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FINAL REPORT 

BRIDGE DECK REPAIR USING INJECTED EPOXY RESIN 

IOWA HIGHWAY RESEARCH PROJECT BR-177 

P ro j ec t  Purpose and Scope 

Research funds were approved fo r  t he  purchase of equip- 

ment desinged t o  proport ion and i n j e c t  epoxy r e s i n s  i n t o  

delaminated areas  o f  br idge decks. Through inves t iga t ion  

and r e f i n ing  of t h i s  process,  it was an t i c ipa ted  t h a t  a 

maintenance procedure would be developed t o  de lay  s p a l l i n g  

o f  br idge decks by "gluing down" delaminated areas  before 

s p a l l i n g  occurred. 

Conclusions 

Results  t o  da te  would i nd i ca t e  t h a t  using a machine fo r  

proport ioning and pumping epoxy i n t o  delaminated a r ea s  t o  

de lay  spa l l i ng  i n  bridge decks is a v iable  maintendnce pro- 

cedure when la rge  delaminated areas  a r e  present .  Those 

ins tances  t h a t  seem most adaptable t o  epoxy i n j ec t i on  a r e  

bridges t h a t  have developed delaminated a reas  b u t  do no t  

exh ib i t  very much spa l l i ng .  

Bridges with "v" type spa l l i ng  over re in forc -  

ing s t e e l  o r  small  ( 2  t o  3 sq. f t . )  hollow a reas  around 

s p a l l s  can be repai red  more economically with p a r t i a l  depth 

PCC patches using low slump concrete .  



The u s e  o f  t h e  machine t o  p r o p o r t i o n  and i n j e c t  epoxy 

i n t o  damaged PC Concre te  beams h a s  o n l y  l i m i t e d  a p p l i c a t i o n .  

I n j e c t i o n  o f  c racked  beams can  be  more e f f i c i e n t l y  accomp- 

l i s h e d  mixing s m a l l  p o r t i o n s  o f  epoxy and u s i n g  hand t o o l s  

f o r  i n j e c t i o n .  

Continued o b s e r v a t i o n  and moni to r ing  o f  r e p a i r e d  deck  

a r e a s  w i l l  be  r e q u i r e d  t o  de t e rmine  long t e r m  r e s u l t s .  

Development o f  epoxies  w i t h  l o w e r  v i s c o s i t y ,  l onge r  

" p o t  l i f e "  and s h o r t e r  c u r e  t i m e  would i n c r e a s e  t h e  adapt-  

a b i l i t y  of  t h e  machine t o  ou r  maintenance o p e r a t i o n s .  

I n t r o d u c t i o n  

Maintenance o f  s p a l l e d  b r i d g e  decks  r e q u i r e s  c o n s t a n t  

s u r v e i l l a n c e  and t h e  commitment o f  c o n s i d e r a b l e  manpower 

and equipment by  maintenance f o r c e s .  Maintenance c o s t  f o r  

deck r e p a i r  was $68,000 i n  F i s c a l  Year 1977 and $83,400 i n  

F i s c a l  Year 1978. 

Pa t ch ing  of  s p a l l e d  a r e a s  w i t h  bi tuminous  m a t e r i a l  is a  

temporary r e p a i r ,  a t  b e s t .  I t  w i l l  h e l p  reduce t r a f f i c  

impact  l o a d i n g s  on t h e  s t r u c t u r e  b u t  w i l l  do  no th ing  t o  p re -  

v e n t  f u r t h e r  d e t e r i o r a t i o n  o f  t h e  decks .  It is u s u a l l y  no ted  

t h a t  c o n c r e t e  around t h e  s p a l l e d  a r e a  de l amina t e s  ( o r  is 

de lamina ted  a t  t h e  t ime  t h e  bi tuminous  m a t e r i a l  is p l aced )  

t h i s ,  i n  t u r n ,  s p a l l s  o u t  i n c r e a s i n g  t h e  a r e a  of  d e t e r i o r a t i o n .  



A more permanent r e p a i r  o f  a s p a l l e d  a r e a  can b e  accomp- 

l i s h e d  by removing a l l  d e t e r i o r a t e d  c o n c r e t e  a s  w e l l  a s  a l l  

de lamina ted  a r e a s  around a spa11  and pa t ch ing  w i t h  low slump, 

PC Concrete.  

I n  1974, t h e  Kansas S t a t e  Highway Department pub l i shed  a 

r e p o r t  on "Repair  o f  Hollow o r  Sof tened  Areas i n  Br idge  Decks 

b y  Rebonding w i t h  I n j e c t e d  Epoxy Resin o r  Other  Polymers." 

T h i s  r e p o r t  de sc r ibed  i n  d e t a i l  t h e  development o f  a machine 

t o  p r o p e r l y  p ropor t ion  epoxy r e s i n  and i n j e c t  t h e  epoxy under 

low p r e s s u r e  ( 2 0  t o  50 p s i )  i n t o  delaminated a r e a s  t he reby  r e -  

bonding t h e  l a y e r s  o f  c o n c r e t e .  Epoxy i n j e c t i o n  o f  delaminated 

b r i d g e  f l o o r s  had been used by Kansas p rev ious ly ,  however, it 

was a very  slow, messy o p e r a t i o n .  Epoxy was e i t h e r  mixed i n  

s m a l l  ba t ches  o r  t h e  components were p laced  i n  g r e a s e  guns and 

t h e n  i n j e c t e d .  With t h e  development o f  t h e  machine f o r  propor-  

t i o n i n g  and i n j e c t i n g  t h e  r e s i n s ,  it appeared t h a t  t h i s  method 

had c o n s i d e r a b l e  promise a s  an a l t e r n a t e  t o  o u r  c u r r e n t  method 

o f  f l o o r  r e p a i r  which involved removal o f  d e t e r i o r a t e d  o r  delami- 

na t ed  c o n c r e t e  and pa t ch ing  w i t h  low slump PC Concrete .  

I n  1975, t h e  Maintenance Department r eques t ed ,  and t h e  Iowa 

Highway Research Board a u t h o r i z e d  $3,000 f o r  a c q u i s i t i o n  o f  an 

epoxy i n j e c t i o n  machine f o r  t h e  Topeka Foundry and I r o n  works o f  

Topeka, Kansas. This  company worked w i t h  t h e  Kansas H&way De- 

par tment  i n  developing t h e  o r i g i n a l  machine and was now producing 

them commercial ly.  
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Implementat ion 

I n  August o f  1975, t h e  epoxy i n j e c t i o n  machine was 

r e c e i v e d  from Topeka Foundry and I r o n  Works. 

F i g u r e  1 
I n j e c t i o n  Pump and D r i l l  U n i t  

The u n i t  c o n s i s t e d  o f ;  two r e s e r v o i r s  f o r  t h e  epoxy r e s i n s ;  

two p o s i t i v e  d i sp lacement  pumps d r i v e n  by a  common electric 

motor u s i n g  c h a i n s  and s p r o c k e t s  t o  o b t a i n  t h e  d e s i r e d  

d r i v e  r a t i o  t o  accomplish t h e  me te r ing  and pumping; a  mixer-  

probe f o r  i n j e c t i n g  t h e  epoxy. The mixing is  accomplished 

when t h e  r e s i n s  p a s s  through t h e  b r u s h  ends of  f o u r  tes t  

t u b e  c l e a n e r s  i n  t h e  i n j e c t i o n  probe.  The equipment package 

a l s o  inc luded  a  % H.P.  e l e c t r i c - d r i l l  f i t t e d  w i t h  a  sw ive l ,  

vacuum c o l l e t .  a  2% H.P .  i n d u s t r i a l  vacuum c l e a n e r  and one 

hundred 9/16 inch c a r b i d e  t i p p e d ,  hollow d r i l l  b i t s .  
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The f i r s t  b r i d g e  s e l e c t e d  f o r  i n j e c t i o n  was t h e  e a s t -  

bound b r i d g e  over  I a  146 on 1-80 a t  t h e  G r i n n e l l  in te rchange .  

T h i s  is a 214 f t .  x 30 f t .  p r e s t r e s s e d  c o n c r e t e  beam b r i d g e  

c o n s t r u c t e d  i n  1962 and over layed  w i t h  dense  c o n c r e t e  i n  

1971. Th i s  b r i d g e  deck had developed some l a r g e  "hollow" 

a r e a s .  Prev ious  i n v e s t i g a t i o n  had d i s c l o s e d  t h a t  t h e  delami- 

n a t i o n s  were i n  t h e  o r i g i n a l  c o n c r e t e  and n o t  i n  t h e  bond 

l i n e  between t h e  o v e r l a y  and t h e  o l d  c o n c r e t e .  

F i g u r e  2 
Delaminated Areas a r e  O u t l i n e d  

Hollow o r  de lamina ted  a r e a s  were l o c a t e d  u s i n g  a c h a i n  d r a g  

and then  o u t l i n e d  w i t h  c h a l k  a f t e r  sounding wi th  a hammer 

t o  p i n p o i n t  t h e  edges  of  t h e  a r ea .  



Figu re  3 
Locat ion o f  Re inforc ing  S t e e l  Marked 

A pachometer was used t o  l o c a t e  t h e  r e i n f o r c i n g  steel i n  

t h e  a r e a  s o  t h a t  it could  be  avoided t o  p reven t  damage 

t o  t h e  d r i l l  b i t s  when d r i l l i n g  t h e  i n j e c t i o n  p o r t s .  

F igu re  4 
D r i l l i n g  I n j e c t i o n  Holes w i t h  Vacuum Attached 



Holes  f o r  i n j e c t i o n  were d r i l l e d  through t h e  p l a n e  o f  

de l amina t ion  on approx imate ly  2 f t .  c e n t e r s  p r i o r  t o  

commencing t h e  r e p a i r .  Sinmast  i n j e c t i o n  r e s i n  was s e l e c t e d  

f o r  t h i s  b r i d g e  i n  a s  much a s  t h e  Kansas r e p o r t  i n d i c a t e d  

i t  was s a t i s f a c t o r y  f o r  t h i s  procedure .  By t a p p i n g  t h e  deck 

d u r i n g  t h e  i n j e c t i o n  p r o c e s s ,  t h e  f low o f  epoxy cou ld  be  

determined.  

F i g u r e  5 
I n j e c t i n g  Epoxy and Checking Flow i n  Delamination 

by Tapping w i t h  Smal l  S t e e l  Rod. 

I f  an o b s t r u c t i o n  t o  t h e  f low occu r r ed ,  a d d i t i o n a l  h o l e s  

needed t o  be  d r i l l e d .  These a d d i t i o n a l  h o l e s  must be 

d r i l l e d  o u t s i d e  t h e  a r ea  t h a t  t h e  epoxy had p e n e t r a t e d .  

W e  soon l e a r n e d  t h a t  o n l y  a  s m a l l  amount of epoxy sucked 



up by  t h e  vacuum wi th  t h e  cement d u s t  through t h e  hollow 

d r i l l  b i t  n o t  o n l y  plugged t h e  b i t ,  b u t  a l s o  t h e  p o r t s  on 

t h e  s u c t i o n  c o l l a r  on t h e  d r i l l .  S i x t y - s i x  g a l l o n s  o f  

Sinmast  i n j e c t i o n  r e s i n w e r e u s e d  i n  rebonding 1430 s q u a r e  

f e e t  o f  b r i d g e  deck. The de lamina ted  a r e a s  ranged i n  s i z e  

from approximate ly  one squa re  f o o t  t o  100 s q u a r e  f e e t .  A 

four-person crew was used f o r  t w o  weeks on t h e  p r o j e c t  f o r  

a  t o t a l  c o s t  o f  $3,174 or approximately  $20 p e r  squa re  ya rd  

o f  a r ea  rebonded. 

Epoxy i n j e c t i o n  o f  t h e  delaminated a r e a s  on t h e  w e s t -  

bound b r i d g e  ove r  t h e  D e s  Moines River  on US 30 nea r  Boone 

was a l s o  a t t empted .  The b r i d g e  is a 717 f t .  x 30 f t .  s t e e l  

deck g i r d e r  c o n s t r u c t e d  i n  1963. There  w e r e  numerous s m a l l  

"v" t y p e  s p a l l s  and sma l l  hollow a r e a s  on t h i s  deck. A l m o s t  

a l l  o f  t h e  hollow a r e a s  were s i x  t o  e i g h t  inches  wide and 

one t o  t h r e e  f e e t  long and c e n t e r e d  over  a r e i n f o r c i n g  bar .  

A f t e r  r e p a i r i n g  approximately  514 s q u a r e  f e e t  o f  hollow a r e a s ,  

work was s topped  on t h i s  b r i d g e  because  o f  c o l d  wea ther .  We 

had a l s o  concluded t h a t  r e p a i r  o f  de lamina ted  a r e a s  such  a s  

were p r e s e n t  on t h i s  b r i d g e  d i d  n o t  l end  themsleves t o  t h i s  

procedure .  Too much t i m e  was s p e n t  d r i l l i n g  h o l e s  f o r  t h e  

s m a l l  a r e a s  r e p a i r e d .  I t  was a l s o  very  d e s t r u c t i v e  o f  d r i l l  

b i t s  s i n c e  t h e  c a r b i d e  t i p s  were d u l l e d  immediately on con- 

t a c t  w i t h  t h e  r e i n f o r c i n g  steel.  Approximately 19 g a l l o n s  



o f  r e s i n  w e r e  used i n  i n j e c t i n g  514 s q u a r e  f e e t  o f  delami-  

n a t e d  a r e a s  d u r i n g  a  p e r i o d  of  e i g h t  days a t  a  cost o f  $30.00 

p e r  s q u a r e  yard .  The epoxy r e s i n  used was Colmadur-L.V. 

Repa i r  of a  c o n c r e t e  beam on a  b r i d g e  over  US 34 t h a t  

had been h i t  and damaged by an o v e r h e i g h t  load  was a l s o  

a t t empted ,  b u t  because  o f  problems encountered,  it was con- 

c luded  t h a t  t h e  machine was n o t  s u i t a b l e  f o r  t h i s  o p e r a t i o n .  

The major problem be ing  t h a t  t h e  f low of  epoxy i n t o  t h e  f i n e  

c r a c k s  i n  t h e  beam was s o  s low t h a t  epoxy s e t u p  i n  t h e  m i x -  

i n g  chamber. It took two days  t o  d r i l l  t h e  hardened epoxy 

o u t  o f  t h e  mixer head. 

I n  t h e  summer of  1978, it was found t h a t  t h e  deck o f  

t h e  b r i d g e  o v e r  t h e  D e s  Moines River  on l a  46 a t  t h e  s o u t h  

edge o f  D e s  Moines was de l amina t ing  under t h e  dense  c o n c r e t e  

r e s u r f a c i n g .  T h i s  b r i d g e  is a  mul t i -span h igh  t r u s s  con- 

s t r u c t e d  i n  1938. A t  t h e  t ime  t h e  f l o o r  was r e s u r f a c e d ,  it 

was recognized  t h a t  t h e  o r i g i n a l  c o n c r e t e  deck was o f  q u e s t i o n -  

b l e  q u a l i t y  and very  p o s s i b l e  t h a t  t h e  r e s u r f a c i n g  would n o t  

remain bonded. There  a p p a r e n t l y  has  been a d d i t i o n a l  d e t e r i o r -  

a t i o n  o f  t h e  o r i g i n a l  deck. The d i s t r i c t  b r i d g e  crew, i n  a  

two week p e r i o d ,  i n j e c t e d  32 g a l l o n s  of  epoxy r e s i n s  w h i l e  

f i l l i n g  de lamina ted  a r e a s  i n  approximately  40 sq. yds.  S i n c e  

t h i s  r e p r e s e n t e d  o n l y  about  25% o f  t h e  delaminated a r e a s ,  

f u r t h e r  work was h a l t e d  u n t i l  t h e  a r e a s  t h a t  had been completed 

cou ld  be eva lua t ed .  



No epoxy i n j e c t i o n  work was done i n  1978 because o f  

needed r e p a i r s  on t h e  epoxy pump and mixing head. I t  is 

planned,  however, t o  r e p a i r  delaminated a r e a s  on a d d i t i o n a l  

b r i d g e s  i n  t h e  summer of 1979 i f  funds  a r e  a v a i l a b l e  f o r  

t h i s  t ype  o f  maintenance.  

Summary and Recommendations 

There has  been o n l y  a l i m i t e d  o p p o r t u n i t y  t o  u s e  t h e  

epoxy i n j e c t i o n  p roces s  t o  rebond delaminated a r e a s  i n  b r i d g e  

decks ,  however, r e s u l t s  t o  d a t e  would i n d i c a t e  t h a t  t h e r e  a r e  

i n s t a n c e s  where t h i s  r e p a i r  procedure  can be used advantage- 

o u s l y .  Br idge  decks  having r e l a t i v e l y  l a r g e  delaminated 

a r e a s  and very  l i t t l e  s p a l l i n g  would be  recommended candi-  

d a t e s  f o r  r e p a i r  by t h e  epoxy i n j e c t i o n  method. 

Continued moni tor ing o f  t h e  b r i d g e  deck on 1 4 0  n e a r  

G r i n n e l l w i l l b e  neces sa ry  t o  de te rmine  t h e  l o n g e v i t y  of t h e  

r e p a i r .  A yea r  and a h a l f  a f t e r  t h i s  r e p a i r  was completed, 

it was e s t ima ted  t h a t  80% of  t h e  a r ea  remained "glued 

t o g e t h e r " .  There has  been very  l i t t l e  change s i n c e  then .  

Add i t i ona l  t r a i n i n g  f o r  pe r sonne l  i n  t h e  u s e  o f  t h e  

machine and f a m i l i a r i z a t i o n  w i t h  t h e  procedures  w i l l  b e  

r e q u i r e d  t o  i n c r e a s e  e f f i c i e n c y  i n  accomplishing t h e  re- 

bonding, b u t  it is be l i eved  t h a t  t h e  procedure  has  d e f i n i t e  

a p p l i c a t i o n  i n  b r i d g e  deck maintenance. 




