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CHAPTER 1 

INTRODUCTION 

A comprehensive s tudy o f  optimum maintenance procedures and m a t e r i a l s  

f o r  con t inuous ly  r e i n fo r ced  concrete pavements (CRCP) has been conducted. 

Th is  inc luded  an o v e r a l l  e v a l u a t i o n  o f  t h e  performance o f  CRCP i n  I l l i n o i s  

(Ref. 1 ) , an e v a l u a t i o n  o f  c u r r e n t  pa tch ing  procedures (Ref.  3 ) ,  an evalua- 

t i o n  o f  severa l  mai ntenancelreha b i  1 i t a t i  on a1 t e r n a t i v e s  (Ref. 6 )  and t h e  

c o n s t r u c t i o n  and eva lua t i on  o f  many exper imenta l  patches. 

The r e s u l t  o f  these s tud ies  was t h e  developinent o f  recommended 

permanent pa te  h ing  procedures, and pressure g r o u t i n g  procedures wi t h  cement 

g rou t  t o  r e s t o r e  s l a b  suppor t  and min imize f u t u r e  pumping. 

T h i s  r e p o r t  p resen ts  these procedures and p rov ides  background in forma-  

t i o n  n o t  prov ided i n  p rev ious  p r o j e c t  r e p o r t s .  The complete d e t a i l e d  

pa tch ing  procedures a re  g iven  i n  t h e  Appendix. A s l i d e / s c r i p t / c a s s e t t e  tape 

t r a i n i n g  a i d  was a l s o  prepared f o r  t h e  pa t ch ing  procedures. 

Th is  r e p o r t  i s  presented i n  t h e  f o l l o w i n g  sequence: 

Chapter 2 - summarizes t h e  performance o f  CRCP i n  I l l i n o i s .  

Chapter 3 - descr ibes t h e  permanent r e p a i r  procedures f o r  CRCP. 

Chapter 4 - descr ibes  t h e  recommended procedures f o r  p ressure  

g r o u t i n g  CRCP. 

Chapter 5 - p resen ts  conc lus ions  and recommendations. 

Appendix - con ta ins  t h e  d e t a i l e d  pa t ch ing  procedures. 



CHAPTER 2  

PERFORMANCE OF CRCP IN ILLINOIS 

The S ta te  o f  I l l i n o i s  has cons t ruc ted  over 2700 equ i va len t  2-lane 

m i l e s  (4320 km) o f  CRCP. Beginning i n  1947-48, a  few m i l es  o f  CRCP were 

cons t ruc ted  i n  t h e  Vandalia experimental  p r o j e c t ,  and i n  1961-1962 several  

more m i l e s  were constructed on t h e  h e a v i l y  t r ave led  Dan Ryan Expressway i n  

Chicago. As a  r e s u l t  o f  t h e  good i n i t i a l  performance o f  t he  e a r l y  CRCP i n  

I l l i n o i s  and o t h e r  s ta tes ,  an extensive CRCP cons t ruc t i on  program was 

i n i t i a t e d  i n  t h e  mid-1960's. A  l a r g e  m a j o r i t y  o f  t h e  I l l i n o i s  CRCP was 

bui  1  t as p a r t  o f  t h e  I n t e r s t a t e  highway system which i s  loca ted  on heavy 

t r u c k  routes.  

V a r i a t i o n s  e x i s t  i n  t h e  elements t h a t  make up t h e  CRCP s t r u c t u r a l  

sec t ions  i n  I l l i n o i s .  Subgrades f o r  pavements i n  I l l i n o i s  a re  g e n e r a l l y  

composed o f  f ine-gra ined s o i l s  which tend t o  be q u i t e  p l a s t i c  and p r a c t i -  

c a l l y  saturated.  Subbases were i n i t i a l l y  granular ,  bu t  s ince 1965 have 

been s t a b i l i z e d  w i t h  asphal t ,  cement, and l a t e r  w i t h  l i m e  and f l y  ash. 

The p o r t l a n d  cement concrete s labs range i n  th ickness from 7 t o  10 inches 

(18-25 cm). Deformed reba r  and deformed welded s tee l  f a b r i c  have been used 

to prov ide  t h e  cont inuous reinforcement.  

An ex tens ive  f i e l d  survey o f  t h e  I n t e r s t a t e  CRCP was conducted i n  

1977-78 (Ref. 1 )  t o  determine t h e  types, causes, and ex ten t  o f  d i s t r e s s .  

Resul ts  showed s i g n i f i c a n t  pavement d e t e r i o r a t i o n  t h a t  was inc reas ing  

r a p i d l y .  Major d i s t r e s s  types i nc lude  t h e  load  caused punchout and t h e  

mater ia ls /c l i rna te  caused "D" crack ing.  Other d i s t r e s s  inc ludes  rup tured  

s t e e l  (wide cracks) ,  pumping o f  foundat ion  and subbase, l o n g i t u d i n a l  j o i n t  

f a u l t i n g ,  cons t ruc t i on  j o i n t  f a i l u r e ,  blowups, breakup o f  e x i s t i n g  patches 



and the  surrounding slab, and ramp r e f l e c t i o n  j o i n t  f a i l u r e  ( t h i s  problem 

was cor rec ted  by a  design change i n  t h e  l a t e  1960's).  A d e t a i l e d  analyses 

o f  causes i s  prov ided i n  Reference 1, 2 and 3. Far more d i s t r e s s  occurred 

i n  t h e  t h i n n e r  s labs (7-8 i ns . )  than i n  t he  t h i c k e r  s labs (9-10 ins . )  as 

i l l u s t r a t e d  i n  F igure 2.1. 

Based upon t h e  e x i s t i n g  types, causes and e x t e n t  o f  d i s t r e s s ,  i t  was 

concluded t h a t  a  more cos t  e f f e c t i v e  permanent r e p a i r  was needed. It was 

a l so  be l ieved t h a t  a  p reven ta t i ve  r e p a i r  was a l so  needed t o  r e s t o r e  support  

and minimize f u t u r e  pumpi ng . 
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CHAPTER 3 

PERMANENT REPAIR OF CRCP 

A comprehensive eva lua t i on  o f  e x i s t i n g  r e p a i r  methods i n  1977-78 

concluded the f o l l o w i n g  (Ref. 3 and 4) :  

(1 ) The e x i s t i n g  procedures used by IDOT were t e c h n i c a l l y  c o r r e c t ,  

bu t  there  were a number o f  improvements t h a t  would make them 

more c o s t  e f f e c t i v e ,  

( 2 )  a  wide v a r i a t i o n  i n  procedures were a c t u a l l y  being performed 

by s t a t e  maintenance crews, 

(3)  some new patching concepts were suggested t h a t  looked promising, 

( 4 )  i t  was a n t i c i p a t e d  t h a t  i n  the f u t u r e  a  number o f  l a r g e  pa tch ing  

con t rac t s  would be l e t  t o  p r i v a t e  cont rac to rs ,  and 

( 5 )  many f i e l d  personnel i n d i c a t e d  the  need f o r  t r a i n i n g  i n  pa tch ing  

CRCP. 

A number o f  improvements were considered f o r  reducing pa tch ing  cos ts  

and lane c losure  t ime (Ref. 3 ) .  The f o l l o w i n g  were se lec ted  and s tud ied  i n  

d e t a i l  i n  t h i s  p r o j e c t :  

( 1 )  Varying the  leng th ,  w id th  and th ickness o f  t h e  patch depending on 

t h e  e x i s t i n g  d i s t r e s s ,  

( 2 )  d i f f e r e n t  methods o f  cons t ruc t i on  t o  account f o r  t h e  vary ing  

equipment c a p a b i l i t i e s  o f  t h e  maintenance crew, and t o  a l l o w  f o r  

r a p i d  p roduc t ion  o r i en ted  pa tch ing  by con t rac to rs .  

(3)  Shortening o f  t h e  l eng th  o f  l a p  s p l i c e s  and t h e  use o f  s h o r t  

welded sp l i ces ,  and 

(4 )  concrete a d d i t i v e s  and cu r i ng  f o r  e a r l y  opening t o  t r a f f i c .  



From 1977 t o  1980 many exper imenta l  patches were p laced  i n  t h e  s t a t e  

of I l l i n o i s  by ID01 Maintenance Crews, Day Labor Crews, and p r i v a t e  con t rac -  

t o r s .  Many o f  these were p laced i n  coopera t ion  w i t h  t h e  research  s t a f f  

w h i l e  o the rs  were p laced  on t h e  i n i t i a t i v e  o f  t h e  f i e l d  engineers and crews. 

3.1 V a r i a t i o n  I n  Dimensions 

Patch dimensions i n c l u d e  l eng th ,  w i d t h  and th ickness .  The s tandard 

pa t ch  cons i s ted  of 10 x 12 ft. and equal t o  CRCP th ickness .  A f i e l d  survey 

of ove r  60 one-hal f  l ane  w i d t h  patches showed t h a t  they  performed s i m i l a r  t o  

f u l l  l ane  w i d t h  patches. A number o f  patches l e s s  than  10 f t .  l ong  were 

a l s o  observed. Where these patches were p laced  t o  r e p a i r  narrow d i s t r e s s  

types, t hey  performed s i m i l a r  t o  l a r g e r  patches. However, f o r  some narrow 

patches t h a t  d i d  n o t  i n c l u d e  t h e  e n t i r e  unde r l y i ng  d e t e r i o r a t i o n  o f  t h e  

foundat ion ,  t he  ad jacen t  CRCP s l a b  had f a i l e d .  Recommendations f o r  t h e  

l a y o u t  o f  patches a r e  p rov ided  i n  t h e  Appendix. 

One d i s t r i c t  had p laced over  200 e x t r a  deep patches t h a t  were p laced  

where t h e  subbase and subgrade was poor.  F i e l d  surveys o f  these patches 

revea led  e x c e l l e n t  performance, Several  a d d i t i o n a l  patches were p laced  

i n  o t h e r  d i s t r i c t s  t h a t  a l s o  performed very  w e l l  (e.g. no pa tch  breakup 

a t  a l l ) .  Thus where t h e  subbase has d i s i n t e g r a t e d  o r  d i s t u r b e d  bad l y  

d u r i n g  concre te  removal, t h e  placement o f  e x t r a  deep concrete p rov ides  

good performance. The normal s t e e l  con ten t  i s  c a r r i e d  through t h e  p a t c h  

as usual .  

3.2 Lechanized Equipment & A l t e r n a t e  Concrete Removal Procedures 

F i e l d  observa t ions  o f  crews us ing  pavement breakers o r  hydrohammers 

showed a lmost  t w i c e  t h e  p r o d u c t i v i t y  as crews w i t h o u t  t h i s  equipment. Also, 

crews t h a t  were u t i l i z i n g  a l oade r  t o  l i f t  o u t  t h e  cen te r  s e c t i o n  r a t h e r  

than  b reak ing  i t  o u t  showed even a h i ghe r  r a t e  o f  p r o d u c t i v i t y .  For example, 

one maintenance crew t h a t  t y p i c a l l y  p laced  one pa t ch  p e r  work day us ing  



convent ional  breakout  procedures w i t h  jackhammers doubled t h e i r  p r o d u c t i o n  

by u t i l i z i n g  t h e  l i f t  o u t  method f o r  t h e  c e n t e r  s e c t i o n  (Ref.  5 ) .  

Dur ing t h e  Manteno exper imenta l  p r o j e c t  on 1-57', t h e  c o n t r a c t o r  

u t i l i z e d  a removal method t h a t  r e s u l t e d  i n  e x c e l l e n t  p roduc t i on  r a t e s .  

Th is  method i s  descr ibed i n  t h e  Appendix as t h e  " A l t e r n a t e  Breakout Method". 

It i s  p a r t i c u l a r l y  recommended f o r  maintenance crews as i t  reduces t h e  

amount o f  concre te  sawing. 

3.3 Shortened Lap Sp1 i c e s  

The c u r r e n t  I l l i n o i s  Standard S p e c i f i c a t i o n s  f o r  Road and Br idge  

Cons t ruc t i on  r e q u i r e s  a 36- inch (91 cm) t i e d  s p l i c e  f o r  CRCP patches t h a t  

a re  10 f e e t  ( 3  m ) i n  l e n g t h  o r  longer .  However, i n  bo th  f i e l d  and l abo ra -  

t o r y  t e s t i n g ,  s i g n i f i c a n t l y  s h o r t e r  s p l i c e s  have been successfu l  1y used. 

Patches u t i l i z i n g  s p l i c e  l eng ths  o f  15 t o  20 inches (38 t o  51 cm) have 

been used on many patches i n  I l l i n o i s  and a r e  per fo rming  adequately.  These 

s h o r t e r  s p l i c e s  save c o n s t r u c t i o n  t ime  by reduc ing  t h e  l e n g t h  o f  t h e  end 

sec t i ons  which r e q u i r e  breakout  by hand methods. They a l s o  c o s t  l e s s  

s ince  t h e  o v e r a l l  l e n g t h  o f  t h e  pa tch  can o f t e n  be s i g n i f i c a n t l y  reduced. 

The bes t  documented f i e l d  t e s t i n g  o f  s h o r t  l e n g t h  t i e d  s p l i c e  patches 

was i n  t h e  1-57 Manteno p r o j e c t  r epo r ted  i n  Reference 6.  P a r t  o f  t h i s  

r e p o r t  covered t h e  c o n s t r u c t i o n  o f  exper imenta l  patches, i n c l u d i n g  f o r t y  

20- inch (51 cm) t i e d  l a p  s p l i c e  patches. These patches were c l o s e l y  

moni tored by o n - s i t e  personnel,  be fo re  and a f t e r  opening t o  t r a f f i c .  These 

patches performed adequately i n  a11 stages of eva lua t i on .  A d d i t i o n a l l y ,  

t h e  ensuing c o s t  a n a l y s i s  revealed t h a t  t h e  use o f  these s h o r t  s p l i c e  

l e n g t h  patches r e s u l t e d  i n  s i g n i f i c a n t  c o s t  sav ings when compared t o  

standard 36- inch (91 cm) t i e d  l a p  s p l i c e  patches. Other patches w i t h  l a p  

leng ths  as s h o r t  as 15 inches (38 cm) have been s tud ied ,  and a t  t h e  t ime  o f  

t h e i r  survey showed no d i s t r e s s  a t t r i b u t a b l e  d i r e c t l y  t o  t h e  s h o r t  s p l i c e s .  



I n  an at tempt  t o  achieve both good performance and optimum savings a 

f i n a l  recommendation o f  an 18-inch (46 cm) end sec t i on  and a minimum 16- inch 

(41 cm) t i e d  l a p  s p l i c e  ( f o r  #5 re inforcement)  was reached. Complete 

d e t a i l s  o f  t h e  pa tch  are  g iven  i n  t he  Appendix. The 18- inch (46 cm) end 

sec t i on  prov ides adequate l e n g t h  f o r  t h e  e x i s t i n g  No. 5 re in forcement  t o  

develop i t s  f u l l  s t rength.  The end sec t i on  l eng th  w i l l  va ry  f o r  d i f f e r e n t  

s izes  o f  re in forcement .  The minimum patch  l e n g t h  has been s e t  a t  4.5 f e e t  

(9.4 m). Th is  w i l l  a l l o w  f o r  two 18- inch (46 cm) end sec t ions  and an 18- 

i n c h  (46 cm) center  sec t ion .  

This  patch w i l l  save t ime i n  cons t ruc t i on  by s i g n i f i c a n t l y  shor tening 

the  end sec t i on  breakout area. As p rev ious l y  mentioned, spec ia l  care  must 

be taken du r i ng  t h e  end sec t i on  breakout making i t  t h e  s i n g l e  most t ime 

consuming event o f  t he  cons t ruc t i on  procedure. A lso c o s t  savings w i l l  be 

r e a l i z e d  due t o  t h e  decrease i n  t h e  minimum l e n g t h  o f  a  t i e d  s p l i c e  patch. 

When a d i s t r e s s  i s  contained w i t h i n  a sho r t  l eng th  a minimum l e n g t h  t i e d  

s p l i c e  patch o f  4.5 f e e t  (1.4 m) can be used where p rev ious l y  a "standard" 

10 f o o t  (3  m) long patch may have been used. Obviously t h e  use o f  a  

minimum l e n g t h  patch i s  r e s t r i c t e d  t o  d i s t resses  conta ined i n  a narrow 

w i d t h  o f  pavement and subgrade . 
3.4 Welded Sp l i ce  

An a l t e r n a t i v e  t o  t h e  t i e d  s p l i c e  f o r  s tee l  re in forcement  i s  t h e  

welded s p l i c e .  The c u r r e n t  I l l i n o i s  s p e c i f i c a t i o n  does n o t  a l l o w  welding 

between new and e x i s t i n g  re inforcement .  However, i n  bo th  f i e l d  and 

l a b o r a t o r y  t e s t i n g  welded s p l i c e  patches have proven t o  be a v i a b l e  a l t e r -  

n a t i v e  t o  t i e d  s p l i c e  patches. 

One d i s t r i c t  maintenance crew has used t h e  technique o f  welded s p l i c e s  

on hundreds o f  patches w i t h  success comparable t o  t h a t  o f  t i e d  s p l i c e  



patches. They make use o f  a s i n g l e  6 - inch  (15  cm) weld t o  connect each 

new re inforcement  bar  t o  t h e  e x i s t i n g  re inforcement  a t  each end o f  t h e  

patch. 

The bes t  documented f i e l d  t e s t i n g  of welded s p l i c e  patches was a l s o  

repor ted  i n  Reference 6. P a r t  o f  t h e  experimental  pa tch ing  program i n  

t h i s  p r o j e c t  was t h e  cons t ruc t i on  o f  43 4 - inch  (10 cm) double weld s p l i c e  

patches. These patches were c l o s e l y  monitored by on-si  t e  personnel bo th  

before and a f t e r  opening t o  t r a f f i c .  The welded s p l i c e  patches performed 

adequately i n  a l l  stages o f  eva lua t ion .  They a l s o  were repo r ted  t o  have 

con t r i bu ted  t o  l a r g e  c o s t  savings over t he  average cos ts  o f  "standard" 

10 ft. (3 m) patches. 

I n  l abo ra to ry  t e s t s  a t  t h e  U n i v e r s i t y  o f  I l l i n o i s  double weld s p l i c e s  

w i t h  e f f e c t i v e  lengths g rea te r  than 7 i n .  (18 cm) were a b l e  t o  develop f u l l  

y i e l d  s t reng th  and 90% o f  u l t i m a t e  s t reng th  f o r  Grade 60 re inforcement  i n  

s t a t i c  t e n s i l e  t e s t s .  The t e s t s  were performed on maintenance crew f i e l d  

welded samples. Double weld s p l i c e  a re  de f ined  as two l i n e s  o f  weld, one 

on each s ide  o f  t h e  two r e i n f o r c i n g  bars. 

The recommendation g iven  f o r  welded s p l i c e s  i s  a 4- inch (10 cm) double 

weld sp l i ce ,  g i v i n g  an 8 i n .  (20 cm) e f f e c t i v e  weld leng th .  Th i s  welded 

s p l i c e  should develop the  f u l l  y i e l d  s t reng th  and a t  l e a s t  90% o f  t h e  

u l t i m a t e  s t reng th  o f  t h e  re inforcement .  A 16- inch (41 cm) minimum t i e d  

s p l i c e  i n  t h e  cen te r  o f  t h e  patch i s  recommended t o  avo id  buck l i ng  o f  t he  

re inforcement  du r i ng  temperature movements o f  t h e  adjacent  pavement be fore  

o r  dur ing  concrete placement. F u l l  d e t a i l s  o f  t h i s  patch are  g i ven  i n  t h e  

Appendix. 

For maintenance crews possessing welding c a p a b i l i t i e s  t h e  welded s p l i c e  

patch prov ides t h e  same advantages as t h e  sho r t  t i e d  s p l i c e  patch o n l y  t o  a 

g rea te r  degree. The welded s p l i c e  w i  11 r e q u i r e  o n l y  an 8 - i nch  (20 cm) end 



s e c t i o n  breakout  area t h a t  w i l l  more than  o f f s e t  t h e  e x t r a  t ime  r e q u i r e d  f o r  

welding. L ikewise,  t h e  increased c o s t  o f  l a b o r  and equipment f o r  we ld ing  

w i l l  be more than o f f s e t  by t h e  decrease i n  t h e  minimum l e n g t h  o f  a  welded 

s p l i c e  patch. A welded s p l i c e  pa tch  w i l l  have a minimum l e n g t h  o f  o n l y  

3 ft. ( 1  m). When a d i s t r e s s  i s  conta ined i n  a  s h o r t  l eng th ,  a  3 ft. (1  m) 

welded s p l i c e  pa tch  cou ld  be used r a t h e r  than a "s tandard"  10  ft. ( 3  m) 

patch. I f  used i n  t h e  p roper  s i t u a t i o n ,  f o r  t h e  r i g h t  d i s t r e s s ,  t he  

savings cou ld  be ve ry  s i g n i f i c a n t .  

3.5 Other A1  t e r n a t i v e s  

Al though t h e  m a j o r i t y  o f  t h e  s tudy  was aimed a t  a l t e r n a t i v e  s p l i c i n g  

techniques ( s h o r t e r  t i e d  s p l  i c e s  and welded sp l  i c e s )  o t h e r  pa tch  des ign 

a l t e r n a t i v e s  were s tud ied .  These were p a r t i a l - d e p t h  concrete,  p a r t i a l -  

depth aspha l t ,  f u l l - d e p t h  aspha l t ,  and no -s tee l  concre te  

patches. 

P a r t i a l - d e p t h  concre te  patches were cons idered t o  be a p o s s i b l e  

a l t e r n a t i v e  when pa tch ing  d i s t r e s s e s  i nvo l ved  t h e  su r f ace  concrete,  

b u t  s t i l l  l e f t  t h e  re in fo rcement  and unde r l y i ng  concre te  i n t a c t .  These 

sur face  d i s t r e s s e s  i nc l uded  poor c o n s o l i d a t i o n  o r  o t h e r  c o n s t r u c t i o n  

r e l a t e d  problems and 0-crack ing.  I n  t heo ry  t h i s  a l t e r n a t i v e  appeared t o  

be promis ing.  I t  would be much l e s s  expensive t o  s imp ly  remove t h e  

sur face  d i s t r e s s  down t o  t h e  t op  o f  t h e  re in fo rcement  and then f i l l  w i t h  

concre te  than t o  r ep lace  t h e  e n t i r e  th ickness  o f  t h e  pavement w i t h  a  

f u l l  depth patch.  One d i s t r i c t  maintenance crew p laced a number o f  p a r t i a l  

depth patches i n  coopera t ion  w i t h  t h e  p r o j e c t  team on I n t e r s t a t e  74. These 

p a r t i a l  depth patches were used t o  r e p a i r  l o c a l i z e d  s p a l l i n g ,  u s u a l l y  i n  

t he  wheel paths, caused by "D"  c rack ing .  Th is  s e r i e s  o f  patches d i d  n o t  

h o l d  up ve ry  w e l l .  Many o f  the  patches broke up w i t h i n  2 t o  3 years .  



The reason f o r  t h e  poor performance o f  these patches i s  p robab l y  

t h ree  f o l d .  F i r s t  o f  a l l  t h e  pavement was o n l y  a 7 i n .  (18 cm) t h i c k  

s lab.  Therefore most o f  t h e  patches were o n l y  i n  t h e  range o f  2.5 t o  

3.5 i n .  ( 6  t o  9 cm) t h i c k .  Secondly these t h i n  p a r t i a l  dep th  patches 

were p laced  i n  "D"-cracked concrete.  I t  i s  u n l i k e l y  t h a t  t h e  pavement 

unde r l y i ng  t h e  patches p rov ided  adequate suppor t .  And f i n a l l y ,  many of 

t he  patches were p laced d i r e c t l y  i n  t h e  wheel p a t h  and were q u i t e  sma l l ,  

subm i t t i ng  t h e  patches t o  very  h i gh  s t resses .  Wi th  t h i s  combinat ion o f  

f a c t o r s  i t  i s  easy t o  see why t h e  patches performed p o o r l y .  

On t h e  o t h e r  hand, when p a r t i a l  depth patches were used under 

d i f f e r e n t  c i rcumstances they  proved t o  be a good choice.  On one p a r t i c -  

u l a r  p r o j e c t  on 1-70 hundreds o f  p a r t i a l  depth concre te  patches were 

p laced i n  a 9 i n .  (23 cm) CRCP, s u f f e r i n g  f rom "DM-cracking, p r i o r  t o  

r esu r fac ing .  I n  t h i s  case t h e  p a r t i a l  depth patches performed w e l l  over  

a one yea r  p e r i o d  be fo re  t h e  ove r l ay  was p laced  (and no n o t i c e a b l e  problems 

f o r  two years  a f t e r  t h e  o v e r l a y  was p laced) .  Therefore,  i n  t h i s  ins tance,  

t h e  p a r t i a l  depth pa tch  may be a v i a b l e  a l t e r n a t i v e  due t o  t h e  t h i c k e r  s l a b  

and t h e  f a c t  t h a t  t h e  pavement was resur faced.  The t h i c k e r  s l a b  a l l o w s  f o r  

t h i c k e r  p a r t i a l  depth patches and t h e  a s p h a l t  ove r l ay  would reduce t h e  

s t resses  f rom t r a f f i c .  I n  t h e  r i g h t  s i t u a t i o n  t h e  p a r t i a l  dep th  patches 

cou ld  r e t u r n  un i form suppor t  p r i o r  t o  r e s u r f a c i n g  f o r  a f r a c t i o n  o f  t h e  

c o s t  o f  f u l l  depth patches. 

Many a t tempts  have been made t o  u t i l i z e  a s p h a l t  as a permanent pa t ch  

m a t e r i a l ,  e i t h e r  as f u l l  depth o r  p a r t i a l  dep th  patches. However, a f t e r  

much f i e l d  t e s t i n g  i t  i s  concluded t h a t  f u l l  depth a s p h a l t  patches should 

on l y  be used on a temporary bas i s  u n t i l  a permanent concre te  pa t ch  can be 

const ructed.  Observed l i f e  f o r  a s p h a l t  patches i s  1-2 years  and much 

f a i l u r e  occurs i n  t h e  surrounding CRCP because o f  no l o a d  t r a n s f e r .  



P a r t i a l  depth a s p h a l t  patches have been surveyed i n  which t h e  r e i n f o r c e -  

ment s imp ly  buck led upward d u r i n g  h o t  weather f o r c i n g  i t s  way th rough t h e  

a s p h a l t  and caus ing a blowup. P a r t i a l  dep th  aspha l t  patches a r e  n o t  recom- 

mended under any circumstances. 

Reference 6 r e p o r t e d  t h a t  f u l l  dep th  a s p h a l t  patches p laced p r i o r  t o  

r e s u r f a c i n g  were unable t o  p rov ide  adequate suppor t  f o r  t h e  a s p h a l t  ove r l ay .  

The f i n a l  r e s u l t  was s p a l l e d  r e f l e c t i v e  c rack ing  th rough t h e  o v e r l a y  a t  t h e  

a s p h a l t  pa t ch  boundaries.  Due t o  i t s  poor suppor t  p r o p e r t i e s  f u l l  depth 

a s p h a l t  patches, as s t a t e d  e a r l i e r ,  a r e  recomnended f o r  temporary pa t ch ing  

on ly .  Since t hey  p rov ide  no shear t r a n s f e r  and break t h e  c o n t i n u i t y  o f  t h e  

CRCP t h e i r  use on a permanent bas i s  may r e s u l t  i n  d i s t r e s s  t o  t h e  ad jacen t  

pavement . 
The no-s tee l  concrete pa tch  has a l s o  been cons idered as a p o s s i b l e  

pa t ch ing  a l t e r n a t i v e .  L i k e  t h e  f u l l  depth a s p h a l t  patch,  t h e  no-s tee l  

pa tch  does n o t  r e t u r n  c o n t i n u i t y  t o  t h e  pavement. The no-s tee l  concre te  

pa tch  i s  o n l y  recommended when be ing  p laced  i n  bad l y  "D"-cracked sec t i ons  

where t h e  expected l i f e  o f  the  pavement surrounding t h e  proposed pa tch  i s  

sho r t .  There have been a number of patches p laced under these circumstances 

wi t h  s a t i s f a c t o r y  r e s u l t s .  



3.6 Opening t o  T r a f f i c  

Cur ren t  p r a c t i c e s  employed by maintenance crews pa t ch ing  CRCP i n c l u d e  

opening lanes  c o n t a i n i n g  r e c e n t l y  p laced  conc re te  patches t o  t r a f f i c  any- 

where between 3 and 72 hours.  The r e s u l t  o f  t h i s  i n c o n s i s t a n t  approach t o  

t h e  a p p l i c a t i o n  o f  l a r g e  repeated l oad ings  i s  q u i t e  s u r p r i s i n g .  Many 

patches t h a t  were a1 lowed t o  cu re  f o r  o n l y  t h r e e  hours performed ve ry  we1 1  

under t r a f f i c  l oad ings .  On t h e  o t h e r  hand, t h e r e  have been severa l  f a i l u r e s  

o f  patches t h a t  were opened t o  t r a f f i c  ve r y  e a r l y .  Since t h e  o v e r a l l  c o s t  

o f  a  pa tch  inc reases  as t h e  c u r i n g  t i m e  inc reases  and because o f  t h e  incon-  

v ience and hazard t o  m o t o r i s t s  d u r i n g  t h e  l a n e  c l osu re ,  t h e  de te rm ina t i on  

o f  a  sa fe  bu t  y e t  e a r l i e s t  p o s s i b l e  opening t ime  was d e s i r a b l e .  Consequently, 

an ex tens i ve  f i e l d  and l a b o r a t o r y  s tudy was conducted t o  determine t h e  

optimum l e n g t h  o f  t ime  between p l a c i n g  a  pa t ch  and t h e  subsequent opening 

o f  t h e  pa t ch  t o  t r a f f i c .  

The optimum l e n g t h  o f  t ime  between p l a c i n g  a  pa t ch  and t h e  subsequent 

opening o f  t h e  pa tch  t o  t r a f f i c  i s  hereby d e f i n e d  as t h e  "minimum r e q u i r e d  

c u r i n g  t ime "  needed f o r  t h e  concre te  i n  t h e  pa t ch  t o  a t t a i n  a  s t r e n g t h  

which w i l l  enable i t  t o  r e s i s t  normal t r a f f i c  loads.  The approach t h a t  

was taken t o  determine t h i s  s t r e n g t h  i n v o l v e d  t h e  c a s t i n g  o f  f i e l d  conc re te  

beams correspondi  ng t o  many exper imenta l  patches, and 1  abo ra to r y  de te rmi  na- 

t i o n  o f  t h e  i n f l u e n c e  o f  va r i ous  f a c t o r s  on t h e  e a r l y  development o f  concre te  

s t r eng th .  

Concrete beams were c a s t  i n  t h e  f i e l d  us i ng  s tandard 6 x 6 x  30 i n c h  

s t e e l  boxes from a  nearby pa t ch  as i t  was be ing p laced.  From one t o  f i v e  

beams were c a s t  from a  g iven  patch.  Each beam would then  be t e s t e d  f o r  

f l e x u r a l  s t r e n g t h  by means of a  p o r t a b l e  cen te r  p o i n t  l o a d i n g  machine. The 

16 i n c h  span between t h e  suppor ts  p rov ided  f o r  two t e s t s  f o r  each 30 i n .  
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beam. By va r ing  t h e  times t h a t  each beam was tested,  a s t reng th  development 

curve was constructed f o r  each patch. F igure  3.1 shows some example curves 

f o r  beams cas t  a t  d i f f e r e n t  temperatures. By use o f  t h i s  curve, t h e  

s t reng th  o f  t h e  concrete a t  t he  t ime o f  opening was determined f o r  t he  

corresponding patch ( a c t u a l l y  t he  s t reng th  o f  the  patch was h igher  as subse- 

quent ly  discussed). Observation o f  the  patch over t ime would i n d i c a t e  

whether the  opening s t rength  was s u f f i c i e n t  t o  r e s i s t  t he  t r a f f i c  loads. It 

was determined t h a t  t he  con t rac t i on  o f  the  r e i n f o r c i n g  s tee l  t he  f i r s t  n i g h t  

a f t e r  placement o f  a patch w i l l  i n  some cases induce small tens ion  cracks i n  

the concrete. Therefore, a m a j o r i t y  o f  the  74 beams t h a t  were cas t  cor re-  

sponded t o  patches no t  conta in ing  reinforcement (which i s  no t  the proper CRCP 

patching method), and nea r l y  a l l  were l e s s  than 20 ft. i n  length.  

Several t e s t s  were performed i n  the l abo ra to ry  i n  an attempt t o  d iscover  

ways o f  s i g n i f i c a n t l y  inc reas ing  the  e a r l y  s t rength  development o f  concrete. 

Add i t i on  o f  supe rp las t i c i ze rs  and v a r i a t i o n  o f  the  cement f a c t o r  were the  

two main f a c t o r s  i nves t i ga ted  i n  a d d i t i o n  t o  temperature a t  placement. 

F i e l d  Test ing - Procedure 

Seventy-four beams were cas t  a t  var ious  maintenance p r o j e c t s  on two 

I n t e r s t a t e  highways. Observations o f  t he  corresponding patches have been 

recorded over about twelve months. T h i r t y - e i g h t  o f  the  beams were taken 

from an October 1979 p r o j e c t  on I n t e r s t a t e s  57 and 74 j u s t  west o f  Champaign, 

I l l i n o i s .  S i x t y -n ine  patches w i thou t  re inforcement  were placed. The beams 

were cas t  and cured i n  the  f i e l d  a t  t h e  s ide  o f  the  highway i n  the  beam 

boxes and were tes ted  f o r  f l e x u r a l  s t reng th  a t  t imes ranging from two hours 

t o  28 days. I n  a d d i t i o n  t o  t h e  d a i l y  v a r i a t i o n s  o f  temperature, wind and 

sunshine, several  experiments were conducted t o  vary s p e c i f i c  s t reng th  

dependent f ac to rs .  

One o f  the experiments was aimed a t  determin ing t h e  f i e l d  e f f e c t s  o f  

us ing calc ium ch lor ide .  One patch was placed i n  t h e  usual manner w i t h  



TIME SINCE CASTING -hrs. 
Figure 3.1.  Example S t r e n g t h  Gain Curves  f rom Beam Breaks.  



concrete t h a t  had 1.5% of ca lc ium c h l o r i d e  by weight of cement. A second 

patch was placed w i t h  concrete t h a t  d i d  no t  have calc ium ch lo r i de .  F ive  

beams were taken f rom each patch. 

Another experiment was aimed a t  observing the  e f f e c t  o f  us ing  a super- 

p l a s t i c i z e r .  One patch was placed i n  t h e  usual manner which inc luded the  

use o f  an a i r - e n t r a i n i n g  admixture and the  a d d i t i o n  o f  ca lc ium c h l o r i d e .  

Another patch was placed w i t h  the  same mix o f  concrete except t h a t  the  water- 

cement r a t i o  was lowered t o  produce a lower slump. A s u f f i c i e n t  amount o f  

Mighty 150, a superp las t i c i ze r ,  was added a t  the  s i t e  t o  increase the  slump 

t o  7 inches which was the  slump o f  t he  concrete placed i n  the  f i r s t  patch. 

Once again f i v e  beams were taken from each patch. 

A f i n a l  t e s t  was aimed a t  determining t h e  v a r i a t i o n s  o f  temperature 

between the  concrete i n  a patch w i t h  i n s u l a t i o n ,  a patch w i thout  i n s u l a t i o n ,  

t h e  concrete i n  t he  beam boxes, and ambient temperature. Thermocouples 

were placed a t  t h e  top, center  and bottom o f  t h e  patches and a t  t h e  center  

o f  t h e  beam. One o f  the  patches was covered w i t h  a t a r p  and another w i t h  

h igh  q u a l i t y  i n s u l a t i o n  w h i l e  a t h i r d  patch and t h e  beam were l e f t  exposed 

as i s  t h e  usual procedure. Another thermocouple measured the  ambient 

temperature. 

The remainder o f  t he  beams were taken a t  var ious temperatures i n  an 

attempt t o  determine the  e f f e c t s  o f  ambient temperature on the  s t rength  

development o f  concrete. The patches var ied  from 6-12 f e e t  wide, from 3-20 

feet  l ong  and from 7-11 inches t h i c k .  Patches were placed i n  bo th  the  t r u c k  

and passing lanes. 

Laboratory Test ing Procedures 

Two t e s t  se r i es  were conducted i n  the  labora tory .  The f i r s t  se r i es  was 

t o  determine t h e  e f f e c t s  o f  a superpl a s t i c i  zer a t  var ious  temperatures. 



T h i r t y - s i x  6 x  12 i n c h  c y l i n d e r s  were cas t ,  twe l ve  c y l i n d e r s  a t  each o f  

t h r e e  temperatures. S i x  o f  t h e  twe lve  a t  each temperature were c a s t  us i ng  

Mighty  150 and s i x  were c a s t  w i t h o u t  t h e  s u p e r p l a s t i c i z e r .  A l l  of  t h e  

c y l i n d e r s  had an a i r  e n t r a i n i n g  admixture and ca l c i um c h l o r i d e  added t o  t h e  

seven bag mix  concrete.  The concre te  f o r  t h e  c y l i n d e r s  w i t h o u t  M igh ty  was 

designed f o r  a  slump o f  7  inches and an a i r  con ten t  o f  4-7%. The concre te  

f o r  t h e  c y l i n d e r s  w i t h  M igh ty  was designed f o r  a  slump o f  1  i n c h  and an 

a i r  con ten t  o f  4-7%. An a d d i t i o n a l  amount of a i r - e n t r a i n i n g  admix tu re  was 

needed t o  ma in ta i n  t h e  des i r ed  a i r  con ten t  f o r  t h e  mixes w i t h  Mighty .  

S u f f i c i e n t  amounts o f  M igh ty  was added t o  b r i n g  t h e  slump t o  7  inches.  S i x  

c y l i n d e r s  w i t h  M igh ty  and s i x  c y l i n d e r s  w i t h o u t  M igh ty  were cured  a t  35' F, 

75" F and 95" F. The m ix i ng  water was brought  t o  t h e  corresponding tempera- 

t u r e  b u t  a l l  t h e  aggregate was a t  a  un i f o rm  temperature o f  75" F. Three 

c y l i n d e r s  f r om each o f  t h e  t h r e e  d i f f e r e n t  temperatures were t e s t e d  f o r  

i n d i r e c t  t e n s i l e  s t r e n g t h  a t  3, 6 and 24 hours.  It should be noted t h a t  

t h e  a i r - e n t r a i n i n g  admixture,  ca lc ium c h l o r i d e  and Migh ty  were added and 

thorough ly  mixed i n t o  t h e  concre te  sepa ra te l y  i n  t h e  o rde r  1  i s t e d .  I n  t h i s  

manner t h e  admixtures d i d  n o t  have d i r e c t  con tac t  w i t h  each o t h e r  and no 

un favorab le  r e a c t i o n s  occurred.  

The second l a b o r a t o r y  t e s t  was designed t o  observe t h e  e f f e c t s  o f  t h e  

cement f a c t o r  on e a r l y  s t r e n g t h  development i n  a d d i t i o n  t o  t h e  e f f e c t s  o f  

Mighty  150 a t  t h e  d i f f e r e n t  cement f a c t o r s .  A t o t a l  o f  f i f t y - f o u r  6 x  12 

i n c h  c y l i n d e r s  were cas t .  E ighteen c y l i n d e r s  were c a s t  f o r  each o f  t h r e e  

cement f a c t o r s  and h a l f  o f  t h e  c y l i n d e r s  f o r  each cement f a c t o r  had Migh ty  

150 added t o  inc rease  t h e  slump. The f i n a l  slump f o r  a l l  c y l i n d e r s  was 

t h ree  inches and t h e  f i n a l  a i r  con ten t  was 4-7% w i t h  t he  a d d i t i o n  o f  an a i r  

e n t r a i n i n g  admixture.  Once again,  a d d i t i o n a l  a i r  e n t r a i n i n g  admixture was 
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needed f o r  t h e  concrete w i t h  Mighty 150. Calcium c h l o r i d e  was n o t  used i n  

t h i s  t e s t  ser ies .  Three c y l i n d e r s  from the  seven, e i g h t  and n ine bag mixes, 

both w i t h  and w i thou t  Mighty, were tes ted  a t  th ree  d i f f e r e n t  cu r i ng  t imes, 

and the  s t reng th  development curves were constructed. 

Discussion o f  Results 

The r e s u l t s  o f  t h e  seventy-four beam t e s t s  were run  through a  regress ion  

ana lys is  t o  determine t h e  s i g n i f i c a n c e  o f  each f a c t o r  on t h e  development o f  

concrete s t reng th  a t  any g iven time. The var iab les  used i n  the  regress ion  

were as fo l lows:  temperature a t  placement, wind, sunshine, t ime o f  day, 

slump ( i n d i c a t i o n  o f  w/c r a t i o ) ,  ca lc ium c h l o r i d e  content  and consol i d a t i o n  

techniques. The r e s u l t s  o f  t he  regression ana lys i s  showed t h a t  the  tempera- 

t u r e  a t  placement was t h e  overwhelmingly l a r g e s t  f a c t o r  i n  the  development 

o f  the concrete st rength.  The t ime o f  day o f  placement was the  on l y  o ther  

fac tor  which proved t o  be o f  more than minor s ign i f i cance  i n  t h e  development 

o f  t h e  concrete s t rength .  The t ime o f  day i s  s i g n i f i c a n t  because a  patch 

placed i n  t he  morning w i l l  be subjected t o  increas ing  ambient temperatures 

f o r  t h e  remainder o f  t h e  morning and the  af ternoon whereas a  patch placed 

l a t e  i n  the  af ternoon w i l l  be subjected t o  decreasing ambient temperatures. 

Consequently, the  most s i g n i f i c a n t  f a c t o r  by f a r  i n  t he  normal s t reng th  

development o f  concrete placed i n  the f i e l d  i s  t h e  ambient temperature a t  

p l  acement . 
The r e s u l t s  o f  t he  regression ana lys i s  a r e  subs tant ia ted  by o the r  

experiments t h a t  were conducted i n  t h e  f i e l d  and i n  t h e  lab .  The r e s u l t s  

o f  t h e  experiment of p lac ing  a  patch w i t h  calcium c h l o r i d e  and comparing 

i t  w i t h  a  patch w i thou t  ca lc ium c h l o r i d e  showed no s i g n i f i c a n t  d i f fe rence 

between s t rengths  as i l l u s t r a t e d  i n  F igure 3.2. It appears t h a t  even though 

the re  i s  subs tan t i a l  amounts o f  l abo ra to ry  data which i nd i ca tes  t h a t  ca lc ium 

c h l o r i d e  s i g n i f i c a n t l y  





increases e a r l y  concrete st rength,  when the  calc ium c h l o r i d e  i s  added i n  the  

f i e l d  t h e  water-cement r a t i o  i s  i n a d v e r t e n t l y  increased so as t o  o f f s e t  the  

e a r l y  s t rength  gain caused by t h e  admixture. It i s  a l s o  i n t e r e s t i n g  t o  

speculate concerning t h e  f a i l u r e  mechanisms. F a i l u r e  i n  compression i s  

governed p r i m a r i l y  by the  s t reng th  of t h e  cement paste, w h i l e  i n  f l e x u r e  i t  

i s  governed main ly  by the  paste-aggregate bond s t reng th  (1 ) .  I f  calc ium 

c h l o r i d e  increases the  e a r l y  s t rength  o f  on l y  t h e  cement paste, then we 

would expect an i n s i g n i f i c a n t  increase i n  the  e a r l y  f l e x u r a l  s t rength .  Never- 

theless,  because calc ium c h l o r i d e  decreases the  s e t  t ime, i t  remains a va lu -  

able t ime saver. 

The v a r i a t i o n  o f  f l e x u r a l  s t reng th  w i t h  water-cement r a t i o  

had some e f f e c t  on e a r l y  s t rength.  It was found t h a t  i n  ac tua l  patching 

operat ions the  water-cement r a t i o  var ied  between 0.41 and 0.55 depending on 

the  amount o f  water  added a t  the  s i t e  by the  maintenance crew. The beam 

data shows t h a t  t h i s  resu l ted  i n  a range o f  f l e x u r a l  s t rengths a t  24 hours 

from 120 p s i  t o  190 p s i  which i s  a maximum d i f f e r e n c e  o f  70 p s i .  Inspect ion  

of t he  beam data a t  var ious  temperatures shows t h a t  a v a r i a t i o n  i n  f l e x u r a l  

s t reng th  o f  70 p s i  can r e s u l t  from a 6' F increase i n  temperature. Consequently, 

i t  i s  easy t o  see t h a t  t he  temperature a t  placement o f  a patch i s  t he  s i n g l e  

most important  f a c t o r  i n  p r e d i c t i n g  the  f l e x u r a l  s t reng th  o f  concrete a t  e a r l y  

ages. F igure 3.3 shows a comparison o f  beam s t rengths  w i t h  and w i thout  super- 

p'l a s t i c i  ze r  and t h e  corresponding d i  f fe rence i n  w/c r a t i o .  

A p l o t  o f  center  p o i n t  f l e x u r a l  s t reng th  vs t ime was constructed us ing 

the  range o f  temperatures obtained i n  t h e  f i e l d .  A l l  beam t e s t s  were con- 

sidered and a v a r i e t y  o f  graphs developed t o  a r r i v e  a t  t he  f i n a l  r e l a t f  on- 

ships. The temperature a t  placement o f  t he  patch (and cas t i ng  o f  t h e  beam) 

was u t i l i z e d  as t h e  temperature value. F igure  3.4 shows the  f i n a l  graph 
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developed f r om a l l  t h e  da ta .  The modulus o f  r u p t u r e  f o r  t h i r d  p o i n t  l o a d i n g  

was determined by m u l t i p l y i n g  t h e  c e n t e r  p o i n t  modulus by 0.84 as determined 

from PCA r e s u l t s  (Ref. 7 ) .  

The n e x t  task  was t o  determine t h e  s t r e n g t h  a t  which t h e  patches were 

s u c c e s s f u l l y  r e s i s t i n g  t r a f f i c  l oad ings .  An examinat ion o f  a91 o f  t h e  7 i n c h  

t h i c k  no s t e e l  patches revea led  t h a t  when t h e y  were opened t o  t r a f f i c  a t  a  

cor responding beam s t r e n g t h  o f  270 p s i  o r  g rea te r ,  c rack i ng  o f  t h e  conc re te  

d i d  n o t  occur  over  a  12 month pe r i od .  Several  7 i n c h  no -s tee l  patches opened 

t o  t r a f f i c  w i t h  s t r eng ths  l e s s  than  200 p s i  cracked w i t h i n  6 months, appar- 

e n t l y  f rom f a t i g u e  damage. Several  7 i n c h  t h i c k  patches w i t h  s t e e l  were 

opened w i t h  beam s t r eng ths  as low as 100 p s i  and a l t hough  they  cracked, t h e  

cracks remained t i g h t  and t h e  patches were i n  good shape a f t e r  9 months. 

Th i s  r e s u l t  must be cons idered a long  w i t h  r e s u l t s  observed on o t h e r  

p r o j e c t s  where a  ve r y  e a r l y  opening l e d  t o  c rack i ng  and a  r a p i d  d e t e r i o r a -  

t i o n  o f  t h e  crack.  When concre te  c racks  e a r l y  t h e  c rack  i s  no rma l l y  w i t h i n  

t h e  m o r t a r  and n o t  through t h e  l a r g e  aggregate.  I f  i t  i s  then  sub jec ted  t o  

heavy l oad ings  t he  aggregate i n t e r l o c k  e a s i l y  breaks down and t h e  c rack  

s p a l l s  even though t h e  s t e e l  i s  s t i l l  i n t a c t .  F i n a l l y ,  e i g h t  10 i n c h  t h i c k  

patches w i t h o u t  s t e e l  were opened t o  t r a f f i c  w i t h  beam s t r eng ths  o f  about 

175 p s i  and a f t e r  6 months ( w i n t e r  and s p r i n g ) ,  none o f  them had cracked. 

Based on these observa t ions  i t  was concluded t h a t  a  beam c e n t e r  p o i n t  modulus 

o f  r u p t u r e  o f  300 p s i  o r  more would p r o v i d e  s u f f i c i e n t  s t r e n g t h  t o  r e s i s t  

t r a f f i c  l oad ings  f o r  patches w i t h  th i cknesses  o f  7 i n c h  o r  more. It i s  

emphasized t h a t  t h i s  i s  300 p s i  modulus o f  r u p t u r e  ( c e n t e r  p o i n t  l o a d i n g )  

i n  a  beam c a s t  under t h e  same c o n d i t i o n s  as t h a t  o f  t h e  patch.  The a c t u a l  ------- 

s t r e n g t h  o f  t h e  concre te  i n  t h e  p a t c h  i s  much h i ghe r  because o f  t h e  h i ghe r  

temperature i n  t h e  pa t ch  due t o  t h e  heat  o f  h y d r a t i o n .  The conc re te  tempera- 

t u r e  i n  t h e  beam was determined t o  be a lmost  i d e n t i c a l  t o  t h e  ambient temper- 

a tu re .  It i s  f o r  t h i s  reason t h a t  t h e r e  i s  a  d i p  i n  t h e  cu rves  o f  F i g u r e  J,4 



around 16 hours, as t h e  ambient temperature dropped t h e  f i r s t  n i g h t  a f t e r  

placement, t h e  s t r e n g t h  ga ins  slowed. On t h e  o t h e r  hand, t h e  temperature 

a t  t h e  cen te r  o f  t h e  pa tch  increased t o  a t  l e a s t  77O F more than t h a t  o f  

t h e  beam and thus t h e  pa tch  concre te  i s  much s t ronger  than t h e  corresponding 

beam. 

Using a beam s t r e n g t h  o f  300 p s i ,  t h e  optimum l e n g t h  o f  t ime between 

p l a c i n g  a pa tch  and t h e  subsequent opening o f  t h e  pa t ch  t o  t r a f f i c  (here- 

a f t e r  r e f e r r e d  t o  as "opening t ime" )  when the  ambient temperature i s  50" F 

a t  c a s t i n g  would be approx imate ly  54 hours. Because o f  t h e  problems s t a t e d  

e a r l i e r  concerning such long opening t imes, methods o f  i nc reas ing  t h e  e a r l y  

s t r e n g t h  development were i n v e s t i g a t e d .  

F i e l d  t e s t i n g  r e s u l t s  showed t h a t  a  pa t ch  covered w i t h  a  t a r p  had as much 

as 11' F h i ghe r  temperature a t  i t s  cen te r  over  ambient temperature.  A h i g h  

q u a l i t y  i n s u l a t i o n  p laced  over  t h e  pa t ch  r e s u l t e d  i n  an i nc rease  o f  30' F a t  

the  c e n t e r  o f  t h e  pa tch  by  t h e  age o f  4 hours over  ambient temperature.  T h i s  

d i f f e r e n c e  i s  ma in ta ined  ove r  severa l  hours. T h i s  added temperature i n  t h e  

pa tch  would g r e a t l y  inc rease  t h e  s t r e n g t h  and decrease t h e  opening t ime. 

Resu l ts  f r om t h e  l a b o r a t o r y  exper iment aimed a t  de te rmin ing  t h e  a f f e c t  

o f  increased cement f a c t o r  showed t h a t  a t  24 hours an inc rease  f r om a 7 bag 

mix t o  a  9  bag mix  increases t h e  modulus o f  r u p t u r e  by l e s s  than 75 p s i .  J1 

The r e s u l t s  o f  a  s i m i l a r  t e s t  performed by t h e  I l l i n o i s  DOT i n  1976 showed I 

t h a t  the  inc rease  i n  modulus o f  r u p t u r e  a t  24 hours i s  100 p s i  when the 

cement f a c t o r  increases f rom 5.6 t o  7.5. Due t o  t h e  r e l a t i v e l y  smal l  increases 

o f  s t r e n g t h  and t h e  f a c t  t h a t  t h e  c o s t  pe r  pa t ch  and t h e  shr inkage of t h e  

concre te  inc rease  s i g n i f i c a n t l y  as t h e  cement f a c t o r  increases,  i nc reas ing  

t h e  cement con ten t  above t h e  s tandard seven bag mix i s  n o t  recommended. 

The use o f  s u p e r p l a s t i c i z e r  (Mighty  150) (which r e s u l t e d  i n  a  r e d u c t i o n  i n  t h e  - 

w/c r a t i o )  inc reased  t h e  modulus o f  r u p t u r e  a t  24 hours 150 ps i ,  165 p s i  and 

200 p s i  f o r  t h e  7, 8, and 9 bag mixes 



r e s p e c t i v e l y .  L ikewise,  t h e  IDOT da ta  shows t h a t  t h e  use o f  M igh t y  150 

inc reased  t h e  modulus o f  r u p t u r e  a t  24 hours 110 p s i  f o r  t h e  5.6 bag 

mix and 160 p s i  f o r  t h e  7.5 bag mix  a t  75" F. As was p r e v i o u s l y  mentioned, 

another  exper iment was conducted which i n v e s t i g a t e d  t h e  e f f e c t s  o f  us i ng  

Migh ty  150 a t  va r ious  temperatures.  The r e s u l t s  i n d i c a t e  t h a t  a t  24 hours 

t he  use o f  M igh t y  inc reased  t h e  modulus o f  r u p t u r e  by 115 p s i  a t  75' F and 

by 185 p s i  a t  95' F, w h i l e  t h e r e  i s  no apparent  i nc rease  a t  35" F. The 

n o t i o n  t h a t  t h e  use o f  M igh ty  150 d e t r i m e n t a l l y  a f f e c t s  t h e  concre te  s t r e n g t h  

development a t  35O F i s  quest ioned by an exper iment  w i t h  M igh t y  performed 

i n  t h e  f i e l d  as was p r e v i o u s l y  descr ibed.  The f i e l d  r e s u l t s  i n d i c a t e d  an 

inc rease  o f  s t r e n g t h  a t  24 hours o f  70 p s i  where t h e  average temperature 

was 40" F. It appears t h a t  t h e  b e n e f i c i a l  e f f e c t s  o f  M igh t y  decrease some- 

what w i t h  t h e  temperature.  Consequently, i t  would appear t h a t  an  i nc rease  

i n  t h e  f l e x u r a l  s t r e n g t h  o f  75 p s i  a t  an age o f  24 hours f o r  a1 1  tempera- 

t u r e s  would be a  v i a b l e  assumption when Migh ty  150 was used. Accord ing t o  

the l i t e r a t u r e  f rom t h e  l e a d i n g  manufacturers  o f  s u p e r p l a s t i c i z e r s  i t  would 

appear t h a t  t h e  conc lus ions  a r r i v e d  a t  w i t h  exper iments w i t h  M igh t y  150 

a re  a p p l i c a b l e  t o  o t h e r  brand name s u p e r p l a s t i c i z e r s .  T h i s  though t  i s  

subs tan t i a t ed  by a  f i e l d  exper iment  performed by I l l i n o i s  DOT D i s t r i c t  3 

maintenance crew us i ng  WRDA 19, a  s u p e r p l a s t i c i z e r .  Increases o f  ove r  

200 p s i  a t  48 hours were r e a l i z e d  a t  a  temperature o f  50" F. 

Summary o f  Results- 

1.  A pa t ch  can be opened t o  t r a f f i c  when t h e  cor responding beam c e n t e r  

p o i n t  modulus o f  r u p t u r e  reaches 300 p s i .  The amount o f  t ime  t o  

reach t h i s  s t r e n g t h  i s  p r i m a r i l y  dependent on t h e  ambient temperature 

a t  placement and can be determined f rom F igu re  3.4. 

2 .  I nc reas ing  t h e  cement f a c t o r  above t h e  s tandard 7  bag m ix  i s  n o t  

cons idered t o  be c o s t  and performance e f f e c t i v e .  



3. The use o f  h i g h  q u a l i t y  i n s u l a t o r s  t o  cover  a  pa t ch  can inc rease  t h e  

temperature o f  t h e  pa t ch  by 20' F o r  more a t  24 hours. 

4. The use o f  s u p e r p l a s t i c i z e r s  can add a t  l e a s t  75 p s i  t o  t h e  f l e x u r a l  

s t r e n g t h  o f  concrete a t  24 hours. (Th is  i nc rease  i s  due t o  a  lower  water  

cement r a t i o .  ) 

Concl  us i ons 

I n  o r d e r  f o r  t h e  sa fe  opening t ime o f  a  pa t ch  t o  be r e a d i l y  and e a s i l y  

determined, Table 3,1 was cons t ruc ted  f o r  f i e l d  usage. These opening t imes 

a re  based on t h e  successfu l  performance o f  severa l  no s t e e l ,  7 i n c h  t h i c k ,  

7 bag mix  patches. The normal v a r i a t i o n s  i n  water-cement r a t i o ,  ca lc ium c h l o r i d e  

con ten t ,  e t c .  w i l l  n o t  j eopa rd i ze  t h e  successes o f  these recomendat ions .  

A d d i t i o n a l l y ,  t h e  presence o f  s t e e l  o r  an increased s l a b  th ickness  

o n l y  increases t h e  f a c t o r  o f  sa fe t y .  Also, a  reasonable suppor t  c o n d i t i o n  

i s  assumed ( n o t  a  wet sa tu ra ted  c o n d i t i o n ) .  

The second column o f  opening t imes i s  based on 7 5  p s i  a d d i t i o n a l  

modulus o f  r u p t u r e  a t  24 hours f rom us ing  a s u p e r p l a s t i c i z e r .  For  a  g i v e n  

temperature,  7 5  p s i  i s  added a t  24 hours and i s  p r o p o r t i o n a l l y  decreased a t  

t imes l e s s  than  24 hours. I t  i s  assumed t h a t  7 5  p s i  i s  t he  maximum inc rease  

o f  s t r e n g t h  due t o  a  s u p e r p l a s t i c i z e r  a f t e r  24 hours. The inc rease  o f  

7 5  p s i  appears t o  be t h e  minimum t h a t  n e a r l y  always w i l l  be obta ined.  

The t h i r d  column o f  opening t imes i s  based on an inc rease  o f  20" F a t  

24 hours due t o  t h e  i n s u l a t i o n  o f  t h e  patch. Th is  column i s  c a l c u l a t e d  by 

s imply  adding 20' F t o  t h e  lowes t  temperature i n  any i n t e r v a l  and then 

c a l c u l a t i n g  t h e  opening t ime. The f a c t  t h a t  i n s u l a t i o n  has been recommended 

a t  ambient temperatures up t o  90' F has brought  up t h e  ques t i on  o f  inc reased  

shr inkage problems. The Nebraska DOT has been i n s u l a t i n g  non-stee l  patches 

a t  90" F f o r  ove r  t h r e e  years  w i t h o u t  adverse shr inkage c rack ing  problems. 

Consequently, i t  has been concluded t h a t  any increased shr inkage does n o t  



Table 3.1. Recomnended Minimum Time from Placement t o  Opening t o  T r a f f i c  
(a1 1 patches conta in  CaC1). 

* Do not p lace  i n s u l a t i o n  when ambient temperature is  g r e a t e r  than 90' F. 

Ambient 
Temperature 
@ Placement 

( O F )  

40-42 

43-45 

46- 48 

49-51 

52- 54 

55- 57 

58- 60 

61 - 63 

64-66 

67- 69 

70-72 

73-75 

76-78 

79-81 

82- 84 

85- 87 

88- 90 

91 - 93 

A b o v e  93 

( 7  ) See Sec t ions  VIII A, B y  D i n  Appendix A. 
( 2 )  See Sec t ions  VIIf A, B ,  C, D i n  Appendix A.  
( 3 )  See Sec t ions  VIII A, B ,  D, X C i n  Appendix A .  
(4 )  See Sec t ions  VIII A, B, C, D, X C i n  Appendix A .  

1 M I N I M U M  NUMBER OF HOURS TO OPENING 

Regular 
Patch(1)  

Regular Patch 
With Super 
P l a s t i c i z e r  

and Insul a t i  on(4) 

Regular Patch 
W i t h  Super 

P l a s t i c i z e r ( 2 )  
- 

Regul a r  Patch 
With 

Insu la t ion (3 )  

2 2 

2 0 

18  

16 

13 

11 
8 

7 

6 

5 

5 

5 

5 

5 

5 

5 

5 

5" 

5" 
---- 

5 4 

4 9 

44 

39 

35 

3 2 

29 

26 

2 3 

21 

78 

15 

13 

10 

9 

8 

7 

6 

5 

3 5 

3 3 

31 

29 

27 

25 

23 

21 

19  

17 

1 5  

13 

1 0  

8 

7 

6 

5 

5 

5 

26 

2 3 

2 1 

19 

16 

14 

11 

9 

9 

8 

7 

6 

5 

5 

5 

5 

5 

5" 

5* 



se r ious l y  reduce the  i n t e g r i t y  o f  t he  patch. This  t o p i c  needs a d d i t i o n a l  

study however. 

F i n a l l y ,  t he  f o u r t h  column o f  Table 3.1 i s  a simple superpos i t ion  o f  

techniques used i n  determining columns 2 and 3. 

Table 3.1 can be easi  1y used by maintenance personnel t o  determine the  

minimum opening t ime f o r  concrete patches. This t a b l e  should be considered 

as approximate on l y  and w i l l  l i k e l y  be modi f ied w i t h  usage. Ac tua l l y ,  i t  

has been found t h a t  patches can be opened a t  l ess  than 5 hours under warm 

temperatures, bu t  5 hours has been used as t h e  minimum f o r  these recommenda- 

t i o n s  t o  p rov ide  some f a c t o r  o f  sa fe ty .  



CHAPTER 4 

PRESSURE GROUTING OF CRCP 

The loss of support from beneath the CRCP slab has l o n g  been recognized 

as a  major factor that  accelerates the development of punchouts. The pressure 

grouting of the slab i s  recommended as  a  preventative repair that  i s  a  cost 

effective way o f  extending pavement l i f e .  If significant pumping has 

occurred and slab support i s  n o t  re-establ ished, the pavement may continue 

t o  show rapid deterioration in the future,  particularly in heavily trafficked 

pavements even i f  an overlay has been placed. 

The term "pressure grouting" i s  defined as  the insertion by pressure of a  

cement grout mixture beneath the slab and/or subbase to  both f i l l  voids 

and t o  provide a  thin layer that  should reduce deflections and r e s i s t  

future pumping action. The purpose of pressure grouting i s  to  s tab i l ize  the 

slab by f i l l i n g  the existing voids with grout, and n o t  t o  ra i se  the slab. 

The term "slab jacking" refers t o  the l i f t i n g  of the slab a t  a  depression 

to i t s  original smooth profile.  This i s  also a  viable repair method b u t  

i t  i s  not discussed herein. 

The cement grout pressure grouting of CRCP has become a highly specialized 

operation with specially trained personnel and specifical7y designed equip- 

ment. Grout mixtures, equipment, and construction procedures for  pressure grouting 

are presented. Further de ta i l s  can be found in References 9-19. Pressure 

grouting was used succkssf ul ly on the 1978 Manteno 1-57 rehabi 7 i  tat ion 

project as described in Reference 6. 

4.1 - Materials 

A variety of grout mixtures have been used for Dressure grouting. The 

materials that  make u p  the grout greatly affects  the consistency, strength, 



and d u r a b i l i t y  o f  t h e  mix. The most impo r tan t  requi rement  i s  t h a t  t h e  

g r o u t  i s  v e r y  f l owab le  t o  fill very  small vo ids  beneath t h e  s l a b  and sub- 

base. The g r o u t  must a l s o  d i sp lace  f r e e  wate r  w h i l e  u l t i m a t e l y  hardening 

i n t o  a  s t r u c t u r a l l y  s t r ong  and non-erodib le  substance. 

The f o l l o w i n g  g r o u t  mixes a re  recommended: 

( a )  Cement - Limestone dus t  s l u r r y  

( b )  Cement - Pozzolan ( n a t u r a l  o r  a r t i f i c i a l )  s l u r r y  

Both g r o u t s  have been used success fu l l y ,  b u t  t h e  Pozzolan g r o u t  has b e t t e r  

f l o w a b i l i t y  due t o  i t s  f i neness  and sphe r i ca l  shape. 

The g r o u t s  norma l l y  c o n s i s t  o f  t h e  f o l l o w i n g :  

1  p a r t  (by volume) Po r t l and  Cement Type I ,  I1 o r  111. 

3 p a r t s  (by volume) Pozzolan o r  l imestone dus t  

Water t o  achieve requ i red  f l u i d i t y .  

Pozzolan i nc l udes  n a t u r a l  ( vo l can i c  ash, diatomaceous e a r t h )  and 

a r t i f i c i a l  ( f l y  ash) pozzol ans. The pozzolan m a t e r i a l s  should meet t h e  

requi rements under ASTM C-618. The l imes tone  dus t  should meet t h e  r e q u i r e -  

ments o f  AASHTO M-17  f o r  m inera l  f i l l e r s .  

Var ious a d d i t i v e s  may be used t o  achieve increased s t r e n g t h  and d e n s i t y .  

These i n c l u d e  water  reduc ing  agents, f l u i d i f i e r s ,  s u p e r p l a s t i c i z e r s ,  ca lc ium 

c h l o r i d e  t o  acce le ra te  se t ,  e t c .  

The g r o u t  should be t he  cons is tency  o f  t h i c k  soup. I t s  cons is tency  can 

be s p e c i f i e d  us ing  t h e  f l o w  cone method (Corps o f  Engineers CRD-C 611-80 w i t h  

1 /2  i n .  i n s i d e  d i a m e t e r o r i f i c e ) .  The t ime  o f  e f f l u x  should be i n  t h e  range 

of 10 t o  22 seconds. A p l o t  o f  compressive s t r e n g t h  vs t ime f o r  t h e  g r o u t  

used on t h e  Manteno p r o j e c t  i s  shown i n  F igure  4.1 . 
4.2 Equipment 

The f o l l o w i n g  equipment i s  used d u r i n g  pressure g r o u t i n g  opera t ions :  

( a )  A i r  compressors t o  d r i v e  pneumatic hammers. 





( b )  Pneumatic hammers equipped w i t h  d r i l l s  o r  o t h e r  d r i l l s  t h a t  

w i l l  c u t  1-1/2 - 2-1/2 i n c h  (38-64 rnm) ho les  th rough t h e  

concrete s l  ab and s t e e l  re in fo rcement .  

( c )  A g r o u t  p l a n t  t h a t  i s  capable o f  a c c u r a t e l y  measuring and 

p r o p o r t i o n i n g  by volume o r  weight ,  and m ix i ng  t h e  va r i ous  

m a t e r i a l s  composing t h e  g rou t .  The p l a n t  must a l s o  c o n t a i n  

a p o s i t i v e  displacement cement i n j e c t i o n  pump capable o f  

app l y i ng  a t  l e a s t  50-250 p s i  (344-1720 KPa) a t  t h e  end o f  

t h e  d ischarge p ipe  (depending on t h e  a p p l i c a t i o n ) .  

For cement pozzolan mixes i t  i s  necessary t o  use a h i g h  

speed c o l l o i d a l  mixer  ope ra t i ng  i n  a range o f  800 t o  2000 RPM. 

( d )  C y l i n d r i c a l  wooden p lugs  o r  o t h e r  approved p lugs  t h a t  can 

e f f e c t i v e l y  p l ug  ho les  u n t i l  t h e  g r o u t  has se t .  

( e )  Grout  packers t h a t  can be i n s e r t e d  i n t o  t h e  d r i l l e d  ho le  

and then  seal  t h e  ho le  w h i l e  t h e  g r o u t  i s  be ing pumped. 

4.3 Pressure Grou t ing  Procedures 

A1 though cement g r o u t  pressure g r o u t i n g  has been performed f o r  many years  

(commonly c a l l e d  "mud-jacking");  t h e  p a s t  few years  has seen a g r e a t  

inc rease  i n  l a r g e  p r o j e c t  work. There i s  r e l a t i v e l y  ve ry  l i t t l e  c u r r e n t  

pub l i shed  i n f o r m a t i o n  a v a i l a b l e ,  and o n l y  a few experienced c o n t r a c t o r s  

and maintenance crews. Cement g r o u t  pressure g r o u t i n g  i s  v e r y  much an a r t ,  and 

i t s  success depends h i g h l y  upon t h e  exper ience o f  t h e  c o n t r a c t o r .  Thus, 

t he re  should be an exper ience c lause  r e q u i r i n g  p r i o r  work. 

Pressure g r o u t i n g  can be performed i n  "b lanke t "  coverage over  t h e  e n t i r e  

p r o j e c t ,  o r  i t  can be performed o n l y  i n  " l o c a l i z e d "  areas where pumping and 

l o s s  o f  suppor t  i s  more severe. 



Pumping can occur  anywhere i n  CRCP b u t  more u s u a l l y  i n  s l i g h t  sags o r  

depressions, e x i s t i n g  patches, and va r i ous  l o a d  assoc ia ted  d i s t r e s s .  I t  i s  

recommended t h a t  pressure g r o u t i n g  be performed i n  l o c a l i z e d  areas o f  h i g h  

d e f l e c t i o n  o r  where pumping can be observed. O f  course, i f  t h e r e  i s  v i sua l '  

p r o o f  o f  ex tens ive  pumping a long t h e  e n t i r e  p r o j e c t ,  t hen  most o f  t h e  p r o j e c t  

should be cons idered f o r  b l anke t  p ressure  g rou t i ng .  

Pressure g r o u t i n g  should be performed a t  a1 1 e x i  s t i n g  permanent patches 

showing any evidence of pumping o r  se t t lement .  T h i s  w i l l  extend t h e  l i f e  of 

t h e  pa t ch  and t h e  o r i g i n a l  s l a b  surrounding t h e  pa tch .  

D e f l e c t i o n s  and v i s u a l  pumping a r e  t h e  p r ima ry  c r i t e r i a  t h a t  have 

been used t o  l o c a t e  vo ids  beneath s labs.  S tud ies  performed i n  I l l i n o i s  

on CRCP concluded t h a t  peak d e f l e c t i o n s  a long a p r o f i l e  measured every  

5-10 ft. (1.5-3 m) and obv ious l y  g r e a t e r  than  t h e  general  mean should be 

se lec ted  f o r  pressure g r o u t i n g  as i l l u s t r a t e d  i n  F igu re  4.2. 

It i s  recommended t h a t  a heavy l oad  d e f l e c t i o n  dev ice  (hav ing loads  

approaching t h a t  of t r u c k  wheel loads)  be used f o r  v o i d  d e f l e c t i o n  on 

concrete pavements such as t h e  Benkleman beam o r  heavy IDOT Road Rater .  

Th i s  a l l o w s  a r e a l i s t i c  e v a l u a t i o n  o f  f ounda t i on  suppor t .  Some vo ids  may 

be l o c a t e d  below t h e  subbase which can be l o c a t e d  w i t h  heavy l oad  d e f l e c t i o n s .  

A f t e r  t h e  s p e c i f i c  areas o f  pressure g r o u t i n g  have been l o c a t e d  t h e  ac tua l  

g r o u t i n g  can begin. Because a l a r g e  m a j o r i t y  o f  t r u c k s  t r a v e l  i n  t h e  o u t e r  

lane, most o f  t h e  pumping and vo ids  occur  i n  t h e  o u t e r  lane. Thus, i n  t h i s  

case i t  i s  p robab ly  c o s t  e f f e c t i v e  t o  p ressure  g r o u t  o n l y  t h e  o u t e r  lane.  There 

c e r t a i n l y  a re  excep t ions  t o  t h i s  however. The f i r s t  s tep  i s  s e l e c t i o n  o f  

t h e  ho le  p a t t e r n  and depth. These w i l l  va r y  depending on t ype  and des ign  

o f  concre te  pavement. 





The hole p a t t e r n  should va ry  depending on t h e  r e s u l t s  d u r i n g  t h e  j o b .  

A t y p i c a l  ho le  spacing used on a p r o j e c t  i n  I l l i n o i s  i s  shown i n  F igure  4.3 

Th i s  ho le  spacing appeared t o  g i v e  good coverage, b u t  b e t t e r  coverage may 

have been ob ta ined  i f  t h e  l o n g i t u d i n a l  spacing of  t h e  ho les  were more 

c l o s e l y  spaced ( e g g .  10 ft. ( 3  m) i ns tead  o f  14 ft. (4.3  m) ) .  Also, t h e  

g r o u t i n g  o f  t h e  pass ing l ane  i s  n o t  be l i eved  necessary i n  most cases. 

The depth t o  which t h e  g r o u t i n g  ho le  should be d r i l l e d  should be a t  

l e a s t  t o  t h e  bottom of t h e  concre te  s l ab .  I f  however, t h e  subbase i s  

s t a b i l i z e d ,  t h e  ho le  i s  most o f t e n  d r i l l e d  on through t h e  subbase. Voids 

o f t e n  e x i s t  beneath t h e  s t a b i l i z e d  subbase and i t  i s  impor tan t  t h a t  these 

a l s o  be f i l l e d .  

A f t e r  t h e  ho les a r e  d r i l l e d ,  an expanding rubber  packer connected t o  

the  d ischarge hose on t h e  pressure g r o u t  pump i s  lowered i n t o  t h e  ho les.  

The d ischarge end o f  t h e  packer i s  n o t  extended below t h e  lower  sur face  o f  

t he  concre te  s lab .  

The a c t u a l  process o f  pumping g r o u t  v a r i e s  g r e a t l y .  Close i n s p e c t i o n  

i s  r e q u i r e d  d u r i n g  t h e  pressure g r o u t i n g  process. The purpose i s  t o  s t a b i l i z e  

t h e  s l a b  by f i l l i n g  e x i s t i n g  vo ids  w i t h  g rou t  and n o t  t o  r a i s e  t h e  s l a b  a b o ~  

grade. (Small sags may be taken o u t  i f  des i red .  ) 

The p r o j e c t  s p e c i f i c a t i o n s  should a1 low the  s l a b  t o  be 1 i f t e d  no more 

than 118 i n .  (3.2 mm), t h e r e f o r e  a dev ice  t o  mon i t o r  l i f t  i s  a  necess i t y .  

A mod i f i ed  Benkelman Beam type  dev ice  can be used which i n d i c a t e s  t o t a l  

movement o f  t h e  s lab .  One dev ice  used t o  c o n t r o l  t h e  amount o f  pumping 

t h a t  i s  done i n  each ho le  i s  shown i n  F igure  4.4. Other f a c t o r s  t h a t  a r e  

used t o  determine when t o  cease pumping a r e  t h e  appearance o f  g r o u t  i n  

ad jacen t  holes,  edge j o i n t  o r  cracks and t h e  e j e c t i o n  o f  g r o u t  f rom under 

the  s lab.  Another 
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> .. 1 d i a l  gauge, 

rests on shoulder  

he igh t  ad jus tment ,  
rests on s l a b  
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Figure 4.4. Measurement Device f o r  Determining Lift o f  S l a b  During 
Pressure  Groutl ng Opera t i  on. 



i n d i c a t i o n  t h a t  g r o u t i n g  should  cease i s  t h e  pumping t ime  on a ho le .  When 

no evidence o f  g r o u t  appears i n  j o i n t s  o r  a ho le  and no l i f t  i s  be ing  

recorded on t h e  gauge a f t e r  a  reasonable amount o f  t i m e  (e.g.  1  min. ) 

g r o u t i n g  should  cease. Th i s  i s  e s p e c i a l l y  t r u e  when pumping g r o u t  n e x t  t o  

an ad jacen t  1 ane. 

Normal ly ,  i n d i c a t i o n  t h a t  t h e  s l a b  i s  beg inn ing  t o  r i s e  o r  t h e  f l o w i n g  

o f  g r o u t  o u t  o f  an ad jacen t  ho le  o r  j o i n t  o r  t h e  edge o f  t h e  s l a b  i s  

s u f f i c i e n t  evidence t h a t  a l l  c a v i t i e s  o r  vo ids  a re  f i l l e d  w i t h i n  t h e  range 

o f  t h e  h o l e  be ing  grouted,  and pumping i n  such a ho le  should  cease. Dur ing 

pumping, ve ry  c l ose  a t t e n t i o n  should  be g iven t o  p reven t  any r i s i n g  o t h e r  

than t h a t  necessary t o  i n d i c a t e  t h a t  t h e  s l a b  i s  o r  i s  about  t o  beg in  

r i s i n g  . 
A f t e r  g r o u t i n g  has been completed i n  any one ho le ,  t h e  packer  i s  w i t h -  

drawn f rom t h a t  h o l e  and t h e  ho le  plugged immediate ly .  Temporary p l ugs  

t h a t  p ro t r ude  above t h e  t o p  o f  t h e  s l a b  should  be removed when s u f f i c i e n t  

t ime  has elapsed t o  p e r m i t  t h e  g r o u t  t o  s e t  s u f f i c i e n t l y  so t h a t  back 

p ressure  w i l l  n o t  f o r c e  i t  through t h e  ho le ,  and space occupied by t h e  

p l u g  f i l l e d  w i t h  a  reasonably  s t i f f  g r o u t  o r  an approved concre te  m ix tu re ,  

and compacted. 

The ques t i on  o f  how l o n g  t r a f f i c  should  be kep t  o f f  a  g rou ted  s l a b  has 

n o t  been f u l l y  answered y e t .  Grouts a t  normal temperatures l o s e  t h e i r  

f l u i d i t y  w i t h i n  about 20 minutes a f t e r  placement. S ince t h e  g r o u t  i s  w e l l  

con f i ned  i t  should  be a b l e  t o  suppor t  l oads  w i t h i n  a t  l e a s t  1 hour.  

The t o t a l  e f f e c t i v e n e s s  o f  t h e  p ressure  g r o u t i n g  can be determined 

o n l y  by m o n i t o r i n g  f u t u r e  performance o f  t h e  pavement. Some agencies 

a t t emp t  t o  mon i t o r  t h e  e f f e c t i v e n e s s  by remeasur ing t h e  s l a b  d e f l e c t i o n  a t  

the same p o i n t s  and de te rmin ing  i f  i t  i s  s t i l l  above t h e  maximum a l lowed.  

I f  i t  i s  h i g h  t h e  area i s  regrou ted  c n t i l  i t  i s  reduced. 



4.4 Typ ica l  Pressure Grout Q u a n t i t i e s  

The amount o f  g r o u t  t h a t  i s  r e q u i r e d  t o  f i l l  vo ids  and s t a b i l i z e  s labs  

i s  o f  course h i g h l y  dependent upon t h e  pavement c o n d i t i o n ,  p a r t i c u l a r l y  t h e  

amount o f  e x i s t i n g  pumping. 

A v a i l a b l e  da ta  ob ta ined  f rom c o n t r a c t o r s  i n d i c a t e  t h a t  g r o u t  q u a n t i t i e s  

3 f o r  CRCP may range from 0.2 t o  0.4 f t  /SY o f  s l a b  area. 



CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

The o v e r a l l  o b j e c t i v e  o f  P r o j e c t  IHR-901 was t o  improve t h e  maintenance 

procedures and m a t e r i a l s  f o r  CRCP. The research  approach used t o  accompl ish 

t h i s  o b j e c t i v e  as t o  (1  ) conduct a f i e l d  survey t o  determine t h e  types  o f  

d i s t r e s s  o c c u r r i n g  and t h e  f u t u r e  maintenance needs (Refs.  1, 2 ) ,  and 

( 2 )  conduct an e v a l u a t i o n  o f  e x i s t i n g  pa tch ing  methods, cos ts ,  and p e r f o r -  

mance (Refs. 3, 4 ) .  Based upon these r e s u l t s ,  i n p u t  f rom t h e  P r o j e c t  

Adv iso ry  Committee and IDOT maintenance personnel ,  t h e  most p romis ing  proce- 

dures and m a t e r i a l s  were i d e n t i f i e d  f o r  f u r t h e r  t e s t i n g  and development. 

Exper imental  f i e l d  and 1 abo ra to r y  s t u d i e s  were conducted over  t h r e e  years  t o  

p rov i de  da ta  f o r  develop ing improved procedures and m a t e r i a l s .  Ma jo r  

s t u d i e s  inc luded :  

( 1 )  Sho r t  l a p  t i e d  patches. 

( 2 )  Welded l a p  patches. 

( 3 )  E x t r a  t h i c k  patches. 

( 4 )  P a r t i a l  depth patches. 

( 5 )  Vary ing l e n g t h  and w i d t h  patches. 

( 6 )  Aspha l t  and no -s tee l  concre te  patches. 

( 7 )  E a r l y  opening concre te  a d d i t i v e s  and c u r i n g  procedures.  

( 8 )  Pressure g r o u t i n g  CRCP w i t h  cement-grout. 

( 3 )  Pressure g r o u t i n g  CRCP w i t h  aspha l t  cement. 

(1 0) Epoxying wide cracks.  

(11) Loca t i on  o f  vo ids  us i ng  NDT. 

( 1 2 )  Use o f  mechanized equipment f o r  pa tch ing .  

Many s i g n i f i c a n t  r e s u l t s  were ob ta ined  as documented i n  References 6, 8, and 

t h i s  f i n a l  r e p o r t .  



The f i n a l  permanent pa tch ing  techniques are  presented i n  t he  Appendix 

o f  t h i s  repo r t .  Recommendations f o r  pressure g rou t i ng  CRCP w i t h  cement-grout a r e  

given i n  Chapter 4 o f  t h i s  repo r t .  The patching procedures may be used 

by IDOT maintenance crews, day-labor crews and a l so  u t i l i z e d  t o  make appro- 

p r i a t e  mod i f i ca t i ons  t o  t h e  standard spec i f i ca t i ons .  

A separate audio-v isual  s l i de /casse t te  a i d  f o r  t r a i n i n g  purpose was 

a lso  developed f o r  t h e  patching procedures. This  can be used f o r  the  t r a i n -  

i n g  o f  maintenance crews. Since CRCP patching i s  a  d i f f i c u l t  and c o s t l y  

process, a  small amount o f  t r a i n i n g  w i l l  pay s i g n i f i c a n t  rewards i n  

p r o d u c t i v i t y  and i n  increased patch l i f e .  It i s  a l so  recommended t h a t  

IDOT maintenance consider  the  a c q u i s i t i o n  o f  a d d i t i o n a l  mechanized equip- 

ment f o r  crews patching CRCP such as l i f t  out  c a p a b i l i t y ,  hydrahammer, e t c .  

The procedures inc luded here in  have been f i e l d  tes ted  and found t o  

prov ide excel l e n t  performance. They were a l s o  found t o  be much more cos t  

e f f e c t i v e  than t h e  standard procedures u t i l i z e d  by IDOT over t he  pas t  

decade. I t  i s  s t r o n g l y  bel ieved t h a t  an e f f e c t i v e  permanent patching 

program and a1 so pressure g rou t i ng  where appropr ia te  w i l l  extend t h e  l i f e  o f  a  

CRCP s i g n i f i c a n t l y .  This  a l t e r n a t i v e  w i l l  be much more c o s t  e f f e c t i v e  than 

l e t t i n g  the  CRCP d e t e r i o r a t e  ser ious ly ,  and then p lac ing  a  t h i c k  over lay.  
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RECOMMENDED PROCEDURES FOR PATCHING CRCP 
FOR IDOT MAINTENANCE CREWS 

SECTION I .  INTRODUCTION 

The purpose o f  t h i s  document i s  t o  descr ibe recommended methods o f  

patching cont inuously  re in fo rced  concrete pavements (CRCP) f o r  IDOT main- 

tenance and day l abo r  crews. The procedures a re  the  r e s u l t  o f  a  compre- 

hensive research p r o j e c t  conducted a t  the  U n i v e r s i t y  o f  I1 l i n o i s ,  Depart- 

ment o f  C i v i l  Engineering. The procedures reduce cos ts  and lane c losu re  

t ime by consider ing the several  d i f f e r e n t  d i s t r e s s  types i n  CKCP, d i f f e r -  

e n t  methods o f  cons t ruc t ion  t o  account f o r  the vary ing  equipment capab i l  i- 

t i e s  o f  each crew, and concrete add i t i ves  f o r  e a r l y  opening. P r a c t i c a l  

step by step procedures are  prov ided f o r  t he  e f f i c i e n t  and long l a s t i n g  

patching o f  CRCP. 

The var ious CRCP d i s t r e s s  types are as fo l lows:  

Edge Punchout - A b lock of concrete between t ransverse cracks which 
has become depressed o r  punched down re1 a t i v e  t o  the  surrounding s lab.  
Located a t  t he  edge o f  t he  s lab,  t he  edge punchout i s  caused p r j m a r i l y  
by the  d e t e r i o r a t i o n  o f  the subbase from pumping. Repeated heavy t r u c k  
load ing  i s  a l s o  an important  f ac to r  i n  the progressive development of t h e  
d is t ress .  The edge punchout i s  one o f  the most ser ious and preva len t  CRCP 
d i s t r e s s  type r e q u i r i n g  permanent patching. 

Wide Cracks - O r i g i n a l l y  t i g h t  t ransverse cracks which have opened 
up, Tau1 ted, and spal led,  o f t e n  across an e n t i r e  lane. The opening o f  t he  
cracks i s  associated w i t h  t h e  l o s s  o f  aggregate i n t e r l o c k  and y i e l d i n g  o f  
the r e i n f o r c i n g  s t e e l  a t  the  crack. Wide cracks can develop i n t o  an edge 
~ u n c h o u t  o r  a  b l o w u ~ .  

Long i tud ina l  ~ b i n t  Faul t i n s  - Fau l t i ng  and/or separat ion o f  one l ane  
r e l a t i v e  t o  another f o r  a d is tance o f  10 t o  20 f e e t  (3.05 t o  15.24 m )  
along the c e n t e r l i n e  j o i n t .  I n  many instances 'large groups o f  edge punch- 
outs a re  found i n  the  area of t h i s  d i s t ress .  



Loca l i zed  Breakup - A l o c a l  area o f  t he  s l a b  which has broken up i n t o  
severa l  smal l  pieces. This  d i s t r e s s  i s  o f t e n  l oca ted  i n  reg ions  of c lose,  
in terconnected,  crack spacing and i s  genera1 l y  associated w i t h  cons t ruc t i on  
defects .  

Constr-u-ction _ ? a n t  Faf  l ures - The appearance o f  punchouts, wide cracks, 
excessive s p a l l i n g ,  o r  d i s i n t e g r a t i o n  o f  t h e  s lab,  i n  t he  reg ion  c lose  t o  a CRCP 
cons t ruc t i on  j o i n t .  The unde r l y i  nj cause i s  poor cons t ruc t i on  techniques. 

Blowups - A crushing o r  buck l ing  o f  t h e  s l a b  due t o  thermal and moisture 
expansive fo rces .  Th is  d i s t r e s s  has appeared i n f r e q u e n t l y  i n  CRCP b u t  t h e  
r a t e  o f  occurrence i s  inc reas ing  s i g n i f i c a n t l y .  Blowups can be a severe 
t r a f f i c  hazard and most o f t e n  d e v e l o ~  a t  wide cracks o r  c o n s t r u c t i o n  . io in ts .  

"U" Cracking - A d l s t r e s s  which' causes t h e  concrete t o  s l ow ly  d l i i n t e -  
g r a t e  due t o  freeze-thaw (expansion) a c t i o n  i n  t he  l a r g e  aggregate. Depend- - -  - 
i n g  on t h e  aggregate p rope r t i es  and 1 ocal environment , - "D" c rack ing  can. 
r e s u l t  i n  complete d i s i n t e g r a t i o n  o f  a pavement i n  a t ime span o f  8 t o  15 
years. The c lose  crack spacing o f  CRCP makes i t  p a r t i c u l a r l y  suscept ib le  
t o  "D" crack ing.  

I n  summary, CRCP has about seven d i f f e r e n t  types o f  d i s t r e s s  t h a t  a re  

repa i red  by cons t ruc t i ng  permanent concrete patches. Most o f  these d i s t r e s s  

types are  unique t o  CRCP, so t h a t  t r a d i t i o n a l  methods used f o r  i d e n t i f y i n g  

and d iagnosing d i s t r e s s  i n  p l a i n  o r  re in fo rced j o i n t e d  concrete pavements 

may o r  may n o t  be app l i ed  t o  CRCP. 

It i s  impor tan t  t h a t  t he  var ious d i s t r e s s  types be p rope r l y  i d e n t i f i e d  

and diagnosed. To make a good d iagnosis  o f  t he  d i s t ress ,  t h e  mechanisms 

o f  development must be understood. Maintenance personnel should have a 

good idea i f  t h e  d i s t r e s s  i s  p r i m a r i l y  a r e s u l t  o f  t r a f f i c  loads, env i ron-  

mental cond i t ions ,  o r  i s  a r e s u l t  o f  a  cons t ruc t i on  de fec t .  I t  i s  espec ia l -  

l y  impor tan t  t h a t  they be aware o f  t he  ex ten t  of t h e  d i s t r e s s ,  and how i t  

has a f f e c t e d  t h e  slab, r e i n f o r c i n g  s tee l ,  subbase, and subgrade. 



SECTION 11. SELECTION OF PATCH BOUNDARIES 

Most o f  the patches described i n  t h i s  gu ide l i ne  w i l l  have th ree  

d i s t i n c t  sect ions simply r e f e r r e d  t o  as t h e  cen te r  sec t i on  and the  two 

end sect ions as shown i n  F igure 1. The c o r r e c t  determinat ion o f  these 

sec t i on  boundaries w i l l  increase the  l i f e  o f  t h e  f i n i shed  patch  and m in i -  

mize o v e r a l l  annual patching costs. 

For example, i n  most cases the subbase ma te r ia l  beneath an edge 

punchout i s  d i s i n t e g r a t e d  f o r  some dis tance on both s ides of the d i s t r e s s .  

Signs of edge pumping o r  l o n g i t u d i n a l  j o i n t  f a u l t i n g  (se t t lement )  w i l l  

prove t o  be a  good guide i n  determining how f a r  from t h e  edge o f  the  

v i s i b l e  d i s t r e s s  the  subbase has been damaged ( t y p i c a l l y  2-3 f e e t ) .  Conse- 

quent ly,  the o v e r a l l  l eng th  o f  t he  patch must r e f l e c t  t h i s  d e t e r i o r a t e d  

subbase ma te r ia l .  Carefu l  a t t e n t i o n  must be g iven t o  these warning s igns 

around the d i s t ressed  area and the  appropr ia te  steps taken t o  insure  t h a t  

the de te r i o ra ted  areas are  contained w i t h i n  the patch boundaries as i l l u s -  

t r a t e d  i n  F igure 2. I f  the transverse crack nex t  t o  the  X mark (where the  

p a r t i a l  depth saw c u t  w i l l  be placed) conta ins broken o r  corroded s tee l ,  

the X mark should be moved a t  l e a s t  18 inches away from the  crack t o  p rov ide  

an adequate end sec t ion  length.  

Broken reinforcement can be v e r i f i e d  by running a  t h i n  r u l e r  down 

through the  crack, o r  any crack t h a t  has f a u l t e d  0.10 of an i n c h  o r  more 

can be assumed t o  conta in  broken and/or corroded s tee l .  The batch bound- 

a r i e s  cannot be moved too c lose  t o  the  d is t ressed p o r t i o n  because then 

the p o s s i b i l i t y  e x i s t s  t h a t  a l l  o f  t he  de te r i o ra ted  subbase may n o t  be 

included, and f u t u r e  f a i l u r e  o f  t he  adjacent s lab  and/or patch w i l l  occur. 



A Minimum Patch S i ~ e  

I n  o rder  t o  minimize patch s i z e  and c o s t  and a t  t he  same t ime prov ide  

adequate l a p  l eng th  and a l l ow  f o r  c leanout  o f  the center  sect ion,  the  

f o l  low ing minimum val  ues f o r  o v e r a l l  patch l eng th  should be observed. 

1.  Patch con ta in ing  t i e d  s t e e l ,  4.5 f t  minimum l e n g t h  

2 .  Patch conta in ing  welded s t e e l  - 3  f t  minimum l e n g t h  

B. T ied  Steel Patch 

A patch conta in ing  t i e d  s tee l  can be placed f o r  any d i s t r e s s  type. 

1. The d i s t ressed  po r t i ons  o f  the  CRC s lab  and base should be i nco r -  

porated w i t h i n  t h e  center  sec t i on  o f  the  patch. 

2. The end sect ions and the center  sec t ion  o f  t he  patch should be a  

minimum o f  e ighteen (18) inches long. F i e l d  and l abo ra to ry  t e s t -  

i n g  has shown these end and center  sec t i on  lengths  t o  be adequate 

f o r  t y p i c a l  re inforcement  used i n  I l l i n o i s  (No. 5 bars and welded 

deformed s tee l  f a b r i c ) .  (See F igure  3a) 

C. Welded Steel Patch 

A patch conta in ing  welded s tee l  can be placed whenever the  proper  

equipment i s  a v a i l a b l e  (see Figure 3b).  This  type reduces the l e n g t h  

o f  t h e  end sec t ions  and consequently can save a  considerable amount o f  

breakout t ime. 

I .  The d i s t ressed  p o r t i o n  o f  t he  CRC s lab  and base should be i nco r -  

porated w i t h i n  the  center  sec t ion  o f  t he  patch. 

2. The end sect ions o f  t h e  patch should be a  minimum o f  e i g h t  (8) 

inches long. 

NOTE: A patch conta in ing  no s tee l  i s  recommended o n l y  f o r  
a  badly "D"  cracked sec t ion  o f  CRCP where the  expected l i f e  
o f  t he  pavement surrounding a  proposed patch i s  shor t .  



Rather than p lace a patch w i t h  s t e e l  which would have a 
l i f e  many t imes t h a t  o f  the  surrounding pavement, i t  i s  
much more cos t  e f f e c t i v e  t o  p lace  a concrete patch w i thou t  
s t e e l  which would most l i k e l y  s t i l l  l a s t  longer  than the  
surrounding pavement. 

1. The d is t ressed p o r t i o n  o f  t he  CRC s lab  and 
subbase should be incorpora ted  w i t h i n  the  
center  sec t i on  o f  the patch. 

2. The end sect ions o f  t h e  patch are e l iminated.  

D. Minimum Distance t o  Crack 

Because o f  the  p o t e n t i a l  o f  the CRC s lab  f a i l i n g  between t h e  edge o f  

a patch and the  nearest t ransverse crack i n  t h e  CRCP, the  ou ter  patch bound- 

a r i e s  should be l oca ted  a t  l e a s t  eighteen inches from t h e  nearest  t ransverse 

crack. However, sometimes the  crack spacing i s  very smal l  and i n  these 

p a r t i c u l a r  cases i t  might  be necessary t o  p lace the  boundary c l o s e r  than 

eighteen inches t o  t h e  nearest  t ransverse crack, bu t  n o t  l e s s  than 6 inches. 

I f  t h i s  i s  necessary, make sure t h a t  the cracks are  t i g h t l y  c losed and n o t  

faul ted.  (Note: t o  determine f a u l t i n g  simply run  your  hand over t he  crack 

i n  t he  opposi te d i r e c t i o n  o f  t r a f f i c ) .  I f  a crack t h a t  i s n ' t  t i g h t  o r  i s  

f a u l t e d  i s  w i t h i n  eighteen inches, t he  patch should be extended t o  i nc lude  

t h i s  crack (see F igure  4). Also, the  ou te r  patch boundaries should n o t  

cross a t ransverse crack as t h i s  may l ead  t o  s p a l l i n g  and breakup i n  the  

s1 ab. 

E. Width o f  Patch 

I n  most instances the w id th  o f  t he  patch w i l l  be equal t o  a f u l l  l ane  

width, b u t  t h i s  can be reduced under some circumstances. 

1 D is t ress  types such as wide cracks, l a r g e  edge punchouts, blowups 

and o ther  d is t resses  occur r ing  over more than one-hal f  of t h e  lane 

should be patched over a f u l l  lane w id th  (12 f e e t ) .  



2. I n  some cases such as a smal l  edge punchout t h e  w i d t h  o f  t h e  pa t ch  

need n o t  be a f u l l  12 fee t  (see F igure  5 ) .  I n  these cases, a  

l o n g i t u d i n a l  boundary must be es tab l i shed .  A minimum pa tch  w i d t h  

o f  s i x  f ee t  should be used, however, a  w ide r  pa t ch  can be used as 

l o n g  as t h e  l o n g i t u d i n a l  boundary i s  p laced between t h e  r e i n f o r c e -  

ment and t h e  j o i n t  does n o t  f a l l  i n  t h e  c e n t e r  o f  t h e  wheel path.  

F. F a i l u r e  Across Two o r  More T r a f f i c  Lanes 

Whenever a  f a i l u r e  occurs across a l l  t i e d  t r a f f i c  lanes,  a spec ia l  

pa tch ing  sequencing i s  requ i red .  The t y p i c a l  s i t u a t i o n  i s  where a s t e e l  

r u p t u r e  ( o r  wide c rack )  has occur red  across bo th  lanes  o f  a  f o u r  l ane  

d i v i d e d  I n t e r s t a t e  highway. There i s  t y p i c a l l y  a  l a r g e  amount o f  movement 

across t h i s  c rack  du r i ng  a g i ven  24 hour per iod .  T h i s  movement has o f t e n  

bad ly  cracked t h e  f i r s t  l ane  patched du r i ng  t h e  f i r s t  n i g h t  (norma l l y  t h e  

t r u c k  lane) ,  and heavy t r u c k  loads  over  the  n e x t  few weeks cause these c racks  

t o  spa11 and d e t e r i o r a t e  u n t i l  t h e  pa tch  breaks up. The pa tch  p laced  i n  t h e  

pass ing l ane  norma l l y  does n o t  c rack  as bad l y  as t h e  f i r s t  pa t ch  because move- 

ment i s  r e s t r a i n e d .  

The f o l l o w i n g  procedure has been found t o  inc rease  t h e  chance o f  ob ta i n -  

i n g  two good patches: 

1. Patch t h e  pass ing l ane  f i r s t .  

2. Next pa t ch  t h e  heavy t r u c k  lane. 

Cracks formed i n  t h e  pass ing l ane  pa tch  w i l l  n o t  l i k e l y  breakdown because of 

reduced heavy t r a f f i c .  



SECTION 111. SAWING OF PATCH 

Sawing of a l l  outer boundaries of the patch i s  highly recommended. 

Experience has shown tha t  the outer boundaries of a patch will undergo 

spalling i f  they are created by jackhammers or other breakout equipment, 

or follow an existing crack. Consequently, the proper sawing equipment 

should be uti l ized. 

A. Outer Patch Boundary Saw C u t  

The outer boundary of the end sections should be a partial  depth saw 

cut 1-112 - 2 inches deep that  does not cut the reinforcing steel (see 

Figure 6a).  

B. End SectionICenter Section Saw C u t  

The boundary between the center section and the end section should 

be a ful l  depth saw cut through the reinforcement, unless the al ternat ive 

method under item C below i s  used (see Figure 6a). 

NOTE: For a patch with no s t ee l ,  the transverse outer 
boundaries of the patch should be sawed to a depth 
including the reinforcing s teel  (a fu l l  depth saw cu t ) .  

C. Alternate t o  Full Depth Saw C u t  

The following al ternat ive to  the fu l l  depth saw cut may resu l t  in a 

savings of time and cost. 

1. The partial  depth saw cuts are placed as usual (see Figure 7a). 

Jackhammers are used to  break up the concrete down to the s teel  

where i t  i s  cut with a handsaw or  with a torch, thus eliminating 

the f u l l  depth saw cut a t  the boundary between the center and 

end sections (see Figure 7b). 



D. Longitudinal Saw C u t  

If the width of a  patch i s  less  than a  fu l l  lane, the longitudinal 

boundary must be sawed (see Figure 5 ) .  

1. Patches in CRCP which have the standard reinforcing bars should 

have a partial  depth saw cut along the longitudinal boundary. 

2 .  Patches in CRCP which have welded wire mesh refnforcement should 

have a  fu l l  depth saw cut t h r o u g h  the reinforcement along the 

longitudinal boundary. Note tha t  the method described in Section 

111 C.1 can be used here to  eliminate the fu l l  depth saw cut. 

E. Saw Cuts and Li f t  O u t  

If pins or chains are to  be used t o  l i f t  out the center sections o f  

the patch, the saw cuts must be completely through the CRC slab. If fu l l  

depth sawing i s  not possible, an area approximately 5 inches wide can be 

broken up using a  jackhammer along a l l  edges. This will enable the slab to  

be l i f t e d  out without experiencing severe binding. This may be needed in 

hot weather even i f  fu l l  depth saw cutting i s  available. 



SECTION IV. REMOVAL OF THE CONCRETE 

A. Center Section 

Removal of the concrete from the center section can be accomplished 

by several different  methods depending on the equipment avai 1 able (see 

Figure 6b and Figure 7.c). 

1 .  The most common procedure i s  t o  break up  the concrete with 

jackhammers and shovel i t  out with hand tools. The advantages 

of th i s  method are that  a minimum of equipment i s  needed and i f  

the work i s  done carefully,  damage to  the subbase and the adjacent 

slab i s  avoided. Unfortunately, t h i s  i s  the most time consuming 

man power intensive method, and very expensive. 

2. The removal can be shortened by using a pavement breaker and a 

backhoe. (Note: breaking the concrete by means of a ball breaker 

should never be permitted as the large shock waves will damage 

adjacent concrete). The problem w i t h  t h i s  method i s  that  damage 

t o  the subbase material usually occurs. 

3. A third method which has been used successfully i s  l i f t  out by a 

front  end loader or  a bulldozer. The common procedure i s  to break 

u p  the concrete w i t h  jackhammers on a l l  sides of the center section. 

The front end loader or bulldozer then l i f t s  up one end of the slab. 

Chains are then connected to  the exposed steel a t  the other end of 

the slab and then secured t o  the bucket. The slab i s  then l i f t e d  

out and placed in a truck, or  i f  i t  i s  very large, on a flatbed. 



Th i s  method can be accomplished i n  a  ve ry  s h o r t  p e r i o d  o f  t ime  and 

i t  does n o t  damage t h e  subbase o r  t h e  ad jacen t  CRCP. The problems 

l i e  i n  t h e  f a c t  t h a t  t h e  s i z e  o f  s l a b  t h a t  can be l i f t e d  depends on 

t h e  a v a i l a b l e  equipment. Also, t h i s  method d o e n s ' t  work v e r y  w e l l  

i n  bad l y  "D" cracked m a t e r i a l  o r  where b i tuminous patches a r e  be ing 

rep1 aced, and d isposa l  o f  t h e  s labs can be a  problem. 

4. A  f i n a l  method i n v o l v e s  l i f t  o u t  w i t h  p ins .  Th i s  procedure r e q u i r e s  

a t  l e a s t  two d r i l l e d  ho les,  two o r  more l i f t  o u t  p i ns ,  and some 

heavy equipment capable o f  l i f t i n g  l a r g e  loads  as shown i n  F igu re  

8. F i r s t  a  f i v e  i n c h  wide s t r i p  o f  t h e  CRC c e n t e r  s e c t i o n  must be 

broken up and removed down t o  t h e  reinforcement.  The s t e e l  must 

then be c u t  and taken away. The remainder o f  t h e  s t r i p  down t o  t h e  

subbase must then  be broken up and c a r e f u l l y  removed by hand methods 

be ing  c a r e f u l  n o t  t o  damage t h e  e x i s t i n g  subbase. 

F igu re  9 shows a  t y p i c a l  reusab le  p i n  t h a t  has been used e f f e c t i v e l y  by 

severa l  s t a tes .  The ho les  must be d r i l l e d  so t h a t  t h e  we igh t  o f  t h e  s l a b  i s  

d i s t r i b u t e d  as even l y  as poss ib l e .  The number o f  p i n s  used w i l l  depend on 

t h e  s i z e  and c o n d i t i o n  o f  t h e  s l ab  and on t h e  capac i t y  o f  t h e  chain.  Some 

c o n t r a c t o r s  have developed equipment t h a t  can more r a p i d l y  l i f t  ou t  the  s labs .  

Th i s  method can be accomplished i n  a  s h o r t  p e r i o d  o f  t ime and no rma l l y  leaves 

t he  base m a t e r i a l  and ad jacen t  CRC s l a b  undis turbed.  

8. End Sec t ions  

Removal o f  t h e  concre te  f rom t h e  end sec t i ons  should o n l y  be done i n  

t he  f o l l o w i n g  manner (see F igure  6c and 7d).  

1. Concrete i n  t h e  two end sec t i ons  must be c a r e f u l l y  removed so as t o  

n o t  damage t h e  re in fo rcement  i n  t h e  l a p  area, and t o  avo id  s p a l l i n g  



a t  t h e  bottom o f  t he  j o i n t  (beneath t h e  p a r t i a l  depth saw c u t ) .  

Th is  t ask  can be accompl i shed by us ing o n l y  jackhammers, p r y i n g  

bars, p icks ,  shovels, and o the r  hand too l s .  

2. Breaking around the  r e i n f o r c i n g  s t e e l  w i t h o u t  n i ck ing ,  bending, 

o r  i n  any way damaging i t  i s  d i f f i c u l t .  However, t h e  re inforcement  

must no t  be bent up i n  removal o f  concrete s ince t h e  bars cannot 

be p rope r l y  s t ra igh tened ou t  af terwaru.  Bent re inforcement  i n  

t h e  patch area w i l l  even tua l l y  r e s u l t  i n  spa11 i n g  o f  t h e  patch and 

f a i l u r e  because o f  t h e  l a r g e  eccen t r i c  s t resses  c a r r i e d  by t h e  

reinforcement.  

3. The use o f  a  drop hammer o r  hydrahammer shou ldnot  be a l lowed i n  t he  

end sec t ions  because t h i s  equipment w i l l  t y p i c a l l y  damage the  r e -  

inforcement and/or cause ser ious  undercu t t ing  beneath t h e  p a r t i a l  

depth sawed j o i n t .  I t  may be necessary t o  l i m i t  t h e  s i z e  o f  t h e  

jackhammer opera t ing  a t  t he  j o i n t  t o  minimize unde rcu t t i ng  beneath 

t h e  re inforcement .  

4. Any bent  re inforcement  should be c a r e f u l l y  s t ra igh tened a f t e r  t h e  

breakout of t he  concrete. 



SECTION V. EVALUATING THE CONDITION OF THE SUBBASE 

A. No Damage 

I f  the subbase has n o t  been damaged by cons t ruc t i on  operat ions and no 

standing water o r  excessive moisture i s  present, and i n  general i t  i s  i n  

sound cond i t ion ,  then proceed t o  SECTION V I .  

B. Damaged Subbase 

A l l  ma te r i a l  t h a t  has been d is tu rbed o r  t h a t  i s  loose should be remov- 

ed and replaced w i t h  regu la r  concrete dur ing  placement o f  t h e  patch. 

C. Mo is tu re  

A l l  excessive f r e e  moisture should be removed o r  d r i e d  up i f  poss ib le  

before the p lac ing  o f  the  concrete. 

D. S i d e D r a i n  

I f  the  subbase and subgrade are  saturated, and considerable water i s  

present  a s ide  t rench o r  p ipe  d r a i n  should be i n s t a l l e d  t o  f a c i l i t a t e  drainage. 

This  can be accomplished by c u t t i n g  a narrow t rench through t h e  shoulder. The 

t rench i s  then back f i l l e d  w i t h  crushed stone and surfaced w i t h  asphal t  

concrete. 



SECTION V I .  REPLACING AND SPLICING THE REINFORCING STEEL 

A. Inspect ion  

The r e i n f o r c i n g  s tee l  a t  t h e  patch ends should be inspected f o r  damage. 

I f  more than 10% o f  t h e  s tee l  i s  v i s i b l y  damaged o r  corroded, the  ends o f  t h e  

patch should be extended u n t i l  t h i s  s i t u a t i o n  i s  r e c t i f i e d  over t he  requ i red  

l a p  length.  

B. Type and Clearance 

Reinforcement o f  s i m i l a r  s i z e  and s t reng th  should be placed i n  the  patch 

and sp l i ced  t o  the  re inforcement  a t  t he  patch ends by lapping.  The requ i red  

length  o f  embedment o f  t h e  e x i s t i n g  re inforcement  i n t o  the  patch depends on 

the  s i ze  and type o f  t h e  reinforcement.  I l l i n o i s  f i e l d  t e s t s  have shown t h a t  

an embedment l eng th  o f  18 i n s .  i s  adequate f o r  No. 5 deformed bars and welded 

deformed s tee l  f a b r i c  (d ia .  = 0.516 ins . )  (see F igure  8). This  prov ides an 

embedment o f  29 bar  diameters f o r  t he  No. 5 bar. A No. 6 bar  requ i res  22 i n s .  

embedment f o r  29 bar diameters. Th is  exceeds the  ACI 318 Code f o r  bas ic  

development length.  Fur ther  research may show t h a t  a sho r te r  l e n g t h  i s  

adequate (shown i n  Fig, 10). A minimum 2 i n c h  clearance should be prov ided 

between the  ends o f  t h e  new rebars and t h e  e x i s t i n g  CRCP s lab  face t o  a l l o w  

f o r  poss ib le  expansion. The number and spacing o f  t he  new re inforcement  

should match t h e  re inforcement  i n  t he  pavement. 

C. Welded Reinforcement 

An a l t e r n a t i v e  t o  s p l i c i n g  by means o f  t y i n g  the  re inforcement  as de- 

scr ibed above i s  t o  weld the new re inforcement  i n  p lace (see Fig. 11).  



However, in some cases the reinforcement in the patch will have been made 

from old r a i l s  which cannot be easi ly  welded. The origin of the  reinforcement 

should be determined, and i f  i t  was made from old r a i l s ,  welding should not 

be attempted. A1 1 deformed bars furni shed with ro l l  ed-in markings. These 

identify the producing mill (usually an i n i t i a l ) ,  the bar s ize  number (e.g. 

5 or 61, the type of s teel  (e.9. N for  b i l l e t ,  A f o r  axle, and a r a i l  sign 

for r a i l  s t e e l ) ,  and an additional marking for  identifying the higher 

strength s tee ls  (e.g. ,  60 means 60,000 psi yield s t ee l s ) .  Welding guide- 

l ines  are  as follows: 

1. 1/4 inch continuous welds should be made. 

2. The length of the welds should be four inches and both sides 

of the bars should be welded. A stacking of the bars on top 

of each other i s  recommended. This length of weld develops 

the fu l l  strength of No. 5 bars. 

3. Use AWS A5.1 E70XX electrodes. 

4. Arc s t r ikes  outside of the permanent weld area are to  be 

avoided and tack welding i  s expressly prohibited. 

5. To avoid potential buck1 ing the reinforcement must be 

lapped a t  the center of the patch (minimum lap length i s  

16 inches fo r  a l l  bar s izes)  (see Fig. 12). 

D. Placement 

The new reinforcing steel bars shall be placed observing the following 

conditions (see Fig. 7 3 ) .  

1. Reinforcing steel shall be placed s o  that a minimum of 2-1/2 

inches of cover i s  provided. I f  existing cover i s  less  than 

2-1/2 inches then place spliced bar under the existing bar. 

2. Reinforcing steel shal l  be placed and supported by chairs 

or other means available so that  the reinforcement will not 

be permanently bent down during placement of the patch. 



SECTION V I I .  PREPARING THE PATCH FOR CONCRETE PLACEMENT 

A. Side Forms 

Wood o r  s tee l  s ide  forms should be placed along the  s lab  edge t o  make 

i t  poss ib le  t o  form a uni form edge along t h e  s lab and t o  s t r i k e  o f f  the  

concrete surface. The e x i s t i n g  asphal t  shoulder may need t o  be removed 

f o r  a w id th  o f  l e s s  than one foo t .  A f t e r  removal o f  t h e  form, t h e  excavated 

shoulder area must be b a c k f i l l e d  us ing an aspha l t i c  mix and compacted. 

B. Bonding 

Since concrete bonds b e t t e r  t o  d r y  surfaces than t o  wet surfaces, the  

ends o f  t h e  e x i s t i n g  CRCP should no t  be wetted down before concrete place- 

ment, nor t h e  sur face on which the  concrete i s  t o  be placed. The appl ica-  

t i o n  o f  a neat cement grout  (cement p lus  water) t o  t h e  j o i n t  face immediately 

before concrete placement w i  11 improve bonding. 



SECTION VIII. PLACING THE CONCRETE IN THE PATCH (see Fig. 14) 

A. Concrete Mixture 

The concrete should be obtained from a nearby IDOT approved ready-mix 

plant w i t h  the following properties : 

1. A seven bag mix of portland type I cement. I t  has been found 

tha t  the detrimental effects  of increased shrinkage and the increase 

in cost outweigh the increase in strength that  a cement factor higher 

than 7 bags or other types of cement provide. 

2. An approved air-entraining agent should be used in amounts 

such tha t  4-7% of a i r  i s  entrained in the concrete. 

3. The material proportions should be in accordance with the 

IDOT approved mix design which has a w/c = .41 and gives a 

slump of 3-4". 

B.  Calcium Chloride Additive 

Calcium chloride i s  recommended for use as an accelerator in the patch- 

ing concrete with the following conditions: 

1. The calcium chloride should be added to the ready-mix con- 

crete  a t  the s i t e  when the ambient temperature i s  above 70'~. 

When the temperature i s  below ~o'F, the calcium chloride 

can be added a t  the s i t e ,  o r  a t  the plant as l o n g  as the 

length of time from mixing to  delivery i s  less  than 15 

minutes. 

a.  When the calcium chloride i s  added a t  the s i t e ,  a standard 

solution should be prepared in accordance with the "Manual 

of Instructions for  Concrete Proportion Engineering," IDOT. 



b. The ready-mix t r u c k  should be mixed an add i t i ona l  40 

revo lu t i ons  a f t e r  the a d d i t i o n  o f  t h e  calcium c h l o r i d e  

a t  the  s i t e .  

2. A t  a l l  times the  percentage of calcium c h l o r i d e  by weight o f  

cement i s  l i m i t e d  t o  a maximum o f  2%. 

a. I t  i s  recommended t h a t  no more than 1% be used when the 

ambient temperature i s  above 8 0 ' ~  because greater  per-  

centages can b r i n g  on a f l a s h  set .  

b. I t must be noted t h a t  on warm days t h e  i n i t i a l  s e t  o f  

the concrete can occur as soon as 30 minutes a f t e r  t he  

a d d i t i o n  o f  ca1 cium ch lor ide .  Consequently, the  patch 

should be placed and f i n i s h e d  as q u i c k l y  as possib le.  

C. Super P l a s t i c i z e r  Add i t i ve  

On some days, add i t i ona l  e a r l y  s t rength  could make the  d i f f e r e n c e  

between opening a patch t o  t r a f f i c  a t  the  end o f  t he  day o r  w a i t i n g  t o  the  

next  morning (See Table 1 ) .  I f  the engineer foresees t h i s  t o  be the  case, 

an approved super p l a s t i c i z e r  may be added t o  the  concrete i n  order  t o  ga in  

the add i t i ona l  s t rength.  The i n s u l a t i o n  of the  f i n i s h e d  patch t o  increase 

e a r l y  s t rength  a lso  i s  recommended i n  Sect ion X-C (under c e r t a i n  cond i t ions) .  

1 When a super p l a s t i c i z e r  i s  t o  be used, the  mix a t  the  

ready-mix p l a n t  should be a1 te red so as t o  produce the  

fo l l ow ing :  

a. a 1 " slump concrete 

b. a concrete w i t h  approximately 8% entra ined a i r  

2 .  A t  a l l  t imes the  super p l a s t i c i z e r  should be added a t  t he  s i t e .  

a. I f  calcium c h l o r i d e  i s  t o  be added a t  t he  s i t e  also, t h e  



calcium c h l o r i d e  should be added according t o  the  pro-  

v is ions  o f  Sect ion V I I I  B. be fore  the  a d d i t i o n  o f  the  

b. The super p l a s t i c i z e r  should be added immediately a f t e r  

the  ca l  cium ch lo r ide  has been thoroughly mixed according 

t o  the  prov is ions  o f  Sect ion V I I I  B. 1. b. 

3. The super p l a s t i c i z e r  should be added i n  accordance w i t h  the  

i n s t r u c t i o n s  suppl ied by t h e  manufacturer t o  provide a 7" 

s l  ump concrete f o r  easy p l  acemen t. 

a. I f  the  concrete begins t o  s t i f f e n  up by the t ime the  

second o r  t h i r d  patch i s  t o  be poured, an add i t i ona l  

reduced dose of the super p l a s t i c i z e r  may be added. (Note: 

This can be repeated as many times as i s  necessary, b u t  

never add more than the  necessary amount t o  increase the  

slump 1 i nch  a t  any one t ime w i t h  the  obvious exception 

o f  the  i n i t i a l  dosage.) 

b. I t  i s  recommended t h a t  a l a rge  p l a s t i c  conta iner  w i t h  

volume markings along the  outs ide  be used t o  measure the  

super p l a s t i c i z e r .  

c. The ready-mix t ruck  should be mixed 2 minutes a t  h igh  

speed a f t e r  every add i t i on  o f  t h e  super p l a s t i c i z e r  

( i n c l u d i n g  the  i n i t i a l  dosage). 

D. Adding Water a t  S i t e  

The a d d i t i o n  o f  water t o  the  concrete a t  the  s i t e  should be avoided 

unless abso lu te ly  necessary because o f  t he  detr imental  e f f e c t s  t h i s  has on 

the s t reng th  development and increased shrinkage. 



1. I f  calcium c h l o r i d e  i s  being added a t  the  p l a n t  and the  

concrete cons is ten t l y  a r r i v e s  a t  the s i t e  too s t i f f ,  then 

the calcium ch lo r ide  should be added a t  the  s i t e .  

2. If, a f t e r  the  add i t i on  o f  calcium c h l o r i d e  a t  the  s i t e ,  t h e  

concrete i s  too  s t i f f ,  the  ready-mix p l a n t  operator  should 

be n o t i f i e d  t o  increase the  slump an appropr iate amount. 

E. Consol i d a t i o n  o f  Concrete 

The e n t i r e  patch area should be consol idated by an appropr iate s ized 

spud v i b r a t o r ,  p a r t i c u l a r l y  around the  edges o f  the patch. The use o f  a  

v i b r a t o r  n o t  on l y  consol ida tes  the  concrete, bu t  i t  a lso  helps i n  t h e  

f i n i s h i n g  process, thus avoid ing unnecessari ly h igh  slumps. 

F. S t r i k e  O f f  

Special  care s h a l l  be used i n  b r i n g i n g  the  f i n i s h e d  patch concrete t o  

the  same grade as the  surrounding s lab  t o  avoid roughness causing dynamic 

loads t h a t  w i l l  f o i l  t he  patch. 

G .  l d c n t i f i c a t i o n  

The patch s h a l l  be dated and i d e n t i f i e d  as i n  Sect ion I X  and s h a l l  

be broomed. 

H. P lacemento f  Patch 

The cas t i ng  o f  patches before noon i s  n o t  recommended e s p e c i a l l y  du r ing  

the  summer months as t h i s  leads t o  crushing o f  the  patches i n  t h e  l a t e  

afternoon. 



IX. DATING AND IDENTIFICATION PATCHES 

The dating and identification marks will be placed as indicated in 

Figure 15. This allows for  future performance studies. 

1. The date the patch was placed 

2. The agency performing the construction of the patch 

D for  day labor crew 

M for  d i s t r i c t  maintenance crew 

C for  contractors crew 

3. The thickness of the patch in inches preceded by a T. 

4. The length of the reinforcement lap length in inches proceeded 

by an L .  I t  will be assumed that  the lap length number less  

than 16 will mean that  the reinforcement has been welded, 

If  the patch does not contain steel write NS. 



X. CURING OF THE PATCH CONCRETE 

A. Curing Compound 

A l i q u i d  membrane cur ing compound should be sprayed over the concrete 

i n  a uniform manner. 

B. High Wind Speed 

On days when the wind speed i s  i n  excess o f  10 mph, 1 i g h t  colored o r  

c l ea r  polyethylene sheeting should be placed over the concrete t o  reduce 

the amount o f  moisture loss  from the surface. It can be held down along 

the edges w i t h  r e i n f o r c i ng  steel  o r  any other s im i l a r  weight mater ia l .  

C. I nsu la t ion  

The placement o f  a 4-inch t h i c k  i nsu la t i on  over the  patch i s  h igh ly  

recommended t o  maintian a h igh temperature f o r  cur ing and permit  e a r l y  

opening. 

1. Polyethylene sheeting should be placed on the concrete 

before p lac ing the insu la t ion.  

2.  The i nsu la t i on  should be he ld  down by r e i n f o r c i ng  s tee l  o r  i n  

a s i m i l a r  fashion. 



X I .  OPENING THE PATCH TO TRAFFIC 

There are many f a c t o r s  which i n f l uence  the  l e n g t h  o f  t ime which i s  

necessary f o r  concrete t o  develop s u f f i c i e n t  s t reng th  t o  s a f e l y  r e s i s t  

t r a f f i c  loads. As a r e s u l t  of a comprehensive study, the  ambient temper- 

a tu re  a t  placement has been found t o  be by f a r  the  most i n f l u e n t i a l  f a c t o r  

on the  s t reng th  development o f  concrete patches. Consequently, Table 1 

g ives the  minimum number o f  hours t h a t  the concrete must be a l lowed t o  

cure before i t  i s  opened t o  t r a f f i c  and i t  i s  s o l e l y  dependent on the  

ambient temperature a t  placement. Inc luded i n  the t a b l e  a re  reduced cu r -  

i n g  t imes when a super p l a s t i c i z e r ,  i n s u l a t i o n  o r  bo th  are used according 

t o  the p r o v i s i o n  p u t  f o r t h  i n  t h i s  gu ide l ine .  

It i s  important  t o  emphasize t h a t  the  values i n  Table 1 are o n l y  

app l i cab le  when the patch has been constructed i n  accordance w i t h  the  

p rov i s ions  o f  t h i s  gu ide l ine .  



Table 1. Recomnended Minimum Time from Placement t o  Opening t o  T r a f f i c  
(a1 1 patches conta in  CaC1) . 

* Do n o t  p lace  i n s u l a t i o n  when ambient temperature 's  g rea te r  than 9Q0 F. 

(1 )  See Sect ions VIII A, B, D i n  Appendix A. 
( 2 )  See Sect ions VIII A, B, C, D i n  Appendix A. 
(3 )  See Sect ions VIII A, B, D, X C i n  Appendix A. 
( 4 )  See Sect ions VIII A, B, C,  D, X C i n  Appendix A. 



L m R T I A L  DEPTH 
SAW CUT 

END CENTER END 

LFULL DEPTH 
SAW CUT 

Figure 1 .  Identification of Center and End Sections. 
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END /r FULL DEPTH 
SAW CUT PARTIAL DEPTH 

SECTIQN SAW CUT 7 
rFAlLED AREA 

Step 1: Make one p a r t i a l  depth saw c u t  a t  t h e  ends s f  t h e  pa t ch  and one f u l l  
depth saw c u t  a t  t h e  p roper  end s e c t i o n  l eng ths  f rom t h e  edges (18 
inches f o r  t i e d  s t e e l  patches, 8 inches f o r  welded s t e e l  patches) .  

F i gu re  6a. Standard Breakout Method. P a r t i a l  and F u l l  Depth Saw Cuts. 



CENTER SECTION 
BREAK OUT 

Step 2: Breakout concre te  i n  t h e  cen te r  s e c t i o n  us ing  jackhammers and remove 
d e b r i s  by  mechanical methods. C a r e f u l l y  remove t h e  d e t e r i o r a t e d  sub- 
base, i f  any e x i s t s ,  making sure n o t  t o  damage t h e  remain ing subbase. 
The d e t e r i o r a t e d  area wi 11 be f i 1 l e d  w i t h  Por t1  and Cement Concrete. 

F igure  6b. Standard Breakout Method. Center Sect ion Breakout. 



Step 3. Breakup and remove t h e  remaining concrete i n  t he  end sect ions us ing 
hand methods being c a r e f u l  n o t  t o  n i c k  o r  bend t h e  re inforcement  and 
n o t  t o  spa11 the e x i s t i n g  CRC s l ab  beneath t h e  re inforcement .  The 
reba r  s h a l l  n o t  be bent up f o r  t he  removal o f  t he  remaining concrete.  

F igure 6c.  Standard Breakout Method. End Sect ion Breakout. 



PARTIAL DEPTH 
SAW CUT f FAILED AREA 

Step 1.  Make one p a r t i a l  depth saw c u t  a t  t h e  ends o f  t h e  patch (do no t  c u t  
s t e e l  re in forcement) .  

F igure 7a. A1 t e rna te  Breakout Method. P a r t i a l  Depth Saw Cuts. 



END 
SECTION 

Step 2. Breakout concrete i n  end sect ions us ing jackhammers down t o  t h e  
s tee l  a t  the proper  end sec t i on  l eng th  (18 inches f o r  t i e d  patches, 
8 inches f o r  welded patches) and c u t  t he  s tee l .  

F igure 7b. A? t e rna te  Breakout Method. End Sect ion Breakout. 



Step 3: Breakup center  sec t ion  us ing  mechnical methods, remove deb r i s  i n  
center  us ing  mechanical methods i f  the  l e n g t h  a1 lows. C a r e f u l l y  
remove the  de te r i o ra ted  subbase, i f  any e x i s t s ,  making sure n o t  
t o  damage t h e  remaining good subbase. The d e t e r i o r a t e d  area w i l l  
be f i l l e d  w i t h  Por t land Cement Concrete. 

F igure 7c. A l t e r n a t e  Breakout Method. Center Sect ion Breakout. 



Step 4. Breakup and remove remaining concrete i n  t h e  end sec t ions  us ing 
hand methods being c a r e f u l  n o t  t o  spa11 e x i s t i n g  CRC s l ab  beneath 
re inforcement  and n o t  t o  n i c k  o r  bend t h e  re inforcement .  The reba r  
s h a l l  n o t  be bent up f o r  removal o f  t h e  remaining concrete. 

F igure  7d. A l t e r n a t e  Breakout Method. Removal o f  Remaining Concrete. 



END 
SECTION f FULL DEPTH 

SAW CUT 

PARTIAL DEPTH 
SAW CUT 1 

ED AREA 

LPOSSIBLE DETERIORATED 
SUBBASE 

Step 1 :  Make one partial  depth saw c u t  a t  the ends s f  the patch and one fu l l  
depth saw cut a t  the proper end section lengths from the edges (18 
ins. for  t ied steel patches, 8 ins. fo r  welded steel patches). 

Figure 8a. Center Section L i f t  O u t  Method. Partial and Full Depth Saw Cuts. 



CENTER SECTION 

Step 2. Breakup concrete down t o  t h e  s tee l  i n  t he  center  sec t i on  a t  t he  f u l l  
depth saw cu ts  and on one s ide  extend t h e  breakup a t  l e a s t  5 inches 
i n t o  the  cen te r  sec t ion .  Remove deb r i s  and c u t  t he  s tee l  w i t h  a  saw 
and remove. Breakup remaining concrete down t o  t h e  subbase and re -  
move. D r i l l  t he  requ i red  number o f  holes and i n s e r t  t h e  l i f t  p ins .  
C a r e f u l l y  remove t h e  d e t e r i o r a t e d  subbase, i f  any e x i s t s ,  making sure 
n o t  t o  damage t h e  remaining good subbase. The d e t e r i o r a t e d  area w i l l  
be f i l l e d  w i t h  Por t land  Cement Concrete. 

F igure 8b. Center Sect ion L i f t  Out Method. Removal o f  Center Sect ion. 



Step 3: Breakup and remove the  concrete i n  t he  end sec t ions  being c a r e f u l  
n o t  t o  n i c k  o r  bend the  s tee l  reinforcement.  Use hand methods f o r  
breakup and removal. The rebar  s h a l l  n o t  be bent up f o r  removal 
o f  t he  remaining concrete. 

Figure 8c. Center Sect ion L i f t  Out Method. End Sect ion Removal. 



LIFT PIN 

Figure 9. Typical Pin and Accessories for Lift  O u t  of Large and Heavy Concrete 
Sl abs. 
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PORTLAND CEMENT 
CONCRETE PATCH 

BRUSH NEAT CEMENT- WATER 
GROUT ON DRY ENDS OF EXIST- 
ING CRCP JUST BEFORE CONCRETE 
PLACEMENT 

Figure 14. Placement o f  the Portland Cement Concrete Patch. 






