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SUMMARY 

This report details the results of an in-depth study of methods and costs 

of repairing failures in continuously reinforced concrete pavement. The study 

was conducted in 1977 by teams of Engineers from four States: Arkansas, Louisiana, 

Mississippi., and Texas. Simi1ariti.e~ were revealed in the methods of repair used 

by maintenance personnel. in the four States. Subtle differences were also dis- 

covered which can be considered for implementation by all of the participants 

and others to Srrnprove their maintenance techniques. 

Although no startling breakthroughs were uncovered in either costs or superior 

methods of making patches, many small items were discovered which, in combination, 

could result in considerable savings of time and money and, at the same ttme, pro- 

vide for greater safety to the traveling public as well as to the maintenance per- 

sonnel. 

In addition to the maintenance findings, this study also verified the exis- 

tence of construetlan and design deficiencies in some of the pavements that have 

been built to date, and provided suggestions for possible preventive maintenance 

procedures to prolong the life of an existing underdesigned or improperly con- 

structed CRC pavement. 

Because of the extent of present rehabilitation problems and the impending 

future rehabilitation problems, it is suggested that additional studies be made 

to determine optim~~m rehabilitation techniques for CRC pavement. 



RECOMMENDATIONS 

The fol lowing recommendations a r e  given as t h e  r e p a i r  methods developed by 

t h i s  s tudy  f o r  the most t y p i c a l  condi t ions .  The g r e a t e s t  d i f f i c u l t i e s  a r o s e  i n  

t r y i n g  t o  make t h e  r e e m e n d a t i o n s  broad enough t o  cover t h e  many s p e c i a l  con- 

d i t i o n s  which a r i s e  i n  p r a c t i c e .  Where a consensus was no t  ob ta ined  p e r t a i n i n g  

t o  a p a r t i c u l a r  f a c e t  of t h e  r e p a i r  method, a d e s c r i p t i o n  and d i scuss ion  of  an 

a l t e r n a t e  acceptab le  method i s  provided. It was gene ra l ly  agreed t h a t  i t  i s  

p re fe rab le  t o  provide f o r  permanent patching i n  t he  s p r i n g  o r  f a l l  when d a i l y  

temperature extremes a r e  a t  a minimum, 

Recommended Methods of Patching CRCP 

1. Provide f o r  de tour ing  t r a f f i c ,  Many sugges t ions  f o r  improving cu r ren t  

p r a c t i c e s  were inves t iga t ed  bu t  any procedure used w i l l  have t o  comply 

wi th  S t a t e  and Federa l  s tandards  f o r  c o n t r o l l i n g  and handl ing  t r a f f i c  

through cons t ruc t ion  o r  maintenance zones. Much a d d i t i o n a l  cons idera t ion  

must be given t o  de tour ing  procedures on p r o j e c t s  where patching i s  an 

almost continuous o r  r ecu r r ing  opera t ion .  F igures  1 through 5 show 

t y p i c a l  de tour  s ign ing .  

2.  Del inea te  t h e  a r e a  t o  be patched, making s u r e  t h a t  a l l  f r a c t u r e d  o r  

d e t e r i o r a t e d  concre te  t o  be removed i s  included i n  t h e  a r e a  de l inea t ed .  

There was not  complete agreement 0x1 how t o  d e l i n e a t e  the  a r e a  t o  be patched. 

The mer i t  o f  having an experienced person mark o f f  t h e  a r e a  i n  some manner 

was acknowledged; however, an experienced breakout  crew would be  a b l e  t o  

determine the  ex t en t  of t h e  a r e a  t o  be removed without  be ing  cons t ra ined  

by previous ly  s e t  markings. 

The minimum s i z e  of  the  a r e a  t o  be patched should depend on t h e  e x t e n t  

of t he  d e t e r i o r a t e d  concre te  although some of t h e  S t a t e s  recommended t h a t  

t h e  width should be not  l e s s  than f u l l  l a n e  width. Other S t a t e s  repor ted  

t h a t  small  patches have proven t o  be a s  durable  a s  l a r g e  patches i f  a l l  



Figure  2 .  Road cons t ruc-  
t i o n  s i g n s  and ba r r i cades .  

F igu re  3 .  Right  lane 
c losed  ahead (on both 
s i d e s  of  the  road) .  



Figure  4. Pavement width 
t r a n s i t i o n  s i g n  (on bo th  
s i d e s  of t h e  road) .  

F igure  5. Detour arrow 
and ba r r i cade .  



ad jacen t  unsound concre te  i s  removed and i f  t he  cause of t h e  o r i g i n a l  
I 

f a i l u r e  i s  el iminated.  It was t h e  consensus of a l l  t he  S t a t e s  t h a t  t h e  

patch a r e a  should be r ec t angu la r  and n o t  on a skew, 

3 .  Break ou t  and remove t h e  f a i l e d  a r e a  to sound concre te  providing f o r  a 

v e r t i c a l  f a c e  on t h e  e x i s t i n g  concrete .  There w a s  no agreement on whether 

a saw c u t  should be made, It was acknowledged t h a t  sawing hard aggregate  

i s  d i f f i c u l t  and does no t  always provide a c lean ,  unspa l led  f a c e  a s  intended. 

The advantages of e l imina t ing  t h e  saw c u t  a s  p rac t i ced  by some r e p a i r  crews 

were no t  s u f f i c i e n t  t o  change t h e  minds of those  who p re fe r r ed  t h e  saw cu t .  

Some of t h e  economic ana lyses  i nd ica t ed  tha.t: t h e  sawing ope ra t ion  amounts 

t o  approximately 4 percent  up t o  10 percent  o r  more of t h e  t o t a l  c o s t  of 

a patch. On a t y p i c a l  10-foot (3.0 metres)  long ,  lane-width pa tch ,  the 

sawing ope ra t ion  could  c o s t  from $100 t o  $200. 

There a r e  s eve ra l  acceptab le  methods of breaking o u t  and removing 

t h e  concrete .  The s i z e  and number s f  patches t o  be removed w i l l  have a 

bear ing  on t h e  equipment and techniques to be used. For small  patches,  

a j ackhamer  may be a l l  t h a t  i s  needed. For numerous, l a r g e r  patches,  

heav ie r  mechanized pavement-breaking machines are des i r ab l e .  I n  u s ing  

heavier  equipment, more ca re  i s  needed t o  avoid damaging t h e  ad jacent  

concrete .  For some s i t u a t i o n s  i t  i s  more expedient t o  break t h e  concre te  

i n t o  small  p ieces  f o r  removal by shovels  o r  small  loading equipment. I n  

o t h e r  cases ,  it i s  p re fe rab le  t o  break ou t  around t h e  edges of  t h e  f a i l e d  

concre te ,  c u t  t h e  s t e e l ,  and remove most of the damaged a r e a  i n  one o r  more 

p ieces  wi th  heavy l i f t i n g  equipment, F igures  6 through 16 show t y p i c a l  

examples of sawing and breaking out  and removing the  d e t e r i o r a t e d  concre te .  

4. Cut s t e e l  t o  provide s u f f i c i e n t  l eng th  f o r  l a p  s p l i c i n g  o r  welding, 

Some of  t h e  S t a r e s  p re fe r r ed  welding while  o t h e r s  p re fe r r ed  ty ing .  The 



Figu re  6. 
t h e  patch.  

Sawing around 

F i g u r e  7. Breaking o u t  
around t h e  patch wi th  a  
j a c k h m e r  . 

F i g u r e  8. C u t t i n g  t h e  
s t e e l ,  



Figu re  9. P repa r ing  t o  
l i f t  ou t  the s l a b  i n  one 
piece. 

F i g u r e  10. R a i s i n g  the 
s l a b .  

F igu re  11. Pu t t ing  a chain 
around t h e  s l a b .  



advantages of welding t o  maintain p o s i t i v e  c o n t i n u i t y  o f  t he  s t ee l  were 

acknowledged. Tying t h e  s t e e l  ,etlimimates t h e  need f o r  a welder on t h e  

job thus  reducing t h e  cost of the patch,  The existlncj stt.c.l could 

be l e f t  i n  p lace  i f  t h e  unsound concre te  can be remover9 withnut breaking 

the  s t e e l .  The p r a c t i c e  of c u t t i n g  t h e  s t e e l  i n  the w i d d i e ,  bending it 

up t o  remove t h e  concre te ,  then  bending i t  back down f o r  reuse i s  con- 

s ide red  u n s a t i s f a c t o r y ,  F igures  8 and 17 through 20 show examples of 

s t e e l  being c u t  and s p l i c e d  by welding and ty ing .  

5. Remove any unsound subbase, I n  most cases  i t  was determi.ned t h a L  i t  was 

b e t t e r  t o  r e p l a c e  t h e  removed subbase ( i f  any) with addf'ciotral concreLe 

r a t h e r  than  r e f i n i s h  t h e  subbase wi th  n e w  subbase m a t e r i a l ,  \*ere the 

amount of subbase t o  be removed i s  excessive,  i t  n1za.y b e  illore. ceonsmical. 

t o  r ep l ace  i t  with new subbase r a t h e r  than  w i k h  addttional concrete, 

4 .  Replace the  s t e e l  t o  match t h e  e x i s t i n g  bars  and e i t he r  sp l i c e  i rk  accord- 

ance wi th  usua l  s p e c i f i c a t i o n s  o r  weld a t  l e a s t  s i x  inches. The need f o r  

p lac ing  any a d d i t i o n a l  s t e e l  i n  t h e  patch has  not been demonstrated.  

7. The use  of a s i d e  form next  t o  t h e  shoulder  i s  ecnsidered t o  be  s y t i a n a l .  

F igures  21 and 22 show t y p i c a l  r e s u l t s  of patches where Eo~ms are used and 

where no t  used. 

8. The subbase, e x i s t i n g  concre te  f a c e s  and s tee l  shou ld  be sprayed w i t h  

water  before  t h e  concre te  i s  replaced.  The use of gsc~uh, or  epoxies, on 

the  concre te  f aces  w a s  no t  considered t o  be c o s t  effeecive by a ~ t ~ a j o r i t y  

of t h e  S t a t e s .  F igure  23 shows t h e  patch a r e a  beLng sprayed w i t h  water 

from a ready-mix t ruck.  Note t h e  s i d e  form i n  place, 

9, F i l l  t h e  excavated a r e a  with concre te  us ing  a design t o  provide f o r  quick 

s e t t i n g  where needed. F igure  24 shows t h e  concrece betrag placed f rom a 

ready-mix t ruck .  I n  most cases ,  i t  i s  desirable t o  r e t u r n  t h e  road ko 

t r a f f i c  s e r v i c e  a s  soon as poss ib l e  f o r  t h e  convenience and safety o f  



Figure 12. Lifting the slab. 

Figure 13. Loading the slab 
for disposal. 

Figure 14, Using a pavement 
breaker to break up the s lab 
into small pieces. 



Figure 15. Loading debr i s .  

F igu re  1 6 .  F ina l  cleanup. 



Figu re  17. Tying s t e e l  
f o r  welding. 

F igu re  18. Typica l  welded 
s t e e l  s p l i c e .  



Figu re  19 ,  Typical t i e d  s t e e l  
e p l i c e .  



F i g u r e  20. Welding t h e  
s t e e l .  

F igu re  21. Typ ica l  pa tch  
where a s i d e  form w a s  
used,  

F igu re  22. Typica l  pa tch  
where a s i d e  form w a s  no t  
used. 



t he  publ ic  and maintenance personnel.  Experience i s  needed t o  provide 

t h e  proper a d d i t i v e s  o r  batch des ign  which w i l l  develop e a r l y  s t r e n g t h  

and s t i l l  provide f o r  s a t i s f a c t o r y  patch l i f e ,  A m a t e r i a l  i s  needed 

which can be placed and re turned  t o  t r a f f i c  i n  the same day. Severa l  

maintenance crews have developed s p e c i a l  designs and techniques t o  accom- 

p l i s h  t h i s  t o  t h e i r  s a t i s f a c t i o n .  Other crews r epor t ed  a l a c k  of success  

wi th  anything bu t  a  r egu la r  concre te  mix wi th  some minimum cur ing  time 

before  opening t o  t r a f f i c ,  The ques t ion  of  providing m a t e r i a l s  and mix- 

ing  equipment o r  us ing  commercially furn ished  concre te  must be determined 

by t h e  condit ions.  One S t a t e ,  us ing  a mobile concre te  mixer,  r epo r t ed  

t h a t  t h e i r  c o s t s  f o r  concre te  were from 66 percent  t o  75 percent  lower 

than the  c o s t  of us ing  a  commercial s u p p l i e r ,  s o  long as t h e  t o t a l  yard- 

age needed i n  one day was l e s s  than  approximately 18 cubic  yards  (13.7  m3). 

10. Consol idate  the  concre te  by mechanical v i b r a t i o n  and screed  t h e  s u r f a c e  

f o r  r i d i n g  q u a l i t y .  Adequate conso l ida t ion  of t h e  concre te  i s  imperat ive 

and t h i s  can b e s t  be assured  by mechanical v i b r a t i o n .  Also, i t  is  umec-  

e s s a r y  t o  provide f o r  a  su r f ace  f i n i s h  i n  excess  of t h e  cond i t i on  of t h e  

e x i s t i n g  concrete .  F igures  25 through 27  show t h e  concre te  being spread ,  

s t r u c k  o f f  and consol ida ted .  

11. Use a  sprayed membrane cur ing  compound t o  cure  t h e  conc re t e  patch. Other 

cur ing  methods provide f o r  a  s a t i s f a c t o r y  patch bu t  t h e  u s e  of a  cur ing  

compound i s  t h e  most p r a c t i c a l .  F igures  28 and 29 show the  patch being 

f i n i s h e d  and cured. 



Figu re  23. Spraying wi th  
wa te r  b e f o r e  p l a c i n g  con- 
c r e t e  (no t e  t h e  s i d e  form 
be ing  used) .  

F i g u r e  24. P l ac ing  
c o n c r e t e  f r o m  a  ready- 
mix t r u c k  

F i g u r e  25. 
conc re t e .  

S  preading 



Figure 26. 
concrete.  

Figure  27. 
concrete.  

S t r i k i n g  o f f  

Vibra t i  t h e  

Figure 28, F in i sh ing  
concrete patch. 
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BACKGROUND 

A recent study by the Transportation Research Board identified a number 

of highway maintenance research needs, One topic recommended for study was 

optimizing the expenditure of maintenance resources. Value Engineering is a 

system of analysis which can be used for this purpose. The Federal Highway 

Administration is sponsoring a series of state-conducted maintenance research 

studies to promote the optimization of maintenance resources and to demonstrate 

Value Engineering techniques. 

Value Engineering technique consists of an engineering approach in which all 
I 

basic functions of a process are defined, analyzed, add assigned values according 

to their worth in obtaining the end product. The low/value/high cost functions 
I 

are further analyzed to see if they could feasibly bejdone less expensively by 

alternate means or in some cases completely eliminated. 

The objective of this four-State joint research effort is to optimize expen- 

diture of maintenance resources through in-depth study of continuously reinforced 

concrete pavement repair operations as one major activity of highway maintenance 
1 

using Value Engineering techniques. , 
\ 

As continuously reinforced concrete pavement advdnces in age, the amount 

of required maintenance repairs is continually increasing, This project is, 

therefore, considered to be very timely to assist in filling a need which is 

becoming more pressing as time goes by. I 

The four States participating in this study have had similar problems and 

experiences in the design, construction and maintenance of continuously reinforced 

concrete pavement. 



STUDY APPROACH 

The s tudy was conducted i n  cooperat ion wi th  t h e  highway agencies  i n  t h e  

S t a t e s  of Arkansas, Louisiana,  Mis s i s s ipp i ,  and Texas. The Fede ra l  Highway 

Administrat ion sponsored and funded t h e  s tudy  and t h e  d e t a i l s  and coord ina t ion  

were handled by a c o n t r a c t  manager working - ou t  of t h e  Region 6 o f f i c e  i n  F o r t  

Worth, Texas. The f i e l d  wor e r  a period of seven months i n  

1977. This r e p o r t  was prepared of t he  f i e l d  s tudy,  based on 

t h e  developments i n  the  four  S t a t e  meetings, and the  f i n a l  r e p o r t s  which were 

prepared by each of the  p a r t i c i p a t i n g  S t a t e s .  

The study began with a two-day o r i e n t a t i o n  se s s ion  i n  Austin,  Texas, on 

February 1 and 2 ,  1977. A capsule  o r i e n t a t i o n  course i n  Value Engineering was 

presented by M r ,  E, D, Johnson, Value Engineering Coordinator,  FHWA, Washington, 

D. C . ,  and the  S t a t e s '  r e p r e s e n t a t i v e s  o u t l i n e d  t h e i r  proposed s tudy  p lans  f o r  

the  p ro j ec t .  I n t e r im  meetings were scheduled i n  Jackson, Mis s i s s ipp i  and L i t t l e  

Rock, Arkansas, t o  monitor the  progress  of the  s t u d i e s  and t o  exchange information.  

The f i n a l  meeting was scheduled f o r  Baton Rouge, Louisiana.  It was pointed out  

a t  the i n i t i a l  meeting t h a t  t he  primary o b j e c t i v e  w a s  t o  provide cheaper o r  

b e t t e r  ways t o  r e p a i r  CRCP bu t  t h a t  some cons ide ra t ion  might be given t o  preven- 

t i v e  maintenance o r  any o the r  f e a t u r e  t h a t  was developed a s  a r e s u l t  of t h e  study. 

There were cogent d i scuss ions  a t  a l l  t h e  meetings of  p re sen t  and proposed 

S t a t e  p r a c t i c e s  pe r t a in ing  t o  t he  r e p a i r  of cont inuous ly  r e in fo rced  concre te  

pavement. A t  t h e  f i n a l  meeting i t  became apparent  t h a t  no spec t acu la r  d i scove r i e s  

had been made by the s t u d i e s ,  bu t  r a t h e r  t h a t  a l a r g e  number of small  changes 

could be i n s t i t u t e d  by maintenance crews t o  provide f o r  speedier ,  more e f f i c i e n t  

and poss ib ly  longe r - l a s t i ng  CRCP r e p a i r  patches a s  enumerated i n  t h e  "Findings" 

s e c t i o n  of t h i s  r epo r t .  



Perhaps the most significant finding was the faet that many CRC pavements 

are underdesigned for their traffic and environmental conditions, The studies 

suggested that the most effective treatment of these pavements might be preven- 

tive maintenance or rehabilitation rather than improved patch repair techniques. 



F I N D I N G S  

Existing Repair Practices 

All the States inventoried their present repair practices. This inventory 

was reported at the interim meeting in Jackson, Mississippi, and revealed the 

similarities and differences in materials and methods as practiced in the several 

States, and by different maintenance crews in the same State. This exchange of 

information resulted in the possible immediate implementation of several differ- 

ent maintenance techniques, Some of these will be discussed later in this section. 

The discussions and field trips in the States of Mississippi and Arkansas 

disclosed the similarities of problems being experienced with CRCP and led not 

only to consideration of repair but to questions concerning fundamental practices 

of design. The extent of the problems encountered confirmed the suspicion of 

deficiencies in design, From this it was concluded that the maintenance practices 

for an underdesigned pavement must necessarily be different from those of a prop- 

erly designed pavement. This concept was further substantiated by numerous reports 

of failures occurring adjacent to repair patches. It was concluded that under- 

designed pavements did not require premium patches which would last a great deal 

longer than the adjacent pavement, Thus, shortcuts and the use of less permanent 

patching materials such as asphaltic concrete may be considered when trying to 

maintain an underdesigned CRC pavement. One thing to keep in mind, however, is 

that when rehabilitation by overlay is performed, it will probably be necessary 

to rework any defective patches or any areas that would not serve as a satisfactory 

base. 

Speculation - 

Several new concepts for pavement repair were suggested, but the constraint 

of time for completion of this project did not permit the accomplishment and 



eva lua t ion  of t hese  new ideas.  Some of t he  i tems considered a r e  l i s t e d  here .  

I. Pe tou r ing  T r a f f i c ,  The use of more cones and l e s s  s ign ing  provides 

more p o s i t i v e  d e l i n e a t i o n  and b e t t e r  t r a f f i c  opera t ion*  The c o s t  savings 

I 

are somewhat i n t a n g i b l e  - - I  being evidenced by a  poss ib l e  r educ t ion  i n  acc i -  
I, i 

dents ,  reducf$on i n  l o s s  af s i g n s ,  reduced use r  c o s t s  and g r e a t e r  s a f e t y  

t o  m a i n t e n a d e  personnel and t h e  t r a v e l i n g  publ ic  j However, any changes 

i n  present  p r a c t i c e s  would have t o  conform t o  t h e  MUTCD. 

2.  Proper t r a i n i n g  and experience of t he  breakout crew can r e s u l t  i n  t he  
I 

e l imina t ion  of the  need f o r  kngineering p e r s o n n e l  t o  survey and d e l i n e a t e  

t h e  a r eas  t o  be, patched.  he d o l l a r  savings may hot be g r e a t .  The most 
! 

I I I 

b e n e f i t s  a r e  obtained where yrews t h a t  would normally be cons t ra ined  by 

previously s e t  harkings exerAise judgment t o  en l a rge  o r  decrease the  s i z e  

of t he  patch baked on what they f i n d  a s  t h e  a r e a  i s  being broken out.  

3 ,  Some crews have found t h a t  they  can succes s fu l ly  e l imina te  t he  use of a  

saw c u t  around the perimeter  of t h e  patch. As previous ly  ind ica t ed ,  t h i s  

r e s u l t s  i n  a  saving of $100 t o  $200 per t y p i c a l  patch r e p a i r  p lus  a  saving 

of time. 

4 ,  I n  t h e  pas t ,  some p o l i c i e s  had prohib i ted  the  p r a c t i c e  of welding the  

r e i n f o r c i n g  bars  back i n  place.  It has been shown t h a t  welding works 

s a t i s f a c t o r i l y  and some crews p r e f e r  t h i s  method because i t  permits  t h e  

e x i s t i n g  s t e e l  t o  be c u t  c l o s e r  t o  t h e  e x i s t i n g  concrete ,  which al lows 

f o r  f a s t e r  removal of t h e  d e t e r i o r a t e d  concrete .  Welding a l s o  provides 

p o s i t i v e  c o n t i n u i t y  of t h e  r e i n f o r c i n g  s t e e l .  

5. Replacing small  amounts of d e t e r i o r a t e d  subbase with concre te  r a t h e r  

than r e f i n i s h i n g  t h e  subbase saves t ime and probably provides a  longer- 

f a s t i n g  patch. The saving i s  small and in t ang ib l e ,  but  e l imina te s  a  

p r i o r  time-consuming requirement.  
?-. 



6.  Eliminating the need for additional steel in the patch saves approxi- 

mately 30 percent of the cost of the new longitudinal steel. 

7, The elimination of the side form next to the shoulder saves the cost of 

installing and removing the form and a percentage of the material (depend- 

ing on the number of times it can be re-used). The disadvantages of not 

using side forms is the uneven appearance of the patch and the interference 

of any subsequent blading or trenching operation in the shoulder along the 

pavement edge. 

8. The time and material cost of using epoxy or grout to coat the faces of 

the existing concrete can be eliminated, However, some crews still con- 

sider the use of epoxy or grout to be a cost effective method of prolong- 

ing the life of a patch, especially on projects where relatively few patches 

are required. 

9. The use of admixtures or special designs providing for rapid setting of the 

concrete have made it possible to reduce the required curing time to four 

hours or less and eliminates the need to keep the road closed overnight 

or longer, Such materials may be more expensive than conventional mixes, 

but the saving in user's costs and reducing the exposure to accidents is 

advantageous. 

18. The development of satisfactory temporary patching materials permits the 

road to be maintained in a satisfactory condition until a later time when 

the number of permanent patches to be made can be handled in a more economi- 

cal and expeditious manner. This mass production of permanent patching 

results in a considerable saving over making individual permanent patches 

each time a repair is needed. 

11. Precast Patch, The use of precast concrete patches for the repair of 

jointed concrete pavement has been developed in other states. Such use 



Figu re  29. Curing 
concrete patch. 

the 

Figu re  30. Prepar ing  ho le  f o r  p r e c a s t  patch.  
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with CRCP i s  more d i f f i c u l t  due t~ the  absence of  j o i n t s  and the  need 

t o  r e t a i n  c o n t i n u i t y  of t he  s t e e l .  However, t he  advantage of being a b l e  

t o  complete a r e p a i r  wi th in  one day makes p recas t  patching an  a t t r a c t i v e  

poss ib l e  a l t e r n a t i v e  f o r  CRCP r e p a i r ,  Such patches have been placed 

experimental ly  by the S t a t e  of Miss i ss ippi .  More time w i l l  be r equ i r ed  

t o  f u l l y  develop and eva lua te  t h i s  method of r e p a i r .  The monetary sav ing  

f o r  t h i s  type  of patch i s  not  expected t o  be g r e a t  when compared with con- 

ven t iona l  patching methods. However, f u l l  development and u t i l i z a t i o n  of 

t h i s  technique should permit much more r a p i d  r e p a i r s .  F igures  30 through 

37 demonstrate some of t h e  opera t ions  involved and t h e  appearance of t h e  

f i n i s h e d  patch. I n  t h i s  case ,  no a t tempt  was made t o  main ta in  t h e  cont in-  

u i t y  of t h e  s t e e l .  

12, Polymer Concrete Patch, Polymer concre te  o f f e r s  t h e  p o s s i b i l i t y  of f a s t  

s e t t i n g  with h igher  s t r eng th  and b e t t e r  bonding than normal concre te ,  

Research i n  Texas has demonstrated t h e  p r a c t i c a l i t y  of t he  use  of polymer 

concre te  f o r  br idge  deck r e p a i r .  Experimental patches have a l s o  been made 

on CRCP. The high c o s t  of t h i s  m a t e r i a l  combined with t h e  s p e c i a l i z e d  

equipment and knowledge requi red  f o r  handl ing precludes i t  from being 

r e a d i l y  adopted f o r  CRCP r e p a i r .  Experimentation and f u r t h e r  development 

and eva lua t ion  of t h i s  technique i s  being pursued i n  Texas, F igu res  38 

through 44 show the  i n s t a l l a t i o n  and r e s u l t s  of polymer patching. 

13, S t e e l  P l a t e ,  Temporary r e p a i r s  have been made t o  br idge  decks by b o l t i n g  

a s t e e l  p l a t e  over t he  f a i l e d  a rea .  A s t e e l  p l a t e  has a l s o  been used a s  

a cover f o r  f r e s h l y  placed concre te  t o  c a r r y  t r a f f i c  while  t h e  concre te  

i s  cur ing ,  It i s  speculated t h a t  a s i m i l a r  procedure could be used for 

patching CRC pavements by a t t a c h i n g  the  s t e e l  p l a t e  t o  t h e  pavement with 



Figure 31. Checking fo r  proper depth. 



Figure 32. Transporting precast slab. 



Figure  33.  Taking the  precast slab from t ruck  t o  
the  ho le ,  



Figure 34. Lowering t h e  slab i n t o  t h e  hole .  



F i g u r e  35. The s l a b  i n  place. 



Figu re  36. Placing g r o u t  around t h e  p r e c a s t  s l a b ,  



F i g u r e  37 .  The f in ished precast s l ab .  I 



Figu re  38, Hole prepared  
f o r  polymer patch.  

F igu re  39. P l ac ing  c o a r s e  
aggrega te  i n  t h e  hole .  

F igu re  40, Placing fine 
aggrega t e .  



Figu re  
on t h e  

41. Pouring 
aggrega te .  

mon 

F i g u r e  42. V i b r a t i n g  a 
t y p i c a l  polymer patch.  

F i g u r e  43. F i n i s h i n g  a  
polymer patch.  

tome 



Figu re  44. Typical  
f i n i s h e d  polymer 
patch. 



expansive concrete bolts. The plate could be removed after the con- 

crete had hardened or it could be left in place permanently. 

14. The State of Louisiana has experimented with the use of the dynaflect 

to evaluate the effectiveness of repairs being made. Further develop- 

ment of this procedure should help to provide an earlier determination 

of various repair techniques rather than having ro wait for an evaluation 

of field performance. 



ECONOMIC CONS IDERATIONS 

A major emphasis of Value Engineering i s  t o  develop a more cos t  e f f e c t i v e  

operat ion o r  t o  improve the performance a t  t he  same cos t ,  Detai led s t u d i e s  were 

made by t h e  S t a t e  teams of a l l  components i n  the r e p a i r  process. As an example, 

one S t a t e  submitted the  following breakdown s f  t h e  items involved. 

Item - 
Cost Per Unit % of 

(CY)* Tota l  

I Engineering $ 7.37 3.8 

A. Design Patch 
B. Prepare Spec i f i ca t ions  
C. Make Estimates 
D. Order Materials  
E. S e l e c t  Spec i f i c  Areas 
F. Test ing 
G. Record-Keeping 

P I  T r a f f i c  Control 

A. I n s t a l l  Devices 
B. Provide Flagging 
C.  Maintain Devices 
D. Remove Devices 

111 Perform Sawing 

I V  Remove Pavement 

A. Break Up Concrete 
B. Cut S t e e l  
C.  Remove Broken Concrete 
D. Prepare Patch Area 

V Repour Patch 

Replace S t e e l  
Se t  Forms 
Wet Surfaces 
Pour Concrete 
S t r i k e  Off Concrete 
Vibrate Concrete 
Screed Surface 
Fin ish  Surface 
Curing 

To ta l s  



Comparative Repair Costs  by S t a t e  

Comparative c o s t s  f o r  each work item l i s t e d  i n  t p e  previous t a b l e  was 

no t  poss ib l e  wi th  the  v a r i a t i o n s  i n  records  kept  by t h  i nd iv idua l  S t a t e s .  t 
The fol lowing t a b l e  c0rnparin.g t he  range i n  c o s t s  per c  b i c  yard and range of I 
c o s t s  per  square yard was developed from t h e  avai lable1 information t o  i n d i c a t e  

how t h e  d i f f e r e n t  methods of r e p a i r  inf luenced the  cos t s .  

S t a t e  Cost Per Cu. Yd. Cost Per Sq. Yd. 

Several  parameters o t h e r  than the  methods employed a r e  involved i n  t h e  above 

c o s t s  which stem pr imar i ly  from m a t e r i a l  c o s t s ,  patch s i z e  and number of patches.  

Bid p r i ce s  rece ived  i n  c o n t r a c t s  l e t  on R-R-R p r o j e c t s  i n  one of t h e  four  S t a t e s  

i n  r ecen t  months provide a  good cornparison of est imated r e p a i r  c o s t s  a s  submitted 

by con t r ac to r s .  These b id  p r i ce s  ranged from $38.10 t o  $70 per square .yard ( $ 3 2 . 0 0  

t o  $58.80 per m2). The contrac tor  doing t h e  work on one p r o j e c t  a t  the  lower p r i c e  

indicated t h a t  the  a c t u a l  cost exceeded t h e  pr ice  as bid. 

The items l i s t e d  i n  the  f i r s t  paragraph of t h i s  s e c t i o n  a r e  t y p i c a l  of the  

r e p a i r  methods p rac t i ced  by each of t he  participating S t a t e s ,  Each major func t ion  

was s tud ied  t o  s e e  i f  i t  could be e l imina ted  or  improved, O f  t h e  major i tems 

l i s t e d ,  i t  was determined t h a t  only Item 1x1, Sawing, could be e n t i r e l y  e l imina ted ,  

and t h e r e  was not  complete agreement t h a t  i t  should be. Many ind iv idua l s  consider-  

ed t h a t  i t  was worth i t s  cos t .  Also, i t  was concluded t h a t  very  l i t t l e  could be 

done t o  improve present  methods of performing Items Z and 11. Another cos t  i t em 

which I s  common t o  any r e p a i r  method and t h a t  cannot be e l imina ted  is  t r a v e l  time. 



A detailed study was made of Item IV. Different methods and techniques 

for each of the sub-items were suggested and investigated. Several different 

types of pauement-breaking machines were considered which resulted in alternate 

methods of cutting out or breaking up the pavement. Different methods of cut- 

ting or handling the existing steel were investigated along with the removal 

of the concrete, which is usually accomplished by removal in small pieces or 

by removal in one or more large pieces. Complete removal of all debris and 

dust presents a tedious and time-consuming hand operation. The possibility of 

using a huge vacuum cleaner to expedite this process was suggested, In pre- 

paring the patch area, consideration was given to replacing any defective sub- 

base with additional concrete rather than repairing the subbase. It might be 

cost effective to not remove all the debris if that which is left could be 

incorporated into the concrete without detriment to the patch. 

There was also a great deal of speculation on how to more economically 

or quickly replace the material for the patch. In the replacement of the steel, 

there were proponents for splicing by both tying and by welding. There was not 

a consensus on whether forms should be used along the shoulder, It was generally 

agreed that the surfaces should be wet with water but that the use of epoxy to 

coar the surfaces of the existing concrete can be eliminated. Experience has 

not proved t h a t  the use o f  "addi t ional"  steel i n  t h e  patch was necessary. 

A great deal of consideration was given to the design of the batch, but 

authentic experimental evidence was lacking to verify or refute the claims that 

certain admixtures or designs would or would not set quicker and/or last longer 

or less than standard mixes. The use of admixtures, epoxies, polymers, etc., is 



considered t o  be s t i l l  an experimental f e a t u r e  which shows promise f o r  improve- 

ment over s tandard methods, 

There was genera l  agreement on t h e  importance of qonsol ida t ing  the concre te  

i n  t h e  patch and t h a t  t h i s  could b e s t  be done by mecha i c a l  v i b r a t i o n .  More 

economical a l t e r n a t i v e s  were not  uncovered. I 
It was a l s o  concluded t h a t  t he  concre te  has  t o  be ' s t r u c k  o f f  and worked 

s u f f i c i e n t l y  t o  provide a smooth r i d i n g  sur face .  The S t a t e s  were i n  agreement 

t h a t  f i n i s h i n g  opera t ions  could be reduced (manhours f o r  f i n i s h i n g )  t o  provide  a 

s u r f a c e  equ iva l en t  t o  t h e  e x i s t i n g  concre te  s u r f a c e  f o r  sk id  r e s i s t a n c e .  

Considerable s tudy and d iscuss ion  were given t o  a  minimum s i z e  of patch, 

The only consensus reached was t h a t  a l l  unsound concre te  should be removed and 

t h a t  t h e  cause of t he  d i s t r e s s  should be el iminated.  Qne s tudy by t h e  S t a t e  o f  

Arkansas repor ted  very l i t t l e  d i f f e r ence  between the  c o s t  of a p a r t i a l  width 

patch and a  f u l l  width (I l a n e )  pa tch .  The cost of a typ ica l  fu l l -wid th  patch w a s  

approximately $665.00, while  t h e  cost  of a  p a r t i a l  width patch was about  $648.00 

or  a  r educ t ion  of about  2 .5  pe rcen t  f o r  t h e  p a r t i a l  width patch. 

The use  of a  concre te  cu r ing  compound w a s  determined t o  be t h e  most: economi- 

c a l  and p r a c t i c a l  method of cur ing  t h e  patch. 

I n  cons ider ing  the  economics of the  va r ious  methods of r e p a i r ,  prevent ive 

maintenace o r  r ehab i l i t a . t i on ,  the  c o s t  and s a f e t y  of t h e  t r a v e l i n g  publ ic  should 

not  be overlooked, I n  t he  met ropol i tan  and o the r  a r eas  where t r a f f i c  forms 

queues a t  cons t ruc t ion  s i t e s ,  t h e  va lue  of time per v e h i c l e  must be a  major con- 

t r i b u t i n g  f a c t o r  i n  determining which r e p a i r  procedure should be employed. 

The c o s t  per vehkcle  hour fo r  a  passenger c a r  i s  es t imated  t o  be i n  excess  

of $4 and f o r  a t ruck  s e m i - t r a i l e r  combination the  estdmated c o s t  i s  $10 per 

hour o r  more. I 



Where t r a f f i c  volumes a r e  heavy, the  c o s t  of a s i n g l e  CRCP patch i s  insig- 

n i f i c a n t  when compared w i t h  t he  u s e r ' s  cos t .  The major expense i s  t h e  c o s t  not  

apparent t o  t h e  r e p a i r  crew -- the c o s t  of delay t o  t h e  t r a v e l i n g  publ ic .  There- 

fo re ,  t r a f f i c  d i f f e r ences  must be considered i n  t h e  f i e l d  when r e p a i r i n g ,  rnajn- 

t a i n i n g  or  r e h a b i l i t a t i n g  CRCP, 



OBSERVATIONS 

The most s i g n i f i c a n t  r e s u l t s  of  t h i s  va lue  engineering s tudy could be con- 

s ide red  t o  be negat ive ,  There i s  no easy way t o  and main ta in  a r i g i d  pave- 

ment, e s p e c i a l l y  CRCP. Bes-ides focusing on the  of CRCP r e p a i r s ,  t h r e e  

o t h e r  f a c t o r s  pe r t a in ing  t o  CRCP were d i sc losed  be of cons iderably  more 

importance than simply t h e  repa5.r of CRCP. 

1. The e x t e n t  of r e p a i r s  being experienced i n  t h e  fou r  S t a t e s  t h a t  conducted 

t h i s  s tudy,  plus  t h e  d i f f i c u l t i e s  being repor ted  by o t h e r  s t a t e s  wi th  CRCP, 

i n d i c a t e  a design de f i c i ency  i n  t h i s  pavement type. Based on observa t ions  

of performance, d i scuss ions  wi th  those knowledgeable i n t h i s  f i e l d ,  and 

t h e o r e t i c a l  cons ide ra t ions ,  the  consensus of t h i s  s tudy was t h a t  i n  most 

a p p l i c a t i o n s  CRCP should be a t  l e a s t  a s  t h i c k  a s  convent ional  j o i n t e d  

pavement f o r  t he  same condi t ions .  

Also, i t  was concluded t h a t  CRCP should not  be placed i n  areals where 

cons iderable  subgrade o r  subbase movement can be expected. Althou~gh CRCP 

can b r idge  s m a l l  vo ids  without  f a u l t i n g ,  l a r g e r  vo ids  r e s u l t i n g  from swe l l ,  

s e t t l emen t ,  pumping o r  o t h e r  types of movement of t h e  pavement support ,  

r e s u l t  i n  punchouts of t h e  r e l a t i v e l y  t h i n  CRCP. The design recommendations 

from t h i s  s tudy c o n s i s t  of a d d i t i o n a l  t h i ckness ,  non-erosive subbase, proper 

drainage,  s t a b l e  subgrade and t h e  p o s s i b i l i t y  of p lac ing  t h e  s t e e l  i n  t h e  

top  and bottom r a t h e r  than  i n  t h e  middle of t h e  s l ab .  The use of a.widened 

s e c t i o n  t o  prevent t h e  occurrence of edge loads i s  a l s o  recommended. 
I 

2. This  p r o j e c t  concentrated on t h e  r e p a i r  of  punchduts of CRCP which i s  t h e  , 

most preva len t  form of d i s t r e s s .  Most of t h i s  experience has  been 

a s s o c i a t e d  wi th  t h e  o l d e r  pavements which contained no t  only t h e  des ign  

de f i c i ency  s f  being t o s  t h i n ,  but: a l s o  involved cjonstruction and m a t e r i a l  



d e f i c i e n c i e s .  Many of t hese  pavements have reached o r  w i l l  soon reach 

the  poin t  where r e h a b i l i t a t i o n  i s  necessary.  The b e s t  r e h a b i l i t a t i o n  

s t r a t e g y  and t h e  optimum time of i t s  a p p l i c a t i o n  i s  y e t  t o  be developed. 

This is ,  however, a very urgent  need and should be pursued wi th  s u f f i c i e n t  

resources  and determinat ion t o  provide a so lu t ion .  It i s  doubted t h a t  t he  

usua l  procedure of l e v e l i n g  up and over lay ing  wi th  a s p h a l t i c  concre te  i s  

t h e  optimum answer, As ind ica t ed ,  an immediate r e h a b i l i t a t i o n  s t r a t e g y  i s  

needed f o r  those pavements t h a t  a r e  p re sen t ly  experiencing d i s t r e s s .  Even 

more important from t h e  long range poin t  of view i s  being ready with proper  

r e h a b i l i t a t i o n  techniques when the  thousands of mi l e s  of CRCP t h a t  a r e  now 

performing s a t i s f a c t o r i l y  begin t o  wear out .  The time t o  p lan  and prepare 

f o r  t h a t  e v e n t u a l i t y  i s  now. 

3 .    he immediate repa i r  of a punchout i s  e s s e n t i a l  so  t h a t  t r a f f i c  may 

cont inue t o  use  t h e  f a c i l i t y .  However, it  appears  t h a t  some form of pre- 

ven t ive  maintenance t o  postpone o r  prevent t h e  occurrence of punchouts may 

be more c o s t  e f f e c t i v e .  The main problem i s  how t o  dea l  wi th  an underdesigned 

r i g i d  pavement. This  should a l s o  be exhaus t ive ly  s tud ied  t o  determine i f  

t h e r e  a r e  any s o l u t i o n s  t h a t  would be more cos t  e f f e c t i v e  than  making r e p a i r s ,  

The types of prevent ive maintenance suggested f o r  cons ide ra t ion  by t h i s  

s tudy  included the  i n s t a l l a t i o n  of underdrains;  t h e  a d d i t i o n  of concre te  

shoulders;  more e f f e c t i v e  edge s e a l i n g ;  undersea l ing  a s  wel l  a s  s t rengthen-  

ing  by overlaying.  Some of t hese  have a l r eady  been t r i e d  wi th  vary ing  

degrees of success  and f a i l u r e .  A much more d e t a i l e d  s tudy should be made 

which w i l l  r e q u i r e  no t  on ly  a g r e a t  dea l  of money b u t  a r a t h e r  Long period 

of  time t o  eva lua te .  The f u t u r e  problems a r e  so  g r e a t  t h a t  t he  study 
-. . 

should not  be delayed. 
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A NOTE ON THIS PUBLICATION 

This report i s  the fourth of a  special  s e r i e s  on highway maintenance 
t ha t  i s  being developed by cooperating groups of S ta te  highway depart- 
ments and i s  being issued under the sponsorship of the  Implementation 
Division, Office of Development, Federal Highway Adrnini s t r a t i o n .  
Additional reports  in the se r ies  a r e  t o  be issued over the next two 
years. The other reports  in the s e r i e s  planned b u t  not ye t  published 
are : 

Bituminous Patching 

Sign Maintenance 

Pavement Marking 

Single copies of t h i s  report  a re  available without charge t o  highway- 
re1 ated agencies a t  a1 1 level s  of government, and t o  1 i  b ra r ies ,  edu- 
cational i n s t i t u t i o n s ,  professional and t rade  associat ions concerned 
with highways, and nonprofit organizations concerned with highways. 
Address requests t o  : 

Imp1 ernentation Division 
Office of Development (HDV-22) 
Federal Highway Administration 
U.S. Department of Transportation 
Washington , D. C .  20590 

The contents of t h i s  publicat ion may be quoted o r  reproduced without 
r e s t r i c t i on .  Mention of the  source would be appreciated. 




