
**************************************************************************
USACE /  NAVFAC /  AFCEC /  NASA             UFGS- 04 01 20. 73 ( November  2015)
                                          Change 1 -  08/ 17
                                          - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   USACE                Super sedi ng
                                          UFGS- 04 01 20 ( Oct ober  2007)

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

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

SECTI ON TABLE OF CONTENTS

DI VI SI ON 04 -  MASONRY

SECTI ON 04 01 20. 73

MASONRY STRENGTHENI NG USI NG FRP BARS

11/15

PART 1   GENERAL

  1. 1   SUMMARY
  1. 2   REFERENCES
  1. 3   PRE- I NSTALLATI ON MEETI NG
  1. 4   SUBMI TTALS
  1. 5   QUALI TY ASSURANCE
    1. 5. 1   Qual i t y Cont r ol  Pl an
    1. 5. 2   Regul at or y Requi r ement s
    1. 5. 3   Qual i f i cat i ons
      1. 5. 3. 1   Syst em Manuf act ur er  Exper i ence
      1. 5. 3. 2   Cont r act or  Qual i f i cat i ons
      1. 5. 3. 3   Cont r act or ' s Fi el d Repr esent at i ve Qual i f i cat i ons
      1. 5. 3. 4   Appl i cat or s
        1. 5. 3. 4. 1   Appl i cat or  Tr ai ni ng
        1. 5. 3. 4. 2   Exper i ence
    1. 5. 4   Labor at or y
  1. 6   DELI VERY,  STORAGE,  AND HANDLI NG
    1. 6. 1   FRP Rei nf or c i ng Bar s and Shapes
    1. 6. 2   St r uct ur al  Past es/ Adhesi ves
      1. 6. 2. 1   Label i ng
      1. 6. 2. 2   St or age
  1. 7   PROJECT/ SI TE CONDI TI ONS
    1. 7. 1   Envi r onment al  Requi r ement s
    1. 7. 2   Exi st i ng Condi t i ons
  1. 8   WARRANTY

PART 2   PRODUCTS

  2. 1   SYSTEM DESCRI PTI ON
    2. 1. 1   Syst em Def i ni t i on
    2. 1. 2   Per f or mance Requi r ement s
    2. 1. 3   FRP Composi t e Syst em Desi gn Requi r ement s
      2. 1. 3. 1   Desi gn Basi s
      2. 1. 3. 2   Shop Dr awi ngs

SECTI ON 04 01 20. 73  Page 1



      2. 1. 3. 3   Desi gn Cal cul at i ons
  2. 2   MATERI ALS
    2. 2. 1   FRP Composi t e Syst em
      2. 2. 1. 1   Syst em Mat er i al s
      2. 2. 1. 2   Syst em Submi t t al s
        2. 2. 1. 2. 1   Wal l  Test  Repor t s
        2. 2. 1. 2. 2   Manuf act ur er ' s I nst al l at i on I nst r uct i ons
    2. 2. 2   FRP Rods and Shapes
      2. 2. 2. 1   Mat er i al  Pr oper t i es
      2. 2. 2. 2   Rods and Shapes Submi t t al s
    2. 2. 3   St r uct ur al  Past e/ Adhesi ve Mat er i al
      2. 2. 3. 1   Mat er i al  Pr oper t i es
      2. 2. 3. 2   St r uct ur al  Past e/ Adhesi ve Mat er i al  Submi t t al s
    2. 2. 4   Accessor i es
  2. 3   MI XES

PART 3   EXECUTI ON

  3. 1   EXAMI NATI ON
  3. 2   PREPARATI ON
    3. 2. 1   Pr ot ect i on
    3. 2. 2   FRP Mat er i al  Ver i f i cat i on
    3. 2. 3   Sur f ace Pr epar at i on
      3. 2. 3. 1   Sur f ace
      3. 2. 3. 2   Subsur f ace
      3. 2. 3. 3   Obst r uct i ons
  3. 3   FRP SYSTEM I NSTALLATI ON
    3. 3. 1   Gener al
    3. 3. 2   Embedment  Sl ot  Pr epar at i on
      3. 3. 2. 1   Sl ot  Cut t i ng
      3. 3. 2. 2   Sl ot  Fi ni shi ng
    3. 3. 3   Cut t i ng FRP Bar s and Shapes
    3. 3. 4   Appl i cat i on of  St r uct ur al  Past e/ Adhesi ve
    3. 3. 5   FRP Rei nf or c i ng Bar / Shape I nsst al l at i on
    3. 3. 6   Cur i ng
    3. 3. 7   Fi ni sh
    3. 3. 8   Movement  Joi nt s
      3. 3. 8. 1   Cont r ol  Joi nt s
      3. 3. 8. 2   Expansi on Joi nt s
  3. 4   FI ELD QUALI TY CONTROL
    3. 4. 1   Gener al  Requi r ement s
    3. 4. 2   Fi el d Test i ng Dur i ng Const r uct i on
      3. 4. 2. 1   Mi xed St r uct ur al  Past e/ Adhesi ve Har dness and Cur i ng
        3. 4. 2. 1. 1   Sampl e Pr epar at i on
        3. 4. 2. 1. 2   Cur i ng and Har dness Eval uat i on
        3. 4. 2. 1. 3   Fi el d Test i ng Repor t  by Speci al  I nspect or
        3. 4. 2. 1. 4   Resol ut i on of  Noncompl i ances
      3. 4. 2. 2   I n- Pl ace St r uct ur al  Past e/ Adhesi ve Har dness
        3. 4. 2. 2. 1   Test i ng Fr equency
        3. 4. 2. 2. 2   Cur i ng Eval uat i on
        3. 4. 2. 2. 3   Fi el d Test i ng Repor t
        3. 4. 2. 2. 4   Resol ut i on of  Noncompl i ances
      3. 4. 2. 3   Remedi al  Measur es
    3. 4. 3   I nspect i on
    3. 4. 4   Recor d Mai nt enance
  3. 5   ADJUSTI NG AND CLEANI NG
    3. 5. 1   Repai r s
    3. 5. 2   Wor k Ar ea Cl ean Up
  3. 6   MAI NTENANCE

SECTI ON 04 01 20. 73  Page 2



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

SECTI ON 04 01 20. 73  Page 3



**************************************************************************
USACE /  NAVFAC /  AFCEC /  NASA             UFGS- 04 01 20. 73 ( November  2015)
                                          Change 1 -  08/ 17
                                          - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Pr epar i ng Act i v i t y:   USACE                Super sedi ng
                                          UFGS- 04 01 20 ( Oct ober  2007)

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

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

SECTI ON 04 01 20. 73

MASONRY STRENGTHENI NG USI NG FRP BARS
11/15

**************************************************************************
NOTE:   Thi s gui de speci f i cat i on cover s t he 
r equi r ement s f or  st r engt heni ng of  masonr y wal l s and 
i s i nt ended f or  use i n def i ni ng t hose r equi r ement s 
f or  pr ocur ment  of  st r uct ur al  st r engt heni ng usi ng 
f i ber  r ei nf or ced pol ymer  ( FRP)  composi t  syst ems.

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

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

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

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

PART 1   GENERAL

**************************************************************************
NOTE:   I n gener al ,  r ei nf or ced masonr y i s def i ned as 
masonr y const r uct i on t hat  cont ai ns ver t i cal  bar  
r ei nf or cement ,  hor i zont al  bar  r ei nf or cement ,  mor t ar ,  
and gr out  combi ned so t hat  t he component  mat er i al s  
wi l l  act  t oget her  t o r esi st  t he desi gn l oadi ng 
condi t i ons.   Under  cer t ai n c i r cumst ances,  j oi nt  
r ei nf or cement  may be desi gned as st r uct ur al  
r ei nf or cement  t o r esi st  appl i ed l oads,  but  i s  
t ypi cal l y  used onl y t o r esi st  shr i nkage cr acki ng i n 
concr et e masonr y.

Masonr y not  meet i ng t he above def i ni t i on but  bonded 
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t oget her  wi t h mor t ar  and cont ai ni ng,  i f  necessar y,  
t he mi ni mum amount  of  r ei nf or cement  f or  cr ack 
cont r ol  and ver t i cal  st i f f ener s,  i s  c l assi f i ed as 
non- r ei nf or ced or  unr ei nf or ced masonr y ( URM) .

The pr oj ect  dr awi ngs shoul d show al l  necessar y 
det ai l s ,  ar chi t ect ur al  and st r uct ur al ,  i ncl udi ng 
wal l  sect i ons,  masonr y bond and pat t er n,  cont r ol  
j oi nt  l ocat i ons,  j oi nt  di mensi ons,  r ei nf or cement  
l ocat i ons,  anchor s,  bond beam and speci al  uni t s,  
masonr y di mensi ons,  and FRP composi t e det ai l s  t o 
compl ement  t hi s sect i on.

I t  may be usef ul  t o i ncl ude t he SUMMARY ar t i c l e at  
t he begi nni ng of  t hi s speci f i cat i on sect i on:

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

[ 1. 1   SUMMARY

Thi s sect i on i nc l udes desi gn,  per f or mance,  and const r uct i on r equi r ement s 
f or  st r engt heni ng masonr y wal l s by addi ng near - sur f ace f i ber  r ei nf or ced 
pol ymer  ( FRP)  bar s i n mor t ar  j oi nt s.   The scope i ncl udes assessment  of  
exi st i ng masonr y condi t i ons,  i ncl udi ng cr acks,  and pr ovi di ng ( f ur ni shi ng 
and i nst al l i ng)  mat er i al s,  l abor ,  equi pment  and ot her  i t ems necessar y f or  
masonr y st r engt heni ng as i ndi cat ed.

] 1. 2   REFERENCES

**************************************************************************
NOTE:   Thi s par agr aph i s used t o l i s t  t he 
publ i cat i ons c i t ed i n t he t ext  of  t he gui de 
speci f i cat i on.   The publ i cat i ons ar e r ef er r ed t o i n 
t he t ext  by basi c desi gnat i on onl y and l i s t ed i n 
t hi s par agr aph by or gani zat i on,  desi gnat i on,  dat e,  
and t i t l e.

Use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
when you add a Ref er ence I dent i f i er  ( RI D)  out s i de of  
t he Sect i on' s Ref er ence Ar t i c l e t o aut omat i cal l y  
pl ace t he r ef er ence i n t he Ref er ence Ar t i c l e.   Al so 
use t he Ref er ence Wi zar d' s Check Ref er ence f eat ur e 
t o updat e t he i ssue dat es.

Ref er ences not  used i n t he t ext  wi l l  aut omat i cal l y  
be del et ed f r om t hi s sect i on of  t he pr oj ect  
speci f i cat i on when you choose t o r econci l e 
r ef er ences i n t he publ i sh pr i nt  pr ocess.  

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

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by t he 
basi c desi gnat i on onl y.

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

ACI  440. 2R ( 2017)  Gui de f or  t he Desi gn and 
Const r uct i on of  Ext er nal l y Bonded FRP 
Syst ems f or  St r engt heni ng Concr et e 
Structures
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ACI  440. 7R ( 2010)  Gui de f or  t he Desi gn and 
Const r uct i on of  Ext er nal l y Bonded 
Fi ber - Rei nf or ced Pol ymer  Syst ems f or  
St r engt heni ng Unr ei nf or ced Masonr y 
Structures

ACI  503. 1- 503. 4 ( 1993,  R 2003)  Four  Epoxy Speci f i cat i ons

AMERI CAN CONFERENCE OF GOVERNMENTAL I NDUSTRI AL HYGI ENI STS ( ACGI H)

ACGI H 0116 ( 2016)  TLVs and BEI s

ASTM I NTERNATI ONAL ( ASTM)

ASTM D2240 ( 2015;  E 2017)  St andar d Test  Met hod f or  
Rubber  Pr oper t y -  Dur omet er  Har dness

ASTM D2563 ( 2008)  Cl assi f y i ng Vi sual  Def ect s i n 
Gl ass- Rei nf or ced Pl ast i c Lami nat e Par t s

ASTM D3039/ D3039M ( 2017)  St andar d Test  Met hod f or  Tensi l e 
Pr oper t i es of  Pol ymer  Mat r i x Composi t e 
Materials

ASTM D3171 ( 2011)  St andar d Test  Met hod f or  
Const i t uent  Cont ent  of  Composi t e Mat er i al s

ASTM D3916 ( 2008;  R 2016)  St andar d Test  Met hod f or  
Tensi l e Pr oper t i es of  Pul t r uded 
Gl ass- Fi ber - Rei nf or ced Pl ast i c Rod

ASTM D4501 ( 2001;  R 2014)  Adhesi ve Bonds Bet ween 
Ri gi d Subst r at es by t he Bl ock- Shear  Met hod

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

ASTM D882 ( 2012)  Tensi l e Pr oper t i es of  Thi n Pl ast i c 
Sheeting

I CC EVALUATI ON SERVI CE,  I NC.  ( I CC- ES)

I CC ES AC125 ( 2014;  R 2015)  Accept ance Cr i t er i a f or  
Concr et e and Rei nf or ced and Unr ei nf or ced 
Masonr y St r engt heni ng Usi ng Ext er nal l y 
Bonded Fi ber - r ei nf or ced Pol ymer  ( FRP)  
Composi t e Syst ems

I CC ES AC178 ( 2013;  R 2017)  Accept ance Cr i t er i a f or  
I nspect i on and Ver i f i cat i on of  Concr et e 
and Rei nf or ced and Unr ei nf or ced Masonr y 
St r engt heni ng Usi ng Fi ber - r ei nf or ced 
Pol ymer  ( FRP)  Composi t e Syst ems

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

29 CFR 1910. 1200 Hazar d Communi cat i on
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1. 3   PRE- I NSTALLATI ON MEETI NG

**************************************************************************
NOTE:   Add r equi r ement s f or  Speci al  I nspect or  
qual i f i cat i ons,  obser vat i ons,  and t est i ng of  t hi s 
FRP composi t e syst em t o Sect i on 01 45 35 SPECI AL 
INSPECTIONS.

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

Pr i or  t o commencement  of  wor k,  ar r ange and conduct  a meet i ng bet ween t he 
Cont r act i ng Of f i cer ,  Cont r act or ,  and t he Speci al  I nspect or  t o di scuss t he 
pr oj ect  r equi r ement s.

a.   Revi ew t he r equi r ement s of  t he Speci f i cat i on and over al l  pr oj ect  
requirements.

b.   Revi ew and di scuss al l  aspect s of  t he pr oj ect ,  i ncl udi ng cont ai nment ,  
envi r onment al  cont r ol ,  sur f ace pr epar at i on,  st r engt heni ng syst em 
appl i cat i on,  qual i t y  assur ance,  schedul e r equi r ement s,  and saf et y.   

c.   Request  c l ar i f i cat i on of  ambi gui t i es and advi se t he Cont r act i ng Of f i cer  
of  pot ent i al  conf l i c t s and/ or  any t echni cal  r equi r ement s t hat  appear  
i mpr oper  or  i nappr opr i at e.

1. 4   SUBMITTALS

**************************************************************************
NOTE:   Revi ew submi t t al  descr i pt i on ( SD)  def i ni t i ons 
i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES and edi t  
t he f ol l owi ng l i s t  t o r ef l ect  onl y t he submi t t al s 
r equi r ed f or  t he pr oj ect .

The Gui de Speci f i cat i on t echni cal  edi t or s have 
desi gnat ed t hose i t ems t hat  r equi r e Gover nment  
appr oval ,  due t o t hei r  compl exi t y  or  cr i t i cal i t y ,  
wi t h a " G. "   Gener al l y,  ot her  submi t t al  i t ems can be 
r evi ewed by t he Cont r act or ' s Qual i t y Cont r ol  
Syst em.   Onl y add a “ G”  t o an i t em,  i f  t he submi t t al  
i s  suf f i c i ent l y i mpor t ant  or  compl ex i n cont ext  of  
t he pr oj ect .

For  submi t t al s r equi r i ng Gover nment  appr oval  on Ar my 
pr oj ect s,  a code of  up t o t hr ee char act er s wi t hi n 
t he submi t t al  t ags may be used f ol l owi ng t he " G"  
desi gnat i on t o i ndi cat e t he appr ovi ng aut hor i t y.   
Codes f or  Ar my pr oj ect s usi ng t he Resi dent  
Management  Syst em ( RMS)  ar e:   " AE"  f or  
Ar chi t ect - Engi neer ;  " DO"  f or  Di st r i c t  Of f i ce 
( Engi neer i ng Di v i s i on or  ot her  or gani zat i on i n t he 
Di st r i c t  Of f i ce) ;  " AO"  f or  Ar ea Of f i ce;  " RO"  f or  
Resi dent  Of f i ce;  and " PO"  f or  Pr oj ect  Of f i ce.   Codes 
f ol l owi ng t he " G"  t ypi cal l y  ar e not  used f or  Navy,  
Ai r  For ce,  and NASA pr oj ect s.

Use t he " S"  c l assi f i cat i on onl y i n SD- 11 Cl oseout  
Submi t t al s.   The " S"  f ol l owi ng a submi t t al  i t em 
i ndi cat es t hat  t he submi t t al  i s  r equi r ed f or  t he 
Sust ai nabi l i t y  eNot ebook t o f ul f i l l  f eder al l y  
mandat ed sust ai nabl e r equi r ement s i n accor dance wi t h 
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Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.

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

For  non- Desi gn- Bui l d t ype cont r act s,  Shop Dr awi ngs 
and Desi gn Dat a shoul d be pr ovi ded by t he Gover nment .

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

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 t y Cont r ol  Pl an;  G[ ,  [ _____] ]
Syst em Manuf act ur er
Cont r act or  Qual i f i cat i ons;  G[ ,  [ _____] ]
Cont r act or ' s Fi el d Repr esent at i ve Qual i f i cat i ons;  G[ ,  [ _____] ]

SD- 02 Shop Dr awi ngs

FRP Composi t e Syst em;  G[ ,  [ _____] ]

SD- 03 Pr oduct  Dat a

Saf et y Dat a Sheet s ( SDS)
FRP Rods And Shapes;  G[ ,  [ _____] ]
St r uct ur al  Past e/ Adhesi ve Mat er i al ;  G[ ,  [ _____] ]

SD- 04 Sampl es

Mat er i al s;  G[ ,  [ _____] ]
FRP Rods And Shapes;  G[ ,  [ ____] ]
St r uct ur al  Past e/ Adhesi ve Mat er i al ;  G[ ,  [ _____] ]

SD- 05 Desi gn Dat a

Desi gn Cal cul at i ons;  G[ ,  [ _____] ]

SD- 06 Test  Repor t s

Wal l  Test s
Wal l  Test  Repor t s;  G[ ,  [ ____] ]
FRP Rods And Shapes
St r uct ur al  Past e/ Adhesi ve Mat er i al
Labor at or y Test i ng
Fi el d Test i ng

SD- 07 Cer t i f i cat es

Regul at or y Requi r ement s
Pastes/Adhesives
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Applicators
Appl i cat or  Tr ai ni ng

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

FRP Composi t e Syst em;  G[ ,  [ _____] ]
Manuf act ur er ' s I nst al l at i on I nst r uct i ons;  G[ ,  [ ____] ]

SD- 10 Oper at i on and Mai nt enance Dat a

Recor d Mai nt enance;  G[ ,  [ _____] ]
Mai nt enance;  G[ ,  [ ____] ]

1. 5   QUALI TY ASSURANCE

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

Submi t  a qual i t y  cont r ol  pl an f or  i nst al l at i on and cur i ng of  mat er i al s,  
per sonnel  saf et y,  i nst al l er  cer t i f i cat i on,  appl i cat i on and i nspect i on of  
t he FRP syst em,  st r uct ur al  past e/ adhesi ve cur i ng pr ovi s i ons,  means t o 
assur e c l ean,  dr y masonr y sur f aces,  qual i t y  cont r ol  sampl es and cl eanup.   
I ndi cat e t he t est i ng t hat  wi l l  be per f or med and i dent i f y t he par t y or  
par t i es r esponsi bl e f or  t hi s t est i ng.

1. 5. 2   Regul at or y Requi r ement s

a.   Submi t  cer t i f i cat i on t hat  st r uct ur al  past es/ adhesi ves pr oposed f or  use 
meet  Feder al  VOC r egul at i ons and t hose of  t he l ocal  Ai r  Pol l ut i on 
Cont r ol  Di st r i c t s havi ng j ur i sdi ct i on over  t he geogr aphi cal  ar ea i n 
whi ch t he pr oj ect  i s  l ocat ed.

b.   Use bondi ng mat er i al s t hat  do not  r el ease vol at i l e or gani c compounds 
( VOC)  i nt o t he ai r  i n excess of  t he most  r est r i c t i ve of  NI OSH RELs,  
OSHA PELs or  ACGI H TLVs f or  wor ker  or  occupant  exposur e dur i ng 
i nst al l at i on and/ or  over  t he usef ul  l i f e of  t he st r uct ur e.   I f  VOCs 
exceed any of  t hese exposur e l i mi t s dur i ng i nst al l at i on or  use,  pr ovi de 
addi t i onal  vent i l at i on f or  t he dur at i on of  t he excess out gassi ng.   At  
no t i me wi l l  t hey exceed STEL,  even i f  addi t i onal  vent i l at i on or  ai r  
suppl y i s  pr ovi ded;  pr ovi de t he necessar y equi pment  t o compl y wi t h 
t hese r equi r ement s.   Once cur ed,  t he FRP composi t e syst em shal l  not  
exhi bi t  any det ect abl e odor  at  a di st ance of  300 mm one f oot  f r om t he 
FRP sur f ace.

c.   I nf or m wor ker s,  havi ng access t o t he wor k ar ea,  of  t he cont ent s of  t he 
appl i cabl e saf et y dat a sheet s ( SDS)  and of  pot ent i al  heal t h and saf et y 
hazar d and pr ot ect i ve cont r ol s associ at ed wi t h mat er i al s used on t he 
pr oj ect .   Submi t  dat a sheet s f or  al l  mat er i al s t o be used at  t he j ob 
s i t e i n accor dance wi t h OSHA and 29 CFR 1910. 1200.   Tr ai n wor ker s i n 
t he saf e handl i ng and appl i cat i on,  and t he exposur e l i mi t ,  f or  each 
mat er i al  t hat  t he wor ker  wi l l  use or  ot her wi se be exposed t o dur i ng t he 
cour se of  t he pr oj ect .   I nst r uct  per sonnel  havi ng a need t o use 
r espi r at or s and masks i n t he use and mai nt enance of  such equi pment .

1. 5. 3   Qualifications

1. 5. 3. 1   Syst em Manuf act ur er  Exper i ence

Submi t  a cer t i f i ed l i s t  of  a mi ni mum f i ve successf ul l y  compl et ed FRP 
composi t e st r engt heni ng pr oj ect s compl et ed wi t h t he manuf act ur er ' s 
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composi t e syst em.   I ncl ude t he f ol l owi ng i nf or mat i on,  at  a mi ni mum:

a.   The dat es of  wor k
b.   Type,  descr i pt i on and amount  of  wor k per f or med
c.   Poi nt  of  cont act  f or  an owner  r epr esent at i ve t o i ncl ude:

( 1)  Name
( 2)  Addr ess
( 3)  Company/ Agency name
( 3)  Tel ephone number

1. 5. 3. 2   Cont r act or  Qual i f i cat i ons

Submi t  a l i s t  of  a mi ni mum f i ve FRP composi t e st r engt heni ng pr oj ect s 
compl et ed by t he Cont r act or  on masonr y sur f aces,  wi t h a mi ni mum of  t hr ee of  
t hose j obs usi ng t he manuf act ur er ' s composi t e syst em.   I ncl ude t he 
f ol l owi ng i nf or mat i on,  at  a mi ni mum:

a.   The dat es of  wor k
b.   Type,  descr i pt i on and amount  of  wor k per f or med
c.   Poi nt  of  cont act  f or  an owner  r epr esent at i ve t o i ncl ude:

( 1)  Name
( 2)  Addr ess
( 3)  Company/ Agency name
( 3)  Tel ephone number

1. 5. 3. 3   Cont r act or ' s Fi el d Repr esent at i ve Qual i f i cat i ons

Pr ovi de a Fi el d Repr esent at i ve who wi l l  be pr esent  on s i t e dur i ng 
i nst al l at i on of  t he FRP syst em.   Submi t  t he name of  t he Cont r act or ' s Fi el d 
Repr esent at i ve t hat  wi l l  per f or m t he act ual  wor k super vi s i on and a l i s t  of  
a mi ni mum of  f i ve FRP composi t e st r engt heni ng pr oj ect s super vi sed by t hat  
Fi el d Repr esent at i ve,  at  l east  t hr ee of  whi ch use t he manuf act ur er ' s 
composi t e syst em.   I ncl ude t he f ol l owi ng i nf or mat i on,  at  a mi ni mum:

a.   The dat es of  wor k
b.   Type,  descr i pt i on and amount  of  wor k per f or med
c.   Poi nt  of  cont act  f or  an owner  r epr esent at i ve t o i ncl ude:

( 1)  Name
( 2)  Addr ess
( 3)  Company/ Agency name
( 3)  Tel ephone number

1. 5. 3. 4   Applicators

1. 5. 3. 4. 1   Appl i cat or  Tr ai ni ng

Submi t  cer t i f i cat i on f or  t he FRP composi t e appl i cat or s who have compl et ed,  
as a mi ni mum,  a cour se pr ovi ded by t he FRP manuf act ur er  whi ch i ncl udes 
hands- on appl i cat i on of  FRP syst ems t o masonr y subst r at es.   Submi t  t he 
cour se syl l abus.

Tr ai n wor ker s i n t he saf e handl i ng and appl i cat i on,  and t he exposur e l i mi t ,  
f or  each mat er i al  t hat  t he wor ker  wi l l  use or  ot her wi se be exposed t o 
dur i ng t he cour se of  t he pr oj ect .

1. 5. 3. 4. 2   Experience

Onl y assi gn qual i f i ed appl i cat or s meet i ng t hese r equi r ement s and t hose 
havi ng pr i or  exper i ence i n t he speci f i ed appl i cat i on pr epar at i on t o per f or m 
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t he wor k descr i bed her ei n.

1. 5. 4   Laboratory

**************************************************************************
NOTE:   I f  r ect angul ar  FRP shapes ar e speci f i ed t o be 
used,  t he l abor at or y shoul d have exper i ence usi ng 
t est  met hod ASTM D3039/ D3039M.   I f  FRP bar s ar e 
speci f i ed,  ASTM D3916 shoul d be c i t ed.

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

Pr ovi de a t est i ng l abor at or y exper i enced i n t est i ng FRP mat er i al s and 
havi ng per f or med [ ASTM D3039/ D3039M]  [ ASTM D3916]  wal l  t est s f or  at  l east  
t hr ee di f f er ent  Cont r act or s pr i or  t o t hi s cont r act .

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

1. 6. 1   FRP Rei nf or c i ng Bar s and Shapes

**************************************************************************
NOTE:   FRP r ei nf or c i ng bar s ar e suscept i bl e t o 
sur f ace damage.   Punct ur i ng t hei r  sur f ace can 
si gni f i cant l y r educe t he st r engt h capaci t y of  t he 
FRP r ei nf or cement s.   I n t he case of  gl ass FRP r ods,  
t he sur f ace damage can cause a l oss of  dur abi l i t y  
due t o i nf i l t r at i on of  al kal i s .

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

Compl y wi t h t he f ol l owi ng handl i ng gui del i nes t o mi ni mi ze damage t o t he FRP 
bar s and wor ker s handl i ng t hem:

a.   Handl e FRP r ei nf or c i ng bar s wi t h wor k gl oves t o avoi d per sonal  i nj ur i es 
f r om ei t her  exposed f i ber s or  shar p edges;

b.   Do not  st or e t he FRP bar s on t he gr ound.   Pl ace pal l et s under  t he bar s 
t o keep t hem cl ean and t o pr ovi de easy handl i ng;

c.   Avoi d hi gh t emper at ur es,  ul t r avi ol et  r ays,  and chemi cal  subst ances 
because t hey can damage FRP bar s;

d.   Occasi onal l y ,  bar s become cont ami nat ed wi t h f or m r el easi ng agent s or  
ot her  subst ances.   Subst ances t hat  decr ease bond shoul d be r emoved by 
wi pi ng t he bar s wi t h sol vent s bef or e pl aci ng t hem i n t he masonr y;

e.   I t  may be necessar y t o use a spr eader  bar  so t hat  t he FRP bar s can be 
hoi st ed wi t hout  excessi ve bendi ng.

f .   Conduct  const r uct i on act i v i t i es i n such a way t hat  pot ent i al  damage t o 
t he FRP bar s and shapes i s mi ni mi zed.

1. 6. 2   St r uct ur al  Past es/ Adhesi ves

1. 6. 2. 1   Labeling

Del i ver  st r uct ur al  past es/ adhesi ves i n or i gi nal  f act or y- seal ed cont ai ner s 
wi t h t he manuf act ur er ' s l abel s i nt act  and l egi bl e wi t h ver i f i cat i on of  
pr oduct  nomencl at ur e,  manuf act ur er ' s name,  pr oduct  i dent i f i cat i on and bat ch 
number ,  dat e of  manuf act ur e and shel f  l i f e or  expi r at i on dat e.   Do not  use 
adhesi ve mat er i al s t hat  have exceeded t he shel f  l i f e.
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1. 6. 2. 2   Storage

St or e al l  s t r uct ur al  past e/ adhesi ve mat er i al s i n a cover ed,  wel l - vent i l at ed 
ar ea and pr ot ect ed f r om exposur e t o any det r i ment al  condi t i ons i ncl udi ng:   
ai r bor ne cont ami nant s,  di r t ,  dust ,  sunl i ght ,  t emper at ur es l ower  t han 4 
degr ees C 40 degr ees F or  gr eat er  t han 38 degr ees C 100 degr ees F,  
r ai nf al l ,  spar ks or  f l ame and i n accor dance wi t h t he manuf act ur er ' s  
requirements.

1. 7   PROJECT/ SI TE CONDI TI ONS

1. 7. 1   Envi r onment al  Requi r ement s

Do not  i nst al l  t he FRP composi t e i f  t he ambi ent  ai r  t emper at ur e or  
subst r at e sur f ace t emper at ur e i s out s i de t he r ange r ecommended by t he 
syst em manuf act ur er .   Submi t  manuf act ur er ' s r equi r ement s f or  ambi ent ,  
sur f ace,  and component  t emper at ur es at  t he t i me of  mi x i ng of  t he st r uct ur al  
paste/adhesive.

Do not  i nst al l  t he FRP composi t e when sur f ace moi st ur e i s pr esent  on t he 
subst r at e or  when r ai nf al l  or  condensat i on i s ant i c i pat ed i n t he wor k ar eas.

a.   When t he ai r  or  subst r at e t emper at ur e i s out s i de t he pr escr i bed r ange,  
do not  pr oceed wi t h wor k unl ess ot her  measur es appr oved by t he 
Cont r act i ng Of f i cer  ar e empl oyed.

b.   Do not  appl y st r uct ur al  past es/ adhesi ves 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 masonr y sur f ace f al l s  bel ow a 
mi ni mum l evel ,  as speci f i ed by t he FRP syst em manuf act ur er ,  cease wor k 
unt i l  bot h t he ai r  and masonr y t emper at ur e r i se above t he speci f i ed 
mi ni mum.   Do not  use suppl ement al  sour ces of  heat  t o r ai se t he ai r  or  
masonr y sur f ace t emper at ur e unl ess appr oved by t he FRP composi t e syst em 
manufacturer.

c.   When t he sur f ace t emper at ur e of  t he masonr y and/ or  t he ai r  t emper at ur e 
r i ses above t he maxi mum l evel ,  as speci f i ed by t he FRP syst em 
manuf act ur er ,  cease wor k unt i l  bot h t he ai r  t emper at ur e and masonr y 
t emper at ur e cool  bel ow t he speci f i ed maxi mum.

d.   Unl ess t hey have been f or mul at ed f or  such appl i cat i ons,  do not  appl y 
st r uct ur al  past es/ adhesi ves t o damp or  wet  sur f aces.

e.   Shoul d t he pot ent i al  f or  adver se t emper at ur es occur  dur i ng 
i nst al l at i on,  st op t he appl i cat i on of  FRP unt i l  t emper at ur es r et ur n t o 
wi t hi n t he r ange speci f i ed i n t he Manuf act ur er ' s I nst r uct i ons.   Obt ai n 
wr i t t en appr oval  of  t he FRP manuf act ur er  and t he Cont r act i ng Of f i cer  
bef or e usi ng suppl ement al  heat i ng or  cool i ng sour ces.

f .   Shoul d t he pot ent i al  f or  di r ect  cont act  by r ai n,  dust ,  di r t ,  excessi ve 
sunl i ght ,  hi gh humi di t y,  or  vandal i sm occur  dur i ng i nst al l at i on,  
pr ovi de t empor ar y pr ot ect i on,  such as t ent s and/ or  pl ast i c scr eens,  
unt i l  t he const r uct i on past es/ adhesi ves have cur ed.   Cur e t he 
st r uct ur al  past e/ adhesi ve bef or e r emoval  of  t empor ar y pr ot ect i on or  
al l owi ng t he st r uct ur e t o be exposed t o new l oads.   I n t he event  of  
suspect ed damage t o t he FRP syst em dur i ng i nst al l at i on,  not i f y t he 
Cont r act i ng Of f i cer  as soon as possi bl e.   Shoul d t he damage be caused 
by t he Cont r act or ' s negl i gence,  per f or m r epai r s at  no addi t i onal  cost  
t o t he Gover nment .
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1. 7. 2   Exi st i ng Condi t i ons

As- bui l t  dr awi ngs of  t he st r uct ur e [ ar e at t ached]  [ can be accessed at  
[_____]].

1. 8   WARRANTY

Fur ni sh manuf act ur er ' s st andar d war r ant y f or  FRP composi t e syst em 
i nst al l at i on,  i ncl udi ng t he FRP composi t e syst em [ desi gn, ]  i nst al l at i on,  
bond t o t he subst r at e,  and i nt er l ami nar  bond,  as wel l  as mechani cal  
pr oper t y r et ent i on,  and bar - adhesi ve compat i bi l i t y .   Pr ovi de a war r ant y 
per i od of  not  l ess t han 5 year s f r om t he dat e of  Gover nment ' s accept ance.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

2. 1. 1   Syst em Def i ni t i on

Pr ovi de an FRP syst ems t hat  consi st s of  pr ocur ed composi t e r ods and shapes,  
manuf act ur ed i n t he syst em suppl i er ' s  f aci l i t y  and shi pped t o t he j ob s i t e,  
and a st r uct ur al  past e/ adhesi ve t o bond t he pr ecur ed r ods and shapes i nt o 
gr ooves cut  i n t he masonr y sur f ace.   Ensur e t hat  mat er i al s suppl i ed f or  t he 
wor k of  t hi s sect i on ar e f r om a s i ngl e syst em manuf act ur er .   Subst i t ut i on 
of  FRP r ods or  shapes,  and subst i t ut i on of  st r uct ur al  past es/ adhesi ves t hat  
di f f er  f r om t hose whi ch compr i se t he appr oved manuf act ur er ' s FRP syst em ar e 
not  al l owed.

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

**************************************************************************
NOTE:   Pr ovi de t he par amet er s of  st r engt h or  f or ce 
t hat  must  be pr ovi ded by t he FRP syst em 
appl i cat i on.   The f ol l owi ng var i abl es must  be 
consi der ed i n det er mi ni ng t he enhanced per f or mance 
r equi r ement s:   t he l oad on t he wal l ,  t he s i ze of  t he 
wal l ,  t he wal l  aspect  r at i o,  wal l  openi ngs,  et c.

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

Pr ovi de t he FRP composi t e syst em wi t h [ sei smi c]  [ wi nd]  [ and]  [ bl ast ]  
st r engt heni ng f or  [ c l ay br i ck]  [ concr et e]  masonr y wal l s by [ [ _____] per cent ]  
[ t he quant i t y i ndi cat ed on t he Dr awi ngs] .   Pr ovi de a syst em t hat  t r ansf er s 
[ sei smi c]  [ wi nd]  [ and]  [ bl ast ]  l oadi ng,  i n concer t  wi t h t he exi st i ng 
masonr y,  t o t he bui l di ng f oundat i on.

2. 1. 3   FRP Composi t e Syst em Desi gn Requi r ement s

2. 1. 3. 1   Desi gn Basi s

Desi gn t he FRP composi t e syst em i n conf or mance wi t h ACI  440. 2R and 
ACI  440. 7R t o pr ovi de [ sei smi c]  [ wi nd]  [ and]  [ bl ast ]  st r engt heni ng f or  c l ay 
br i ck and concr et e masonr y wal l s.   Desi gn wal l s wi t h t he FRP syst em t o f ai l  
by cr acki ng t hr ough t he masonr y uni t s and mor t ar  pr i or  t o debondi ng or  
r upt ur e of  t he FRP composi t e syst em.

2. 1. 3. 2   Shop Dr awi ngs

Submi t  compl et e FRP composi t e syst em shop dr awi ngs f or  each i nst al l at i on of  
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t he composi t e syst em i ncl udi ng det ai l s  of  t he f i ber  r ei nf or cement  t ype,  
di mensi ons,  end det ai l s ,  pr oposed connect i ons t o t he di aphr agms and 
adj acent  wal l s,  and l ocat i ons t o be appl i ed as speci f i ed.   I ncl ude 
cal cul at i ons pr epar ed by or  on behal f  of  t he Cont r act or  t o det er mi ne t he 
l ayout  of  t he FRP mat er i al s t o be i nst al l ed.

2. 1. 3. 3   Desi gn Cal cul at i ons

Submi t  desi gn cal cul at i ons f or  t he FRP composi t e syst em st amped by a 
r egi st er ed pr of essi onal  c i v i l  or  st r uct ur al  engi neer .   Submi t  cal cul at i ons 
conf or mi ng t o r equi r ement s set  f or t h i n t he I CC ES AC125;  Accept ance 
Cr i t er i a based on t ensi on f or ce and st r ai n l i mi t s.

2. 2   MATERIALS

**************************************************************************
NOTE:   The val ues l i s t ed i n t he f ol l owi ng t abl es 
shoul d be t hose val ues and assumpt i ons t hat  wer e 
used i n devel opi ng t he pr el i mi nar y 
r ehab/ st r engt heni ng desi gn.   Those i t ems i n Tabl e 1 
bel ow wi l l  be t he mi ni mum accept abl e pr oper t y val ues 
f or  t he FRP bar s and shapes t o be i nst al l ed.   Those 
i t ems i n Tabl e 2 wi l l  be t he mi ni mum accept abl e 
pr oper t i es f or  t he st r uct ur al  past e/ adhesi ve.

For  t est s wi t h t wo met hods l i s t ed,  t he f i r st  r ef er s 
t o r ound shapes such as FRP bar s and t he second 
per t ai ns t o r ect angul ar  cr oss- sect i onal  shapes.

The ar bi t r ar y sel ect i on of  a f i ber  r ei nf or cement  and 
an adhesi ve mat er i al  f r om di f f er ent  manuf act ur er s or  
syst ems can l ead t o f ai l ur e of  t he i nst al l ed FRP 
syst em due t o possi bl e mat r i x- r ei nf or cement  
incompatibility.

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

2. 2. 1   FRP Composi t e Syst em

2. 2. 1. 1   Syst em Mat er i al s

Pr ovi de an FRP syst em consi st i ng of  [ gl ass]  [ car bon]  [ ar ami d]  [ r ods]  
[ r ect angl es]  [ gr i ds]  wi t h a r esi n mat r i x of  [ v i nyl  est er ]  [ pol yest er ]  
[ epoxy]  [ ur et hane]  [ speci al t y r esi n]  bi nder  and an [ epoxy]  [ ur et hane]  
[ _____]  st r uct ur al  adhesi ve.   For mul at e t he st r uct ur al  past e/ adhesi ve f or  
use as an embeddi ng mat er i al  t o bond masonr y and FRP mat er i al s and,  once 
cur ed,  pr ot ect  t he FRP shapes f r om t he envi r onment .   Pr ovi de a st r uct ur al  
past e/ adhesi ve t hat  i s  sui t abl e f or  use i n bot h non- l oad bear i ng and l oad 
bear i ng appl i cat i ons.

2. 2. 1. 2   Syst em Submi t t al s

2. 2. 1. 2. 1   Wal l  Test  Repor t s

Submi t  r esul t s of  t est i ng,  per f or med by an i ndependent  t est i ng f aci l i t y ,  on 
wal l s t hat  ar e r epr esent at i ve of  t he act ual  conf i gur at i on and l oadi ng 
condi t i ons f or  t hi s cont r act  t o demonst r at e st r uct ur al  equi val ency of  t he 
pr oposed syst em t o t he pr oper t i es speci f i ed her ei n.   Cur r ent l y,  no st andar d 
t est s exi st ;  t her ef or e,  submi t  t est i ng f or  appr oval  by t he Cont r act i ng 
Of f i cer .   I ncl ude t he f ol l owi ng i nf or mat i on i n t he t est  r epor t :
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a.   FRP Syst em nomencl at ur e
b.   Test i ng f aci l i t y  name
c.   Test i ng f aci l i t y  addr ess
d.   Test i ng f aci l i t y  t el ephone number
e.   Test i ng f aci l i t y  poi nt  of  cont act
f .   Test  wal l  subst r at e mat er i al
g.   Test  wal l  aspect  r at i o
h.   FRP or i ent at i on and f r equency/ l ocat i on
i .   FRP composi t e shape and cr oss- sect i onal  ar ea
j .   Cycl i c i n- pl ane t est  r esul t s i n accor dance wi t h I CC ES AC125 t o i ncl ude 

t he f ol l owi ng:
( 1)  Descr i pt i on of  t est  set up
( 2)  Rat e and met hod of  l oadi ng
( 3)  Def or mat i on and st r ai n measur ement s
( 4)  Modes of  f ai l ur e

2. 2. 1. 2. 2   Manuf act ur er ' s I nst al l at i on I nst r uct i ons

Submi t  manuf act ur er ' s pr i nt ed i nst al l at i on i nst r uct i ons f or  t he FRP 
Composi t e Syst em,  i ncl udi ng t he f ol l owi ng:

a.   Br and name
b.   Cat al og number
c.   Names of  manuf act ur er  f or  each mat er i al  t o be used.   I ncl ude wi t h 

i nst r uct i ons t he est i mat ed quant i t y of  each mat er i al  t o be used on t he 
job.

d.   Det ai l ed mi x i ng and appl i cat i on i nst r uct i ons t o i ncl ude:
( 1)  Mi xi ng i nst r uct i ons
( 2)  Cur i ng t i mes bet ween coat s or  l ayer s
( 3)  Appl i cat i on pr ocedur es f or  sur f ace coat i ngs
( 4)  Col d weat her  i nst al l at i on t o i ncl ude t he mi ni mum appl i cat i on 

t emper at ur e r ecommended by t he FRP syst em manuf act ur er  or  4 
degr ees C 40 degr ees F whi chever  i s  hi gher .   Advi se t he mi ni mum 
Shor e Har dness f or  appl i cat i on at  t emper at ur es bel ow 4 degr ees C 
40 degr ees F f or  appr oval  by t he Cont r act i ng Of f i cer .

( 5)   Hot  weat her  i nst al l at i on t o i ncl ude t he maxi mum appl i cat i on 
t emper at ur e r ecommended by t he FRP syst em manuf act ur er  or  38 
degr ees C 100 degr ees F whi chever  i s  l ower .   Advi se t he ni mi num 
Shor e Har dness f or  appl i cat i on at  t emper at ur es above 38 degr ees C 
100 degr ees F f or  appr oval  by t he Cont r act i ng Of f i cer .

( 5)  I ncl ement  weat her  i nst al l at i on
( 6)  Appl i cat i on pr ocedur es of  t op coat i ng mat er i al

2. 2. 2   FRP Rods and Shapes

2. 2. 2. 1   Mat er i al  Pr oper t i es

Pr ovi de FRP [ r ods]  [ shapes]  conf or mi ng t o t he mat er i al  pr oper t i es l i s t ed i n 
Tabl e 1.
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TABLE 1:  Pr oper t i es of  Pr e- f or med FRP Rods and Shapes

COMPOSI TE PROPERTY FRP TEST REQUI REMENT METHOD ( shape)

El ongat i on:  max. [ _____]  per cent ASTM D3916 ( r ound)
ASTM D3039/ D3039M 
(rectangular)

Vi sual  Def ect s Accept ance Level  [ _____] ASTM D2563 ( al l )

Guar ant eed Tensi l e 
St r engt h,  mi n. ,

[ _____]  kPa psi ASTM D3916 ( r ound)
ASTM D3039/ D3039M 
(rectangular)

Tensi l e Modul us of  
El ast i c i t y,  mi n.

[ _____]  kPa psi ASTM D3916 ( r ound)
ASTM D3039/ D3039M 
(rectangular)

Cr oss- sect i onal  Ar ea [ _____]  squar e mm squar e 
inches

ASTM D3916 ( r ound)
ASTM D3039/ D3039M 
(rectangular)

Fi ber  Vol ume Fr act i on [ _____]  per cent ASTM D3171 ( al l )

2. 2. 2. 2   Rods and Shapes Submi t t al s

a.   Submi t  a sampl e FRP bar ,  300 mm 12 i nches l ong.

b.   Submi t  mat er i al  pr oper t y t est  r epor t s i ndi cat i ng t he f ol l owi ng physi cal  
pr oper t i es of  t he FRP bar  or  shape.

( 1)  Tensi l e st r engt h,  as det er mi ned i n accor dance wi t h ASTM D3916 f or  
FRP r ods or  ASTM D3039/ D3039M f or  f l at  or  r ect angul ar  shaped FRP 
reinforcement.

( 2)  Desi gn el ast i c modul us by t he st r engt h and r upt ur e st r ai n val ues.   
Det er mi ne ul t i mat e t ensi l e st r engt h and r upt ur e st r ai n val ues by 
subt r act i ng t hr ee st andar d devi at i ons f r om t he aver age val ues of  
20 or  mor e t ensi l e t est s.

c.   Submi t  pr oduct  dat a wi t h document ed evi dence t hat  t he [ r ods]  [ shapes]  
meet  t he r equi r ement s of  Tabl e 1.

2. 2. 3   St r uct ur al  Past e/ Adhesi ve Mat er i al

2. 2. 3. 1   Mat er i al  Pr oper t i es

Pr ovi de st r uct ur al  past e/ adhesi ve t hat  conf or ms t o t he mat er i al  pr oper t i es 
l i s t ed i n Tabl e 2.

TABLE 2 Mi ni mum Pr oper t i es of  St r uct ur al  Past es/ Adhesi ves/ Pol ymer  Adhesi ves

COMPOSI TE PROPERTY FRP TEST REQUI REMENT METHOD

Elongation: [ _____]  per cent ASTM D882
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TABLE 2 Mi ni mum Pr oper t i es of  St r uct ur al  Past es/ Adhesi ves/ Pol ymer  Adhesi ves

COMPOSI TE PROPERTY FRP TEST REQUI REMENT METHOD

Ul t i mat e Tensi l e St r engt h,  mi n. , [ _____]  kPa psi ASTM D638

Modul us of  El ast i c i t y,  mi n. [ _____]  kPa psi ASTM D638

Bond St r engt h [ _____]  kPa psi ASTM D4501

2. 2. 3. 2   St r uct ur al  Past e/ Adhesi ve Mat er i al  Submi t t al s

a.   Submi t  a sampl e pl at e of  cur ed st r uct ur al  past e/ adhesi ve 75 x 75 mm 3 x 
3 i nches.

b.   Submi t  t est  r esul t s of  shor e har dness t est s at  3 and at  24 hour s i n t en 
degr ee i nt er val s bet ween 4 and 38 degr ees C 40 and 100 degr ees F f or  
st r uct ur al  past es/ adhesi ves used.   Al so submi t  syst em envi r onment al  
dur abi l i t y  t est  r esul t s conduct ed and r epor t ed by an i ndependent  
t est i ng f aci l i t y .   I ncl ude t he f ol l owi ng i nf or mat i on i n t est  r epor t s:

( 1)  FRP Syst em nomencl at ur e
( 2)  Test i ng f aci l i t y  name
( 3)  Test i ng f aci l i t y  addr ess
( 4)  Test i ng f aci l i t y  t el ephone number
( 5)  Test i ng f aci l i t y  poi nt  of  cont act
( 6)  Fr eeze- t haw t est  r esul t s
( 7)  2000 hour  UV exposur e t est  r esul t s
( 8)  Fi r e r esi st ance t est  r esul t s
( 9)  Seven day exposur e at  100 per cent  humi di t y t est  r esul t s
( 10)  3000 hour  t est  r esul t s f or  ozone exposur e,  f or  al kal i  exposur e,  

f or  sal t  wat er  i mmer si on,  and f or  60 degr ees C 140 degr ees F 
exposure

c.   Submi t  pr oduct  dat a wi t h document ed evi dence t hat  t he st r uct ur al  
past e/ adhesi ve meet s t he r equi r ement s of  Tabl e 2.

2. 2. 4   Accessories

Pr ovi de al l  ot her  mat er i al s as needed f or  t he pr oper  i nst al l at i on of  t he 
compl et e composi t e syst em as speci f i ed.

2. 3   MIXES

Per f or m mi xi ng of  st r uct ur al  past e/ adhesi ve mat er i al s i n accor dance wi t h 
t he FRP syst em manuf act ur er ' s r ecommended pr ocedur e.   Ensur e t hat  adhesi ve 
component s ar e at  a pr oper  t emper at ur e and mi xed i n t he cor r ect  r at i o unt i l  
t her e i s a compl et e mi xi ng of  component s and a uni f or m col or .   Mi x each 
bat ch of  adhesi ve mat er i al s i n quant i t i es suf f i c i ent l y smal l  t o ensur e t hat  
t he mi xed st r uct ur al  past e/ adhesi ve can be used wi t hi n i t s  pot  l i f e.   Do 
not  use mi xed st r uct ur al  past e/ adhesi ve t hat  exceeds i t s pot  l i f e,  as 
def i ned by t he syst em manuf act ur er .
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PART 3   EXECUTI ON

3. 1   EXAMINATION

Exami ne exi st i ng condi t i ons t o assess t he qual i t y  of  t he masonr y subst r at e,  
i dent i f y pot ent i al  obst r uct i ons,  and ver i f y di mensi ons/ geomet r i es shown on 
shop dr awi ngs.

Ensur e t hat  ot her  schedul ed masonr y r epai r s ar e compl et e and cur ed pr i or  t o 
st ar t i ng t he wor k of  t hi s Sect i on.   Pr ovi de mor t ar  sur f aces,  t o whi ch t he 
FRP syst em i s t o be appl i ed,  t hat  ar e f r ee of  l oose and unsound mat er i al s 
and ot her  condi t i ons t hat  woul d i nhi bi t  bond,  such as oi l ,  ef f l or escence 
and moi st ur e.

3. 2   PREPARATION

3. 2. 1   Protection

Coor di nat e t he wor k t o mi ni mi ze exposur e of  bui l di ng occupant s,  ot her  
per sonnel ,  and v i s i t or s t o dust ,  mi st s,  and odor s f r om pr epar at i on,  FRP 
syst em appl i cat i on and cl ean- up oper at i ons.

3. 2. 2   FRP Mat er i al  Ver i f i cat i on

Pr i or  t o st ar t i ng t he pr oj ect  and t oget her  wi t h t he Speci al  I nspect or ,  
ensur e t hat  del i ver ed FRP mat er i al s meet  t he speci f i ed r equi r ement s.   Thi s 
wi l l  r equi r e t he f ol l owi ng l abor at or y t est i ng by t he Speci al  I nspect or .

a.   Det er mi ne t he t ensi l e st r engt h and t ensi l e modul us of  el ast i c i t y f or  
each bat ch of  FRP bar s or  shapes used.   Rej ect  mat er i al s t hat  do not  
meet  t he mi ni mum r equi r ement s of  Tabl e 1.

b.   Det er mi ne t he gel  t i me,  pot  l i f e,  and cur ed har dness of  t he st r uct ur al  
past e/ adhesi ve.   Det er mi ne t he t ensi l e st r engt h,  bond st r engt h,  modul us 
of  el ast i c i t y,  and el ongat i on of  t he st r uct ur al  past e/ adhesi ve.   Rej ect  
mat er i al s t hat  do not  meet  t he mi ni mum r equi r ement s of  Tabl e 2.

3. 2. 3   Sur f ace Pr epar at i on

3. 2. 3. 1   Surface

**************************************************************************
NOTE:   Sel ect  t he br acket ed opt i on t hat  accur at el y 
descr i bes t he masonr y condi t i on pr i or  t o t he st ar t  
of  t he Wor k of  t hi s Sect i on.

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

[ The mor t ar  j oi nt s t o r ecei ve FRP composi t e ar e r el at i vel y sound 
st r uct ur al l y . ]  [ Ther e ar e known pr obl ems associ at ed wi t h t he condi t i on of  
t he or i gi nal  masonr y and t he masonr y subst r at e t hat  can compr omi se t he 
i nt egr i t y of  t he FRP syst em. ]  [ Remove ar eas of  l oose or  spal l i ng mor t ar  
mat er i al  and r epoi nt  i n accor dance wi t h Sect i on 04 03 00 UNI T MASONRY 
CLEANI NG AND RESTORATI ON. ]

3. 2. 3. 2   Subsurface

Do not  appl y FRP syst ems t o masonr y subst r at es cont ai ni ng cor r oded 
r ei nf or c i ng st eel .   Not e evi dence of  l ocal i zed cr acki ng and/ or  spal l i ng at  
gr out ed cel l s and r ust  st ai ns and r epor t  t hem t o t he Cont r act i ng Of f i cer .   
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Do not  pr oceed wi t h Wor k unt i l  t he cause( s)  of  t he cor r osi on i s( ar e)  
addr essed and t he cor r osi on- r el at ed det er i or at i on r epai r ed.

3. 2. 3. 3   Obstructions

Pr i or  t o i nst al l i ng t he FRP syst em,  modi f y or  r emove obst r uct i ons and 
embedded obj ect s t hat  af f ect  per f or mance of  t he FRP syst em.   Obt ai n 
Cont r act i ng Of f i cer ' s appr oval  bef or e per f or mi ng such modi f i cat i ons and 
removals.

3. 3   FRP SYSTEM I NSTALLATI ON

3. 3. 1   General

Do not  make modi f i cat i ons t o t he manuf act ur er ' s i nst al l at i on pr ocedur es or  
t o t he desi gn and shop dr awi ngs wi t hout  t he wr i t t en appr oval  of  t he 
Cont r act i ng Of f i cer .

3. 3. 2   Embedment  Sl ot  Pr epar at i on

Lay out  embedment  s l ot  l ocat i ons on t he wal l  sur f ace at  t he speci f i ed 
l ocat i ons.    Pr epar e cont ai nment  t o cat ch dust  and masonr y chi ps gener at ed 
dur i ng t he embedment  s l ot  cut t i ng/ gr i ndi ng.

3. 3. 2. 1   Sl ot  Cut t i ng

Usi ng a gr i nder  or  saw wi t h a bl ade manuf act ur ed t o cut  subst r at e,  cut  
s l ot s i n t he masonr y t o t he wi dt h and dept h r ecommended by t he FRP 
manuf act ur er .   Take speci al  car e t o avoi d l ocal  f r act ur e of  t he masonr y.

3. 3. 2. 2   Sl ot  Fi ni shi ng

Pr ovi de masonr y s l ot  sur f aces t o r ecei ve FRP composi t e t hat  ar e f r ee f r om 
f i ns,  and pr ot r usi ons t hat  may pr event  t he FRP [ bar s]  [ shapes]  f r om bei ng 
embedded t o t he speci f i ed dept h i n t he wal l .   Dr y t he cont act  sur f aces as 
r ecommended by t he FRP syst em manuf act ur er .   Eval uat e moi st ur e cont ent  i n 
accor dance wi t h ACI  503. 1- 503. 4 st andar d speci f i cat i on appl i cabl e t o t he 
appl i cat i on.   Pr ovi de cont act  sur f aces t hat  have no l oose par t i c l es,  pai nt ,  
oi l ,  di r t ,  dust ,  ef f l or escence,  mi l dew or  f r ee moi st ur e on t hem at  t he t i me 
of  appl i cat i on.   Do not  use sol vent  or  chemi cal  c l eani ng met hods t o c l ean 
sur f aces.   Cl ean cont act  sur f aces by hand usi ng wi r e br ushes or  by usi ng 
compr essed ai r .   [ Usi ng maski ng t ape or  ot her  sui t abl e adhesi ve t ape,  f i x  a 
st r i p at  each edge of  t he s l ot s. ]

3. 3. 3   Cut t i ng FRP Bar s and Shapes

Per f or m cut t i ng of  t he FRP bar s wi t h a hi gh- speed gr i ndi ng cut t er  or  a f i ne 
bl ade saw.   Do not  shear  FRP bar s.

3. 3. 4   Appl i cat i on of  St r uct ur al  Past e/ Adhesi ve

Mi x t he st r uct ur al  past e/ adhesi ve accor di ng t o t he speci f i cat i ons 
pr escr i bed by t he manuf act ur er .   Pl ace a l ayer  of  st r uct ur al  past e/ adhesi ve 
uni f or ml y i n t he s l ot s cut  i n t he masonr y subst r at e.

Dependi ng on t he t ype of  st r uct ur al  past e/ adhesi ve used,  vent i l at e wor k 
ar eas dur i ng st r uct ur al  past e/ adhesi ve appl i cat i on so t hat  wor ker  exposur e 
t o chemi cal  subst ances wi l l  not  exceed l i mi t s as est abl i shed by ACGI H 0116, 
or  as r equi r ed by a mor e st r i ngent  appl i cabl e l ocal  r egul at i on.   Vent i l at e 
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i nt er i or  wor k zones havi ng a vol ume of  280 cubi c met er s 10, 000 cubi c f eet  
or  l ess wi t h a mi ni mum of  t wo ai r  exchanges per  hour .   Mai nt ai n vent i l at i on 
i n l ar ger  wor k zones by means of  mechani cal  exhaust .   Exhaust  sol vent  
vapor s out door s,  away f r om ai r  i nt akes and wor ker s.   Tempor ar i l y  seal  
r et ur n ai r  i nl et s i n t he wor k zone bef or e st ar t  of  wor k and mai nt ai n unt i l  
t he st r uct ur al  past e/ adhesi ve has cur ed.

3. 3. 5   FRP Rei nf or c i ng Bar / Shape I nsst al l at i on

Pr ess t he FRP r ei nf or c i ng bar / shape i nt o t he s l ot  so t hat  t he sur f ace of  
t he [ bar ]  [ shape]  i s  f ul l y  embedded i n t he past e/ adhesi ve and does not  
pr ot r ude t o t he sur f ace of  t he wal l .   Compl et el y f i l l  t he s l ot  wi t h t he 
st r uct ur al  past e/ adhesi ve t o encapsul at e t he bar  and st r i ke t he sur f ace 
even wi t h t he sur f ace of  t he masonr y.

3. 3. 6   Curing

Mai nt ai n st r uct ur al  past e/ adhesi ve cur i ng t emper at ur es wi t hi n t he r equi r ed 
t emper at ur e r ange desi gnat ed by t he manuf act ur er  f or  t he f or mul at i on used 
f or  t he manuf act ur er  speci f i ed t i me.   Pr ot ect  t he composi t e syst em f r om 
cont act  by moi st ur e f or  a mi ni mum per i od of  24 hour s.

3. 3. 7   Finish

Once cur e i s compl et e,  r emove any maski ng t ape appl i ed ar ound t he edges of  
t he s l ot s t aki ng car e not  t o damage t he st r uct ur al  past e/ adhesi ve.   
[ [ St ai n]  [ Pai nt ]  t he st r uct ur al  past e/ adhesi ve accor di ng t o t he Shop 
Dr awi ngs i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons. ]

3. 3. 8   Movement  Joi nt s

3. 3. 8. 1   Cont r ol  Joi nt s

Mai nt ai n al l  cont r ol  j oi nt s.   Do not  br i dge exi st i ng cont r ol  j oi nt s wi t h 
t he FRP composi t e.

3. 3. 8. 2   Expansi on Joi nt s

Mai nt ai n al l  expansi on j oi nt s.   Do not  br i dge exi st i ng expansi on j oi nt s 
wi t h t he FRP composi t e.

3. 4   FI ELD QUALI TY CONTROL

3. 4. 1   Gener al  Requi r ement s

Mai nt ai n qual i t y  cont r ol  ( QC)  pr ogr ams and cr i t er i a pr ovi ded i n t he 
pr e- const r uct i on submi t t al s.   Compl y wi t h t he appr oved qual i t y  cont r ol  pl an.

Submi t  i nspect i on and pr ogr ess r epor t s dai l y t o t he Cont r act i ng Of f i cer .

3. 4. 2   Fi el d Test i ng Dur i ng Const r uct i on

3. 4. 2. 1   Mi xed St r uct ur al  Past e/ Adhesi ve Har dness and Cur i ng

3. 4. 2. 1. 1   Sampl e Pr epar at i on

**************************************************************************
NOTE:   The r equi r ed r esi n sampl es ar e a mi ni mum of   
6 mm 0. 25- i nch i n t hi ckness,  wher eas FRP pl aced on a 
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wal l  i s  much t hi nner ,  t ypi cal l y  3 mm 1/ 8- i nch or  
l ess.   Dur i ng i ni t i al  st ages of  cur i ng,  t hi cker  
cr oss sect i ons t end t o be sof t er  t han t hi n ones.   
Ther e i s,  t her ef or e a var i at i on i n t he r equi r ed 
har dness t o account  f or  t hi s phenomenon.

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

Dur i ng i nst al l at i on,  pr epar e t wo sampl es of  mi xed st r uct ur al  past e/ adhesi ve 
per  shi f t  f r om t wo,  separ at e,  [ nonconsecut i ve bat ches]  [ t ube set s]  of  
st r uct ur al  past e/ adhesi ve.   Pr ovi de st r uct ur al  past e/ adhesi ve sampl es t hat  
ar e a mi ni mum of  6 mm 1/ 4- i nch t hi ck and 50 mm 2- i nches i n di amet er  f or  
t est i ng,  by t he Speci al  I nspecor ,  t o eval uat e cur i ng pr ogr ess.

3. 4. 2. 1. 2   Cur i ng and Har dness Eval uat i on

Eval uat e r el at i ve cur i ng pr ogr ess of  t he r esi n on t he j ob s i t e by measur i ng 
t he har dness of  t he r esi n sampl e at  3 hour s and 24 hour s of  cur e i n 
accor dance wi t h pr ovi s i ons of  ASTM D2240.   Take measur ement s at  a mi ni mum 
of  t hr ee di f f er ent  poi nt s di st r i but ed over  t he sur f ace of  t he st r uct ur al  
past e/ adhesi ve at  l east  6 mm 0. 25 i nch apar t  f r om each ot her .

3. 4. 2. 1. 3   Fi el d Test i ng Repor t  by Speci al  I nspect or

Repor t  t he mean har dness val ue obt ai ned,  st r uct ur al  past e/ adhesi ve 
i dent i f i cat i on,  manuf act ur er ,  and bat ch number ,  st r uct ur al  past e/ adhesi ve 
mi xi ng dat e and t i me,  t est  dat e and t i me mi ni mum ai r  t emper at ur e dur i ng t he 
cur i ng eval uat i on t i me,  and t he t ype and ser i al  number  of  t he dur omet er  
used.   Repor t  whet her  t he shor e har dness measur ement s exceed t he mi ni mum 
har dness val ues submi t t ed by t he mat er i al s manuf act ur er ,  based on t he 
l owest  ai r  t emper at ur e dur i ng t he cur i ng per i od eval uat ed.

3. 4. 2. 1. 4   Resol ut i on of  Noncompl i ances

I n t he event  t hat  cur i ng does not  meet  t he mi ni mum val ues submi t t ed by t he 
mat er i al s manuf act ur er ,  t ake r emedi al  measur es as speci f i ed i n par agr aph 
REMEDI AL MEASURES.

3. 4. 2. 2   I n- Pl ace St r uct ur al  Past e/ Adhesi ve Har dness

3. 4. 2. 2. 1   Test i ng Fr equency

Dur i ng i nst al l at i on,  per f or m a mi ni mum of  one t est  on each 152 m 500 l i near  
f eet  or  por t i on t her eof  of  FRP bar  i nst al l ed at  3 hour s af t er  i nst al l at i on 
and at  24 hour s af t er  i nst al l at i on.

3. 4. 2. 2. 2   Cur i ng Eval uat i on

Eval uat e r el at i ve cur i ng pr ogr ess of  t he i n- pl ace FRP r esi n usi ng t he Shor e 
har dness t est  descr i bed i n ASTM D2240.   The shor e har dness measur ement s 
must  exceed t he mi ni mum har dness val ues submi t t ed by t he mat er i al s 
manuf act ur er  based on t he mi ni mum subst r at e t emper at ur e obser ved dur i ng t he 
eval uat i on per i od.

3. 4. 2. 2. 3   Fi el d Test i ng Repor t

Repor t  bot h t he i ndi v i dual  and mean har dness val ues obt ai ned,  t he l ocat i ons 
wher e each har dness t est  was per f or med,  t he FRP appl i cat i on dat e,  t est  dat e 
and t i me,  ai r  and subst r at e t emper at ur e when t he FRP was appl i ed,  ai r  and 
subst r at e t emper at ur e when t est i ng was per f or med,  and t he t ype and ser i al  
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number  of  dur omet er  used.   Repor t  whet her  t he shor e har dness measur ement s 
exceed t he mi ni mum har dness val ues submi t t ed by t he mat er i al s manuf act ur er ,  
based on t he l owest  ai r  t emper at ur e dur i ng t he cur i ng per i od eval uat ed.

3. 4. 2. 2. 4   Resol ut i on of  Noncompl i ances

I n t he event  t hat  cur i ng does not  meet  t he mi ni mum val ues submi t t ed by t he 
mat er i al s manuf act ur er ,  t ake r emedi al  measur es as speci f i ed i n par agr aph 
REMEDI AL MEASURES.

3. 4. 2. 3   Remedi al  Measur es

For  st r engt hened sect i ons wher e t est i ng i ndi cat es t hat  t he i nst al l ed 
composi t e syst em has mat er i al  pr oper t i es bel ow t he mi ni mum speci f i ed 
val ues,  r emove t he i nst al l ed FRP composi t e and r epl ace i t  wi t h FRP 
composi t e meet i ng or  exceedi ng t he mi ni mum speci f i ed val ues.   Remove 
unaccept abl e FRP composi t e,  r epai r  damaged masonr y as a r esul t  of  t he FRP 
r emoval ,  and i nst al l  r epl acement  FRP composi t e at  no cost  t o t he Gover nment .

3. 4. 3   Inspection

**************************************************************************
NOTE:   Add r equi r ement s f or  speci al  i nspect i on of  
masonr y st r engt heni ng usi ng FRP Bar s t o Sect i on 
01 45 35 SPECI AL I NSPECI TONS,  i nc l udi ng aspect s of  
t he wor k t o be obser ved and document ed,  f r equency,  
and r ecor d keepi ng.

I ncl ude i n Sect i on 01 45 35 t he ext ent  of  
obser vat i on of  f i el d t est i ng t o be per f or med by t he 
Speci al  I nspect or .

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

Pr ovi de a Speci al  I nspect or ,  who i s t r ai ned and cer t i f i ed by t he FRP syst em 
manuf act ur er  and appr oved by t he Cont r act i ng Of f i cer ,  t o per f or m 
i nspect i ons i n accor dance wi t h t hi s speci f i cat i on,  SECTI ON 01 45 35 SPECI AL 
I NSPECTI ONS,  and I CC ES AC178.   Pr ovi de a Speci al  I nspect or  who i s not  be 
an empl oyee of  t he Cont r act or  nor  f i nanci al l y  associ at ed wi t h t he 
Cont r act or  beyond t he i nspect i on cont r act .

3. 4. 4   Recor d Mai nt enance

Ret ai n sampl es of  mi xed st r uct ur al  past e/ adhesi ve and mai nt ai n a r ecor d of  
t he pl acement  of  each bat ch.   Submi t  t he r ecor d at  t he end of  t he pr oj ect .

3. 5   ADJUSTI NG AND CLEANI NG

3. 5. 1   Repairs

Repai r  al l  def ect s accor di ng t o t he FRP mai nt enance and r epai r  pr ocedur e 
pr ovi ded by t he syst em manuf act ur er .

3. 5. 2   Wor k Ar ea Cl ean Up

Upon compl et i on of  t he wor k,  r emove st agi ng,  scaf f ol di ng,  and cont ai ner s 
f r om t he s i t e or  dest r oy t hem i n an appr oved manner .   Remove FRP composi t e,  
st r uct ur al  past e/ adhesi ve,  and ot her  deposi t s on adj acent  sur f aces.  Leave 
t he pr oj ect  s i t e c l eaned t o equal  or  bet t er  condi t i on t o t hat  pr i or  t o t he 
st ar t  of  t he j ob.   Pl ace c l ot hs,  cot t on wast e and ot her  debr i s,  whi ch mi ght  
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const i t ut e a f i r e hazar d,  i n c l osed met al  cont ai ner s and r emove at  t he end 
of  each day.   St or e,  t r anspor t ,  and di spose of  adhesi ves pr oper l y as 
i ndi cat ed on t he SDS sheet s.   Cont ai n masonr y dust  and chi ps and di spose of  
pr oper l y,  as r equi r ed by l ocal  aut hor i t i es.   Cont ai n mat er i al  t o be 
di sposed of  at  t he s i t e unt i l  pr oper  di sposi t i on i s achi eved.

3. 6   MAINTENANCE

Submi t  pr ocedur es t o pr oper l y mai nt ai n t he i nst al l ed FRP syst em and wr i t t en 
manuf act ur er  r ecommended r epai r  pr ocedur es f or  damage t o t he i n- pl ace FRP 
system.

        - -  End of  Sect i on - -
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