
r ei nf or c i ng bar s,  one- f i f t h of  t he nar r owest  
di mensi on bet ween si des of  f or ms,  or  one- t hi r d of  
t he t hi ckness of  s l abs,  over l ays,  or  par t i al  dept h 
repairs. 

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

f .   Ref er  t o Sect i on [ 03 30 00 CAST- I N- PLACE CONCRETE]  [ 03 30 53 
MI SCELLANEOUS CAST- I N- PLACE CONCRETE] [ 03 37 13 SHOTCRETE] [ _____]  f or  
det ai l s  on submi t t al s i nvol v i ng convent i onal  concr et e.

2. 6   POLYMERS

**************************************************************************
NOTE:   For  mor e i nf or mat i on on pol ymer s and t hei r  
use i n r epai r ,  r ef er  t o ACI  503,  546,  548,  RAP 
( Repai r  Appl i cat i on Pr ocedur es)  document s and I CRI  
320.2R.

When sel ect i ng pol ymer s f or  r epai r s,  sel ect  t he 
mat er i al  based on t he desi r ed pr oper t i es.  Some 
pol ymer s l i ke epoxi es ar e wel l  def i ned and 
st andar di zed whi ch makes speci f y i ng t hem much 
easi er .  Ot her  mat er i al s l i ke ur et hanes ar e not  wel l  
s t andar di zed f or  usage i n const r uct i on.  These shoul d 
onl y be speci f i ed af t er  r evi ewi ng i nf or mat i on 
obt ai ned f r om t he mat er i al  manuf act ur er  and 
compar i ng t hat  t o t he desi r ed pr oper t i es needed f or  
t he r epai r .

Some of  t he pr oper t i es t o consi der  when speci f y i ng 
t hese mat er i al s ar e:  wor ki ng t i me of  t he mat er i al ,  
cur i ng t i mes and r equi r ement s,  v i scosi t y and t he 
abi l i t y  t o penet r at e cr acks,  r esi st ance t o 
t emper at ur e changes,  sensi t i v i t y  t o l i ght  ( UV r ays)  
and ot her  exposur es,  t hi ckness of  mat er i al  r equi r ed,  
st r engt h,  f l exi bi l i t y  and r i gi di t y,  and 
compat i bi l i t y  wi t h ot her  mat er i al s.      

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

a.   The r equi r ement s f or  t he pr oper t i es of  pol ymer s and aggr egat es used i n 
pol ymer s must  meet  t he r equi r ement s speci f i ed i n t hi s par agr aph as wel l  
as t he pr oper t i es speci f i ed i n t he r ef er enced speci f i cat i ons and t he 
Cont r act  Document s.

b.   Pol ymer s used must  be compat i bl e wi t h ot her  pol ymer s and mat er i al s used 
on t he pr oj ect .  Unl ess r epai r  mat er i al s ar e speci f i ed i n t he cont r act  
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document s,  t he Cont r act or  i s  r esponsi bl e f or  ver i f y i ng mat er i al  
compatibilities.

**************************************************************************
NOTE:   Mat er i al  compat i bi l i t y  i s  v i t al  i n r epai r s.  
Make sur e t hat  you speci f y mat er i al s t hat  wi l l  wor k 
wel l  t oget her  and wor k wel l  wi t h concr et e.

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

c.   Submi t  pr oduct  dat a,  manuf act ur er ' s Saf et y Dat a Sheet s, sampl es,  desi gn 
dat a,  t est  r epor t s,  cer t i f i cat es,  manuf act ur er ' s i nst r uct i ons,  and 
f i el d r epor t s f or  mat er i al s as r equi r ed by t hi s document  as wel l  as t he 
r ef er enced speci f i cat i ons and t he Cont r act  Document s.

2. 6. 1   Epoxies

**************************************************************************
NOTE:   Epoxy mor t ar s and concr et e do not  have 
t her mal  char act er i st i cs compat i bl e wi t h por t l and 
cement  concr et e.   Thi s t her mal  i ncompat i bi l i t y  
shoul d be car ef ul l y  consi der ed bef or e speci f y i ng 
epoxy mor t ar  or  concr et e f or  ext er i or  concr et e 
sur f ace r epai r s.  
For  exampl e,  when used t o r epai r  cr acks,  l i mi t  t hei r  
use t o cr acks r angi ng f r om 0. 002 t o 0. 25 i n.  ( 0. 05 
t o 6 mm)  wi de;  a t hi cker  cr oss sect i on of  t he epoxy 
i n a cr ack exposed t o l ar ge t emper at ur e var i at i ons 
can cause i nt er nal  st r esses i n t he r epai r ed 
concr et e.  Mor eover ,  epoxy shoul d not  be used t o 
r epai r  act i ve cr acks ( st i l l  movi ng)  because cr acks 
par al l el  t o t he or i gi nal  cr acks ar e l i kel y t o occur .

For  mor e i nf or mat i on on epoxi es and cr ack r epai r  
r ef er  t o ACO 546R,  ACI  546. 3R,  and ACI  548. 1R.

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

a.   Epoxy mor t ar s and epoxy compounds must  conf or m t o ASTM C881/ C881M
[ . ] [ , Type [ _____] ;  Cl ass [ _____] ;  Gr ade [ _____] ;  [ _____] . ]

b.   Epoxy mor t ar s used f or  r epai r i ng def ect s i n har dened por t l and cement  
concr et e must  meet  t he r equi r ement s of  ACI  503. 2- 503. 4.

c.   Epoxy used f or  cr ack r epai r  must  meet  t he r equi r ement s of  ACI  503. 7.

**************************************************************************
NOTE:   Epoxy i s one of  t he mai n pol ymer  mat er i al s 
used f or  cr ack r epai r s.  Cr ack r epai r  ar e usual l y 
ei t her  f or  st r uct ur al  pur poses ( st r engt h r el at ed)  or  
f or  seal i ng cr acks ( st op wat er  and ot her  mat er i al s  
f r om passi ng t hr ough) .  Because of  t hei r  bond 
st r engt h,  epoxi es ar e t he mai n mat er i al s used f or  
st r uct ur al  cr ack r epai r s.  They shoul d however  not  be 
used wi t h act i ve cr acks.  Ref er  t o ACI  546R and 
546. 3R f or  mor e det ai l s .   

Al so,  not e t hat  ASTM C881/ C881M,  Type I V,  Gr ade 1 i s 
good f or  r epai r i ng cr ack s i zes f r om 0. 005 t o 0. 010 
i n.  ( 0. 13 t o 0. 25 mm) .  Smal l er  cr acks may not  need 

SECTI ON 03 01 00  Page 22



r epai r .  For  l ar ger  cr acks,  a mor e v i scous epoxy may 
be appr opr i at e ( ACI  RAP 1 and ACI  503. 7) .

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

d.   Epoxy used t o pr oduce a ski d- r esi st ant  sur f ace on har dened concr et e 
must  meet  t he r equi r ement s of  ACI  503. 3.

e.   Epoxy used f or  over l ays must  meet  t he r equi r ement s of  [ ACI  548. 8][
ACI  548. 9].

**************************************************************************
NOTE:   ACI  548. 8 cover s Epoxy mul t i - l ayer  over l ays 
whi l e ACI  548. 9 cover s epoxy s l ur r y over l ays ( f or  
Br i dge and Par ki ng Gar age Decks) .  Ref er  t o t hose 
document s f or  mor e det ai l s .

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

f .   Epoxy used f or  bondi ng f r eshl y mi xed concr et e and har dened concr et e 
must  meet  t he r equi r ement s of  ASTM C881/ C881M,  Type [ I I ] [ V] ,  Gr ade 
[ 2] [ 3] ,  Cl ass [ A] [ B] [ C] .

**************************************************************************
NOTE:   
Type I I  adhesi ves ar e used i n non- l oad- bear i ng 
appl i cat i ons,  wher eas Type V ar e f or  l oad- bear i ng 
uses.  Gr ade 1 mat er i al s ar e l ow v i scosi t y ( not  t o be 
used f or  t hi s appl i cat i on) .  Gr ade 2 mat er i al s ar e 
medi um vi scosi t y .  Gr ade 3 mat er i al s have a 
non- saggi ng consi st ency.  Cl ass A mat er i al s ar e used 
when t emper at ur es ar e bel ow 40° F ( 4° C) ,  Cl ass B 
mat er i al s ar e used when t emper at ur es ar e t ypi cal l y  
bet ween 40 and 60° F ( 4 and 16° C) ,  and Cl ass C 
mat er i al s ar e used when t emper at ur es ar e above 60° F 
( 16° C)  wi t h upper  l i mi t s set  by t he manuf act ur er .

Ref er  t o ASTM C881/ C881M f or  mor e i nf or mat i on about  
t ypes,  gr ades,  and cl asses of  epoxi es.

Ref er  t o ACI  548. 11R f or  mor e i nf or mat i on about  
epoxy used as bondi ng agent .

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

g.   Epoxy used f or  bondi ng har dened concr et e and st eel  t o har dened concr et e 
must  meet  t he r equi r ement s of  ACI  548. 12.

2. 6. 2   Latexes

a.   Lat ex used i n pol ymer  modi f i ed por t l and cement  concr et e/ mor t ar  must  
meet  t he r equi r ement s of  ASTM C1438.

b.   Lat ex used i n pol ymer  modi f i ed por t l and cement  concr et e over l ays must  
meet  t he r equi r ement s of  ACI  548. 4.

c.   Lat ex used f or  bondi ng f r eshl y mi xed concr et e and har dened concr et e 
must  meet  t he r equi r ement s of  ASTM C1059/ C1059M,  Type I I .

**************************************************************************
NOTE:   Ref er  t o ASTM C1059 f or  mor e i nf or mat i on 
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about  l at ex used as bondi ng agent .  Al so,  r ef er  t o 
ACI  548. 12 f or  i nf or mat i on about  use and appl i cat i on 
of  t hi s mat er i al .

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

2. 6. 3   Methacrylates

**************************************************************************
NOTE:   Per  ACI  546R,  met hacr yl at es have hi gh 
adhesi ve st r engt h and can bond cr acks as a 
st r uct ur al  r epai r .  Met hacr yl at es can t her ef or e be 
used t o r est or e st r engt h ( l i ke epoxi es)  t o a 
st r uct ur al  as wel l  as f or  seal i ng cr acks.  

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

a.   Met hyl  met hacr yl at e s l ur r y ( MMS)  used f or  over l ays must  meet  t he 
r equi r ement s of  ACI  548. 10.

b.   Hi gh mol ecul ar  wei ght  met hacr yl at e ( HMWM)  must  be a 2- component ,  r api d 
cur i ng,  and sol vent - f r ee syst em.

c.   HMWM monomer s must  be a hi gh mol ecul ar  wei ght  or  subst i t ut ed 
met hacr yl at e t hat  conf or ms t he f ol l owi ng pr oper t i es:

Physi cal  Pr oper t i es of  HMWM Monomer

Property Test  Met hod Criteria

Vapor  Pr essur e Fl ash 
Poi nt  Densi t y

ASTM D323
ASTM D93

Less t han 133 Pa at  25 degr ees C
Gr eat er  t han 93 degr ees C
Gr eat er  t han 1. 0 g per  cubi c cm at  25 
degr ees C
Less t han 0. 02 psi  at  77 degr ees F
Gr eat er  t han 200 degr ees F
Gr eat er  t han 8. 4 l bs.  per  gal .  at  77 
degr ees F

Viscosity 
I ndex of  Ref r act i on 
Boi l i ng poi nt  @  133 
Pa 0. 02 psi  
Shr i nkage on cur e

ASTM D4016
ASTM D542
ASTM D1078

0.012 + 0. 004 Pas at  23 degr ees C;
1.470 + 0. 002
70 degr ees C 
Less t han 11 per cent
12 + 4 cps at  73 degr ees F
1.470 + 0. 002 
158 degr ees F
Less t han 11  per cent

Gl ass Tr ansi t i on 
Temper at ur e ( DSC)

ASTM D3418 57. 2 degr ees C
158 degr ees F

Cur i ng Ti me
( 100 g mass)

ASTM D3418 Gr eat er  t han 40 mi nut es at  25
degr ees C,  wi t h 4 per cent  cuemene
hydroperoxide
Gr eat er  t han 40 mi nut es at  73 degr ees 
F,  wi t h 4 per cent  cuemene
hydroperoxide
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Physi cal  Pr oper t i es of  HMWM Monomer

Bond St r engt h ASTM C882/ C882M Gr eat er  t han 10. 3 mPa
Gr eat er  t han 1, 500 psi  

d.   The i ni t i at or / pr omot er  syst em f or  HMWM must  be capabl e of  pr ovi di ng a 
sur f ace cur e t i me of  not  l ess t han 40 mi nut es nor  mor e t han 3 hour s at  
t he sur f ace t emper at ur e of  t he concr et e dur i ng appl i cat i on.  The 
i ni t i at or / pr omot er  syst em must  be such t hat  t he gel  t i me may be 
adj ust ed t o compensat e f or  changes i n t emper at ur e t hat  may occur  
t hr oughout  t he t r eat ment  appl i cat i on.  

d.   The i ni t i at or / pr omot er  syst em f or  HMWM must  meet  t he f ol l owi ng cr i t er i a:

I ni t i at or  Cuemene Hydr oper oxi de 78 per cent

Pr omot er  Cobal t  Napt henat e 6 per cent

2. 6. 4   [ Ot her  Pol ymer s]

**************************************************************************
NOTE:   Ther e ar e many t ypes of  pol ymer s t hat  coul d 
be used f or  concr et e r epai r .  Some of  t hem however  
can var y a l ot  i n pr oper t i es and ar e not  wel l  
def i ned or  st andar di zed i n t he const r uct i on 
i ndust r y.  These mat er i al s shoul d onl y be used af t er  
under st andi ng t hei r  pr oper t i es.  Ref er  t o ACI  546R 
and 546. 3R f or  mor e i nf or mat i on.

Not e t hat  not  al l  pol ymer s have s i mi l ar  pr oper t i es 
and t hus ar e usage speci f i c .  For  exampl e,  whi l e a 
pol yur et hane gr out  coul d be used t o seal  cr acks,  i t  
wi l l  not  r est or e st r uct ur al  st r engt h l i ke epoxi es or  
met hacr yl at es do.  The pol yur et hane however  coul d be 
a bet t er  choi ce t han an epoxy i f  a cr ack i s act i ve 
and t he onl y r eason f or  usi ng t he pol yur et hane i s t o 
seal  cr acks and st op wat er  f r om goi ng t hr ough.  

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

The use of  [ ur et hanes] [ s i l i cones] [ acr yl i cs] [ _____]  i s  per mi t t ed.

**************************************************************************
NOTE:   Choose t he t ypes of  pol ymer s ( ot her  t han 
epoxi es,  l at exes,  and met hacr yl at es)  t hat  can be 
used on your  pr oj ect .  You coul d al so add t o t hi s t he 
l ocat i ons wher e t hose mat er i al s coul d be used and 
wher e t hey shoul d not .

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

Submi t  [ pr oduct  dat a] ,  [ sampl es] ,  [ desi gn dat a] ,  [ t est  r epor t s] ,  
[ cer t i f i cat es] ,  [ manuf act ur er ' s i nst r uct i ons]  f or  accept ance by t he 
Cont r act i ng Of f i cer .

**************************************************************************
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NOTE:   Based on t he mat er i al s bei ng speci f i ed,  
speci f y t he submi t t al s r equi r ed by t he Cont r act or .

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

2. 6. 5   Aggregate

a.   Unl ess ot her wi se speci f i ed or  r ecommended by t he pol ymer  mat er i al  
manuf act ur er ,  aggr egat e used wi t h pol ymer s must  meet  ASTM C33/ C33M 
requirements.

b.   Aggr egat e pr oper t i es and pr opor t i ons used wi t h pol ymer s must  meet  t he 
r equi r ement s of  t he pol ymer  mat er i al  manuf act ur er ,  t he r equi r ement s of  
t he r ef er enced pol ymer  st andar d,  and t he Cont r act  Document s.

c.   Aggr egat e used wi t h pol ymer s must  be dr y and f r ee of  di r t ,  asphal t ,  and 
ot her  or gani c mat er i al s.  Aggr egat e moi st ur e cont ent  must  be l ess t han 
[ 0. 2] [ 1] [ _____]  per cent  by wei ght .

**************************************************************************
NOTE:   I f  a speci f i c  moi st ur e cont ent  f or  aggr egat e 
i s r equi r ed,  add t hi s r equi r ement  i n c.  ACI  548. 1R 
r ecommends a moi st ur e cont ent  of  l ess t han 1 per cent  
f or  use wi t h pol ymer s.  Not e t hat  some r ef er enced 
st andar ds do have l i mi t s speci f i ed.

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

d.   For  pat ch r epai r s,  t he maxi mum- si zed aggr egat e must  not  be gr eat er  t han 
one t hi r d t he dept h of  t he pat ch ar ea.

2. 7   MI SCELLANEOUS MATERI ALS AND EQUI PMENT

2. 7. 1   Packaged and pr opr i et ar y mat er i al s

**************************************************************************
NOTE:   Mat er i al  pr oper t i es and dur abi l i t y  
r equi r ement s f or  t hi s mat er i al  shoul d be i ncl uded i n 
t he Cont r act  Document s.  Speci f y submi t t al s r equi r ed 
f or  t hose mat er i al s.

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

The r equi r ed pr oper t i es f or  t he mat er i al s l i s t ed i n t hi s par agr aph must  
meet  t he pr oper t i es speci f i ed i n t he Cont r act  Document s.  Submi t  [ Pr oduct  
dat a] ,  [ sampl es, ]  [ desi gn dat a, ]  [ t est  r epor t s, ]  [ cer t i f i cat es, ]  
[ manuf act ur er ' s i nst r uct i ons] ,  [ and f i el d r epor t s]  as r equi r ed by t he 
Cont r act i ng Of f i cer  and t he Cont r act  Document s.

a.   Packaged,  r api d har deni ng concr et e r epai r  mat er i al s must  conf or m t o 
ASTM C928/ C928M.

b.   Packaged,  mor t ar  and concr et e must  conf or m ASTM C387/ C387M.

c.   Rapi d har deni ng cement  must  conf or m t o ASTM C1600/ C1600M.

Wat er  used wi t h packaged and pr opr i et ar y mat er i al s  must  meet  
ASTM C1602/ C1602M r equi r ement s.  Aggr egat es must  meet  t he r epai r  mat er i al  
manuf act ur er ' s r equi r ement s i f  avai l abl e and ASTM C33/ C33M i f  such 
r equi r ement s ar e not  speci f i ed.
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2. 7. 2   Bond Br eaker s

**************************************************************************
NOTE:   Bond br eaker s ar e used as separ at or  l ayer s 
bet ween exi st i ng concr et e and over l ays i n unbonded 
over l ay const r uct i on.  The per f or mance of  unbonded 
r esur f aci ng of  concr et e pavement s depends l ar gel y 
upon obt ai ni ng ef f ect i ve separ at i on bet ween t he t wo 
pavement s.  Because unbonded r esur f aci ng i s gener al l y  
f or  concr et e pavement s i n a mor e advanced st at e of  
det er i or at i on,  di st r esses i n t he under l y i ng pavement  
can r ef l ect  t hr ough t he r esur f aci ng and compr omi se 
i t s per f or mance i f  not  addr essed.  To mi ni mi ze t he 
ef f ect  of  t he di st r esses i n t he under l y i ng pavement  
on t he per f or mance of  t he unbonded r esur f aci ng,  a 
separ at or  l ayer  i s  pl aced so t hat  t he t wo pavement s 
act  i ndependent l y of  each ot her .  I t  may be l ess 
expensi ve and enhance l ongevi t y t o s i mpl y f i l l  l ow 
spot s wi t h concr et e i n t he r esur f aci ng pr ocess.  A 
wi de var i et y of  mat er i al s have been used as 
separ at or  l ayer s,  i ncl udi ng pol yet hyl ene sheet i ng,  
wax- based cur i ng compounds,  l i qui d asphal t s,  and 
hot - mi x asphal t  mat er i al s.  The most  common 
successf ul  used separ at or  l ayer  i s  1 i n.  ( 2. 5 cm)  of  
asphal t .  Less t han 1 i n.  ( 2. 5 cm)  t hi ck asphal t i c  
separ at or  l ayer s,  such as s l ur r y seal s,  have wor ked 
wel l  i n some cases,  but  ar e gener al l y not  
r ecommended because t hey do not  el i mi nat e mechani cal  
i nt er l ock,  t hey er ode near  t he j oi nt s,  and t hey do 
not  ef f ect i vel y separ at e t he t wo l ayer s.  
Pol yet hyl ene sheet i ng and cur i ng compounds ar e al so 
not  r ecommended.  They do not  pr event  wor ki ng cr acks 
f r om r ef l ect i ng t hr ough t he r esur f aci ng and t hey 
t r ap moi st ur e i n t he concr et e,  whi ch may accel er at e 
f r eeze- t haw damage.  Typi cal l y ,  a f i ne- gr aded asphal t  
sur f ace mi xt ur e has been used f or  t he separ at or  
l ayer .  On most  pavement s,  a nomi nal  1 i n.  ( 2. 5 cm)  
t hi ck l ayer  pr ovi des adequat e cover age over  
i r r egul ar i t i es i n t he exi st i ng pavement .  The 
t hi ckness coul d be s l i ght l y i ncr eased when 
i r r egul ar i t i es ar e l ar ge enough t o i mpact  pl acement  
oper at i ons.  The separ at or  l ayer  does not  pr ovi de 
s i gni f i cant  st r uct ur al  enhancement ;  t her ef or e,  t he 
pl acement  of  an excessi vel y t hi ck l ayer  shoul d be 
avoided. 

For  mor e i nf or mat i on on over l ays,  r ef er  t o ACI  
325.13.

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

a.   Bond br eaker  mat er i al s must  meet  t he r equi r ement s of  [ ASTM D2822/ D2822M
] ,  [ ASTM D4869/ D4869M] ,  [ ASTM D226/ D226M,  Type I ] ,  ASTM D2103,  and must  
have a mi ni mum t hi ckness of  [ 0. 25 mm 0. 010 i n. ] [ _____] ,  [ AASHTO M 288, 
Er osi on Cont r ol ,  Cl ass B] ,  [ ASTM D450/ D450M,  Type I I ] .

**************************************************************************
NOTE:   ASTM D2822/ D2822M i s an asphal t  r oof i ng 
cement ,  ASTM D226/ D226M and ASTM D4869/ D4869M ar e 
asphal t  sat ur at ed or gani c f el t .  ASTM D2103 i s 
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pol yet hyl ene sheet .  AASHTO M 288 i s geot ext i l e.   
ASTM D450/ D450M i s a bi t umi nous coat i ng.

Not e t hat  t he choi ce of  mat er i al  and t hi ckness 
shoul d have been account ed f or  i n t he desi gn of  t he 
overlay. 

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

b.   Bond br eaker  mat er i al s used must  not  have det r i ment al  ef f ect s on 
por t l and cement  concr et e and r ei nf or cement .

2. 7. 3   St r uct ur al  st eel

St r uct ur al  st eel  used f or  r epai r s must  meet  t he r equi r ement s of  05 12 00 
STRUCTURAL STEEL.

2. 7. 4   Concr et e Accessor i es

**************************************************************************
NOTE:   Any accessor i es speci f i ed i n ot her  sect i ons 
( used f or  new const r uct i on)  and not  l i s t ed i n t hi s  
sect i on shoul d be r ef er enced i n t hi s par agr aph.

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

Al l  concr et e accessor i es not  i ncl uded i n t hi s document  must  meet  t he 
r equi r ement s speci f i ed i n Sect i on 03 30 00 CAST- I N- PLACE CONCRETE [ and 
03 30 53 MI SCELLANEOUS CAST- I N- PLACE CONCRETE] .

2. 7. 5   Mi scel l aneous Equi pment

a.   Equi pment  desi gned speci f i cal l y  f or  t he appl i cat i on of  r epai r  mat er i al s 
must  be used as r equi r ed by t he r epai r  mat er i al  manuf act ur er  and t he 
r ef er enced speci f i cat i on.

b.   Equi pment  not  l i s t ed i n t hi s speci f i cat i on but  r ef er enced or  used f or  
r epai r s must  be c l ean and i n good oper at i ng condi t i on.

c.   Al l  suppl i es and equi pment  must  be avai l abl e i n suf f i c i ent  quant i t i es 
t o al l ow cont i nui t y i n t he i nst al l at i on pr oj ect  and qual i t y  assur ance.

2. 8   MI XTURE PROPORTI ONI NG

a.   Por t l and cement - based concr et e mi xt ur es must  be i n accor dance wi t h t he 
r equi r ement s of  Sect i on [ 03 30 00 CAST- I N- PLACE CONCRETE]  [ 03 30 53 
MI SCELLANEOUS CAST- I N- PLACE CONCRETE] [ 03 37 13 SHOTCRETE] .  

b.   Pol ymer  concr et e/ mor t ar / r esi n/ monomer  pr opor t i oni ng,  handl i ng,  and 
mi xi ng pr ocedur es as wel l  as equi pment  used f or  mi xi ng t hese mat er i al s 
must  conf or m t o t he r equi r ement s of  t he r ef er enced mat er i al  
speci f i cat i ons and t he r epai r  mat er i al  manuf act ur er ' s di r ect i ons.

**************************************************************************
NOTE:   Pol ymer s have di f f er ent  r equi r ement s f or  
pr opor t i oni ng and mi xi ng.  Thi s i nf or mat i on i s 
usual l y pr ovi ded by t he mat er i al  manuf act ur er  or  i n 
t he r ef er enced speci f i cat i on.  

For  exampl e,  f or  epoxi es used f or  cr ack r epai r s,  t he 
ACI  st andar d r equi r es t he f ol l owi ng:   " Use equi pment  
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f or  t he t wo component s of  t he i nj ect i on adhesi ve 
t hat  can est abl i sh and mai nt ai n a r at i o of  t he 
component s wi t hi n t he t ol er ance speci f i ed by t he 
manuf act ur er  of  t he i nj ect i on adhesi ve over  t he f ul l  
r ange of  oper at i ng pr essur es and t emper at ur es.  I f  
t he manuf act ur er  of  t he adhesi ve does not  speci f y a 
t ol er ance f or  t he mi xt ur e r at i o,  mai nt ai n a mi xt ur e 
r at i o wi t hi n ±3 per cent  of  t he nomi nal  mi xt ur e r at i o 
speci f i ed by t he manuf act ur er  of  t he adhesi ve. "  

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

c.   Pol ymer - modi f i ed por t l and cement  concr et e pr opor t i oni ng,  handl i ng,  and 
mi xi ng pr ocedur es as wel l  as equi pment  used f or  mi xi ng t hese mat er i al s 
must  conf or m t o t he r equi r ement s pr ovi ded by t he r epai r  mat er i al  
manuf act ur er  as wel l  as ACI  548. 4 when such mat er i al s ar e used f or  
overlays.

c.   Pr opor t i oni ng and mi xi ng mat er i al s not  speci f i ed above must  f ol l ow t he 
r equi r ement s pr ovi ded by t he r epai r  mat er i al  manuf act ur er .

PART 3   EXECUTI ON

3. 1   GENERAL REQUI REMENTS

3. 1. 1   Examination

Locat e ar ea of  unsound concr et e or  del ami nat i on usi ng hammer  soundi ng or  
chai n dr ag sound met hods i n accor dance t o ASTM D4580/ D4580M.  Denot e and 
mar k per i met er  boundar i es and not i f y t he Cont r act i ng Of f i cer  t o appr ove t he 
unsound concr et e l ayout  boundar i es.  

3. 1. 2   Protection

Pr ot ect  pedest r i ans,  mot or i zed t r af f i c ,  mechani cal ,  el ect r i cal ,  and 
pl umbi ng equi pment ,  sur r oundi ng const r uct i on,  pr oj ect  s i t e,  l andscapi ng,  
and sur r oundi ng bui l di ngs f r om damage or  i nj ur y r esul t i ng f r om concr et e 
r ehabi l i t at i on wor k.

a.   Const r uct  dust  and debr i s bar r i er s sur r oundi ng r epai r  wor k per i met er  t o 
cont r ol  dust  and t o pr ot ect  and cont r ol  const r uct i on t r af f i c .

b.   Di spose of  r unof f  f r om wet  demol i t i on or  sur f ace pr epar at i on oper at i ons 
i n accor dance wi t h al l  l ocal  or di nances.  Di sposal  met hods must  avoi d 
soi l  er osi on,  avoi d under mi ni ng pavement s and f oundat i ons,  damage t o 
l andscapi ng and veget at i on,  and mi ni mi ze wat er  penet r at i on t hr ough 
ot her  par t s of  bui l di ngs.

c.   Col l ect  and neut r al i ze al kal i ne wast es and aci d wast es and di spose i n 
accor dance wi t h l ocal ,  st at e,  and f eder al  r egul at i ons.

d.   Compl y wi t h l ocal  noi se or di nances dur i ng demol i t i on oper at i ons.

e.   Per f or m demol i t i on wor k and sur f ace pr epar at i on wor k i n a manner  t hat  
mi ni mi zes di st ur bances of  oper at i ons.  Coor di nat e wor k wi t h t he 
Cont r act i ng Of f i cer .  

f .   Submi t  a pr oposed pr ot ect i on pl an f or  appr oval  by owner  r epr esent at i ve 
and Li censed Desi gn Pr of essi onal .
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3. 1. 3   For mwor k and Shor i ng

Execut i on of  f or mwor k and shor i ng must  meet  t he r equi r ement s speci f i ed i n 
Sect i on [ 03 30 00 CAST- I N- PLACE CONCRETE]  [ 03 30 53 MI SCELLANEOUS 
CAST- I N- PLACE CONCRETE] [ _____] .

3. 1. 3. 1   Formwork

a.   Const r uct  f or ms t o s i zes,  shapes,  l i nes,  and di mensi ons t o mat ch 
exi st i ng adj acent  sur f aces and t ext ur es.  Pr ovi de f or ms t hat  mat ch 
openi ngs,  of f set s,  chamf er s,  anchor ages,  i nser t s and ot her  f eat ur es as 
descr i bed on Cont r act  Document s.  Const r uct  f or ms t o accommodat e 
i nst al l at i on of  pr oduct s by ot her  t r ades.  Pr ovi de f or ms f or  easy 
r emoval  t o mi ni mi ze damage t o concr et e sur f aces and adj acent  sur f aces.  
Appl y f or m r el ease coat i ng over  f or mwor k sur f aces pr i or  t o each 
concr et e pl acement .  For m r el ease agent s must  not  be appl i ed t o or  come 
i n cont act  wi t h t he r epai r  ar ea concr et e subst r at e or  r ei nf or cement .

b.   Do not  damage r epai r  mat er i al  dur i ng r emoval  of  f or mwor k f or  col umns,  
wal l s,  s i des of  beams,  and ot her  par t s not  suppor t i ng wei ght  of  
concr et e or  r epai r  mat er i al .  Per f or m needed r epai r  and t r eat ment  
r equi r ed on ver t i cal  sur f aces at  once and f ol l ow i mmedi at el y wi t h 
speci f i ed cur i ng.  Remove al l  f or mwor k anchor s embedded i n exi st i ng 
concr et e.  Fi l l  anchor  hol es and r epai r  al l  damage t o exi st i ng concr et e 
at  anchor  hol es.

3. 1. 3. 2   Shoring

a.   Pr ovi de shor i ng i n accor dance wi t h t he shor i ng dr awi ngs pr i or  t o 
per f or mi ng wor k t o br ace t he subst r at e st r uct ur e t empor ar i l y  whi l e 
r epai r  wor k i s pr oceedi ng.  Shor i ng must  be desi gned,  document ed,  and 
st amped by a Li censed Desi gn Pr of essi onal .  Shor i ng desi gns must  be 
submi t t ed t o and appr oved by t he Cont r act i ng Of f i cer  pr i or  t o wor k 
commencing.

b.   Leave f or mwor k and shor i ng i n pl ace t o suppor t  exi st i ng l oads,  
const r uct i on l oads and wei ght  of  r epai r  mat er i al  i n beams,  s l abs,  and 
ot her  st r uct ur al  member s unt i l  i n- pl ace st r engt h of  r epai r  mat er i al  
det er mi ned i n accor dance wi t h t he Cont r act  Document s.   For  
post - t ensi oned const r uct i on,  l eave f or mwor k and shor i ng i n pl ace unt i l  
s t r essi ng i s compl et e.  When shor es and ot her  suppor t s ar e ar r anged t o 
al l ow r emoval  of  f or m- f aci ng mat er i al  wi t hout  al l owi ng st r uct ur al  s l ab 
or  member  t o def l ect ,  f or m- f aci ng mat er i al  and i t s  hor i zont al  
suppor t i ng member s may be r emoved at  an ear l i er  age.

**************************************************************************
NOTE:   For mwor k and shor i ng r equi r ement s f or  r epai r s 
ar e l i ke r equi r ement s f or  new const r uct i on.  
Requi r ement s uni que t o r epai r  ar e pr ovi ded her e.  The 
need f or  shor i ng i s det er mi ned dur i ng t he desi gn 
phase.  Const r uct i on l oads and sequence of  
const r uct i on must  be communi cat ed i n t he Cont r act  
Documents.

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

3. 1. 4   Concr et e pr epar at i on

a.   Remove concr et e as needed per  t he r emoval  r equi r ement s of  t hi s sect i on.  
Li mi t s on r emoval  equi pment  ar e speci f i ed i n t he par agr aph t i t l ed 
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EQUI PMENT FOR CONCRETE PREPARATI ON.

b.   Remove f or ei gn mat er i al ,  such as di r t ,  oi l ,  gr ease,  or  ot her  chemi cal s,  
f r om t he cr acks bef or e i nj ect i on usi ng compr essed ai r ,  l ow- pr essur e 
wat er ,  or  vacuumi ng.  Al l ow wet  sur f aces t o dr y at  l east  24 hour s.

c.   I mmedi at el y bef or e pl aci ng t he r epai r  mat er i al  or  i nst al l i ng f or mwor k,  
make t he r epai r  ar ea avai l abl e f or  i nspect i on by t he Cont r act i ng 
Of f i cer .  Obt ai n accept ance by t he Cont r act i ng Of f i cer  of  sur f ace 
pr epar at i on bef or e pr oceedi ng wi t h Wor k.  I f  t he Wor k i s r ej ect ed,  
per f or m addi t i onal  oper at i ons t o t he sat i sf act i on of  Cont r act i ng 
Officer.

d.   [ Per f or m t ensi l e pul l - of f  t est s i n accor dance wi t h ASTM C1583/ C1583M 
and gui dance at  [ l ocat i on] .  Pul l - of f  st r engt h must  meet  or  exceed [ 250 
psi  1. 7 MPa] [ _____] .  [ Test  a mi ni mum of  3 speci mens at  l ocat i ons no 
gr eat er  t han 420 squar e met er s 500 squar e yar ds of  pr epar ed sur f ace. ] ]

**************************************************************************
NOTE:   I f  t he adequacy of  t he pr epar ed subst r at e i s 
r equi r ed,  add t he t ensi l e pul l - of f  t est .  Addi t i onal  
gui dance i s pr ovi ded i n I CRI  210. 3R.  The sur f ace 
pr of i l e i s  det er mi ned by t he desi gner  f or  t he 
r epai r .  Thi s may var y f or  t he di f f er ent  r epai r  
met hods and f or  t he same r epai r  met hod wi t hi n same 
pr oj ect .  I CRI  310. 2R and ACI  546R pr ovi de gui dance 
on sel ect i ng sur f ace pr of i l es f or  var i ous r epai r s.  
The pr of i l e i s  of t en st at ed i n t he Cont r act  
Document s al ong wi t h t he r epai r  met hod,  r epai r  
mat er i al ,  ext ent  of  r epai r ,  and sequence of  Wor k.

**************************************************************************
e.   [ The pr epar ed sur f ace must  have a concr et e sur f ace pr of i l e equi val ent  

t o CSP [ _____]  as def i ned by I CRI  310. 2R].

**************************************************************************
NOTE:   I f  a speci f i ed Concr et e Sur f ace Pr of i l es 
( CSP)  i s desi r ed,  speci f y sur f ace pr of i l es based on 
I CRI  310- 2R.  CSP 1: aci d- et ched ;  CSP 2: gr i ndi ng ;  
CSP 3: l i ght  shot bl ast  ;  CSP 4: l i ght  scar i f i cat i on ;  
CSP 5: medi um shot bl ast  ;  CSP 6: medi um scar i f i cat i on ;  
CSP 7: heavy abr asi ve bl ast  ;  CSP 8: scabbl ed ;  CSP 
9: heavy scar i f i cat i on—r ot omi l l ed ;  CSP 10: handhel d 
concr et e br eaker  f ol l owed by abr asi ve bl ast i ng.
Ref er  t o I CRI  310- 2R f or  mor e det ai l s  on sur f ace 
profiles.

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

3. 1. 5   Qual i t y Cont r ol

3. 1. 5. 1   Qual i t y cont r ol  of  sur f ace pr epar at i on

Eval uat i on of  pr epar ed subst r at e must  be cont i nuousl y moni t or ed t o assur e 
t hat  t he pr epar ed subst r at e sur f ace meet s pr oj ect  r equi r ement s.

3. 1. 5. 2   Qual i t y cont r ol  of  r epai r  over l ays

Al l  component s of  over l ay PPCC mat er i al s must  be cer t i f i ed by t he mat er i al  
manuf act ur er  or  aggr egat e suppl i er  t o meet  al l  pr oj ect  t est i ng 
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r equi r ement s.  Dur i ng t he PPCC over l ay,  t ake mi xed sampl es and check t hat  
t he mat er i al s ar e mi xed pr oper l y.  Conf i r m t hat  t he r i ght  PC over l ay 
t hi ckness was appl i ed by r ecor di ng t he vol ume of  PC over l ay mat er i al s and 
t he subst r at e sur f ace ar ea cover ed by t he over l ay.

3. 1. 6   Curing

a.   For  por t l and cement  concr et e Wor k,  f ol l ow t he r equi r ement s i ndi cat ed i n 
[ 03 30 00 CAST- I N- PLACE CONCRETE] [ _____] .

b.   For  pol ymer  concr et e/ mor t ar  Wor k,  f ol l ow [ manuf act ur er ' s r equi r ement s 
f or  cur i ng] [ _____]

**************************************************************************
NOTE:   Pol ymer s have cur i ng r equi r ement s di f f er ent  
t han por t l and cement  concr et e.  Fol l ow manuf act ur er ' s 
r equi r ement  i n addi t i on t o ACI  speci f i cat i ons f or  
t hat  speci f i c  pol ymer  i f  avai l abl e.  Ref er  t o ACI   
548 document s f or  addi t i onal  i nf or mat i on or  
r ef er enced speci f i cat i on 

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

c.   For  pol ymer  modi f i ed por t l and cement  concr et e Wor k f ol l ow 
[ manuf act ur er ' s r equi r ement s f or  cur i ng] [ _____] .

**************************************************************************
NOTE:   ACI  548. 4 cover s l at ex- modi f i ed concr et e 
over l ays.  Ref er  t o ACI  548. 4 and t he manuf act ur er ' s 
r equi r ement s i f  usi ng l at ex modi f i ed concr et e f or  
overlays. 

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

3. 1. 7   Cl ean up

a.   Cl ean and r emove al l  spi l l s  and l eaks of  i nj ect i on adhesi ve and st ai ns 
caused by t he i nj ect i on adhesi ves.

b.   Di spose wast ewat er  used f or  cut t i ng and cl eani ng wi t hout  st ai ni ng or  
damagi ng t he exi st i ng sur f aces of  t he st r uct ur e or  t he envi r onment  of  
t he pr oj ect  ar ea.  The met hod of  di sposal  must  meet  al l  t he r equi r ement s 
of  Sect i on 01 57 19 TEMPORARY ENVI RONMENTAL CONTROLS

3. 1. 8   Safety

a.   Pr ovi de Mat er i al  Saf et y Dat a Sheet s ( MSDS)  f or  pr oduct s on s i t e 
r evi ewi ng t hem bef or e wor k begi ns.

b.   Pr ovi de saf et y guar ds,  mai nt enance,  and war ni ngs f or  al l  machi ner y and 
equipment.

c.   Have per sonal  pr ot ect i on equi pment  pr act i ce i n pl ace -  eye pr ot ect i on 
and f ace guar ds.

d.   Have al l  wor ker s i n cont act  wi t h wet  cement i t i ous mat er i al  wear  
pr ot ect i ve gl oves and cl ot hi ng.

e.   Pr ovi de eyewash f aci l i t i es on- si t e wi t h l ocat i on s i gnage.

f .   Pr ovi de dust  masks f or  wor ker s oper at i ng mi xer s.
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g.   Have conf i ned space pr ocedur es i n pl ace i ncl udi ng adequat e vent i l at i on 
i n c l osed spaces bef or e oper at i ng equi pment  or  usi ng pr oduct s t hat  emi t  
pot ent i al l y  danger ous or  t oxi c exhaust ,  f umes,  or  dust .

h.   Pr ovi de secur ed st or age avai l abl e f or  al l  hazar dous or  f l ammabl e 
materials.

i .   Conduct  saf et y meet i ngs pr i or  t o begi nni ng r epai r  oper at i ons.

3. 2   CRACK REPAI R

3. 2. 1   Preparation

3. 2. 1. 1   Gener al  Requi r ement s

a.   Cl ean al l  cr acks i n accor dance wi t h t he par agr aph t i t l ed Concr et e 
Preparation.

b.   Do not  r epai r  cr acks when t he t emper at ur e of  t he concr et e i s bel ow 
f r eezi ng and moi st ur e condi t i ons i ndi cat e t he possi bi l i t y  of  i ce on t he 
i nt er nal  sur f aces of  t he cr ack.

c.   Do not  appl y adhesi ve i f  t he t emper at ur e of  t he concr et e i s not  wi t hi n 
t he r ange of  appl i cat i on t emper at ur es r ecommended by t he manuf act ur er  
of  t he adhesi ve.

3. 2. 1. 2   Cr ack r out i ng

I nspect  sur f aces adj acent  t o cr ack t o r ecei ve r epai r  mat er i al .  I f  
det er i or at ed,  r out e a V- gr oove sect i on at  t he cr ack f ace unt i l  sound 
concr et e i s r eached.

3. 2. 1. 3   Sealing

a.   For  epoxy i nj ect i on,  appl y a sur f ace seal  over  al l  ext er i or  f aces of  
t he cr ack t hat  can be r eached t o cont ai n t he i nj ect i on adhesi ve i n t he 
crack.

b.   For  gr avi t y f i l l  r epai r s,  appl y a sur f ace seal  al ong t he bot t om sur f ace 
of  t he el ement  t hat  can be r eached t o cont ai n t he r epai r  mat er i al  i n 
t he cr ack.

3. 2. 2   Application

3. 2. 2. 1   Epoxy i nj ect i on

a.   I nst al l  t he i nj ect i on ent r y and vent i ng por t s usi ng f l ush mount ed or  
dr i l l ed f i t t i ngs per  pr opr i et ar y manuf act ur er ' s i nst r uct i ons.

b.   Space t he por t s at  [ a di st ance equal  t o t he t hi ckness of  t he member ]  [
200 mm 8 i n. ] .

c.   I nj ect  t he epoxy usi ng mat er i al  manuf act ur er ' s  r ecommended equi pment .

d.   Appl y r ecommended manuf act ur er ' s i nj ect i on pr essur e.

e.   For  ver t i cal  or  i ncl i ned cr acks,  appl y i nj ect i on by pumpi ng epoxy i nt o 
ent r y por t s at  t he l owest  el evat i on,  cap,  and move upwar d.
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f .   For  hor i zont al  cr acks,  appl y i nj ect i on by pr oceedi ng f r om one end of  
t he cr ack t o t he ot her  unt i l  t he cr ack i s f ul l y  seal ed.

g.   [ Af t er  10 mi n. ,  r epeat  i nj ect i on pr ocedur e unt i l  al l  por t s r ef use 
injection.]

h.   [ Remove por t s and r emove t he sur f ace seal  by [ heat , ]  chi ppi ng,  or  
gr i ndi ng or  ot her  accept abl e means af t er  t he i nj ect ed epoxy has cur ed. ]

**************************************************************************
NOTE:   Epoxy i nj ect i on i s a st r uct ur al  r epai r  of  t he 
concr et e.  Epoxy r esi n i s a t her moset t i ng pol ymer  
t hat  cur es when mi xed wi t h a cat al yzi ng agent  or  
har dener .  Once cur ed,  epoxi es have except i onal  
physi cal  pr oper t i es.  Epoxi es ar e r ecogni zed f or  
t hei r  super i or  bond st r engt h t o concr et e,  whi ch 
t ypi cal l y  exceeds t he t ensi l e st r engt h of  nor mal  
concr et e.  Epoxi es ar e used t o r epai r  cr acks t hat  
t ypi cal l y  r ange f r om 0. 002 t o 0. 25 i n.  ( 0. 05 t o 6 
mm)  wi de.  Epoxy r esi n shoul d onl y be used i n 
nonmovi ng or  dor mant  cr acks.  Ref er ence ACI  RAP- 1,  
I CRI  210. 1R,  and ACI  503. 7.

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

3. 2. 2. 2   Gr avi t y f i l l

a.   Mi x r esi n or  monomer  per  mat er i al  manuf act ur er ' s i nst r uct i ons.

b.   Pr e- f i l l  cr acks at  l east  3 mm 0. 125 i n.  wi de wi t h aggr egat e.

c.   Pour  r esi n or  monomer  ont o t he sur f ace,  over  t he cr acks and spr ead wi t h 
br ooms,  r ol l er s,  or  squeegees.

d.   Wor k mat er i al  back and f or t h over  t he cr acks t o maxi mi ze f i l l  i n cr ack.

e.   Al l ow at  l east  [ 20 mi nut es] [ _____]  f or  mat er i al  t o penet r at e cr acks.

f .   Remove excess mat er i al  once cr acks have been f i l l ed t o r ef usal .

g.   [ Br oadcast  [ 0. 5 t o 1. 0 kg per  squar e met er  1 t o 2 l bs per  squar e yar d 
] [ _____]  of  sand. ]

h.   Al l ow mat er i al  t o cur e per  mat er i al  manuf act ur er ' s r ecommendat i ons.

i .   [ Remove seal ant  and gr i nd smoot h. ]

**************************************************************************
NOTE:   The pr i mar y obj ect i ve of  t hi s r epai r  i s  t o 
f i l l  t he cr ack and st r uct ur al l y  bond t he concr et e on 
bot h s i des of  t he cr ack.  Thi s r epai r  i s  t o seal  
cr acks t hat  ar e not  movi ng.  By penet r at i ng and 
f i l l i ng t he cr acks,  t he r esi n can f or m a pol ymer  
pl ug t hat  seal s t he cr ack,  keepi ng out  wat er ,  
chl or i des,  car bon di oxi de,  sul f at es,  and ot her  
aggr essi ve l i qui ds and gases.  Thi s r epai r  can onl y 
be appl i ed t o hor i zont al  concr et e el ement s such as 
s l abs.  The t wo most  common pol ymer  mat er i al s used 
f or  gr avi t y f eed cr ack r epai r s ar e epoxi es and hi gh 
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mol ecul ar  wei ght  met hacr yl at es ( HMWM) ;  mor e 
i nf or mat i on on mat er i al  sel ect i on i s gi ven i n 
PRODUCTS.  Use sand i f  a ski d- r esi st ant  sur f ace i s 
desi r ed or  gr i nd f or  a smoot h sur f ace.  Ref er ence ACI  
RAP- 2,  ACI  RAP- 13,  and ACI  546R.

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

3. 2. 3   Qual i t y Cont r ol

a.   [ Conduct  qual i t y  [ and cont r ol ]  t est s f or  met er i ng accur acy and mi xi ng 
ef f ect i veness of  t he cont i nuous mi xi ng pump i n accor dance wi t h ACI  503. 7.]

b.   Qual i f y t he t est  i nj ect i on pr ocedur es i n accor dance wi t h ACI  503. 7.

3. 2. 4   Accept ance Cr i t er i a

3. 2. 4. 1   Cor e Sampl i ng

a.   Obt ai n cor e sampl es i n accor dance wi t h ASTM C42/ C42M.

b.   Al l ow 24 hour s af t er  i nj ect i on bef or e cor i ng.

c.   Obt ai n cor es i n a manner  t hat  i ncl udes as much of  t he bond l i ne of  t he 
r epai r ed concr et e as possi bl e.  Repl ace cor es t hat  do not  i nt er sect  t he 
cr ack f or  at  l east  75 per cent  of  t he l engt h of  t he cor e.  

d.   Obt ai n t hr ee di amet er  cor e f r om f i r st  30 m 100 f t .  and one cor e f or  each
 30 m 100 f t .  t her eaf t er .

e.   I f  cor es woul d sever  r ei nf or c i ng st eel  or  ot her  embedded i t ems,  do not  
cor e,  and not i f y  t he Cont r act i ng Of f i cer  so t hat  an al t er nat i ve 
l ocat i on can be chosen.

f .   Obt ai n cor es at  l east  50 mm 2 i n.  i n di amet er  f or  v i sual  i nspect i ons 
and at  l east  100 mm 4 i n.  i n di amet er  f or  t he spl i t t i ng t ensi l e t est .  
Per f or m a spl i t t i ng t ensi l e t est  on one cor e f r om t he f i r st  30 m 100 
f t .  and one cor e f or  each 75 m 250 f t .  t her eaf t er .

g.   Fi l l  cor e hol es wi t h [ non- shr i nk gr out ] [ _____] .

**************************************************************************
NOTE:   I n some cases,  a 50 mm ( 2 i n. )  di amet er  cor es 
may not  be wi de enough t o i nt er sect  cr acks t hat  may 
not  be per pendi cul ar  t o t he sur f ace wher e t he cor e 
i s dr i l l ed.  

**************************************************************************
3. 2. 4. 2   Cor e Test i ng

a.   Test  a por t i on of  t he cor e sampl es f or  t he spl i t t i ng t ensi l e st r engt h 
i n accor dance wi t h ASTM C496/ C496M.

b.   Al l ow 72 hour s af t er  i nj ect i on bef or e begi nni ng spl i t t i ng t ensi l e t est s

c.   Pr epar e cor e sampl e per  ASTM C42/ C42M.

d.   Al i gn t he cor e so t hat  t he cr ack i s i n a pl ane as c l ose t o ver t i cal  as 
possible.

**************************************************************************
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NOTE:   Test i ng f or  t he spl i t t i ng t ensi l e st r engt h i s 
onl y necessar y f or  st r uct ur al  r epai r s,  wher e 
r et ur ni ng t he concr et e t o i t s  or i gi nal  st r engt h i s  
r equi r ed by t he pr oj ect .

**************************************************************************
3. 2. 4. 3   Acceptance

Wor k i s accept abl e i f  at  l east  90 per cent  of  t he dept h of  t he cr ack i n each 
cor e i s f i l l ed wi t h adhesi ve [ and a or  b i s met ] [ _____] .

a.   [ The spl i t t i ng t ensi l e st r engt h of  t he cor e i s  at  l east  90 per cent  of  
t he spl i t t i ng t ensi l e st r engt h of  a cor e t aken f r om an uncr acked ar ea 
wi t hi n 300 mm 12 i n.  of  t he r epai r ed cr ack. ]

b.   [ A spl i t t i ng t ensi l e t est  of  t he cor e i ndi cat es t hat  no mor e t han 10 
per cent  of  t he bonded ar ea of  t he cr ack i n each cor e exhi bi t s combi ned 
ar eas of  separ at i on of  t he adhesi ve f r om t he concr et e or  cohesi ve 
f ai l ur e wi t hi n t he adhesi ve. ]

3. 3   CORROSI ON AND SURFACE REPAI R

3. 3. 1   Preparation

3. 3. 1. 1   I dent i f i cat i on of  Ext ent  of  Concr et e Removal

a.   Conf i gur e geomet r y of  r emoval  ar ea t o maxi mi ze t he use of  r i ght - angl e 
geomet r y,  avoi di ng r eent r ant  cor ner s,  and t o obt ai n uni f or mi t y of  
dept h.  Det er mi ne t he dept h,  l ocat i on,  and si ze of  r ei nf or c i ng bar s 
pr i or  t o r emoval  of  concr et e.

b.   [ Per f or m vi sual  i nspect i on and hammer  t appi ng,  chai n dr ag soundi ng,  or  
ot her  met hods accept abl e by t he Cont r act i ng Of f i cer  t o i dent i f y 
cr acked,  del ami nat ed,  spal l ed,  di s i nt egr at ed,  and ot her wi se unsound 
concr et e f or  r emoval .  Mar k boundar i es of  r epai r  ar ea bef or e concr et e 
r emoval . ]  [ _____]

**************************************************************************
NOTE:   The met hods l i s t ed above ar e t he basi c 
met hods commonl y used t o det ect  del ami nat i on.  For  
mor e speci al i zed met hods r ef er  t o ACI  228. 2R and add 
t he desi r ed met hods above.

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

c.   I nspect  t he mar ked boundar i es wi t h t he Cont r act i ng Of f i cer  pr i or  t o 
commenci ng wi t h t he concr et e r emoval .  Revi se t he r epai r  ar ea boundar i es 
as i nst r uct ed by t he Cont r act i ng Of f i cer .  

3. 3. 1. 2   Shor i ng and For mwor k

a.   Pr ovi de shor i ng and f or mwor k per  t he par agr aph t i t l ed For mwor k and 
Shoring.

b.   For  post - t ensi oned concr et e,  det ensi on st r ands and wi r es as r equi r ed by 
Cont r act  Document s pr i or  t o r epai r .

3. 3. 1. 3   Concr et e Removal

a.   Remove concr et e f r om r epai r  ar eas t o i ndi cat ed dept h and pr of i l e.   
Not i f y Cont r act i ng Of f i cer  i f  addi t i onal  del ami nat ed,  f r act ur ed,  or  
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unsound concr et e i s pr esent .

b.   Do not  damage embedded r ei nf or c i ng and adj acent  concr et e.  The r emoval  
met hods must  pr oduce mi ni mal  mi cr ocr acki ng ( br ui s i ng)  of  t he pr epar ed 
subst r at e sur f aces.  Avoi d di r ect l y st r i k i ng r ei nf or c i ng st eel  wi t h 
i mpact  t ool s used f or  concr et e r emoval .

c.   Pr ovi de per pendi cul ar  edges at  per i met er  of  r epai r  ar ea.  The per i met er  
of  t he r epai r  ar eas must  be saw cut  t o a dept h of  0. 50 t o 0. 75 i n.  15 
t o 20 mm.  [ For  ver t i cal  or  over head sur f aces,  pr ovi de 45- degr ee s l ope 
at  r epai r  boundar i es t o f aci l i t at e ai r  and r ebound escape. ]  Do not  cut  
or  damage embedded r ei nf or cement  or  ot her  embedded i t ems.  I f  embedded 
r ei nf or c i ng st eel  or  ot her  embedded i t ems ar e t oo c l ose t o t he sur f ace 
t o pr ovi de t he per pendi cul ar  edge cut ,  not i f y  t he Cont r act i ng Of f i cer  
f or  di r ect i on bef or e pr oceedi ng.

d.   Ext end concr et e r emoval  al ong t he cor r oded r ei nf or c i ng st eel  t o a poi nt  
wher e t her e i s no f ur t her  del ami nat i on,  concr et e cr acki ng,  or  
r ei nf or c i ng st eel  cor r osi on,  and wher e t he r ei nf or cement  i s  bonded t o 
t he sur r oundi ng concr et e.

e.   Remove concr et e ar ound t he exposed l ayer  of  r ei nf or cement  t o a uni f or m 
dept h beyond wi t hi n t he r epai r  ar eas t o pr ovi de a mi ni mum cl ear ance 
bet ween exposed r ei nf or c i ng st eel  and sur r oundi ng concr et e of  [ 0. 75 i n.  
20 mm] [ _____] ,  or  at  l east  0. 25 i n.  5 mm l ar ger  t han t he maxi mum 
nomi nal  s i ze of  t he coar se aggr egat e i n t he r epai r  mat er i al .   

f .   [ Do not  r emove concr et e behi nd ver t i cal  r ei nf or c i ng bar s i n col umns. ]

**************************************************************************
NOTE:   I ndi cat e condi t i ons wher e i t  i s  al l owabl e t o 
r emove concr et e behi nd ver t i cal  r ei nf or c i ng i n 
col umns such as f or  l i ght l y l oaded or  non- st r uct ur al  
col umns or  i f  ot her  met hods such as phased r epai r s 
or  suppl ement al  r est r ai nt  of  bar s t o pr event  
buckl i ng ar e i ncor por at ed t o f aci l i t at e such r emoval .

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

3. 3. 1. 4   Pr epar at i on of  Concr et e Subst r at e Sur f ace

a.   Conf i r m per pendi cul ar  edges at  r epai r  ar ea per i met er ,  and r ei nst at e i f  
damaged by concr et e r emoval  pr ocess.  Remove l oosel y bonded concr et e,  
br ui sed or  f r act ur ed concr et e,  and bond- i nhi bi t i ng mat er i al s such as 
di r t ,  concr et e s l ur r y,  or  any ot her  det r i ment al  mat er i al s f r om t he 
concr et e subst r at e usi ng appr oved met hods.  Wher e concr et e has been 
r emoved by i mpact  met hods,  abr asi ve bl ast i ng must  be used t o pr epar e 
t he sur f ace and r emove br ui sed concr et e.

b.   Pr ovi de subst r at e sur f ace pr of i l es as speci f i ed i n t he Cont r act  
Documents.

c.   Vi sual l y i nspect  and sound subst r at e sur f ace t o conf i r m t hat  no f ur t her  
del ami nat i ons or  ot her wi se unsound concr et e r emai ns.  I f  encount er ed,  
not i f y t he Cont r act i ng Of f i cer .

d.   Cl ean t he subst r at e per  t he par agr aph t i t l ed Concr et e pr epar at i on.
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3. 3. 2   Application

3. 3. 2. 1   [ Exi st i ng Rei nf or cement  Pr epar at i on]

a.   Cl ean exi st i ng r ei nf or cement  t hat  wi l l  r emai n.  Remove cor r osi on and/ or  
ot her  l ai t ance and not i f y t he Cont r act i ng Of f i cer  i f  sect i on l oss i s 
gr eat er  t han [ 20%] [ _____] .

b.   [ Repl ace coat i ng on r ei nf or cement  per  [ ASTM A780/ A780M][ ASTM A775/ A775M
][ ASTM A934/ A934M] [ _____] .  Exposed ar eas must  not  exceed 2 per cent  of  
sur f ace ar ea i n each l i near  f oot  of  each bar . ]

c.   [ Per mi t  eval uat i on of  exi st i ng r ei nf or cement  and pl acement  of  new 
r ei nf or cement  by t he Cont r act i ng Of f i cer . ]

3. 3. 2. 2   [ Pl acement  of  New Rei nf or cement ]

Pl acement  of  new r ei nf or cement

a.   Pl acement  of  new r ei nf or cement  t o r epl ace or  s t r engt hen exi st i ng 
r ei nf or cement  i s  l i ke new const r uct i on.  Pl acement ,  spl i c i ng,  and 
handl i ng of  new r ei nf or cement  must  meet  t he r equi r ement s speci f i ed i n 
Sect i on [ 03 30 00 CAST- I N- PLACE CONCRETE]  [ 03 30 53 MI SCELLANEOUS 
CAST- I N- PLACE CONCRETE] [ _____] .

b.   Rei nf or cement  must  be f r ee of  mat er i al s del et er i ous t o bond.  New 
r ei nf or cement  wi t h r ust ,  mi l l  scal e,  or  a combi nat i on of  bot h wi l l  be 
consi der ed sat i s f act or y,  pr ovi ded mi ni mum nomi nal  di mensi ons,  nomi nal  
wei ght ,  and mi ni mum aver age hei ght  of  def or mat i ons of  a 
hand- wi r e- br ushed t est  speci men ar e not  l ess t han appl i cabl e ASTM 
speci f i cat i on r equi r ement s.

3. 3. 2. 3   Pl acement  of  Concr et e

a.   [ I f  por t l and cement  concr et e i s used as t he r epai r  mat er i al ,  f ol l ow t he 
r equi r ement s i ndi cat ed i n [ 03 30 00 CAST- I N- PLACE CONCRETE] [ _____]  as 
wel l  t he Cont r act  Document  f or  pr opor t i oni ng,  mi xi ng,  and pl aci ng 
concr et e.  For  al l  ot her  mat er i al s ,  f ol l ow mat er i al  manuf act ur er ' s 
recommendations.][_____]

**************************************************************************
NOTE:   The same r equi r ement s t hat  appl y t o concr et e 
i n new const r uct i on al so appl y t o concr et e bei ng 
used as r epai r  mat er i al .  For  ot her  mat er i al s,  such 
as pol ymer - modi f i ed concr et e or  pol ymer  concr et e,  
f ol l ow manuf act ur er  r ecommendat i ons.

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

b.   [ For  ver t i cal  and over head appl i cat i ons of  por t l and cement  concr et e,  
use shot cr et e.  Fol l ow t he  r equi r ement s i ndi cat ed i n [ 03 37 13 
SHOTCRETE][_____]].

**************************************************************************
NOTE:   I n some cases,  such as ver t i cal  and over head 
appl i cat i ons usi ng shot cr et e mi ght  be t he best  way 
of  pl aci ng concr et e.  I ncl ude t hi s  pr ovi s i on ( as 
pr esent ed her e or  modi f i ed)  i f  shot cr et e i s r equi r ed 
t o be used on t he pr oj ect .

**************************************************************************
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c.   [ A bondi ng agent  [ must  be used] [ must  not  be used] [ _____] . ]

**************************************************************************
NOTE:   Choose whet her  or  not  a bondi ng agent  shoul d 
be used t o bond exi st i ng concr et e t o t he r epai r  
mat er i al .  See PRODUCTS f or  di scussi on on use of  
bondi ng agent s.  

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

d.   [ Appl y [ cor r osi on i nhi bi t or s] [ sacr i f i c i al  anodes] [ _____]  as desi gnat ed 
by t he Cont r act  Document s. ]

**************************************************************************
NOTE:   Speci f y i f  any cor r osi on i nhi bi t or s,  
sacr i f i c i al  anodes,  or  ot her  mat er i al  shoul d be 
i nst al l ed pr i or  t o pl acement  of  concr et e or  r epai r  
material.

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

e.   [ Br i st l e br oom a t hi n coat  of  t he r epai r  mat er i al  i nt o t he sat ur at ed 
sur f ace dr y subst r at e f i l l i ng r oughened sur f ace por es bef or e pl aci ng 
t he r epai r  mat er i al  i n t he r epai r  ar ea.  Do not  al l ow t hi n coat  t o dr y 
bef or e pl aci ng r epai r  mat er i al . ] [ _____]

**************************************************************************
NOTE:   Thi s r equi r ement  onl y appl i es when bondi ng 
agent s ar e not  used

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

f .   [ Consol i dat e t he r epai r  mat er i al  af t er  pl acement  wi t h a v i br at i ng 
scr eed or  i nt er nal  v i br at or . ] [ _____]

**************************************************************************
NOTE:   Speci f y i f  any al t er nat i ve met hod of  
consol i dat i on shoul d be used.

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

g.   Fi ni sh t he sur f ace t o mat ch sur f ace f i ni sh and t ext ur e r equi r ement s 
i ndi cat ed i n t he Cont r act  Document .  [ Scr eed,  f l oat  and t r owel  t he 
r epai r  mat er i al  or  br oom t he sur f ace f or  non- sl i p t ext ur e.  Fol l ow t he 
r equi r ement s of  03 30 00 CAST- I N- PLACE CONCRETE] [ For  shot cr et e,  appl y 
f i ni shi ng t echni ques and r equi r ement s i ndi cat ed i n 03 37 13 
SHOTCRETE][_____].

**************************************************************************
NOTE:   Add r equi r ement s r el at ed t o f i ni shi ng 
concr et e i f  needed.

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

3. 3. 2. 4   Pl acement  of  Ot her  Repai r  Mat er i al s

a.   Equi l i br at e r epai r  mat er i al ( s)  and subst r at e t o t he t emper at ur e,  
c l eanl i ness of  subst r at e and r ei nf or cement ,  and moi st ur e r equi r ement s 
of  t he r epai r  mat er i al  manuf act ur er ' s r equi r ement s.

b.   Compl y wi t h t he r epai r  mat er i al  manuf act ur er ' s  r equi r ement s f or  
bat chi ng,  mi xi ng,  pl aci ng and cur i ng r epai r  mat er i al s.
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c.   Revi ew consi st ency of  t he mi xed r epai r  mat er i al ( s)  r el at i ve t o t he 
par amet er s document ed i n t he r epai r  mat er i al  manuf act ur er  pr oduct  dat a 
sheet .  I f  non- conf or mi ng,  adj ust  consi st ency i n compl i ance wi t h t he 
r epai r  mat er i al  manuf act ur er ' s r equi r ement s.

d.   Appl y or  i nst al l  r epai r  mat er i al ( s)  wi t hi n t he appl i cat i on t i me f r ame 
( pot  l i f e)  r equi r ement s of  t he r epai r  mat er i al  manuf act ur er ' s 
r equi r ement s,  and pl ace and consol i dat e t o pr ovi de wel l - compact ed 
repair.

e.   Fi ni sh and t ool  r epai r  mat er i al s,  f i ni shed i n accor dance wi t h t he 
r epai r  mat er i al  manuf act ur er ' s wr i t t en i nst r uct i ons and as i ndi cat ed i n 
Cont r act  Document s.

f .   Pr ot ect  i nst al l ed r epai r  mat er i al ( s)  f r om damage,  exposur e t o 
envi r onment al  condi t i ons t hat  ar e det r i ment al  t o t he uncur ed or  cur ed 
pr oper t i es of  t he mat er i al .  Cur e i n accor dance wi t h t he r equi r ement s of  
t he r epai r  mat er i al  manuf act ur er ' s r equi r ement s.

3. 3. 3   Qual i t y Cont r ol

a.   Pr ot ect  concr et e sur f aces,  beyond l i mi t s of  sur f aces r ecei v i ng bondi ng 
agent  adhesi ve,  agai nst  spi l l age.  I mmedi at el y r emove any bondi ng agent  
adhesi ve t hat  has spi l l ed beyond desi r ed ar ea.  Per f or m cl eanup wi t h 
mat er i al  desi gnat ed by bondi ng agent  adhesi ve manuf act ur er .  Avoi d 
cont ami nat i on of  wor k ar ea.

b.   [ The bond st r engt h bet ween t he exi st i ng concr et e and t he r epai r  
mat er i al  must  be a mi ni mum of  [ 1. 7 MPa 250 psi ] [ _____]  per  [
ASTM C1583/ C1583M] [ _____] .  [ Test  a mi ni mum of  3 speci mens at  l ocat i ons 
no gr eat er  t han 420 squar e met er s 500 squar e yar ds of  pr epar ed 
surface.]]

**************************************************************************
NOTE:   Bond t est s ar e usual l y per f or med t o eval uat e 
bond st r engt h bet ween t he exi st i ng concr et e and t he 
r epai r  mat er i al .  250 psi  ( 1. 8 MPa)  i s a val ue 
obt ai ned f r om ACI  548. 10.  Al t er nat i vel y,  t he 
soundness of  t he r epai r  can be eval uat ed by 
hammer - soundi ng or  ot her  non- dest r uct i ve met hods;  
hol l ow sounds may r epr esent  poor  bond t o subst r at e.

The t est i ng f r equency i s accept abl e f or  l ar ge r epai r  
ar eas,  f or  smal l er  r epai r  ar ea speci f y a r equi r ement  
f or  t est i ng appr opr i at e f or  t he r epai r .

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

3. 4   OVERLAYS

**************************************************************************
NOTE:   Pr i or  t o speci f y i ng a cer t ai n t ype of  
over l ay,  t he exi st i ng concr et e s l ab must  be 
eval uat ed.  I t  i s  al so i mpor t ant  t o under st and what  
t he di f f er ent  t ypes of  over l ays ar e and when each 
shoul d be used.  I f  you woul d l i ke t o l ear n mor e 
about  over l ays ( somet i mes al so r ef er r ed t o as 
" t oppi ngs" ) ,  r ef er  t o ACI  224R,  ACI  302. 1R,  ACI  
360R,  ACI  325. 13R,  and ACI  546R.  For  i nf or mat i on 
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about  pol ymer  concr et e over l ays r ef er  t o ACI  548 
documents. 

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

3. 4. 1   Preparation

**************************************************************************
NOTE:   Over l ays must  be pr oper l y desi gned and 
const r uct ed f or  t hei r  appl i cat i on.  Over l ays ar e 
t ypi cal l y  bonded or  unbonded.  I f  t he sur f ace i s not  
pr oper l y desi gned or  pr epar ed,  i t  can r esul t  i n a 
par t i al l y  bonded over l ay.  Par t i al l y  bonded over l ays 
can exhi bi t  unant i c i pat ed r andom cr acki ng and hi gher  
t han expect ed cur l i ng/ war pi ng due t o unpl anned 
bonded and unbonded ar eas.  For  t hi s r eason,  i t  i s  
i mpor t ant  f or  t he Cont r act i ng Of f i cer  t o ver i f y t hat  
a sur f ace was pr oper l y pr epar ed bef or e an over l ay i s 
placed.

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

3. 4. 1. 1   [ Bonded Over l ays]

**************************************************************************
NOTE:   Bonded over l ays ar e gener al l y used t o 
st r engt hen exi st i ng concr et e sur f aces or  i mpr ove 
sur f ace abr asi on or  i mpact  r esi st ance.  The t hi ckness 
of  a bonded over l ay as wel l  as t he t ype of  mat er i al  
used shoul d be account ed f or  i n t he desi gn of  t he 
over l ay.  Mat er i al s used f or  bonded over l ays i ncl ude 
por t l and cement  concr et e,  pol ymer  modi f i ed concr et e,  
and pol ymer  concr et e/ mor t ar s.  I n gener al ,  sur f ace 
pr epar at i on r equi r ement s f or  bonded over l ays ar e t he 
same r egar dl ess of  t he t ype of  mat er i al  used f or  t he 
over l ay.  Pr oper  sur f ace pr epar at i on i s essent i al  f or  
t he success of  bonded over l ays.  

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

a.   Pr ovi de sur f ace pr epar at i on as r equi r ed i n t hi s Sect i on.
**************************************************************************

NOTE:   Choose one or  mor e mechani cal  abr asi on met hod 
t o pr epar e t he sur f ace of  t he exi st i ng s l ab.  
The sur f ace pr epar at i on t echni que used shoul d not  be 
so aggr essi ve t hat  i t  damages t he under l y i ng 
pavement .  An aggr essi ve pr epar at i on t echni que wi l l  
cr eat e a weak l ayer  i n t he exi st i ng s l ab i mmedi at el y 
bel ow t he bond i nt er f ace t hat  mi ght  cause t he 
over l ay t o f ai l .  For  addi t i onal  gui dance on sur f ace 
pr epar at i on,  r ef er  t o ACI  546R.

I f  t he s l ab bei ng pr epar ed f or  an over l ay i s 
suppor t ed,  l oads f r om equi pment  shoul d have been 
consi der ed as par t  of  t he desi gn;  shor i ng shoul d be 
pr ovi ded as needed.

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

b.   [ Repai r  cr acks and pat ch det er i or at ed concr et e pr i or  t o f i nal  sur f ace 
preparation.]

c.   Appl y addi t i onal  pr epar at i on r equi r ement s speci f i ed by t he over l ay 
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mat er i al  manuf act ur er

3. 4. 1. 2   [ Unbonded Over l ays]

**************************************************************************
NOTE:   Unbonded over l ays sur f ace pr epar at i on mai nl y 
consi st s of  i nst al l i ng a bond br eaker  ( Separ at i on 
Layer )  over  t he exi st i ng concr et e s l ab bef or e t he 
over l ay i s pl aced.  
Per  ACI  224R and ACI  302. 1R,  unbonded over l ays ar e 
used wher e sever e cr acki ng i s pr esent  i n t he base,  
wher e cr acki ng can l at er  devel op,  or  when 
cont ami nat i on of  t he exi st i ng s l ab pr event s compl et e 
bond wi t h t he over l ay.  Unbonded over l ays ar e not  
used t o st r engt hen exi st i ng s l abs and must  be 
suf f i c i ent l y t hi ck t o r esi st  l oads on t hei r  own.  Per  
ACI  302. 1R,  unbonded over l ays shoul d have a mi ni mum 
t hi ckness of  3 i n.  ( 75 mm)  f or  f oot - t r af f i c ,  and a 
mi ni mum t hi ckness of  4 i n.  ( 100 mm)  i f  t he sur f ace 
i s t o be subj ect ed t o vehi cul ar  t r af f i c .  Because of  
t he t hi ckness r equi r ement s,  unbonded over l ays ar e 
usual l y por t l and cement  concr et e based and i ncl ude a 
t ype of  r ei nf or cement .  

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

a.   Repai r  di st r esses t hat  cause a maj or  l oss of  s t r uct ur al  i nt egr i t y when 
pr esent [ . ] [ ,  i nc l udi ng [ _____] ]

**************************************************************************
NOTE:   I n t he bl ank above add any obser ved di st r ess 
t hat  needs t o be r epai r ed pr i or  t o t he i nst al l at i on 
of  t he over l ay.  Unbonded concr et e over l ays gener al l y 
r equi r e mi ni mal  pr e- over l ay r epai r s;  r epai r s ar e 
onl y done f or  sever e di st r esses.
For  exampl e,  shat t er ed s l abs ar e usual l y r epl aced 
and f ul l  dept h r epai r s ar e per f or med f or  punchout s,  
hi gh- sever i t y t r ansver se cr acks wi t h r upt ur ed st eel ,  
and unst abl e s l abs or  pi eces of  s l abs wi t h l ar ge 
def l ect i ons or  pumpi ng.

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

b.   Cl ean t he exi st i ng s l ab and r emove any l oose mat er i al s.  

**************************************************************************
NOTE:   Ei t her  a mechani cal  sweeper  or  an ai r  bl ower  
may be used t o c l ean t he s l ab.

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

c.   I nst al l  t he separ at or  l ayer  as r equi r ed by t he Cont r act  Document s and 
r ecommended by t he mat er i al  manuf act ur er .

3. 4. 2   Application

3. 4. 2. 1   Por t l and Cement  Concr et e

a.   [ Appl y t he speci f i ed bondi ng agent .  Fol l ow t he r equi r ement s of  3. 4. 2. 4. ]

**************************************************************************
NOTE:   Del et e t he above r equi r ement  i f  bondi ng 
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agent s ar e not  t o be used on t he pr oj ect .
**************************************************************************

b.   Fol l ow t he r equi r ement s of  Sect i on [ 03 30 00 CAST- I N- PLACE CONCRETE]  
[ _____]  and t he Cont r act  Document s f or  i nst al l i ng f or ms,  pl aci ng 
r ei nf or cement ,  pl aci ng and consol i dat i ng concr et e,  and f i ni shi ng 
concrete.

**************************************************************************
NOTE:   Appl i cat i on ( Mi xt ur e,  pl acement ,  
consol i dat i on,  f i ni shi ng,  et c. . . )  r equi r ement s f or  
por t l and cement  concr et e over l ays do not  di f f er  f r om 
convent i onal  por t l and cement  concr et e.  The same 
r equi r ement s t hat  appl y f or  convent i onal  concr et e 
s l abs,  appl y t o over l ays.  

For  bonded concr et e over l ays,  i f  you ar e usi ng a 
bondi ng agent ,  see t he par agr aph on bondi ng agent s.

For  unbonded concr et e over l ays,  r ei nf or cement ,  such 
as def or med bar s,  wel ded wi r e f abr i c,  bar  mat s,  or  
f i ber s shoul d be pl aced i n t he over l ay i n suf f i c i ent  
quant i t i es t o r educe t he wi dt h of  shr i nkage cr acks 
and t o br i dge exi st i ng cr acks i n t he base sl ab.  
Rei nf or cement  i n unbonded t oppi ng s l abs i s essent i al  
due t o i ncr eased cur l i ng st r esses and pot ent i al  
br i dgi ng of  exi st i ng cr acks i n t he base sl ab.

**************************************************************************
3. 4. 2. 2   Pol ymer - modi f i ed Por t l and Cement  Concr et e

**************************************************************************
NOTE:   ACI  548. 4 cover s l at ex- modi f i ed concr et e 
over l ays.  Ref er  t o ACI  548. 4 and t he manuf act ur er ' s 
r equi r ement s i f  usi ng l at ex modi f i ed concr et e.  

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

For  pol ymer  modi f i ed por t l and cement  concr et e over l ays f ol l ow [ ACI  548. 4 
r equi r ement s] [ manuf act ur er ' s r equi r ement s] [ _____]  f or  pl aci ng and f i ni shi ng 
t he over l ay.

3. 4. 2. 3   Pol ymer  Concr et e/ Mor t ar

**************************************************************************
NOTE:  Pl acement  r equi r ement s f or  pol ymer s depend on 
t he t ype of  pol ymer  bei ng used.  Fol l ow 
manuf act ur er ' s r equi r ement  i n addi t i on t o ACI  
speci f i cat i ons f or  t hat  speci f i c  pol ymer  i f  
avai l abl e.  ACI  548. 10 i s wr i t t en above as an 
exampl e,  see ot her  ACI   548 document s f or  
speci f i cat i ons t hat  mat ch t he t ype of  over l ay 
required. 

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

For  pol ymer  concr et e over l ays,  f ol l ow [ manuf act ur er ' s r equi r ement s] [
ACI  548. 8 r equi r ement s] [ ACI  548. 9 r equi r ement s] [ ACI  548. 10 
r equi r ement s] [ _____]  f or  pl aci ng and f i ni shi ng t he over l ay.
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3. 4. 2. 4   [ Bondi ng Agent s]

**************************************************************************
NOTE:   A bondi ng agent  i s  a mat er i al  used t o i mpr ove 
t he bondi ng bet ween t he over l ay and t he under l y i ng 
mat er i al  ( concr et e) .  A bondi ng agent  can be used,  
but  success has been seen wi t hout  i t s  use.

Use bondi ng agent s wi t h caut i on.  Bondi ng agent s 
shoul d not  be al l owed t o dr y t oo ear l y and f or m a 
ski n t hat  can act  l i ke a bond br eaker  t hat  r educes 
t he bond st r engt h r at her  t han i ncr ease i t .  

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

a.   Use a [ cement  s l ur r y] [ epoxy bondi ng agent ] [ l at ex bondi ng agent ] [ _____]  
t o i mpr ove t he bondi ng bet ween t he over l ay and t he exi st i ng concr et e.

**************************************************************************
NOTE:   Choose t he t ype of  bondi ng agent  t o i mpr ove 
t he bond bet ween t he over l ay and t he exi st i ng 
concrete. 
A cement  s l ur r y i s  a neat  por t l and cement  or  bl end 
of  por t l and cement s and f i ne aggr egat e f i l l er  
appr oxi mat el y pr opor t i oned one- t o- one by mass.  
The r est  of  t he bondi ng agent s ar e pol ymer - based 
mat er i al s,  see ACI  548 document s f or  mor e det ai l s .

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

b.   [ Fol l ow mat er i al  manuf act ur er ' s i nst r uct i ons f or  mi xi ng,  pr epar i ng,  and 
appl y i ng bondi ng agent .  Do not  exceed t he manuf act ur er ’ s t hi ckness 
recommendations][_____].

**************************************************************************
NOTE:   Pol ymer  based bondi ng agent s have t hei r  own 
appl i cat i on i nst r uct i ons,  f ol l ow manuf act ur er s 
i nst r uct i on f or  t hose mat er i al s.  
I f  a cement  s l ur r y i s  used however ,  i t  i s  suggest ed 
t o add t he f ol l owi ng sent ence i nst ead " Appl y cement  
s l ur r y j ust  pr i or  t o over l ay pl acement  wi t h a 
st i f f - br i st l ed br oom"

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

c.   [ Condi t i on mat er i al s and t he exi st i ng concr et e sur f ace t o a t emper at ur e 
consi st ent  wi t h manuf act ur er ’ s r ecommendat i ons at  t he t i me of  
installation.]

d.   [ Do not  al l ow bond agent s t o dr y bef or e pl acement  of  r epai r  mat er i al . ]

**************************************************************************
NOTE:   The above r equi r ement  appl i es pr i mar i l y  t o 
pol ymer - based bondi ng agent s.  

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

3. 4. 3   Qual i t y Cont r ol

**************************************************************************
NOTE:   St r engt h and dur abi l i t y  r equi r ement s shoul d 
be def i ned i n t he gener al  concr et e speci f i cat i ons.  
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For  pol ymer  concr et e over l ays,  r ef er  t o PRODUCTS 
r equi r ement s and t he r ef er enced st andar ds.

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

a.   [ Concr et e over l ays must  meet  al l  t he st r engt h and dur abi l i t y  
r equi r ement s of  03 30 00 CAST- I N- PLACE CONCRETE] [ Mat er i al  pr oper t i es 
must  meet  t he r equi r ement s def i ned i n PRODUCTS. ] [ _____] .

b.   [ The bond st r engt h bet ween t he exi st i ng concr et e and t he over l ay must  
be a mi ni mum of  [ 1. 8 MPa 250 psi ] [ _____]  per  [ ASTM C1583/ C1583M
] [ _____] .  [ Test  a mi ni mum of  3 speci mens at  l ocat i ons no gr eat er  t han 
420 squar e met er s 500 squar e yar ds of  pr epar ed sur f ace. ] ]

**************************************************************************
NOTE:   Thi s r equi r ement  i s  f or  bonded over l ays onl y.  
Bond t est s ar e usual l y per f or med t o eval uat e bond 
st r engt h bet ween t he exi st i ng concr et e and t he 
over l ay.  250 psi  ( 1. 8 MPa)  i s a val ue obt ai ned f r om 
ACI  548. 10.  Ref er  t o I CRI  210. 3R f or  mor e det ai l s .

Bef or e bond t est s ar e per f or med,  pr oper  bondi ng can 
be eval uat ed by non- dest r uct i ve met hods.  Acoust i c 
i mpact  met hods such as chai n dr ag soundi ng,  hammer  
soundi ng,  el ect r omechani cal  soundi ng,  and r ot ar y 
per cussi on met hods ar e commonl y used.  Ref er  t o I CRI  
210. 4 f or  mor e det ai l s .

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

3. 4. 4   Joints

**************************************************************************
NOTE:   The per f or mance of  a bonded over l ay depends 
on cr eat i ng a monol i t hi c st r uct ur e,  t he j oi nt s i n 
t he over l ay shoul d mat ch t he j oi nt s i n t he 
under l y i ng pavement .  Mat ched j oi nt s hel p t o ensur e 
t hat  t he t wo l ayer s of  t he pavement  st r uct ur e can 
move t oget her ,  hel pi ng t o mai nt ai n bond bet ween 
t hem.  Mat ched j oi nt s al so hel p t o pr event  r ef l ect i on 
cr acki ng.  Because of  t he i mpor t ance of  mat ched 
j oi nt s,  not  onl y shoul d t he l ocat i on of  t he j oi nt  be 
mat ched,  but  al so t he j oi nt  wi dt h and t ype;  t hat  i s ,  
i f  t her e i s an expansi on j oi nt  i n t he under l y i ng 
pavement ,  i t  shoul d be r ecr eat ed i n t he over l ay.

For  unbonded over l ays,  addi t i onal  j oi nt s may be 
r ecommended dependi ng on t he over l ay t hi ckness.  Thi s 
i nf or mat i on shoul d be i ncl uded i n dr awi ngs or  
cont r act  document .

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

a.   [ Pl ace j oi nt s as i ndi cat ed i n [ 03 30 00 CAST- I N- PLACE CONCRETE]  [ and as 
shown on t he dr awi ngs]   [ _____] . ]

**************************************************************************
NOTE:   The r equi r ement  above appl i es t o unbonded 
concr et e over l ays but  not  f or  bonded over l ays.  
Requi r ement s f or  unbonded over l ays shoul d not  be 
di f f er ent  f r om new concr et e s l ab const r uct i on.  
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Some of  t he r equi r ement s bel ow coul d appl y t o 
unbonded over l ays,  but  t hey ar e mai nl y pr esent  i n 
t hi s par agr aph f or  bonded over l ays.  

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

b.   [ Const r uct  expansi on and cont r act i on j oi nt s i n concr et e over l ay at  t he 
l ocat i ons shown.  Mai nt ai n al i gnment  of  cont r ol  j oi nt s wi t hi n 6 mm 1/ 4 
i n. ,  t o ei t her  s i de,  of  t he r equi r ed j oi nt  al i gnment . ]

c.   [ Const r uct  expansi on and cont r act i on j oi nt s at  t he l ocat i ons shown and 
i n accor dance wi t h Sect i on 03 30 00 CAST- I N- PLACE CONCRETE. ]

d.   [ Const r uct  expansi on j oi nt s i n t he over l ay at  exi st i ng j oi nt  l ocat i ons 
i n t he base sl ab whi l e mai nt ai ni ng j oi nt  wi dt h and t ype[ . ] [ ,  and 
ext endi ng t he f ul l  dept h of  t he over l ay. ] ]

**************************************************************************
NOTE:   Ext endi ng a j oi nt  t o t he f ul l  dept h of  t he 
over l ay appl i es t o bonded over l ays.  For  unbonded 
over l ays,  f ol l ow t he same pr ocedur e used f or  new 
concr et e const r uct i on.  

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

e.   [ Const r uct  cont r ol  j oi nt s by t ool i ng t he pl ast i c concr et e,  t hen 
sawcut t i ng at  t he appr opr i at e t i me.  Saw cont r ol  j oi nt s t o a mi ni mum 
[ dept h of  [ _____]  mm i n. ]  [ of  25 per cent  of  t he t hi ckness of  t he s l ab] .  
Mai nt ai n an ampl e suppl y of  saw bl ades on t he j ob bef or e concr et e 
pl acement  i s  st ar t ed,  and have at  l east  one st andby sawi ng uni t  i n good 
wor ki ng or der  avai l abl e at  t he j obsi t e at  al l  t i mes dur i ng t he sawi ng 
oper at i ons.  Begi n sawcut t i ng as soon as i t  i s  possi bl e t o saw t he 
concr et e wi t hout  damagi ng adj acent  concr et e. ]

f .   [ I nspect  t he f aces of  j oi nt s dur i ng sawcut t i ng f or  under cut t i ng or  
washi ng of  t he concr et e due t o ear l y sawi ng.  Compl et e sawcut t i ng wi t hi n 
16 hour s of  concr et e pl acement .  Cont i nue sawcut t i ng r egar dl ess of  
weat her  condi t i ons.  Del ay sawi ng i f  under cut t i ng i s suf f i c i ent l y deep 
t o cause st r uct ur al  weakness or  excessi ve r oughness i n t he j oi nt  or  
chi ppi ng,  t ear i ng,  or  spal l i ng of  t he concr et e occur s at  t he sur f ace.  
Di scont i nue sawi ng when a cr ack devel ops ahead of  t he saw cut . ]

g.   [ I mmedi at el y af t er  t he j oi nt  i s  sawed,  f l ush t he saw cut  and adj acent  
concr et e sur f ace t hor oughl y wi t h wat er  unt i l  al l  r esi due f r om sawi ng i s 
r emoved f r om t he j oi nt .   Cont r ol  and di spose of  wast e wat er  f r om 
sawcut t i ng and c l eanup i n accor dance wi t h Sect i on 01 57 19 TEMPORARY 
ENVI RONMENTAL CONTROLS. ]

3. 5   CONCRETE STRENGTHENI NG

**************************************************************************
NOTE:   The goal  of  st r engt heni ng concr et e i s t o 
i ncr ease a st r uct ur e' s or  member ' s capaci t y i n 
f l exur e,  shear ,  axi al ,  conf i nement ,  and st i f f ness.  
Ref er  t o I CRI  Gui del i ne No.  03742 f or  mor e 
i nf or mat i on about  st r engt heni ng

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

a.   For  enl ar gement  of  s l abs usi ng over l ays see t he par agr aph t i t l ed 
OVERLAYS.
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**************************************************************************
NOTE:   Bonded over l ays ar e used f or  st r engt heni ng 
s l abs;  unbonded ar e not .

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

b.   For  al l  ot her  t ypes of  st r engt heni ng f ol l ow t he r equi r ement s cont ai ned 
i n t hi s par agr aph.

3. 5. 1   Preparation

**************************************************************************
NOTE:   The pr epar at i on phase i s ver y cr i t i cal  t o t he 
success of  t he oper at i on;  an i mpr oper l y pr epar ed 
sur f ace can r esul t  i n debondi ng or  del ami nat i on.

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

a.   [ Use equi pment  and met hods speci f i ed i n t he par agr aph t i t l ed  EQUI PMENT 
FOR CONCRETE PREPARATI ON and t he Cont r act  Document s t o pr oduce a sound,  
r ough,  open- por e sur f ace at  l ocat i ons wher e bondi ng bet ween exi st i ng 
and new concr et e i s r equi r ed. ]

**************************************************************************
NOTE:   Sur f aces t hat  need t o be enl ar ged shoul d be 
r ough enough t o pr ovi de good bondi ng bet ween t he 
exi st i ng concr et e and t he new concr et e.  

The engi neer  shoul d speci f y t he sur f ace pr of i l e 
r equi r ed f or  t he r epai r / st r engt heni ng j ob based on 
t he t ype of  st r engt heni ng met hod used.

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

b.   [ Round member s of  exi st i ng concr et e wi t h cor ner s t o mi ni mum 13 mm ½ i n.  
r adi us.  Roughened cor ner s must  be smoot hed wi t h put t y]

**************************************************************************
NOTE:   Thi s r equi r ement  appl i es t o st r engt heni ng 
usi ng FRP l ami nat es.  Del et e t hi s r equi r ement  i f  not  
needed

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

c.   Cl ean al l  sur f aces f r om cont ami nant  and r emove unsound concr et e usi ng 
t he pr escr i bed c l eani ng equi pment  and met hods i n t he par agr aphs t i t l ed 
PRODUCTS.  Al l  l ai t ance,  dust ,  di r t ,  oi l ,  cur i ng compound,  exi st i ng 
coat i ngs,  and any ot her  mat t er  t hat  coul d i nt er f er e wi t h bondi ng 
concr et e t o t he r epai r  mat er i al  must  be r emoved.

d.   Fol l ow t he pr ocedur es of  t he par agr aphs t i t l ed CRACK REPAI R and 
CORROSI ON AND SURFACE REPAI R.  The concr et e sur f ace must  be i n good 
condi t i on and al l  cr acki ng,  sur f ace r epai r ,  and cor r osi on r el at ed 
pr obl ems must  be adequat el y addr essed pr i or  t o pr oceedi ng wi t h concr et e 
st r engt heni ng pr ocedur es.

e.   I nsur e t hat  mat er i al s used f or  r epai r s ar e compat i bl e wi t h mat er i al s 
used f or  st r engt heni ng.  Consul t  wi t h t he r epai r  mat er i al  manuf act ur er s 
f or  i nf or mat i on concer ni ng mat er i al  compat i bi l i t y .

f .   Sur f aces not  i nt ended t o be st r engt hened must  be cover ed as needed t o 
pr ot ect  agai nst  cont ami nat i on and spi l l s .
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g.   Sur f aces i nt ended t o be st r engt hened must  be pr ot ect ed bef or e 
appl i cat i on so t hat  no mat er i al s t hat  can i nt er f er e wi t h bond ar e 
r edeposi t ed on t he sur f ace.

3. 5. 2   Application

3. 5. 2. 1   Sect i on enl ar gement

a.   I nst al l  dowel  r ei nf or cement  as r equi r ed by t he Cont r act  Document s.  
Fol l ow t he [ adhesi ve] [ mechani cal  anchor ]  manuf act ur er ' s pr ocedur es f or  
i nst al l i ng dowel s.

b.   I nst al l  f or mwor k and shor i ng f ol l owi ng t he r equi r ement s of  t hi s  sect i on.

c.   I nst al l  r ei nf or cement  and r ei nf or cement  suppor t s.  Fol l ow t he 
r equi r ement s speci f i ed i n Sect i on [ 03 30 00 CAST- I N- PLACE CONCRETE]  [
03 30 53 MI SCELLANEOUS CAST- I N- PLACE CONCRETE] [ _____] .

d.   Fol l ow t he r equi r ement s of  Sect i on [ 03 30 00 CAST- I N- PLACE CONCRETE] [
03 37 13 SHOTCRETE] [ _____]  t o pl ace,  consol i dat e,  and f i ni sh concr et e.

3. 5. 2. 2   Ext er nal l y bonded syst ems

3. 5. 2. 2. 1   St eel  Pl at es

a.   Bond st eel  pl at es t o concr et e usi ng t he met hods and mat er i al s speci f i ed 
i n t he Cont r act  Document s.  

b.   For  bondi ng st eel  pl at es t o concr et e usi ng an epoxy r esi n f ol l ow t he 
r equi r ement s and pr ocedur es of  ACI  548. 12.

c.   For  bondi ng st eel  pl at es t o concr et e usi ng mechani cal  or  adhesi ve 
anchor s,  f ol l ow t he pr ocedur es pr ovi ded by t he mat er i al  manuf act ur er .

3. 5. 2. 2. 2   Fi ber - r ei nf or ced Pol ymer  Lami nat es

**************************************************************************
NOTE:   Ref er  t o ACI  440. 2R f or  mor e i nf or mat i on 
about  st r engt heni ng usi ng ext er nal l y bonded FRP

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

The f ol l owi ng pr ocedur es ar e gener al  pr ocedur es used f or  t he i nst al l at i on 
of  FRP l ami nat es.  I f  t he FRP syst em used r equi r es conf l i c t i ng pr ocedur es,  
consul t  wi t h t he Cont r act i ng Of f i cer  bef or e pr oceedi ng.

a.   I nsur e t hat  al l  sur f aces t hat  wi l l  r ecei ve FRP ar e c l ean,  dr y,  and f r ee 
of  cont ami nant s.

b.   I nsur e t hat  t he wor kpl ace i s wel l  vent i l at ed and t hat  t he r epai r  
mat er i al  i s  appl i ed at  a t i me when t he ai r  t emper at ur e,  concr et e 
sur f ace t emper at ur e,  and t he r el at i ve humi di t y ar e as r equi r ed by t he 
r epai r  mat er i al  manuf act ur er .

**************************************************************************
NOTE:   Pr i mer s,  sat ur at i ng r esi ns,  and adhesi ves 
shoul d gener al l y  not  be appl i ed t o col d or  f r ozen 
sur f aces.  When t he sur f ace t emper at ur e of  t he 
concr et e sur f ace f al l s  bel ow a mi ni mum l evel  as 
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speci f i ed by t he FRP syst em manuf act ur er ,  i mpr oper  
sat ur at i on of  t he f i ber s and i mpr oper  cur i ng of  t he 
r esi n const i t uent  mat er i al s can occur ,  compr omi si ng 
t he i nt egr i t y of  t he FRP syst em.  An auxi l i ar y heat  
sour ce can be used t o r ai se t he ambi ent  and sur f ace 
t emper at ur e dur i ng i nst al l at i on.

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

c.   Tempor ar y pr ot ect i on of  t he Wor k ar ea i s r equi r ed dur i ng i nst al l at i on 
and unt i l  t he r esi ns have cur ed.  I f  t empor ar y shor i ng i s r equi r ed,  t he 
FRP syst em must  be f ul l y  cur ed bef or e r emovi ng t he shor i ng and al l owi ng 
t he st r uct ur al  member  t o car r y t he desi gn l oads.

d.   [ I f  a pr i mer  i s r equi r ed,  t he pr i mer  must  be appl i ed uni f or ml y t o al l  
ar eas on t he concr et e sur f ace wher e t he FRP syst em i s t o be pl aced at  
t he manuf act ur er ’ s speci f i ed r at e of  cover age.  Pr ot ect  t he pr i mer  f r om 
dust ,  moi st ur e,  and ot her  cont ami nant s bef or e appl y i ng t he FRP syst em]

**************************************************************************
NOTE:   Keep t he above r equi r ement  i f  a pr i mer  i s 
needed f or  t he FRP syst em bei ng used.

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

e.   [ Put t y must  be used i n an appr opr i at e t hi ckness and sequence wi t h t he 
pr i mer  as r ecommended by t he FRP manuf act ur er .  The syst em- compat i bl e 
put t y must  be used onl y t o f i l l  voi ds and smoot h sur f ace 
di scont i nui t i es bef or e t he appl i cat i on of  ot her  mat er i al s.  Rough edges 
or  t r owel  l i nes of  cur ed put t y must  be gr ound smoot h bef or e cont i nui ng 
t he i nst al l at i on.  Al l ow t he put t y t o cur e as speci f i ed by t he FRP 
syst em manuf act ur er  bef or e pr oceedi ng. ]

**************************************************************************
NOTE:   Keep t he above r equi r ement  or  edi t  i t  as 
r equi r ed by t he FRP syst em bei ng used.

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

f .   Pr opor t i on,  mi x,  and appl y r esi ns component s i n accor dance wi t h t he FRP 
syst em manuf act ur er ’ s r ecommended pr ocedur es.

g.   I nst al l  and cur e t he FRP syst em per  t he manuf act ur er ' s r ecommendat i ons.  

h.   [ Dur i ng i nst al l at i on of  wet  l ayup FRP syst ems,  ent r apped ai r  bet ween 
l ayer s must  be r el eased or  r ol l ed out  bef or e t he r esi n set s.  Suf f i c i ent  
sat ur at i ng r esi n must  be appl i ed t o achi eve f ul l  sat ur at i on of  t he 
f i ber s.  Fur t her mor e,  successi ve l ayer s of  sat ur at i ng r esi n and f i ber  
mat er i al s must  be pl aced bef or e t he compl et e cur e of  t he pr evi ous l ayer  
of  r esi n.  I f  pr evi ous l ayer s ar e cur ed,  i nt er l ayer  sur f ace pr epar at i on,  
such as l i ght  sandi ng or  sol vent  appl i cat i on as r ecommended by t he 
syst em manuf act ur er ,  i s  r equi r ed. ]

**************************************************************************
NOTE:   The above r equi r ement  i s  f or  wet  l ayup 
syst em.  I f  ot her  syst ems ar e used,  ei t her  del et e 
above r equi r ement  and j ust  f ol l ow t he manuf act ur er ' s 
r ecommendat i on ( as st at ed by g) ,  or  r ef er  t o ACI  
440. 2R f or  gener al  pr ocedur es of  ot her  commonl y used 
FRP syst ems.  

**************************************************************************
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i .   Fol l ow t he FRP mat er i al  manuf act ur er ' s r ecommendat i ons f or  t he 
appl i cat i on of  pr ot ect i ve coat i ngs.  Do not  c l ean t he i nst al l ed FRP wi t h 
a sol vent  bef or e a pr ot ect i ve coat i ng i s i nst al l ed.

3. 5. 3   Qual i t y Cont r ol

**************************************************************************
NOTE:   The r equi r ement s of  t hi s par agr aph onl y appl y 
t o st r engt heni ng usi ng FRP.

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

The cur ed FRP syst em must  be eval uat ed f or  del ami nat i ons or  ai r  voi ds 
bet ween mul t i pl e pl i es or  bet ween t he FRP syst em and t he concr et e.  Met hods 
such as acoust i c  soundi ng ( hammer  soundi ng) ,  ul t r asoni cs,  and t her mogr aphy 
can be used t o det ect  del ami nat i ons.  The f ol l owi ng r equi r ement s appl y t o 
wet  l ayup syst ems:

a.   Smal l  del ami nat i ons l ess t han 2 squar e i nch  1300 squar e mi l l i met er  
each ar e per mi ssi bl e as l ong as t he del ami nat ed ar ea i s l ess t han 5 
per cent  of  t he t ot al  l ami nat e ar ea and t her e ar e no mor e t han 10 such 
del ami nat i ons per  10 squar e f eet  squar e met er .

b.   Lar ge del ami nat i ons,  gr eat er  t han 25 squar e i nch 16, 000 squar e 
mi l l i met er ,  can af f ect  t he per f or mance of  t he i nst al l ed FRP and must  be 
r epai r ed by sel ect i vel y cut t i ng away t he af f ect ed sheet  and appl y i ng an 
over l appi ng sheet  pat ch of  equi val ent  pl i es.

c.   Del ami nat i ons l ess t han 25 squar e i nch 16, 000 squar e mi l l i met er  must  be 
r epai r ed by r esi n i nj ect i on or  pl y r epl acement .

For  ot her  FRP syst ems,  del ami nat i on must  be eval uat ed and r epai r ed i n 
accor dance wi t h t he mat er i al  manuf act ur er  di r ect i on.  Upon compl et i on of  t he 
Wor k,  t he l ami nat e must  be r ei nspect ed t o ver i f y t hat  t he r epai r  was 
pr oper l y accompl i shed.

        - -  End of  Sect i on - -
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