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rlM UPDATE OM EVBLUMION 

TECHNIQUES AND MPAIR MATERIALS 

FOR CONCRETE BRIKE STRUCTURES 

, ' , e t e r l o l " j t i o ; l  u of r e i n f o r c e d  e o n c r , e t c  i s  a coauom i ! i -sblen f o r  b r ~ d g e  

- t rucbcr .es  i o c a t e d  i r i  a marine envlrorment .  T h i s  paper  p r e s e n t 2  a rev-iew 

. . .  
o i  >Iie p r z n c i i e  c a u s e s  of r e i n f o r c e d  c o n c r e t e  d i ~ . t r e s s ,  t h e  b a s i c  s t c i ? ~  

t o  e.-aiua.,ie ij;r~ticii.~;.e c o n d i t i o n s ,  i n e l c d i n g  i,:ndi-ilr 'uctlve ii!etlioci,, p l u r ;  

, ,ecent  id jarlees ir, concrci;e !-e$air meti:oC , d p roducC~.  

i. CAUSES OF DISTRESS 

ii. c o r r o s i o n  

, ~. li!c. ~rio:;i cor.,!!lon dl:.iress of re in io! ,c td  corici 'ei i  1:i coi ' i~>;: :o$i  vi 

ei~beddeil s t e e l  r e i l l f  o r c e m n t .  Chloride i o r : ~  a r c  co~iz i .dei ,c i  ti; 

. . be 'siie major causi? of t h e  cor ros ion .  5cedr. 7ai.t d a t e r s  P I ~ ~ \ I L U ~ .  

a r.eady s o u r c e  of c i i i o r i d e  i o n s  and a:% t2ius one or3 t h e  harslie:;t 

eili; i r o n n s r ! i z  f o r  a r e i n f o r c e d  c o n c r e t e  s t r u c i u i > e .  C a n c i - ~ t e  

no;~aali ;r  p;ovides r*e ln fo rc i r ;g  . .. w i i ; f l  i,:-.i' ,- 1 l e n t  - c o r r o s i o n  

p r o t e c t i o a -  il h i @  a l i t a l i r i f  ( h i ~ h  p s j  envirlo>~i:sci; i n  cc : i c i e ie  

l-e;;aj.$,:: i n  f a r m t i o t :  of a p m t e c ; l v e  file ai,ound ii.#e step:  

~ h i c i i  ii:.otc.cts it f!'oirl co r ros ion .  C!ilc:~ldes breai; Colrn che  

?rc*+;eci:ive a l k a l l n e  b a r r l e r  a n d ,  i f  o x y g e n  a r ~ d  r ~ o i s t u ~ e  s i . c  

;>re:$ent, e! .ectmchemical  c o ~ ~ r o s i o n  wii i occilr. The suicaeiluent. 



o x j d a i i o r i  o f  i r 2 0 n  i t h e  a i lode)  and  t h e  g r o d u c i l o n  of :.u>L ;iiortg 

~ i i e  b a r  r i c ? s u l t ~  i n  a v o i u n e  cxp2n::isn wnich i n d u c e s  oub: , i i in t i r l  

j.5i.e; :;cs o n  t h e  2 i i r r o u r : d i 1 1 ~  ~ 0 1 1 ~ r e t e  w i t t i  e r , ? o k . i : ~ : ~ ~  

dc! ah l n t i ~ i c ) r i s ,  and s p a 1  l l t i i ;  i.csui. ti!rs. Tibe a i  :\t r n : : : ~  pi~~ce:,:.; i :; 

- . 
p r ' o g r ' e s s i  v e i n  t h a t  c r a c k s  and  spa1 1: 1;ic; : . i ~ s t e  e r ; i t ~ ~  ,!f 

c i i l s r i d e ,  !iaLar, znd oxygeii t o  Lile cs:!cr.el.e Lllti; accr ! l e ra  L in t ;  

. . cor:.osj.orl r a t e s .  The itlaJor f a ~ t o r ~  i 2 : i j i  ;+fi'~c: ii:e ~ o ; ; r ~ s i o i >  

of i ~ e i r o e n t  a r e :  

2.  Depti! or cover.  

j. l l v a i i a b i l i t y  of onygen and r a t e  o r  oxycon d l f f u s i c ~ ~ .  

I'h5 s i l l f a t e s  i n  seawaie r  a r e  !!loderatelg a g j r r s s i v e  t o  co:?oi.ece, 

su l ; ' a t c -  a t t a c k  i n v o l ; e s  r ~ a c ' ; i o p  ~,x.!.lFkLe :..ji;iL i?.ydl-a,ted 

i l ; : i l :  (f'(:i.~ei?. d u r i n g  c e m e n t  11j .d i .a t ion)  procuein::  ~ypsu,?!. ~ h ' i ~ .  

yesuiis i n  s o l i d  v c l u a e  expanLor! i i l t t i  :iub;equerit c rack i i lg  znd 



disin; , ~ g r a c i o n  i. of t h e  c o n e r e l e  s u r f a c e .  Good q u a i i t y  c c n c r e i e  

p r a c t . t c e : :  I n c l u d i n g  Llie  ul;e o f  ci-neriks o  i l l  tr': <!i~j c ;  ii:! 

. . 
a lun l i r i aLc  (C. P )  ccnLe i l l  w i t h  l o w  w;t,c.:,-.cur:ti:r;i. r a t i c r  ;~.i 1 3 '  

prcv::!~i ;u l  f a t e  induced d i s t r e s s .  

Hydrz-led p3r";land cnn1er:t will ch i - r i i ca i iy  i 'eact  %r2.'ch tbv? ca rbon  

d i o x i d e  ir! t h e  a t n o s p h e r e ,  In a d d i c i o n  l o  r z d u c l n g  Lne 

a l k 3 i i r i i t . y  o f  t h e  c o n c : . ~ . t e  ( L i l t i s  pro1 o t i t i "  c o i - i . t s i o ! r )  

e a r  bonit , iorr  i n c i , e a s a l ;  t n e  z h r ~ i r ~ k a g c  if co~:::rc?.e oil d r ) . l r i ~  ii i: 

i . e n d ;  t o  proioote  c u r f a c e  ci'ac:: d e v ~ : l o p i ' l e i ; t ,  A&aiu c 3 1 ! c i e i e  

q u a i j t y  p l u s  o o n s o i i d a t i g n  and c u r l n g  dete: . ic~ne ti:e ~ > : t u i , t  of 

c a ~ b o n c t i o n .  For. good c o n c r e t e ,  c a r b o n a t i i . n  li a ve:y s l o w  

p~'oce.:~s which d o e s  n o t  p ! n e r r a t c  d e e p l y .  Ai:3o ",st1 iihuzidi5:'  

:*educe; cai,bo!l;itisn r a t e s .  

in clcciii,loi: Lo t l ie  prev iou : j l )  di;cud;i,d ~u: .!~o-ion and clren!.ii.s ; 

r e a c i i u n ;  uhich c r a c k  liai-dei!ed concr,et<: oti.cr. ci.r,:;:!on c a u s e s  of  

;!!clu.Je : 



2. D l f f e r e n t l a i  thermal  s t r e s s e s  rn  a structure. 

3. Construction and J e r v l c e  i o a d l n g  c o n d ~ l ~ o n ; .  

4. E r r o r s  i n  d e s i ~ n  and d e t a i l i n g  i n c i u d i n y  impl.oper j o i n t i n g  

and i n s u f f i c i e n t  re inforcement .  

11. CONDITION SURVEY 

The key e l s i een t  o f  a  succe;sful  r e p a i r  an(i ~ , e ~ t o r a t i o n  p r o j e c t  

i s  a s p e c i a i i z e d  c o n d i t i o n  s u r v e y  and e v a l m t ~ o n  Lo e o l l e c i  2r!d 

asse: ; ;  d a t a  and  s e l e c t  a p p r o p r i a t e  r e p a i r s .  T h e  co:!dit;on 

. . 
s u r . , , e j ~  w o u l d  n o r m a i l y  i n c l u d e  a r i s u s r  11- :spect ion 71 ii.> 

n o r l d e : ~ i i ~ ~ c t i v . e  a n d  d e s 1 ; i u c t i v . e  t e s t i n g .  Tho c ? l e i n e n t s  of i:i?e 

~ o n d i l i u ~ ~  s u r v e y  a r e  discussed i n  d e L i i i l  L:J ti>*: f o l I o b i 1 1 ;  

pa !'a~i~.q)1!:3. 

A c u  e x a m i . l ? t i o n  b y  ail e x p e r i e n c e d  r!;atei<z!ls eilginee!. 0 2 ,  

< - o r * > T '  ,--, i ; . i c i a ~ i  ' i s  c o n d u c t e d  t o  i d e n i i i f y  e x t e n t ,  s e v e r i ~ y ,  L L I ~  

i o c a t l a n s  of d i s t r e s s .  Tiie g v i d e l i r e s  g i v e n  i n  ACI 201.1~-68, 

n ~ - (  ? ' , -  a - ,*+2-82 and AhrjHTrj a r e  u s e f u l  t o  c a t e g o r i z l t i ;  a n d  ioggi!:;, 

i s .  P r ~ o t o g r a p h i c  d o c * m e n t a t i 3 n  of t y p i c a l  c o n d i ~ i o i l s  i z .  

and e::sential a i d  t o  t h e  e v a i u a t i o r i  process .  



H o n d e ; t r ~ ~ ~ i i t i v e  t e s t i n g  i,eciinique; t;r.e ; :~ i r i l i r -b l ; .  L U  oL.Laiii 

e s t i m t e s  31'' s t r e n g t h ,  un i fo rmi ty  of stre"i.-" '  . ,,n, tile th~c;:nc:-- of 

a w e l l ,  d e t e c t  i n t e r n a l  c r a c k s  o r  v o i d s ,  l o c a t e  r e b a r ,  and 

e s t a b l l s n  r e b a r  c o v e r  2nd bar s i ze .  The more cwrmon ?JUT netr,&.r. 

i n c l u d e  : 

1. Pacho1,iccer - This  is  a. xagr ie t ic  e v i c e  ;sed C o  l o c a t e  reba:, 

a n d ,  i i' bar. s i z e  i z known, s j t i m a L e  c i ) r ! e r e t i i  cov.e;,. l:..~:. 

equipmeni. i s  u s u a l i y  e f f e c t i v e  f o r  dep th -  01" c o v e r  up t o  5; 

i n c h e s .  

2. U l t r a r j o n i c  P u l s e  V e l . c c i t y  and  P u l s e  AtLeriu5!ilor; -- :;.is 

equip;~e:il; e m i t 5  an  el;er,g;r wave t ' n r o ~ g k i  t h e  c o n c r e t e  a c d  

i;eesu:'ea t h e  v e l o c i t y  of  t h e  dav!? p l u s  tile a t t e s i ~ ~ a t i o ! ~  or  

":: e ; i g n a l  5 e t c j - e n  t h e  I , : ,  r . e -e i . \ :e i .  

i i e i o e i t i e s  can t)e c o r r e l a t e d  iriti! c c m p r ~ a s s i v i  stier!&Lh and 

o v e i - a l l  c o n c r e t e  q u a l i t y  o b t j i c e d  fl-o!~ csr-cs. nLLenw' s-on 

i s  i n d i c a t i v e  o f  c r a c k i n g  o r  v o i d s .  Tile j tar lc iard  t e s t  

;zetbod i s  d e z c r i b e d  im AS73 C 55': .  U L  ;i'aso!lLc equip:-em; 

i;xizL be opepated and in terpi -eked by r,ipi.i~iencei! pe;.sonnel 

zinc<> result; a!.e a f foc t sd  by !,,oidcu.~- . ,, ie?. ; ; lorcine s i e r l  , 

. . 
and enbedded i t e m .  The e q u i p u e r ~ t  i s  e a s ~ _ y  p o r t a b l e  acd 



up t o  200 t e s t s  p o i n t s  can be chccked I ~ I  a day.  

3 .  f iebound, P u i l u u t ,  a n d  Pene t . ' ; , t l u i :  '? i 'e :~t ;  -- A l l  of ~ i i : . ~ c  

d e v i c e s  g i v e  st1 i n d i c a l l o n  9 f  c n i f o : ' i ! . i t j  .ri;ci ; . t ict idt i!  of  

. &;*L ,,, x c o n c r e t e  ;?ear  ti;- t e s t  su r face .  'ill? :12So12;16 hitilPjer i-kits 

a s p r i n g  l o a d e d  ram 'dhlch d r o p s  a 2,~m.l.l ?:ieighL upon a n  

i ~ l p a c t  1 ' 3 ~ ~ :  a n d  t h e n  m e a s u r e 3  t i t e  :-eboui!d of t h e  ? le ig i? t .  

:yti,. t e s t  m e a s u r e s  fo:-~c :.eqjJi:E:d 3-,- 3 - 4  j u l ?  a n  

. . c[,l';c.dded m e t a l  i n s e 1 . t  ; ~ n d  t:le -i;l,:.gur!cA:ig :;;.ct:o:. of 

. . z o i i c r e t e  frou! Lhe c u n c r e l e  ma;.:,. T i i i  ?e:?ei! 'a~L;,r i  L C L ;  

dc tei.:iiir8es iiic f,viieti,it;on o i  r i  s t e e l  ;)r.ott: ; d i ~ c h  1:; ;i!oi 

, . i:::o L n e  c o n c r e t e .  Ali o r  tile:;- I!UY t e e ;  r ! iquer  ;i:qul cc 

; .or - re ia t lon ;.!it!: s t , - e n g t l i  daL2 : -  c z r c c  3:- 

c j l i r r6e i . s  t o  ? j t a S i . i j h  r e l i a b l e  ini ' i icatcd :~;;r'sn&tt ia3 ties. 

"'">..? . ' b .,L I,jj'I Uetr;odL: art' fast ;ii:t ij::$i 15  iii.j pe lZt i ' , c ; J  

~nc.;<pcsnsi~ja. 

!,.,die -.., - . '  
' t  . ,!, ,.*?fiy - $ai:;iiia -;diogra:n:l ci: ttc LZ:)~ to 3ci-i.e:ii ; ' i c  

i oc  d r - o c  G ;  of r c b a ~ .  'rile i;ec!lnlquc car! c ; s o  be u-ed Lo 

.:i:sdicai.e ci,:r<:lc p i a i i e  c;. d i s c o n ; j n u i l , c s  p a l - u i l e i  'co L l i c  

piaJic u f  t h e  i . 2 d i a t i o s .  Tile e,<u:p::f.-:, i~ e> . Je r ) s lvc  :Li:d 

. . tc:,_!?g is a :jlct.d p r o c e s s ,  t i i u s  l i u i t i n g  t i ? ; ,  i e c h n i q ~ e  Lu 

ve iy  ; p e c i f i c  si'cwitiotis. 

.. ". ~~. , s : , . dc l iv ,  T e s t i n g  arid Core S a 3 p l i n g  



A co1.e pitogram i n c l u d e s  s a n l p l i n g  t h e  i n  p l a c e  e o n c r c i e  at 

l. c c a t ~ c n s  and performing t e s i s  t v  i d e n t i f y  des!.red p ~ u p e r t i e : :  

o f  t i t - 2  c o n c r e t e .  E!o.;i. s a m p l i n g  p?:Jgralo:: a ? ' ?  bia::ed i n  i h a t  

saf ispies  ar-e g e n e r a l l y  i o e a t e d  a t  r easo , l ab l lg  6 ~ 0 3  a n c  a t  

d i s t r e s s e d  a r e a s .  The s e l e c t i o n  o f  s a r i i i i n g  2rea: a n d  t h e  

n w b e r  of s m p l e s  requirae  cai .efu1 e v a l u a t i ~ n  by t h e  engirieer' ;n 

o A a c e r  t o  d e f i n e  a t e s t  p rogram wiiicl? w i l i  s u p p l y  t h e  rc ! ju l r , ed  

i cCorxmai io i l  and  ~ i r t e t  t h e  b u d g e t  ar:d t i i i e  eor!si!.c?ir!t; of  t::e 

owner. ?est l ;  witieb a r e  comiuoniy per.foriucd on c o r e  ; a n p ? e s  

~ ~ 

:iicLude: 

? a  a d m i x t u r e s ,  and  t i ic  ~ o n ~ p a u : ~ 4 . ,  1 ? ~ ~ ; ; c ~ ~ ~ ;  i ~ l  k!,,: 

i;;,d:.aieci cement. 

3.  CtjlopicJe cof i tent  a i d  pii a1.e Lj-pica?.i:, pex.fo;.aed a t  v a r i o u s  

r.te;.va;:; fi;oln s u r f a c e  ;ioriciua:d :.o i;iie -.sJai- depth. 

4. 3eiisit:y . Dens i ty  t a r i a t i o n s  car. be i . :d iea%ive  of cna!!*s 

r 



i n  m a t e r * i a l s  p l u s  changes i n  strerrgti i .  

ill. ZYALUATIOll BPID REPAIR OBJECTIVES 

Cai'ci'ul e . ~ z l u a t i o r i  of i ho  cor ld l l ion  sax,vc; and ie:;t i ' i . s ~ l i 3  i:, 

n e i~ ;&~. r .y  Lo s e l e c t  p roper ,  and d u r a b l e  i , e p a i r  procedu~c;., .  ';'l;e 

rse;iairz v i i i  i noraial. ly be s e l e c t e d  t c  accompi i sh  one ci. :nore af' 

t h a  foilcji;rig o b j e c t i  ve;: 

3. impro,e w;ii;e~,i;Lghtner;s by s e a l i n g  crac:<z ane po;mus s u r f a c c i .  

;ilpor,'rziit c o n s t ~ * a . i n l c  whicii w i l l  impact u;uri t h e  s c l e c t i o : ;  of 

repati-  u rooedures  i i 2 c j o d c  c o s t s ,  d e c i i , e d  i i i ' z  jf t h e  i . b d ~ ~ l  > - ;  - , , - ,  ;) 

. n j  s i t e  s p e c l f i e  cc ;ndi t ions  suck! a c  2 ' ~ l i i l ~ b l i i  c o l ~ t ' u c + ~ i o n  tilde 

and ti.&f'f c  aahile;:ance r e q u i r e n e n t s .  

,V. REPAIR PROCPJ)URISS Bm MmRIALS 

8 



R e p o i l %  t o  c o n c r . e i e  n o r m a l l y  i n c l u d e  pa lc i l i r !~ ,  c r a c k  s e a l : ~ ? g ,  

a n d  sii!,iac? s a a i i n g .  

'The i n p ~ ~ t a n t  cha r*ac :e r l : ; t i c s  o f  a c o n c r e i c  p a t c h i n g  s a t e r l a i .  

a r e  e 1 3 s ~ i c i z -  ,by, d i u l e n s i o n a i  i y ,  and bond o r  a d ! l c s i c i ~ .  

C o m p t i L i b i  1 i i y  w i t h  t h e  e x  i z i : i n i :  :;ub:;!.rate r,egaruin:: pi!, 

c:.ponsion c c e f f i c i e n t ,  and p i < r u i e a b i l l i y  3 r e  i i i i p o r t a n t  f a c t o r s  

a f f e c t i n g  rhe  succe.3s of  corl'osiori r-epair  z:,eas. 

P o l  y a e r  c o n c r e t e  and po l  yuler. a o d i f  icci p o r t  l a n d  ceuen t  cone! .; te; 

31-e piwba!)iy ti12 ;iloSt common r e p a i r  !!iaie!.i;~'!a. li uii ie var,i:i;y 

of poiyiriers have  been u;ed, The p r o p e r t i e s  cl' p ~ i y u ! c r  conc:i?,t. 

a;'e l a r v g e i y  r e l a t e d  Lo p o l  ymer./a~tr.egat.e ra t io : ;  aiid the? i)ijlyii.r~. 

Since most polymers h a v e  c o e f f i c i e n t s  u!' thermal expans ion  2 i a  

3 ti!ucs tlis: o f  nor.mai c o n c r e t e ,  a g ~ r i ? G a i e  :I 1 1er.s zizd depL!i :d' 

p a t c h i n g  a c e d  t o  be conside: ,cd  uur.li;g t h o  se1cci; ioi . i  pr .ocesz .  

Some of t h e  nore  coaaon polymer conc?elcx and t h e i r  p r o p e p t ~ e o  

a r e :  

1. Epo;:y mop;,a:- - t i i g h  s t r e n g i h ,  . i x c . i l l e : ? ~ ~ ~ c ~ ; c a ~  

resi:;t;inee, some siirinlcage dualrii; iiarde:iing, ;ilo!'c po t  i i f ' c  

(gene:*al l y  1 0  - 30 n i n u i e s ) .  



- 3  . Ple thy i  11iei;hacry l a i c  ac1.y l i c  m o r t a l .  01' eor?c?.e-le - i l ~ p i d  

s t r e n g t h  g i i i l  with u l t i c i a t e  : ~ t l ' e i i g L i ~  : ! . t n i  l a r ,  i,o r;or.!m.! 

c o n e i , c t e ,  L;o!ac ;h i*inkage,  i n i t i a l  i.cL i s  a e c c l e r ~ a t e d  ,,t 

t empera tu re  o v e r  "OF. 

3.  Laiex inodified a;o:.tar-s o r  c o n c r e t e .  

;?, p o l y v i n y l  ace3.ite - ~ ~ ~ ~ ~ ~ i ; ~ . .  dt. - -...I iiiiLivti .,. -~ arid ;ibi-;is;3:1 

: * c s i s i a n c e ,  !?st r s e s i s t a n l  t : ~  .*c i d s  ~ 1 %  al!:a] i s, 

q u e ; t i o ; > a b i c  2 s r f o r r n a r : c c  u r r a e r  i ' i g h  a o l s z u r e  

cot id i t  ion .  

b .  t ; tyr.ene I J ~ t a d i e n e  ::ubber - i;ii;r:.ovi; s t r r e g t f i  a:??i 

t ' l e x i b i i i t y ,  good r e s i i t a n c e  t o  ? . i k z i l r ,  and a c i d  b i t  

a n  b y  a t t a c k e d  by  ori;;*r!:.c s o l  v l u l s .  In ter ! ihL f i i u  

. L _  c , i , t  fisr.sis l.:kien c o a l e s c e d  c a n  362 d e s t r , o y e i i  i : ' ~  

i i n ~ s h i n g  of t h e  cur'face. 

rtiiic, ? , , . v , ,  ,,, c o i l c r e t e  i s  b e i n g  u s e d  w i t ; :  ir?cr-.ca:;i.ns f r e q u - n c j  i r i  

-.vely cr.-;.ii.<,:iaicnij. S i l i c a  f'we i s  a  bj-pi ,odoc~, of i.11~: i ;cduct ion 

- ,  i  E L  r a  ;n e i e c t r i e  a r c  f~i :ma:n:~ i ~ i  p~'odiiei,ir,r! 

. . 
oi" c i l i c o n  and ? e r r - o s i l i c o n  a l i o y s .  The  furit:, ;;ti;c.l iias fr*o;i, [fig. Lo 

;o,i ::ii-icn~l diox.ide, c o n s i s t s  of '  ~ ; p i i e r i c a i  pz:.',i;ies i b c u t  l i i l  tlsec: 

7 ie i .  - dia::etel. i;kan t h e  a \ ? e r s g e  e e n s l t  p a ~ t l c i e ,  S i l i c a  Tcne 



a c t s  a s  a  "super p o ~ z o l o n "  rse;ii:tinc w i L h  Iinle iiiil.in8 iiydi,sLir>i! (,; l i ; e  

cz,xent io l'orXr,l c e s ~ n t i t . i o u s  calci i im : ; i i j c a t c  !iydratc. dscau:;e oi i-Lit; 

Tunes c::Creii;e i ' ineness and h igh  si I i c a  conier i l  t:re poi,zoic;i;ic ;I<:L;ori 

is v e r y  e i f e c t i v e .  Replacemenl of c e r ~ n t  :.ii t h  5 L a  20 yt.:cent s i i l c a  

f u z e  c a n  s u b : t a n t i a l l y  i n c p e a s e  c o c c r e L e  s i r . ? n g t t i ,  , - e d u c e  

p e r m e a b i l i t y ,  axid i n c r e a s e  r e s i s t a n c e  Lo s u f a t m s  and  c h i o r i d e  i e i i  

p e n e t r a t i o n .  C o r i p r e s s i v e  s t z -eng th :  i n  c x c e s ~  o: 10 ,000  p s i  znci 

p c i ' i a e a b l i i t y  l e s s  t h a n  t h a t  of l a t e x  3 o . i i f i t d  :omci9etc h 3 v e  b t ? n  

reported . S i l i c a  fume s ~ i x e ~ ;  r e q u i r *  s i & i ~ i . f i c ; i r ~ t  :six a d j u s t a e : . l s  

i n c l u d i n g  incpea-ec :  i n  a i r  c n t r a i i l l n t ;  a g e n t  d o z a p ,  u s e  c r  ,..~;ter. 

r ~ e d ~ u c e r s  to nei;a2ie i n c r e a s e d  rzs . i e r  deriand,  a n d  io!?gz: ' io ix j r i :  L:!.;c. 

E a r l y  s ~ r e n g t i i  g a i n  ( C  t o  3 b a y s )  i s  s i z i l a . -  i -o r1orna1  c o n c r e ? , e .  

D i e e d i i i g  is i ; r c a t l y  r e d u c e d  by t i l e  add it lo?^ or' c i l i e a  r u n e ,  i i l u s  

: , i o l : ~ t u ~ . e  lo:;:: p r o t e c t i o n  t o  p r e v e n t  p i a s t i c  r.hr!.~?itage c i , ~ c i ; z  i s  

neces ja i 'y .  

'I2!!e selection of s n  appi.op!-ia(,t: c r i c k  ;;?;!: ir!" >r.ocedui ,e  1~ ;i 

f u n c t i o n  a f  t h e  c a u s e  and  the  a c t i v e  o r  d o r m a n t  s t a t t  a f  

, n o q . ; a e i ~ t  2: t 2 e  cpac::. k c ; i v e  c f S a c i ; s  a p e  t1lo-n j j i ; ich  

e x p e r i e n c e  curreri",iove.a:nt f rom t b e r a a i  .cc;b;;~gs, fo~ : ;d3 i i - ! l  

seiti.;.ae:iL $1. o t h e r  f o r c e s ,  D~r!ns:.t r i . s ; r c :  a p e  c r a c k ;  u i i e r f  

t h e r e  i s  n o  n c v e n e n t  o r  t i l e  c a b s e  o f  c r a c s i t ~ -  h c s  bee i l  



el. i ~ o i n a t e d  . Such c r a c k s  3r.e u s u a l  1 y sh1~in::a~e or. 2 oad induced. 

k c t i - e  c r a c k s  can be rou ted  o u t ,  c l e a n e d ,  and f i l l e d  w i t ! ,  a  

s u i t a b l e  f ie ld-moulded f l e x i b l e  s e a l a n t  t o  f u n c t x n  sr. a 

j o i n t .  H i g h  p e r f o r n a n c e  f 1 e s : i b l e  s e a l a ! j t s  ; n c l u d e  

po.ly:;illfj.de, p o l y u r e t h a n e ,  s i l i c o n e ; ,  znd :ow modulus epcx; 

-. . , ! , t e r i a l s .  ., E a c h  o f  t h e s e  n a L c r i z i z  !la:: pa r t i cu ! . a r .  

c i l a r S a c t e ~ - i s t i c s  such a s  c h a f l i c a l  re;i:;iai?ce, t .x tens ib; i  i t y ,  

arid s e t t i n g  p r o p e r t i e s  c?l~!ich o u s t  be c o n s l . d e r e d  f o r  ecich 

s p e c i f i c  a p p i i c a t i o n .  

2. RCj'J'ilNG AEID SEALING 

HoutLng and s e a l i n g  can be used on c r a c k s  t h a t  a r e  dorzazc  

arid of n o  s t r u c t u r a l  s b g n i f l z a r i c e .  T h i s  r e p a i r ,  i;. n o t  

a p $ l i c a b l e  f o r  z e a l i i - ! a  c r a c k s  wl12ch 1 , ~ i l  l b e  u n : j e l  

: : i~o i f ' i ca l l t  i i y d r o s c a i i c  p r e s s u r e .  ' J T * ~ . ' T ~  *.., cor.?peundz ji?d 

drethane:; a r e  p r e n i w  s e a i a n i s .  

.n j r a c i ~ : ;  a:: nar!-ow a s  0.05mm c a n  be  bc r i i ed  b g  i n j e c t i ~ ; :  sf 

3' 



el ,oxy.  H o v e v e r  u n l e s s  t i l e  c r a c k  i s  d o r z i a n t ,  c r a c k i n g  i s  

l i k e l y  t o  r e o c c u r  n e a r  o r  away from t h e  r e p x i r e d  a i , ea .  

2poj:y i n j e c i . i o n  r e q u i r e s  a  iiigii d e g r e e  o i  s k i 1  1 ai!cl 

tcope~.a tur-e  conditions may impose e o n s t m e t i o ~ i  coi?strai;,i:;. 

i n  a d d i t i o n  it is v e r y  d i f f i c u 1 " s o  s e a l  cr,acks iililc!i z r e  

mist  o r  a c t i v e l y  l e a k i n g  w a t e r .  P o t  lif;: o f  Li!e epoxy ,  

v l s c o s i t y ,  c r a c k  widtn  and i n j e c t i o n  p r e s s u r e s  a i i  a f f e c t  

t h e  depth  of p e n e t r a t i o n  and rebondint;. 

C. SURFBCJ SEALERS 

klatcr .pi .oofinq;  b a r r i e : '  s y s t e m s  t o  ?i.:vcr:t t h e  i r ! t i ~ u ! A o n  . ~ i  

c t ~ l o r i d e  i 1 . o ~  i ieaimter and o t h e r  delete! ' iouz cheiuical 3 a re  :;eLnu u 

. . used wiiti incr-eas ing frequ:?ncy. Of p a r t l c u l a ;  r:oL-. -,re s ; i ~ ! n e  

based ~ r r r i e t r a t l n g  s e a l e r s  irnicti h a v e  h i t l :  ;!al:r i*epelle:~eg and 

till o i . i d z  s c r e e n i n g  p r o p e r t j e s .  - s  .fie s i ' a n e : ,  do  n u t  a;:-p 

conci,ei;z a p p e a r a n c e  and  r e p o i , t c d l 7  d o  n o t  i n > c d e  w a t e r  '~a&o: . .  

p a r m i a b i l i t y  d u r i n g  d r y i n g  of  t l i c  i n t e r i 3 1 .  o f  t h e  c u n c ~ o t e .  

Tl!is is ail impc~ . t a i? t  p r o p e r i y ,  $ a r i l c ' i i a r . i y  fii?:$r. bplas i :  br t i d a l  

z o n e s  r!?ic.:.e t h e  c o n c r e t e  iz s u b j e c t t o  i :>ecju?nt  d r j i n g  2 n d  

wetting. P e n e t r a t i n g  ur :e thane z e a i e r s  d u  a l t e i .  t h e  s u r - f a c e  

appea:-ance  ( a d d s  l u s t e r )  a n d  u s u a l l y  r .esvl  t s  i n  some s u r f a c e  

.. 
b u i l d u p  S I ~ U  ~ ' ~ d u c t i o r ~  IT; ! d a t e r  vapcr .  t r ans ! ! ! i s s ion .  u t , e t h a n e  

:;ealei.s o f f e i -  e x c e l  ie11.i %rater. r t p e l i e n c : ;  bu; have  n o t  p~.rro:rred 

a s  w e i i  a s  t h e  ; i l a c ~ s  as a  c ; : l~ : - ;de  i u n  b a r r i e r  -ii r;cae 



r e s e a r c i i  s t u d i e s .  U r e t h a n e  c o a t i n g s  u s u a l  l y  r e q u i r e  a d r y  

s u b s t r a t e .  Epoxy sealer:: have  e x c e l l a n t  c h e a i c a l  r e s i s t a n c e  and 

r e s i s t a n c e  t o  c h l o r i d e  i o n  m i g r a t i o n .  The e p o x i e s  g e n e r a i  i y 

re: ;ul t  i n  ; u ~ - f a c e  b u i l d u p  a n d  h a r d e l l  t h e  c o n c r e t e  ::ui.l'~ci.. 

L I ~ ~ P ) - .  . vapar .  t r a n s m i s s i o n  i s  r e d u c e d  a n d  t h e  p o t e n t i a l  f o r  

b l i s t e r i n g  o f  t h e  c o a t i n g  i n c r e a s e s ,  e s p e c i a l l y  if s o l i d s  

c o n t e n t  of  t h e  epoxy is high. 

Th i s  i s  by no means a  complete  l i s t i n g  of  a l l  t h e  c o n s i d e r a t i o n s  o r  

p r - o d u c t s  a v a i l a b l e  t o  t h e  e n g i n e e r  who i s  p l a n n i n g  r e p a i r  o f  a 

c o n c r e t e  b r i d g e .  The t e c h n o l o g y  i s  e v o l v i n g  r a p i d l y ,  w i t h  new 

p r o d u c t s  be ing  in t roduced  a t  a f a s t  pace. It i s  l i k e l y  t h a t  u s e f u l  

l i v e s  of s t r u c t u r e s  w i l l  be  e x t e n d e d  more  e a s i l y  a n d  more  c o s t  

e f f e c t i v e l y  i n  t h e  f u t u r e .  


