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PREFACE 

This handbook i s  p r imar i l y  intended t o  ass is t  the Federal Highway 

Admini s t ra t i on  (FHWA) area engineers when they make highway 

construction inspections. It can also be used when reviewing 

specif ications, supplemental specif ications, and special provisions 

during the PSLE stage o f  a project. It i s  a companion t o  the design 

or iented FHUA notebook ent i t led ,  "Techniques For Pavement Rehabil i t a t i  on." 

Information contained herein i s  a guide and i s  not intended as a 

standard. State highway agencies should use o r  develop t h e i r  own 

specif ications. The information i n  t h i s  handbook was selected from 

current reports prepared by the Transportation Research Board under 
the National Cooperative Highway Research Program, Michael I. Darter 

o f  the Universi ty o f  I 1  1 i n o i  s, the Port1 and Cement Association, the 

American Concrete Pavement Association, and several State highway 

agencies. Most o f  the tables and f igures contained i n  t h i s  handbook 

were duplicated from the reference reports. The number o f  d i f f e ren t  

rehab i l i t a t i on  techniques covered i n  t h i s  handbook are 1 imi  ted a t  t h i s  

time. However, the handbook w i l l  be expanded t o  include addi t ional  

construction techniques f o r  rehab i l i t a t i ng  r i g i d  and f l e x i b l e  pavements. 

The technical guidelines and recomnendations have been prepared t o  

r e f l e c t  the views and opinions o f  the FHWA Construction and Maintenance 

Div is ion  

( HHO-30). 
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CHAPTER 1 

FULL DEPTH PATCHING OF JOINTED CONCRETE PAVEMENT 

Material s 

A 7-to 9-bag per cubic yard mix (94 Ibs. per bag) o f  port1 and cement Type I, 
11, or  I11  can be used depending upon opening time t o  t r a f f i c .  A 7-bag 
mix i s  normally s u f f i c i e n t  f o r  most patching work t ha t  does not require 
ear ly  opening ( 4  t o  6 hours) t o  t r a f f i c .  Mixes w i th  8 t o  9 bags per cubic 
yard are commonly used f o r  ea r l y  opening t o  t r a f f i c .  The mixture should 
include an approved a i r -ent ra in ing agent i n  amounts such t h a t  6+1.5 percent 
o f  a i r  i s  entrained i n  the concrete. Since most concrete p l  aceiiient i n  
patching work i s  done by hand, i t  i s  desirable t o  have 2- t o  4-inch slump 
i n  order t o  provide a workable mix. 

Calcium chlor ide o r  other accelerating chemical admixtures can be used as 
an accelerator i n  the patching concrete provided they are added as specif ied. 
Note, calcium chlor ide can cause corrosion i n  re in forc ing steel and dowel 
bars. It i s  recommended that  no more than 1 percent calcium chlor ide be used 
when the ambient temperature i s  above 80°F because greater amounts can br ing  
on a f l ash  set. Otherwise, the maximum percentage i s  generally 1 imited t o  
2 percent. On warm days, the i n i t i a l  set  o f  the concrete can occur as soon 
as 30 minutes a f t e r  the addi t ion o f  calcium chloride. The ready-mix t ruck 
should be ro ta ted an addi t ional  40 revolut ions a f t e r  the addi t ion o f  the 
calcium chlor ide a t  the s i te .  I f  calcium chlor ide i s  being added a t  the 
p lan t  and the concrete consistent ly ar r ives  a t  the s i t e  too s t i f f ,  then the 
calcium chlor ide should be adaed a t  the s i t e .  I f , a f t e r  the addi t ion o f  
calcium chlor ide a t  the s i te ,  the concrete i s  s t i l l  too s t i f f ,  the ready-mix 
p lan t  operator should be n o t i f i e d  t o  increase the slump an appropriate amount 
w i t h i n  the design range o f  the w/c r a t i o  o r  redesign the mix. A concrete 
mobile equipped wi th  admixture dispensers can provide t o t a l  on-si te mix contro 

Ear ly strength can also be obtained by using a water reducing agent o r  
a combination o f  a water reducing agent and set control1 ing  admixtures, o r  
an approved superpl a s t i c i  zer t o  the concrete. The superpl a s t i c i  zer shoul d 
be added a t  the patching s i t e  because o f  i t s  l i m i t e d  time o f  effectiveness. 
It shoul d be added i n  accordance wi th  the ins t ruc t ions  suppl i e d  by the 
manufacturer t o  provide a workable mix. 

Admixtures and combinations o f  admixtures should be laboratory tested by the 
State highway agency (SHA) t o  assure compat ib i l i t y  and sat is fac tory  performance. 

Procedures 

It i s  important t ha t  the boundaries o f  the patch be located as determined 
by the design engineer. I n  general, the deter iorat ion near j o i n t s  and 
cracks i s  greater a t  the bottom o f  the slab than can be observed on the top 
o f  the slab. The minimum length o f  f u l l  depth patches should be 6 feet. 
Some SHA's do construct  3-, 4-, and 5-foot patches; however, d r i l l  r i g s  used 
t o  d r i l l  dowel holes can d i c ta te  the minimum length o f  patch. 

There are two basic methods t o  remove the ex is t ing  deter iorated concrete 
w i t h in  the patch area. These are (1) the break up and clean out  method 
and (2) the l i f t  out method. The l i f t  out method w i l l  generally provide 
the best resu l ts  and the highest production f o r  the same o r  lower cost. 
Contractors have developed l i f t i n g  equipment t ha t  provides f o r  safe and 
rap id  removal whenever a substantial amount of work i s  available. 
Advantages and disadvantages o f  each method are l i s t e d  as follows. 



1. Break up and Clean out  (Acceptable - wi th  caution) 

a. Advantages - Pavement breakers can e f f i c i e n t  
A front-end loader o r  backhoe wi th  a bucket 
remove the broken concrete and load i t  i n t o  
operation should proceed from the center o f  
saw cuts a t  the ends t o  el iminate damage t o  the adjoining slabs. 

b. Disadvantages - This method usual ly disturbs the subbaselsubgrade 
requ i r ing  e i t he r  rep1 acement o f  subbase material o r  f i l l  i ng wi th  concrete. 
It can also damage the adjacent slabs, p a r t i c u l a r l y  a t  the bottom. 

2. L i f t  Out (Preferred) 

a. Advantages - This method generally does not  dSsturb the subbase and 
does not  damage the adjacent slabs. It general ly provides a more 
rapid removal than the break up and clean out  method. 

b. Disadvantages - Disposing o f  la rge pieces o f  concrete may cause a problem. 
L i f t i n g  pins and heavy 1 i f t i n g  equipment usual ly are required f o r  the 
l i f t  out. Otherwise the slab should be sawed i n t o  small pieces so t h a t  
they can be 1 i f t e d  out by a f r o n t  end loader. 

The transverse boundaries o f  the patch should be sawed t o  f u l l  depth w i th  diamond 
saw blades. A wheel saw (having carbide steel  t i p s )  c+n be used t o  make wide 
cuts on each 'side o f  the patch so the center por t ion  can be l i f t e d  out. 
When using t h i s  process, fu l l -depth diamond saw cuts s u l d  be made j u s t  outside 
the wheel saw cuts because the wheel saw produces a r a g e d  edge tha t  promotes 
excessive spa1 1 i ng  along the j o i n t .  

Procedures used f o r  removal should not  spal l  o r  crack djacent concrete and 
should not  d is turb  the subbase or  subgrade. This requfres t ha t  the fo l lowing 
aspects be considered. ! 

1. Heavy drop hammers should not be allowed on the j 
d is turb  the base and damage adjacent sound concre 

2. Hydro hammers ( la rge automated jackhammers) shoul no t  be allowed 
near a p a r t i a l  depth saw j o i n t  because i n  most i n  tances they can 
cause under breaking i n  the adjacent slab. 

P 
3.  Saw cuts can be placed t o  re l i eve  pressure whenever the  temperature i s  

such tha t  the sawn cu t  has closed and spal l  i ng  w i l l  r e s u l t  when the 
ex is t ing  slab i s  broken or  l i f t e d  out. A r e l i e f  cu t  t ha t  should 
provide adequate resul t s  i s  shown i n Figure 1-1. 

4. Concrete between narrowly spaced saw cuts a t  the end o f  a patch 
shoul d be removed wi th  a i r  hammers (30 t o  40 pounds) and hand tools. 

A f t e r  the ex i s t i ng  concrete has been removed, the basejsubgrade should 
be examined t o  determine i t s  condit ion. I f  water o r  excessive moisture 
ex is ts  i n  the  patch area, i t  should be removed o r  dr ied  before the patch 
concrete i s  placed. I f  a drainage problem ex is ts  a t  the patch s i t e ,  i t  
shoul d be corrected ( i  .e., out1 e t  drain, transverse drain, edge drain, 
etc. 1. I f  a serious drainage problem exists,  the construction engineer 
shoul d request a dra i  nage anal y s i  s. The foundation shoul d be recompacted 
using mechanical equipment t o  the sa t is fac t ion  o f  the engineer. 



An a l te rnat ive  method t o  compacting disturbed base material i s  t o  remove 
the loose base material and b a c k f i l l  w i th  the PCC patch. However, t h i s  
method w i l l  produce pavement slabs w i th  d i f f e r e n t i a l  thicknesses which may or  
may not cause d i f f e r e n t i a l  f r o s t  heave problems and may also create drainage 
probl ems. 

The time in terva ls  between sawing, concrete removal , and patching should 
be closely spaced t o  reduce o r  eliminate any potent ia l  f o r  s lab creep. Slab 
creep causes many problems such as reduction o f  load t ransfer  developed by 
aggregate in ter lock  and 1 ooseni ng o f  seals i n contract ion jo in ts .  

/ 3 IN I ,-FULL DEPTH CUT ) 

SAW CUTS FOR LIFT OUT METHOD 

Figure 1-1 

Where transverse j o i n t s  are staggered, bond breaker material should be placed 
along the longi tudinal  j o i n t  (see Figure 1-2). Fa i lu re  t o  use a bond breaker 
i n  t h i s  s i t ua t i on  w i l l  usually cause a corner crack a t  the  longi tudinal  and 
transverse jo ints.  

Figure 1-2 

1 = Transverse Jo in t  

Transverse Joint- 

Y ' - 
Patch +- Fixed End 



Dowel and Rebar Placement 

When specified, holes should be dr i l led  into the face iof the existing slab 
a t  the specified diameter. The diameters of the hole 
larger than the dowels or rebar t o  provide proper a1 i 
located a t  mid-depth of the slab and spaced as indica 
Dowels should be carefully aligned (within 114 inch) 
pavement and parallel t o  the plain of the surface in 
movement. The holes can be dr i l led  rapidly by placin 
that  holds i t  in  the proper position and provides the 
b i t  into the concrete by 1 ever action. Tractor-mounted equipment i s  avail able 
to  d r i l l  mu1 tip1 e holes a t  the same time. 

A quick se t t ing,  non-shrinking mortar or a high-viscosity epoxy can be used 
to  permanently anchor the dowel or rebar in  the hole. The holes should be 
completely f i l l e d  around the dowels and rebars to insure that  they are 
permanently fastened to  the existing concrete. The bars should be dipped in 
the epoxy or grout and worked back into the holes for  complete coverage 
around the bar so that  i t  will be securely fixed into place. The end of the 
dowel bar tha t  extends into the patch area should be greased to  provide free 
movement. Other suitable bond breaking materials can be used besides grease. 

Corrosion of dowel bars has become a common problem in areas where deicing 
chemicals are used. For that  reason, the use of coated dowel bars or 
corrosion res is tant  dowel bars i s  recommended. 

Concrete Placement and Finishing 

Some of the c r i t i ca l  aspects of concrete placement and finishing include 
(1) adequate consol idation, (2 )  avoiding a mix that  i s  e i ther  too s t i f f  or 
has too high a slump, and (3 )  ensuring a level strike-off finish. 

1. Each patch should be cas t  in one continuous full-depth operation. 
The concrete should be consolidated in place by use of an internal 
type vibrator. The concrete should be consolidated around the edges 
of the patch and internally. Internal vibrators for  consolidating 
the concrete should be of an approved mechanical spud type. The 
vibrators should be capable of visibly affecting the concrete for a 
distance of 12 inches from the vibrator head. 

2. The concrete mixture should have a slump of approximately 2 t o  4 
inches a t  the patch s i t e  for best placement. However, t h i s  may vary 
depending on additives and construction conditions. A mix too s t i f f  
or too f lu id  could provide serious placement problems. The use of a 
superpl a s t i c i  zer as discussed previously can he1 p i n  providing a 
workable mixture. Workmen should not add excessive water jus t  t o  
get a highly flowable mix as th i s  will weaken the concrete and cause 
higher shrinkage. Workmen should also not add water to  the surface 
when finishing the concrete because th i s  too will adversely affect  the 
durabl i ty  of the concrete surface. 

3. Short patches that  are generally less  than 12 fee t  can be screeded 
either transversely or longitudinally. If a pavement i s  rutted, 
screedi ng i n  the longitudinal direction ( pl acing the screed para1 le l  
t o  the centerl ine) may be preferable because the patch will match the 
existing cross section of the pavement. For patches over 12 feet  i n  
length, the screed should be placed perpendicular t o  the centerl ine. 



While the  concrete i s  s t i l l  p l a s t i c ,  the  con t rac to r  should t e s t  the  patch 
sur face f o r  trueness and f o r  being f l u s h  w i t h  the  edges o f  the  adjacent 
slabs by use o f  a st ra ightedge and i n  accordance w i t h  the  fo l low ing .  

1.  For patches 10 f e e t  o r  l e s s  i n  length,  the  s t ra igh tedg ing  should be 
done by  p lac ing  the  st ra ightedge para1 l e l  t o  the  pavement center1 i n e  
w i t h  the  ends r e s t i n g  on the  e x i s t i n g  pavement and drawing the  s t r a i g h t -  
edge across the  patch. The st ra ightedge should be i n  con tac t  w i t h  t h e  
e x i s t i n g  pavement whi 1 e drawing i t  across the  patch and any h igh  o r  1 ow 
spots exceeaing 118 i nch  should be corrected. I f  any cor rec t ions  a re  
made, the surface should be rechecked. 

2. A l l  transverse and l o n g i t u d i n a l  j o i n t s  should be edged ( e i t h e r  by 
t o o l i n g  wh i le  the  concrete i s  p l a s t i c  o r  by sawing) t o  prevent  chipping 
and subsequent spa1 1 i n g  o f  the  edges. 

3. The surface o f  the  concrete should be tex tu red  t o  match t h e  surrounding 
pavement, except when a g r ind ing  operat ion fo l lows.  

Curing and Opening t o  T r a f f i c  

AMBIENT TEMPERATURE AND THE TEMPERATURE OF THE CONCRETE AT THE TIME OF 
PLACEMENT HAVE BEEN FOUND TO BE THE MOST CRITICAL FACTOR I N  THE STRENGTH 
DEVELOPMENT OF CONCRETE PATCHES. The temperature i n  t h e  patch concrete 
w i l l  be h igher than ambient o r  c y l  inderlbeam temperatures. This d i f fe rence  
ranges from 10' t o  30°F a t  4 hours a f t e r  placement f o r  non- insulated patches. 

Concrete cur ing  compound should be added as soon as the  concrete sur face 
has s e t  s u f f i c i e n t l y  t o  apply the  cur ing  agent w i thou t  damage. The cur ing  
compound should be app l ied  immediately a f t e r  t e x t u r i n g  a t  the  r a t e  o f  
1 ga l lon  per  150 square feet .  

Port land cement concrete patches should n o t  be p laced when t h e  a i r  o r  base 
mater i  a1 temperature i s  be1 ow 40°F unless the  patch i s adequately insulated.  
I n s u l a t i o n  b lankets having a minimum thickness o f  2 inches should be used. 
Edges and seams i n  the  b lanke t  should be secured to prevent penet ra t ion  o f  
wind. Test beams o r  c y l i n d e r s  should be cured the  same as t h e  patch on the  
j o b  s i te .  I n s u l a t i o n  may be used t o  improve the  r a t e  o f  curing. I f  an 
i n s u l a t i o n  b lanke t  i s  placed over t h e  patch, the  temperature d i f f e r e n t i a l  a t  
4 hours may be as h igh  as 40°F. Thus, f o r  r a p i d  cur ing  ( p a r t i c u l a r l y  i n  c o l d  
weather), i t  i s  s t rong ly  recomnended t h a t  i n s u l a t i o n  b lankets be placed over 
the  patch. Class E (ASTM C-208) i n s u l a t i o n  board works we l l  and i s  more 
s ta t ionary  than blankets. 

Polyethylene sheeting should be p laced on the  concrete surface before 
p lac ing  the  insu la t ion .  The w/c r a t i o  and r a p i d  s e t t i n g  add i t i ves  such as 
calcium c h l o r i d e  a lso  have a s i g n i f i c a n t  e f f e c t  on r a p i d  st rength development 
dur ing the  f i r s t  few hours a f t e r  placement. The shor tes t  cu r ing  t ime can be 
obtained by using a combination o f  calcium c l  or ide,  superpl a s t i c i z e r  and 
i n s u l a t i o n  blankets, Type I 1  I cement, and set- retarder ( i f  needed). Table 1-1 
provides recommendations on e a r l y  opening o f  concrete patches. 

Please note t h a t  the  data i n  Table 1-1 ind ica tes  the  s t reng th  versus t ime f o r  
a 7 bag mix. The more commonly used 8 and 9 bag mixes produce s i g n i f i c a n t l y  
h igher e a r l y  s t reng th  concrete. 



There are  generally two c r i t e r i a  that  may be used t o  specify when patches can 
be opened t o  t r a f f i c .  

Most often, SHA's specify the minimum strength of,beams or cylinders. 
The minimum strength before a patch can be openedi'to t r a f f i c  varies 
widely between agencies (e.g., 300 t o  650 psi mod 
A modulus of rupture of 300 psi fo r  center point 
for  th i rd  point 1 oadi ng, or 2500 psi fo r  compress 
cured similar t o  the patch are believed t o  be ade 
t raff ic .  The actual strength of the patch will b 
or cylinders because the temperature i n  the patch 
the heat of hydration. 

An SHA could specify the mixture and curing procedures and then, based 
on tes t ing resul ts ,  s e t  the minimum time t o  opening t o  t r a f f i c .  If 
t h i s  i s  done, the time t o  opening should be dependent upon the ambient 
temperature a t  time of placement. The recommendations in  Table 1-1 are 
based on laboratory and f ie ld  t e s t s  conducted by the  Department of Civil 
Engineering a t  the University of I1 l inois.  These recommendations should 
be carefully considered by an agency before adopting and should be 
adjusted t o  local conditions where needed. This data i s  under evaluation ' 
and may be modified in the future. 

Table 1-1. Example Minimum Opening Times f o r  Concrete Patches 

Ambient Minimum Opening Times (Hours)*** 
Temperature Regular Patch with Addition of 
A t  Pl acement Regul ar* Super Fi berg1 ass** Super Plasticizer 

( O F )  Patch Plasticizer Insulation and Insulation 

Note: *Regular patch - 7 bags/cu.yd., 2 percent calcium chloride, Type I cement, 
w/c - 0.4 

**Insulation should not be used when the ambient temperature i s  greater. 

***Opening times (hours) are given fo r  a modulus of 250 psi ( th i rd  point 
loading) , or 300 psi (center point 1 oadi ng) for  the patch concrete. 



Method o f  Payment 

Based on the di f ference i n  u n i t  cost between small area patching and la rger  
slab requirement, two o r  more pay items should be included i n  the  pay schedule. 
For example, one agency has the fol lowing three sizes: Type I - less than 
5 square yards, Type I I - 5 t o  15 square yards, and Type I I1 - greater than 
15 square yards. 





CHAPTER 2 

FULL DEPTH REPAIR 
OF 

CONTINUOUSLY REINFORCED CONCRETE PAVEMENT (CRCP) 

In t roduc t ion  

Certa in types o f  d i s t r e s s  are unique t o  CRCP and conventional methods o f  
r e h a b i l i t a t i o n  used f o r  j o i n t e d  concrete pavements may no t  apply t o  CRCP. 

The most common d i s t r e s s  i n  CRCP i s  an edge punchout which i s  simply 
a sec t ion  o f  concrete between t ransverse cracks t h a t  i s  depressed (punched 
down) below t h e  sur face o f  t h e  surrounding slab. 

Patch Boundaries 

I n  most cases t h e  base mater ia l  beneath an edge punchout i s  d is in tegra ted  
on a1 1 sides o f  t h e  d i s t r e s s  ( t y p i c a l l y  2-3 f e e t ) .  Therefore, t h e  overa l l  
area o f  t h e  patch should inc lude  t h e  de te r io ra ted  base mater i  a1 . 
Tied Steel  Patch 

The dist ressed por t ions  o f  t h e  CRCP and base should be incorporated 
w i t h i n  t h e  center  sec t ion  o f  t h e  patch. The end sections and t h e  center  
sec t ion  o f  t h e  patch should be a minimum o f  2 f e e t  long (see Figure 2-1). 
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Welded Steel Patch 

The distressed port ion o f  the CRCP and base should be incorporated wi th in  
the center section o f  the patch. The end section o f  the patch should be a 
minimum o f  8 inches long (see Figure 2-2). 

I- 4 f t. min. 
4 

Figure 2-2 

Minimum Distance t o  Crack 

The outer patch boundaries should be located a t  leas t  18 inches from 
the nearest transverse crack (see Figure 2-3). 

ST 

Figure 2-3 

Sometimes the crack spacing i s  small and i t  i s  necessary t o  place 
the boundary c loser than 18 inches; however, i t should not be closer 
than 6 inches. The outer patch boundaries should not cross a transverse 
crack because i t  may lead t o  spa1 l i n g  and breakup i n  the slab. 

Width o f  Patch 

I n  most instances the width o f  the patch w i l l  be equal t o  a f u l l  lane width. 
Distress types such as wide cracks, large edge punchouts, blowups and other 
distresses occurring over more than h a l f  o f  the  lane should be patched 
over a f u l l  lane width (12 feet) .  



I n  some cases, such as a small edge punchout, the  width o f  the  patch need 
not be a f u l l  12 feet. I n  these cases, a longi tudinal  boundary can be 
established. A minimum patch width o f  6 f ee t  should be used. Patch widths 
beween 6 and 12 fee t  can be used as long as the  longi tudinal  boundary i s  
placed between the reinforcement and the j o i n t  does not fa1 1 i n  the  center 
o f  the  wheel path. 

Fa i lu re  Across Two or  More T r a f f i c  Lanes 

Whenever a f a i l u r e  occurs across two o r  more lanes, it i s  believed tha t  the  
f o l l  owing simp1 e procedures w i  1 l provide addi t ional  performance. 

1. Patch the passing lane f i r s t .  
2. Next patch the heavy t ruck  lane. 

The above sequence i s  recomnended because the f i r s t  patch w i l l  crack more 
than the second patch because the  f i r s t  patch has t o  withstand most o f  
the stresses caused by slab movement. Placing the patch a t  the  end o f  i t s  
expansion cycle (generally i n  the  1 a te  afternoon) can reduce crushing 
caused by expansion. A1 so, s ign i f i cant  contract ion can cause cracking. 
Since the truck lane receives the greatest loadings, i t  i s  t ha t  patch tha t  
should begin i t s  service 1 i f e  wi th the  fewest cracks. Cracks formed i n  the  
passing lane patch should not read i ly  break down because o f  the  reduced 
heavy t r a f f i c .  

Sawing Patch Area 

Sawing a l l  the  outer boundaries o f  a patch i s  recmended. Experience 
has shown tha t  the  outer boundaries o f  a patch w i l l  spa11 i f  cut by 
jackhammers or  other breakout equipment, o r  i f  they fo l low an ex is t ing  
crack. Consequently, the proper sawing equi p e n t  should be u t i  1 ized and 
1 i g h t  hammers (30-40 Ibs.) should be used t o  remove the end sections. 

The outer boundary o f  the  end sections should be a p a r t i a l  depth saw cut  1-112 
t o  2 (see Figure 2-4) inches deep tha t  does not cu t  the  re in forc ing steel. 
The boundary between the center section and the end section should be a f u l l  
depth saw cut through the reinforceing steel. 

I f  the width o f  a patch i s  less than a f u l l  lane, the longi tudinal  boundary 
should be sawed t o  a p a r t i a l  depth i n  order t o  provide an i r r egu la r  face 
f o r  bet te r  bond and aggregate inter lock.  

CENTER SECTION 
BREAK OUT 

Figure 2-4 



Concrete Removal 

There are basically four construction methods used t o  remove concrete from 
the center section of a patch area. 

1. One procedure i s  to  break up the concrete with jackhammers and shovel 
i t  out with hand tools. The advantages of this  method are that a 
minimum of equipment i s  needed and i f  the work i s  done carefully, 
damage to  the base and the adjacent slab i s  avoided. Unfortunately, 
this  i s  the most time consuming, labor intensive, and the most expensive 
method. 

2. The removal process can be shortened by using a pavement breaker and a 
backhoe. Breaking the concrete by dropping a wrecking ball or using a 
drop hammer should not be permitted because the shock waves can damage 
the adjacent concrete and disturb the base material. 

3. The third method that has been used successfully i s  to  l i f t  the 
concrete using a front-end loader. The common procedure i s  t o  break 
the concrete with jackhammers on all sides of the center section. The 
front-end loader i s  used to  1 i f t  one end of the slab. Chains are 
connected to  the exposed steel at the other end of the slab and secured 
t o  the bucket. The slab i s  then lifted out and placed in a truck. 
This method can be accomplished in a shorter period of time and does 
not damage the base or the adjacent CRCP. Also, this  method does not 
work very we1 1 in badly "DM cracked material or where bituminous 
patches are being removed. Disposal of the slabs can also be a 
problem. 

4. The fourth method uses 1 ifting pins. This procedure requires at least 
two drilled holes, l i f t ing pins, and equipment capable of l i f t ing 
the concrete slabs. A 5-inch wide s t r ip  of the CRCP center section 
should be removed to  avoid binding (see Figure 2-5). 

CENTER SECTION 

0 

Figure 2-5 



Figure 2-6 shows a typ ica l  reusable p i n  t ha t  has been used e f fec t ive ly .  
The holes should be posit ioned t o  d i s t r i bu te  the  load as evenly as possible. 
The number o f  pins used w i l l  depend on the s ize  and condi t ion o f  the  slab 
and on the capacity o f  the chain. This method can be accomplished quickly 
and normally leaves the base material and adjacent CRCP undisturbed. 

Swivil 

Figure 2-6 

End Section 

Removal o f  the  concrete from the end sections should be performed i n  the 
fo l lowing manner (see Figure 2-7). 

1. The concrete i n  the  two end sections should be ca re fu l l y  removed so as 
not t o  damage the reinforcement i n  the  l ap  area, and t o  avoid spal l  ing  
a t  the bottom o f  the  j o i n t  beneath the p a r t i a l  depth saw cut. This 
task should be acomplished by using l i g h t  jackhammers (20 t o  40 lb.  
range) and hand tools. 

2. The reinforcement should not be bent during removal o f  the concrete 
since the bars cannot be properly straightened afterward. Bent 
reinforcement i n  the patch area w i l l  r esu l t  eventually i n  the  spal l  ing  
and f a i l u r e  o f  the patch because o f  the large eccentric stresses 
car r ied  by the r e i  nforcement. Removi ng the concrete around the r e i  nforc- 
ing steel  without bending or  damaging the steel  i s  d i f f i c u l t .  

3. The use o f  a drop hammer o r  hydrahammer should not be used i n  the  
end sections because t h i s  equipment w i l l  usually damage the reinforce- 
ment and/or cause serious undercutting beneath the  pa r t i a l  depth sawed 
jo in t .  As noted above, i t  i s  necessary t o  l i m i t  the s ize  o f  the  
jackhammer operating a t  the  j o i n t  t o  minimize undercutting beneath the 
reinforcement. 



4. I f  a re in forc ing rod i s  mistakenly o r  accidental ly bent, i t  should 
be care fu l ly  and accurately realigned a f t e r  the breakout o f  the 
concrete. 

Figure 2-7 

Evaluate the  Conditon o f  the Base 

The base should be undisturbed, sound and f ree o f  moisture. I f  the base 
i s  disturbed, the loose material should be compacted. I f  a drainage 
problem exists,  i t  should be corrected ( i  .e., ou t l e t  drain, transverse 
drain, edge drain, etc.). I f  a serious drainage problem exists,  the 
construct ion  engineer should request a drainage anal y s i  s. 

Tied Reinforcement 

The same s ize  re in forc ing rods should be placed i n  the patch and spl iced 
t o  the reinforcement a t  the ends of the patch by lappling. The required 
length o f  embedment o f  the ex is t ing  reinforcement i n t o  the patch depends on 
the s ize  and type o f  the reinforcement. The minimum embedment lengths are 18 
inches f o r  a No. 5 deformed bar and 21 inches f o r  a No. 6 bar (see Figure 
2-8). A minimum 2-inch clearance should be provided between the ends o f  the 
new rebars and the ex is t ing  CRCP face t o  a1 low f o r  pob$ible expansion. The 
number and spacing o f  the new reinforcement should match the ex is t ing  
reinforcement i n  the pavement. I 

I 

i 
18" for No. 5 bar 
21" for No. 6 bar 

END SECTION 

2' CLEARANCE 

Figure 2-8 



We1 ded Reinforcement 

An a l te rnat ive  t o  t i e i n g  the renforcement i s  t o  weld the  reinforcement 
using e i t he r  a double 4-inch weld o r  a s ing le  8-inch weld (see Figure 2-9). 

1. The welds should be 114 inches and should be continuous. 

2. Welding r a i l  steel  (ASTM A616 and AASHTO M42) should not be permitted 
because the inherent br i t t leness o f  the  steel  can cause the weld t o  
f a i l .  

3. AWS A5.1 E70xx electrodes should be used. 

4. Arc s t r i kes  outside of the weld area and tack welding should be prohibited. 

5. To avoid potent ia l  buckling, the reinforcement should be lapped and t i e d  a t  
the center o f  the patch. The minimum lap  length should be 16 inches f o r  a 
No. 5 bar and 19 inches f o r  a No. 6 bar (see Figure 2-10). 

6. Reinforcing bars should be dry when welded. 

NEW REINFORCING BAR 

4" WELD 

EXISTING REINFORCING BAR 

8" WELD NEW REINFORCING BAR 

EXISTING REINFORCING BAR 

Figure 2-9 
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16"-No.5 Bar 7 

19"-No.6 Bar 

Figure 2-10 I 
P l  acement 

The new r e i n f o r c i n g  s tee l  should be placed as fo l lows  

1. Reinforc ing s t e e l  should be placed w i t h  a minimum/of 2-1/2 inches 
o f  cover. I f  t h e  e x i s t i n g  cover i s  l e s s  than 2-1A2 inches, p lace  the  
sp l i ced  bar under the  e x i s t i n g  bar. 

2. Reinforc ing s tee l  should be supported and t i e d  t o  cha i rs  when the  patch 
length exceeds 4 feet .  The c h a i r  spacing should be such t h a t  uni form 
unsupported lengths do not exceed 4 feet .  

r EXISTING STEEL REPLACEMENT STEEL 
REINFORCEMENT REINFORCEMENT 

\L SUPPORTING CHAIRS 

Figure 2-11 

Bonding 

A neat cement grout  (cement p lus water) should he appl ied t o  t h e  j o i n t  faces 
immediately before concrete placement. The j o i n t  faces should be d r y  when 
the  grout  i s  applied. 



Mater ia ls  and Curing and Opening t o  T r a f f i c  

See Chapter 1. The mater ia ls ,  curing, and minimum opening t ime are the  
same f o r  patches i n  j o i n t e d  concrete pavement and CRCP (see Table 1-1). 

Time o f  Placement 

The change i n  ambient temperature i n  t h e  i n i t i a l  24-hour per iod  f o l l o w i n g  
t h e  placement o f  t h e  patch i s  the  most c r i t i c a l  external  f a c t o r  a f f e c t i n g  
t h e  success o f  a CRCP f u l l  depth repair .  The f u l l  depth r e p a i r  should be 
scheduled, t o  t h e  maximum extent  possible, when t h e  change i n  t h e  ambient 
temperature i s a t  a mi nimum. 

I n  addi t ion,  cas t ing  o f  a patch before noon i s  not  recommended, espec ia l l y  
dur ing t h e  summer months, because the  expansion t h a t  general l y  occurs i n  
the  af ternoon w i l l  crush t h e  patch. 

Method o f  Payment 

F u l l  depth r e p a i r  o f  CRCP can be pa id  by t h e  square yard  i n  place. 





CHAPTER 3 

PARTIAL DEPTH PATCHING OF CONCRETE PAVEMENTS 

Introduct ion 

This chapter covers permanent pa r t i a l  depth patching o f  portland cement 
concrete (PCC) pavements. This type o f  patching involves the repa i r  o f  
spa l ls  a t  j o i n t s  and/or cracks and other distresses which can be repaired 
by p a r t i a l  depth patches. 

Spa1 1 s t ha t  extend below the midpoint o f  the slab cannot e f f ec t i ve l y  be 
pa r t i a l  depth patched (e.g. , pavement w i t h  'D " cracking tha t  has deter iorated 
the bottom o f  the j o i n t s  and cracks). A f u l l  depth patch should be placed 
i n  these cases. 

The performance o f  pa r t i a l  depth patches has been excel l en t  on many projects; 
however, the performance has been unsat isfactory on some projects. The 
fa i l u res  are caused by lack o f  bond, compression fa i l u res  o f  patches a t  
jo in ts ,  incompatible patch material, improper use o f  patch materi a1 , i n s u f f i c i e n t  
consol idat ion,  differences i n  the coe f f i c i en t  o f  thermal expansion between 
the concrete slab and patch material, and improper cure. The working 
tolerances o f  some o f  the propr ietary patch materials are too t i g h t  f o r  
normal construction practices. When properly placed wi th  a durable patch 
material, the repa i r  should l a s t  the remaining l i f e  o f  the pavement. 

Materi a1 s 

The type o f  patch material t ha t  should be used w i l l  depend upon such factors 
as the  amount of t ime avai lable before opening t o  t r a f f i c ,  athient temperature, 
cost, size, and depth o f  patches. 

Portland cement concrete can be formulated t o  produce accelerated strength 
gain by using Type I o r  Type I11 port land cement and calcium chlor ide (o r  
other accelerator) t o  obtain a minimum strength o f  3000 ps i  i n  24 hours, 
The p l a s t i c  concrete should have an a i r  content o f  6 2 2 percent. The slump 
should be 1 t o  2 inches a t  the t ime of placing. Type I11  cement, w i th  and 
without admixtures, has been used f o r  patch mixtures longer and more widely 
than most other materials. It i s  low cost, eas i ly  available, and simple t o  
use. The strength gain o f  r i c h  mixtures (up t o  8 bags) i s  rap id  during warm 
weather and can be used when ear ly  opening (4 t o  6 hours) t o  t r a f f i c  i s  
required. One disadvantage i s  t ha t  i n  cool o r  co ld  weather the ra te  o f  
strength gain may be too slow t o  permit quick opening t o  t r a f f i c .  Portland 
cement grout can develop an adequate bond f o r  patches opened t o  t r a f f i c  i n  4 
t o  6 hours, however, i t  i s  questionable i n  cool t o  co ld  weather. An epoxy 
bonding agent can be used t o  produce high ea r l y  bond strength i n  both hot and 
co ld  weather. The engineer should be assured tha t  the epoxy bonding agent i s  
compatible w i th  the patch mix and the ex is t ing  concrete p r i o r  t o  i t s  operational 
use. 



Normal se t  (3000 psi in 3 days) portland cement concrete patch materials 
may be used where the patch i s  protected from t r a f f i c  fo r  24 hours o r  more. 
A cement grout (discussed l a t e r  in more de ta i l )  may be used as a bonding 
agent. The patch mixture should be placed and consolidated t o  eliminate 
essentially a l l  voids a t  the interface between the patch and adjacent 
concrete. All patches should be finished t o  the cross-section of the 
existing pavements. 

A high percentage of repair projects requires patches t o  be opened t o  
t r a f f i c  within 4 t o  6 hours. To meet th i s  schedule, a wide variety of 
rapid se t t ing and/or high early strength patching materials are  available. 

When using a proprietary patching material, i t  i s  important that the 
manufacturer's recommendations be followed closely. Handling, mixing, 
placement , consol idation, screedi ng, and curing of the patching materi a1 
should be in accordance with the manufacturer's written instructions. 
The SHA should review and/or t e s t  the various patch materials t o  determine 
the i r  compati bi 1 i ty  and performance with the existing concrete. 

Detailed information on patch material perforyance can be obtained from 
the FHWA Report No. FHWA-RD-74-55, ent i t led ,  Concrete Patching Materi a1 s. " 

Available epoxy resins have a wide range of sett ing times. Epoxy concrete 
mixes should be compatible w i t h  the concrete in the pavement. Differences 
in the coefficient of thermal expansion can cause a patch t o  f a i l .  

Preparation of Patch Area 

The success of partial  depth patching depends upon developing an adequate 
bond t o  sound existing concrete so i t  i s  important that proper surface 
preparation be done. This involves sounding the  existing concrete with a 
steel rod, carpenter's hammer, chain or other device t o  determine the patch 
1 imits. Frequently, a1 1 the delaminated concrete i s  not removed. Therefore, 
the patch l imi ts  should be extended beyond the detected delaminated or 
spalled area by 3 t o  4 inches t o  assure removal of a l l  unsound concrete. 

A 2-inch deep saw cut should be made around the perimeter of the patch 
area to  provide a vertical face at  the edge. When hard aggregate exis ts ,  a 
1-inch depth saw cut i s  adequate. Vertical faces are  necessary when using 
PCC as the patch material. Vertical faces may not be necessary f o r  certain 
types of patching materi a1 s such as polymer concrete and epoxy concrete. 
Manufacturers of these types of materials make claims that  the bonding 
strength of the i r  material i s  strong enough t o  be used on tapered edges. 
States should assure themselves that  such claims are  valid. Manufacturers 
of proprietary patching material such as polymer and epoxy concretes, t r y  
t o  offset the generally higher cost of the patching material by eliminating 
the ne& f o r  a sawed vertical joint. 

Concrete within the patch area should be removed with pneumatic tools 
until sound concrete i s  reached. I f  the unsound concrete extends below the 
dowels, strong consideration should be given t o  fu l l  depth repair of the 
joint. 



Where spa l l ing  has been caused by a metal i nse r t  such as a unitube, the 
spa l ls  usually s t a r t  a t  the bottom f i n  o f  the  i nse r t  about 2-1/2 inches 
below the surface. When repair ing t h i s  type o f  spall, i t  i s  recommended 
tha t  the inser t  be sawed out along the en t i r e  length o f  the j o i n t  t o  avoid 
f u r t he r  spalls. The j o i n t s  can then be resealed. 

Small spal 1 areas along j o i n t s  generally do not need repa i r  and the 1 im i t s  
on the s ize  o f  the spa l ls  before repair, i f  required, can be set. For 
instance, areas less  than 6 inches i n  length and 1-1/2 inches i n  width a t  
the  widest point  need not be repaired but f i l l e d  w i th  a sealant (unless a 
preformed compression seal i s  t o  be used, then even small spa l ls  must be 
repaired. 

When removing the concrete w i t h in  the patch area, it i s  important t ha t  
proper equipment be used i n  order t o  prevent f rac tur ing  the concrete below 
the patch. Fractured concrete causes debonding o f  the patch. Pneumatic and 
hydraulic hamners should generally range from 15 t o  30 pounds. Heavy hamners 
can resu l t  i n  f r ac tu r i ng  the concrete below the required depth. 

Cold m i l l i n g  equipment can and i s  being used t o  remove deter iorated concrete. 
The primary appl icat ion o f  t h i s  equipment has been t o  remove large quant i t ies  
o f  deteriorated concrete usual l y  caused by TI " cracking o r  react ive aggregate. 
It should be noted t h a t  the co ld  m i l  l i n g  process can produce fractured aggre- 
gate i n  the remaining layer o f  concrete. For t h a t  reason it i s  recommended 
tha t  the co ld  mi l  l i n g  process be expanded t o  remove a1 1 f ractured material i n  
order t o  provide a surface o f  sound concrete on which t o  bond the patching 
material. It has not been determined a t  t h i s  t ime whether sandblasting can 
remove a l l  the f ractured material l e f t  i n  place by the  co ld  m i l l i n g  process. 

Diamond sawing, e i t he r  used alone o r  i n  conjunction w i th  co ld  m i l l i n g  
equipment, i s  a rap id l y  evolving process that  may be an economical and 
sat is fac tory  technique f o r  removing spal l ed  o r  deter iorated concrete. 

A f t e r  removal of the  concrete, the surface o f  the  patch area shpuld be sand 
blasted followed by a i r  b las t ing  i n  order t o  remove a l l  loose par t ic les  and 
dust. This generally requires shielding from t r a f f i c  i n  adjacent lanes and/or 
some method o f  e f f ec t i ve  dust control. 

The State highway agency should specify o r  approve a removal process tha t  
has been f i e 1  d tested. 

Compression f a i l u r e  a t  j o i n t s  i s  a major cause o f  patch fai lures.  Compression 
fa i l u res  occur simply because the proper spacing between the two faces o f  the 
j o i n t  i s  not provided. I f  the face o f  the patch ( a t  the j o i n t )  extends beyond 
the face o f  the ex is t ing  slab, the face o f  the patch w i l l  become a po in t  
loading when the slabs expand and the j o i n t  goes i n t o  compression. During 
cer ta in  periods o f  the  year when nights are cool and daytime temperatures are 
high, the expansion and contract ion cycles become more c r i t i c a l  i n  p a r t i a l  
depth patches. 



I n  order t o  eliminate t h i s  type o f  f a i l u re ,  inser ts  should be placed i n  
the  j o i n t  t o  maintain the proper space between the patch and the adjacent 
panel. Styrofoam has been used f o r  t h i s  purpose t o  separate the patch from 
the adjacent slab. I n  addit ion, the j o i n t  should be resawed t o  provide the 
proper shape fac to r  f o r  the seal ant reservoir. 

Placing Patch Materi a1 s 

A f te r  the  patch area i s  properly cleaned, a bonding agent should be applied. 
The type o f  bonding agent w i l l  depend upon the bond development requirements 
f o r  opening t o  t r a f f i c .  I f  ea r l y  opening i s  required (4 t o  6 hours), an 
epoxy agent should be used. A prime coat o f  epoxy-resin binder, thinned 
w i th  three par ts  toluene t o  seven parts epoxy binder, by volume, should be 
applied t o  the dry, cleaned surface and sides o f  the repa i r  area except f o r  
the  adjacent j o i n t  face o r  crack. The prime coat should be applied i n  a 
t h i n  coating and scrubbed i n t o  the surface wi th  a s t i f f - b r i s t l e d  brush. A 
pressurized spray would be j u s t i f i e d  f o r  large quant i t ies.  When spraying, 
care must be taken t o  apply the grout evenly. Placement o f  the concrete 
should be delayed u n t i l  the  epoxy becomes tacky. 

When patches can be closed t o  t r a f f i c  f o r  a longer period o f  t ime (24 t o  
72 hours), a portland cement grout may be used f o r  bonding the patch. The 
cement grout should be composed o f  cement and su f f i c i en t  water t o  produce a 
mortar wi th a th ick,  cream consistency. The grout i s  scrubbed evenly on the 
dry surface o f  the  patch. Excess grout should not be permitted t o  co l l ec t  i n  
pockets. The concrete patch material should be placed before the bonding 
grout begins t o  set. 

When using an epoxy patch materi a1 , i t  should be used i n  accordance wi th  the 
manufacturer's recommendations. P r i o r  t o  placing the patch, the cav i ty  
i s  usual ly primed with a t h i n  coating o f  epoxy res in  binder scrubbed i n t o  
the  surface. The epoxy concrete o r  mortar i s  then placed i n  the cav i ty  i n  
layers generally not exceeding 2 inches. The time in terva l  between placing 
o f  addi t ional  layers should be such tha t  the temperature o f  the epoxy concrete 
does not exceed 140°F a t  any time during hardening. 

Finishing, Curing and Opening t o  T r a f f i c  

Refer t o  these sections i n  Chapter 1 and see Table 1-1. 

Concurrent Work 

The f o l  1 owing sequence o f  operations i s  recomnended. 

1. Fu l l  depth repa i r  
2. Subsea1 i ng 
3. Par t ia l  depth repa i r  
4. Diamond gr inding 
5. Jo in t  and crack resealing 



Measurement and Payment 

Pa r t i a l  depth patching should be paid f o r  a t  the contract  u n i t  p r ice  per 
square foot. Such payment should be f u l l  compensation f o r :  a l l  required 
sawing; removing the asphalt ic concrete patching materi a1 o r  the spa1 led, 
broken o r  damaged portland cement concrete; cleaning the surface by 
sandblasting; furnishing, .placing, f i n i sh ing  and cur ing the concrete patch, 
and forming a new transverse and longi tudinal  j o i n t  including a1 1 equipment, 
materials, labor, and incidental  s necessary t o  complete the work. 





CHAPTER 4 

SUBS EAL I NG 
AND 

SLAMACKI NG OF CONCRETE PAVEMENTS 

Subseal'ing i s  a nondestructive technique tha t  f i l l  s voids under the 
pavement without ra i s i ng  the slab, displaces pockets o f  f ree  water t ha t  
contr ibute t o  pumping and erosion, and reduces the cracking and f a u l t i n g  
t ha t  resu l ts  from poor drainage and nonuniform slab support. New methods, 
materials, and equipment have been developed t o  accomplish t h i s  work more 
rap id l y  and e f f i c i en t l y .  

Subsealing i s  done a f t e r  slab replacement and f u l l  depth patching. Pa r t i a l  
depth patching, should be done a f t e r  subsea1 i ng  has been completed. Some 
contractors suggest a minimum length o f  2 miles o f  pavement be made 
avai lable f p r  subsealing a t  one time t o  accomnodate the various operations 
involved and t o  achieve the greatest e f f i c i ency  from labor and equipment. 

Since the purpose o f  subsealing i s  t o  s t a b i l i z e  the slab by f i l l i n g  the 
voids without l i f t i n g  the  slab, it i s  important t o  detect upward movement 
o f  the slab during the subsealing operation. I f  l i f t i n g  occurs, more 
voids w i l l  be created under the pavement along wi th  higher stresses i n  
the slabs. Therefore, l i f t i n g  should be avoided. Some s l i g h t  movement 
may be unavoidable; speci f icat ions usual ly a1 low no more than 0.05 inches. 
L i f t  can be monitored by beam devices (equipped wi th  sensi t ive d i a l  
gauges) i n  contact w i t h  the pavement and shoulder.Extrusion o f  grout 
from cracks, transverse o r  shoulder edge j o i n t s  i s  another ind ica t ion  
tha t  voids have been f i l l e d .  

The s t a b i l i t y  o f  the slabs should be tested 24 hours a f t e r  the subsealing 
i s  completed. I f  s t a b i l i t y  i s  not achieved, a slab should be regrouted 
and retested 24 hours la ter .  New holes should be d r i l l e d  f o r  each 
regrouting operation. I f  a slab i s  s t i l l  unstable a f t e r  two attempts t o  
underseal, then consideration should be given t o  replacing the pa r t i cu la r  
slab. 

Voids o f ten  ex i s t  under the shoulder as we1 1 as under the main1 i ne  
pavement. With good grout d is t r ibu t ion ,  the grout should a1 so f i  11 these 
voids. However, being narrower and general l y  somewhat thinner, the .  
shoulder pavement may be more read i l y  1 i f t e d  by the  grout under pressure. 
Raising o f  the shoulder must be avoided; the measuring device must be 
c lose ly  monitored t o  detect the point  where a l l  voids have been f i l l e d  
and 1 i f t i n g  begins so that  subsea1 i ng  can be stopped. 



Slabjacking 

Slabjacking i s  a technique tha t  raises the concrete pavement slabs t o  
restore r i deab i l i t y .  That i s ,  i t s  purpose i s  t o  restore the or ig ina l  ( o r  
an acceptable) p ro f i l e .  To be successful , s l  abjacki ng should be done wi th  
care. When i t  i s done correct ly,  slabjacking can be more economical than 
slab replacement and i t  i s  usual ly completed i n  less  time wi th  minimum 
interference wi th  t r a f f i c .  I f  voids e x i s t  along wi th  slab settlement, 
s labjacki  ng can a1 so restore the s t ruc tura l  i n t e g r i t y  o f  the pavement. 

Generally, an arrangement o f  s t r i n g  1 ines and blocks i s  used t o  determine 
the desired elevat ion (Figure 4-1). The s t r i n g  1 ine  i s  usual ly posit ioned 
about 1 inch above the desired grade. Gauge blocks placed on the slab 
ind ica te  the progress o f  l i f t i n g .  As the blocks approach the s t r ing l ine ,  
the ra te  o f  1 i f t i n g  i s  s l  owed and pumping i s  stopped compl etedly when the 
b l  oc ks touch the 1 i ne. 

Slabjacki ng i s  usua l ly  not possible o r  always prac t ica l  when the temperature 
i s  high because the slabs have expanded and the j o i n t s  are i n  compression. 
On the other hand, when correct ing a p r o f i l e  deficiency o f  greater length, 
such as over an embankment settlement, the work wi 11 more 1 i kely  be 
successful when the slab i s  i n  f u l l  compression and the j o i n t s  t i gh t ,  so 
t ha t  an en t i r e  run o f  depressed pavement can be 1 i f t e d  uniformly. This 
must be done a small amount a t  a time, working progressively toward the 
low po in t  i n  the depression o r  outward from i t  as previously discussed. 

Nail to secure 
[String line nne, 

Max depth of ''&~~!h 
depression 

Figure 4-1 

When a section o f  pavement i s  on a ve r t i ca l  curve, the o f f s e t  distances 
must be calculated and applied t o  the height o f  the gauge blocks t o  properly 
set  the p r o f i l e  o f  the surface. 

Pumping and jacking should normally s t a r t  a t  the lowest po in t  i n  a depressed 
area and work outward i n  both directions. Greater amounts o f  jacking 
are necessary a t  the low points during the jacking sequence. 



L i f t i n g  should be done i n  increments o f  approximately 114 inches wi th  
frequent changes i n  i n j ec t i on  locat ions t o  keep slab stresses t o  a 
minimum and avoid cracking. The ra te  o f  grout i n j ec t i on  should be uniform 
and as slow as possible (consistent wi th economy), usual ly 112 cu. f ee t  
per minute t o  a t o  2 cu. f ee t  per minute. I n i t i a l  pumping i s  usual ly a t  
the slower ra te  and i s  increased as l i f t i n g  progresses. As the desired 
elevat ion i s  approached, the l i f t i n g  ra te  should be reduced. 

Regrouti ng i n  new d r i  11 holes and fur ther  s l  abjacki ng are necessary 
when grout i s  extruded from jo in ts ,  cracks, o r  the pavement edge before 
the ta rget  elevat ion i s  reached. 

Proper control  o f  grout pressure i s  the s ingle most important fac tor  
a f fec t ing  s l  abjacki ng. Gauged pressures f o r  s l  abjacki ng are usual l y  i n  
the range o f  50 t o  250 psi ,  w i th  an occasional need f o r  addi t ional  
pressure o f  up t o  600 ps i  t o  i n i t i a t e  1 i f t i n g .  Gauges should be cont inua l ly  
monitored for sudden pressure changes. A rap id  increase coul d signal a 
stoppage o f  f low t h a t  could be followed by a b u i l d  up o f  pressure and an 
excessive l i f t  and cracking i f  pumping were t o  continue. A sudden 
reduction i n  pressure could indicate a loss  o f  1 i f t  from subsurface 
leakage, escaping grout a t  slab edges, and so on. 

Hole Patterns 

Grout holes should be d r i l l e d  i n  a pat tern  determined by the SHA i n  
consul t a t i o n  wi th the contractor. 

Hole patterns f o r  e f f ec t i ve  d i s t r i bu t i on  o f  cement grout are not eas i l y  
detennined i n  advance. Same prel iminary tes t ing  i s  o f ten  necessary t o  
locate holes i n  a way tha t  w i l l  ensure good grout d is t r ibu t ion .  When a 
hole pat tern  i s  selected f o r  repe t i t i on  i n  each panel , the pattern shoul d 
provide s u f f i c i e n t  holes t o  permit grout t o  reach a l l  voids ex i s t i ng  
beneath the pavement. 

Hole patterns vary w i th  the concrete pavement design, whether jo in ted 
plain,  j o i n ted  wi th  mesh reinforcement, o r  continuously reinforced. Each 
design var ies i n  panel length, performance character ist ics,  and distress 
patterns, and subsealing techniques should be adjusted accordingly. Grout 
subsea1 i ng  contracts shoul a have enough f l e x i b i l i t y  i n  the speci f icat ions 
t o  a1 low the engineer t o  take advantage o f  the expertise o f  special ty 
contractors who are usual ly ski1 l ed  i n  determining grout hole 1 ocations. 

Figure 4-2 shows typ ica l  hole patterns used by States f o r  two designs; 
one p la in  pavement w i th  short  panel s and the other continuously reinforced 
concrete without jo in ts .  
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The use o f  a f i x e d  ho le  p a t t e r n  can r e s u l t  i n  f o r c i n g  grout i n t o  areas 
under s labs where subsea1 i ng i s no t  required. Predetermining t!: v o i d  
loca t ions  as discussed i n  the  f o l l o w i n g  sec t ion  'Void Detec t ion  may be a 
more e f f i c i e n t  and economical approach. 

The American Concrete Pavement Associat ion (ACPA) i s  c u r r e n t l y  experimenting 
w i t h  a technique t h a t  includes d r i l l i n g  two holes about 2 f e e t  from t h e  
j o i n t  on t h e  "leave" s ide o f  the  slab. Ear ly  r e s u l t s  show no d i f f e r e n c e  i n  
d e f l e c t i o n  o r  i n  amount o f  grout used i n  these two locat ions.  These 
experiments were on p l a i n  pavements w i t h  short  j o i n t  spacings. Since it i s  
l i k e l y  t h a t  most voids under a pavement w i t h  t h i s  design are loca ted  a t  o r  
j u s t  ahead o f  t h e  j o i n t ,  t h i s  v a r i a t i o n  i n  ho le  p a t t e r n  i s  a l o g i c a l  one. 
It gives promise o f  being more e f f e c t i v e  wh i le  reducing t h e  cost  o f  both 
mater ia ls  and labor. However, t h i s  may not be app l i cab le  i n  a l l  cases. 
There can be pumping a c t i o n  t h a t  produces voids on each s ide o f  t h e  j o i n t .  

Hole pa t te rns  f o r  s lab jack ing  a re  normally d i f f e r e n t  than those f o r  
subsea1 i n g  and they should be determined i n  the  f i e l d  t a k i n g  i n t o  considera- 
t i o n  the  f o l  lowing: the  s i z e  o r  leng th  o f  t h e  pavement area t o  be raised; 
t h e  e leva t ion  d i f fe rence ;  subgrade and drainage condi t ions;  and l o c a t i o n  o f  
j o i n t s  and cracks. An example o f  a jack ing  hole p a t t e r n  and p r o f i l e  are 
shown i n  Figure 4-3. 
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Figure 4-3 



Void Detect ion 

Several methods o f  vo id  de tec t ion  a re  i n  use. Perhaps t h e  s implest  i s  
a v isua l  inspec t ion  o f  the  pavement t o  l o c a t e  areas o f  d is t ress .  The 
f o l  1 owing v isua l  observations can i n d i c a t e  the  presence o f  voids. 

1. Depressions o r  holes a t  the  edge o f  the  shoulder. 

2. Ejected base o r  subgrade mater ia l  deposited a t  t h e  edge o f  t h e  shoulder. 

3. V e r t i c a l  movement a t  j o i n t s  o r  cracks. 

4. Fau l t ing  a t  j o i n t s  o r  cvacks. 

The two most common methods f o r  measuring s1 ab movement are the  ( 1  loaded 
veh ic le  and (2 )  d e f l e c t i o n  devices. 

1. LOADED VEHICLE. Two gauges a re  needed t h a t  can measure s lab  movement 
t o  0.001 inches. The Benkelman Beam i s  o f t e n  used f o r  t h i s  type o f  
measurement. A gauge mount should be pos i t ioned  w i t h  one gauge 
referenced t o  t h e  corner o f  each s lab  on both s ides o f  t h e  j o i n t  
near the  shoulder edge perpendicular  t o  the  pavement j o i n t .  The 
gauges should then be zeroed w i t h  no 1 oad on t h e  s lab  on e i t h e r  
s ide o f  the  j o i n t .  A load  t r u c k  should then be moved i n t o  p o s i t i o n  
and stopped w i t h  t h e  center  o f  the  18 k i p  loaded ax le  about 1 f o o t  
behind the  j o i n t  and the outs ide t e s t  wheel about 1 f o o t  from the  
pavement edge. Both gauges should then be read. The loaded t r u c k  
should then be moved across the  j o i n t  t o  a s i m i l a r  p o s i t i o n  about 
1 f o o t  p a s t  the  j o i n t .  Both gauges should again be read. This procedure 
i s  used f o r  each j o i n t  t o  be tested. 

2. DEFLECTION DEVICES. Def lec t ion  devices such as t h e  Fal l ing-Weight  
Def l  ectometer , Dynafl e c t  , Road Rater, Heavy Load, and Thumper 
measure the  d e f l e c t i o n  response o f  a pavement under a dynamic load. 
The load ing  p l a t e  should be placed as c lose  as poss ib le  t o  the s lab  
corner. Load t r a n s f e r  should be measured w i t h  sensors t h a t  a re  
placed adjacent  t o  the j o i n t  o r  crack on the  loaded and unloaded side. 

Def lec t ion  t e s t i n g  should be performed between the  hours o f  midnight  and 
10 a.m. t o  avoid the  problems caused by temperature d i f f e r e n t i a l  ( s l a b  
c u r l  ) and s lab expansion ( j o i n t  c l  osure) . 
D r i l l i n g  

Holes d r i l  l e d  through the  s lab shoul d be v e r t i c a l  and c a r e f u l l y  made 
so t h a t  they are c i r c u l a r  and the  p lugs can f i t  t i g h t l y  t o  completely 
stop g rou t  ex t rus ion  when adjacent areas a re  grouted. Grout holes 
a re  genera l l y  1-1/4 inches t o  2 inches i n  diameter. There does n o t  
appear t o  be an advantage o r  1 i f t i n g  s u p e r i o r i t y  a t t r i b u t a b l e  t o  
l a r g e r  ho le  sizes. Fewer breakouts a re  produced a t  t h e  bottom o f  t h e  
s lab w i t h  smaller-diameter d r i l l s .  Hole diameters o f  1-1/4 inches t o  
1-1/2 inches are recommended. When spec i fy ing  the  h o l e  diameter, the  
SHA should use a range (such as the  above) ra ther  than one s p e c i f i c  
s ize  i n  order t o  b e s t  u t i l i z e  the  c o n t r a c t o r ' s  e x i s t i n g  equipment. 
Otherwise, a con t rac to r  ( o r  subcontractor) w i l l  be forced t o  purchase 
new d r i l l  s, packers, etc., which w i l l  be r e f l e c t e d  i n  the  c o s t  o f  t h e  
p ro jec t .  



Grout holes can be made wi th  any type o f  d r i l l  t ha t  w i l l  produce a clean 
hole w i th  no surface spa l l ing  o r  breakouts on the underside o f  the slab. 
Most d r i  11 i ng  i s  done w i th  pneumatical l y  operated ro tary  percussion d r i l l  s 
w i th  carbide t ips.  Typically, t h i s  type o f  equipment can d r i l l  a hole i n  
less  than 1 minute. 

High speed d r i l l s  mounted on a large rubber- t i re t r ac to r  are f requent ly 
used. The d r i l l  frame i s  sometimes weighted t o  increase d r i l l  pressure. 
The question has been raised whether d r i l l  i ng  a t  high speed under added 
pressure w i l l  break the concrete a t  the bottom o f  the  slab. Studies by the 
New York Department o f  Transportation found tha t  the s ize  and weight o f  
rock d r i l l  s were very important factors i n  the amount o f  damage sustained 
by the  pavement. Un i ts  w i th  a hammer weight o f  45 pounds were sat isfactory;  
d r i l l s  o f  greater weight and greater downward pressure resul ted i n  cone- 
breakout damage t o  the underside of the slab and subsequent rad ia l  cracking. 
There was also a greater frequency o f  transverse cracks through the d r i l l  
holes when the heavier machines were used. 

Some caution should be exercised i n  determining the optimum d r i l l  s ize  
and weight and proper d r i l l i n g  procedures i n  order t o  cor re la te  maximum 
d r i l l  ing  e f f i c i ency  and economy with minimum damage t o  pavement. 

Depth o f  the grout holes w i l l  vary wi th underlying mater ia ls and construction. 
I n  general , d r i  1 1 ing  should be through both the pavement and the base. 
Experience has shown tha t  voids are sometimes found under a s tab i l  ized base. 
The bottom o f  the grout i n j ec t i on  pipe should not be any lower than the 
bottom o f  the concrete slab t o  a1 low grout t o  f i l l  a l l  voids below the 
concrete slab as we1 1 as those that  may ex i s t  below the base (Figure 4-4). 
Where grout f low i s  d i f f i c u l t  t o  get started, washing or  blowing out a 
small cav i ty  a t  the bottom of the grout hole w i l l  fu rn ish  a supply o f  grout 
t o  help i n i t i a t e  i t s  f low t o  surrounding voids. 

For safety and economy, d r i l l i n g  should be done j us t  p r i o r  t o  pressure 
grouting so tha t  both crews can be protected by the  same t r a f f i c  control 
devices. For the same reasons, i t  i s  also wise t o  confine the d r i l l i n g  
and grouting operations t o  a s ingle t r a f f i c  lane a t  one time. 

Ik Grout injection pipe 
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Figure 4-4 



Grout Mixing, Pumping, D i s t r i bu t i on  

Modern grouting contractors use h i  ghly mobile, sel f-contained un i ts  t o  
carry a1 1 equipment and materi a1 components f o r  the  subsea1 i ng operat ion. 
Dry materials are normally packaged i n  uniform-vol ume bags o r  measured by 
weight i f  i n  bulk. 

Mixing water i s  metered from a supply truck. Dry materials are normally 
proportioned on a volumetric basis f o r  be t te r  control .  The mixer should be 
capable o f  thorough, homogeneous mixing, and should be the pos i t i ve  shear 
type f o r  thorough mixing. One special ty contractor using cement-pozzol an 
grout recomnends use o f  a high-speed col l o i da l  mixer operation i n  the range 
o f  800 t o  2000 rev01 ut ions per minute i n  order t o  a t t a i n  a t r ue  col l o i da l  
mix t h a t  w i l l  keep the so l ids  i n  suspension and r e s i s t  d i l u t i o n  by f r ee  
water being displaced from under t h i s  pavement. 

The pump should be capable o f  applying 50- to' 250-pound psi  pressure a t  the 
ou t l e t  end o f  the  discharge pipe. The pump should be o f  the pos i t i ve  
displacement type and should be equipped with horizontal mixing paddles. 
The ag i ta t ion  from such mixing maintains a uniform consistency and assists 
i n  feeding the grout t o  the pumping unit. 

A f t e r  the  holes are d r i l l e d  i n  the pavement, pumping proceeds by lowering 
the grout i n j ec t i on  pipe i n t o  successive holes. An expanding rubber packer 
i s  used t o  seal the  open space between pipe and d r i l l  hole. The discharge 
end o f  the pipe should not extend below the bottom o f  the pavement so t ha t  
any voids between pavement and base w i l l  be f i l l e d  w i th  grout. The i n j ec t i on  
pipe carry ing the grout t o  the d r i l l  hole should be equipped wi th  a re tu rn  
l i n e  t o  the pump hopper so t ha t  the grout mixture can be continuously 
c i rcu la ted during periods when no grout i s  being placed. 

For proper d i s t r i bu t i on  o f  grout, the i n j ec t i on  pressure should be i n  
the range o f  50 t o  250 psi. The lower pressures should be used where void 
f i l l i n g  only i s  being done. Greater pressures may be needed f o r  slabjacking, 
but pressures t ha t  are too high can contr ibute t o  rad ia l  cracking a t  d r i l l  
holes. 

Grout quant i t ies can be estimated and checked by the hole and by the  
jo in t .  Typical quant i t ies run from 2 t o  8 cubic f ee t  o f  dry materials per 
j o i n t  and/or 0.6 t o  1.0 cubic f ee t  per hole. The higher quant i t ies  are 
f o r  pavements w i th  severe pumping and more voids. 

Grout Mix Requirements 

Mater ia ls f o r  pressure grout ing should y i e l d  a grout mix t h a t  remains 
insoluble, incompressible, and nonerodible a f t e r  i t  i s  pumped i n  place and 
has hardened. The s lu r r y  should be flowable w i t h  low i n te rna l  f r i c t i o n  so 
i t  can move through small openings and fo l l ow  water channels t o  f i l l  
ex i s t i ng  voids. At the  same time, the  grout mix should have su f f i c i en t  
body t o  displace f ree  water from under the slab and should develop adequate 
strength and durabi 1 i ty. 



Pozzolanic mater ia ls  have r e c e n t l y  come i n t o  more general use i n  pressure 
g rou t ing  mixes because they produce greater  s t reng th  and improved work- 
abi  1 i ty.  The types o f  pozzol ans i n c l  ude those occurr ing na tu ra l  l y  
(volcanic ash, diatomaceous earth)  and those a r t i f i c a l  l y  produced i n  the  
combustion o f  coal ( f l y  ash). These materi a1 s are c l a s s i f i e d  under 
American Society f o r  Test ing and Mater ia ls  (ASTM) Designation: C618. The 
predominantly spher ical  shape o f  the  pozzolan p a r t i c l e s  and t h e i r  f ineness 
a l low t h e  grout  t o  penetrate more s t e a d i l y  i n t o  t h e  shallow voids under 
t h e  pavement. Pozzolans i n  combination w i t h  the  f r e e  l i m e  r e s u l t i n g  f rom 
cement hydra t ion  provide add i t iona l  cementation, enhancing t h e  possi b i  1 i t y  . 
o f  greater  s t a b i l i t y  i n  the  cement-pozzolan grout. A t y p i c a l  mix design 
i s :  

1 p a r t  cement, Type I o r  Type I 1  
3 par ts  pozzolan, na tu ra l  o r  a r t i f i c i a l  
Water f o r  proper f l u i d i t y  

A one t o  th ree  cement-pozzolan mixture should develop s u f f i c i e n t  s t rength 
t o  preclude grout  erosion t h a t  cou ld  r e s u l t  from hydrau l i c  ac t ion  under a 
h e a v i l y  t r a f f i c k e d  pavement. Cement-fly ash grouts have been shown t o  
lose  f l u i d i t y  w i t h i n  approximately 20 t o  30 minutes a f t e r  placement. 
Since the  grout  i s  normal ly  conf ined and cannot be d isplaced 1 a t e r a l  l y ,  
i t  i s  capable o f  support ing t r a f f i c  loads long  before the  se t  t imes shown 
by accepted t e s t  methods. Results o f  labora to ry  t e s t s  and t h e  successful 
r e t u r n  o f  t r e a t e d  s labs t o  f u l l  t r a f f i c  immediately f o l l o w i n g  grout ing 
have given r i s e  t o  recommendation t h a t  veh icu la r  t r a f f i c  be permi t ted  on 
newly grouted slabs 1 hour a f t e r  pressure g rou t ing  i s  completed. 

Use o f  admixtures w i t h  cement-f ly ash grout mixes should be done w i t h  
care. Laboratory t e s t s  have shown a v a r i e t y  o f  reac t ions  between pozzolans 
admixtures. Each admixture should be tes ted  and evaluated p r i o r  t o  f i n a l  
approval. These admixtures may be water reducers, f 1 u i  d i  f i ers  , expanding 
agents t o  o f f s e t  shrinkage o r  calc ium chlor ide.  

I f  t h e  ambient temperature i s  below 50°F, an acce le ra to r  could be used 
subject  t o  approval by t h e  SHA. When calc ium c h l o r i d e  i s  added, it 
should be thoroughly premixed w i t h  the  water before the  d r y  ingred ien ts  
a re  added. When d r y  ingred ien ts  are added t o  a mixed batch t o  th icken  
i t s  consistency, they must be i n  the  s p e c i f i e d  r a t i o .  

Subsea1 i n g  o r  s lab jack ing  should not be performed when t h e  ambient a i r  
temperature i s  35OF o r  below, o r  when the  subgrade i s  frozen. 



Consistency Tester 

The required water content i s  determined by a f low cone. A f low cone o f  
the type and dimensions developed by the  Corps o f  Engineers (Figure 4-5) 
i s  comnonly used t o  per iod ica l ly  check the consistency o f  the grout. The 
time required t o  empty the cone measures the f l o w a b i l i t y  o f  the grout 
mixture. This f low i n  seconds ( t ime o f  e f f l u x )  i s  determined by Corps o f  
Engineers Test Method No. CRD-C611-80. Flow cone requirements and ins t ruc-  
t ions  are read i ly  ava i l  able. 

Consistency should be checked by the  f low cone method twice each day. 
The f low time generally varies between 10 and 16 seconds f o r  subsealing 
depending on the type o f  material i n  the grout. At the beginning o f  a 
slabjacking operation, the f low time o f  the grout mixture should be 
between 16 and 25 seconds t o  allow a more f l u i d  mixture t o  l i f t  the 
slab uniformly. However, i f  t h i s  grout consistency f a i l s  t o  l i f t  the 
slab, the grout mixture should be gradually changed t o  a lesser f low 
( s t i f f e r  mix) i n  order t o  increase the pressure and l i f t  the slab. 
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As required by the SHA, the contractor should submit m i l l  ce r t i f i ca t i ons  
f o r  the cement, physical, and chemical analysis f o r  the pozzolans, grain 
structure analysis f o r  the 1 imestone dust, and independent 1 aboratory 
t es t i ng  o f  the  grout s lurry.  Test resu l ts  o f  the  s l u r r y  should include 
1 day, 3 day, and 7 day strengths, f l ow  cone times, shrinkage and expansion 
observed, t ime o f  i n i t i a l  set, and water re ten t i v i t y .  



Plugging and Clean Up 

A f t e r  grout ing has been completed a t  each hole, the  packer should be 
removed and the  hole plugged imnediately w i th  a tapered wooden plug. The 
tapered p l  ugs, however, are only temporary. When s u f f i c i e n t  ti me has 
elapsed t o  permit the grout t o  set  s u f f i c i e n t l y  so t ha t  back pressure w i l l  
not  force it from the hole, the  temporary wooden plugs should be removed. 
Each hole should be permanently sealed f 1 ush w i t h  the pavement surface w i t h  
a fast  se t t i ng  sand/cement o r  polymer concrete mix approved by the  engineer. 

Grout and cement s l u r r y  on the pavement o r  shoulder surface should be 
broomed and washed o f f  t o  avoid uns igh t ly  d isco lora t ion  and t o  remove the 
grout o r  s l u r r y  before it bonds t o  the surface. 

A1 1 owable Curing Time 

Speci f icat ions f o r  the t ime a1 lowed t o  permit t r a f f i c  on grouted slabs vary 
considerably. The cure t ime ranges from 30 minutes t o  3 hours depending on 
the mix composition and the  degree o f  confinement o f  the  grout. 

Method o f  Payment 

The fo l lowing are three comnon methods o f  payment. An SHA should use 
whatever method best su i t s  i t s  pa r t i cu la r  project .  

1. Pay quant i ty  per t e s t  loca t ion  (i.e., j o i n t  o r  crack). Payment per 
loca t ion  should include both the i n i t i a l  t e s t i n g  and any subsequent 
t es t i ng  (e.g., the contractor should be pa id  only once f o r  the  
def lec t ion  t es t i ng  no matter how many times retested). 

2. Pay quant i ty  per hole d r i l l ed .  Payment i n c l  udes d r i l l  ing, plugging, 
and hole seal i ng. 

3. Unit  p r i ce  by vol ume o r  weight o f  dry materi a1 (s) . Should include 
mobi 1 iza t ion ,  water, addit ives, equipment, labor, and a1 1 other 
mater ia ls necessary t o  mix and pump the grout. 

Sumnary 

While i t  may appear t h a t  subsealing and s labjacking are simple processes 
o f  d r i l l i n g  and pumping, the procedures described requ i re  considerable 
expert ise t o  successful ly  correct  unsat isfactory condi t ions without damage 
t o  the  pavement. I f  slabjacking i s  not done uniformly, i t  very o f ten  causes 
cracking. 

The techniques appl ied i n  subsealing and s labjacking are not p rec ise ly  
defined; the process i s  as much an a r t  as a science. The success o f  a 
pro jec t  i s  l a rge l y  dependent on the  ski1 1 and expert ise o f  the  contractor 
and the  crew doing the  grout in ject ion.  Because it i s  a h igh ly  special ized 
operation requ i r ing  t ra ined personnel and equipment designed f o r  a pa r t i cu la r  
purpose, t h i s  type o f  work i s  p a r t i c u l a r l y  su i ted  t o  spec ia l ty  contractors 
experienced i n  successf u l y  performing these res tora t  i on  procedures. 



CHAPTER 5 

DIAMOND GRINDING OF JOINTED CONCRETE PAVEMENTS 

Introduct ion 

Diamond gr inding i s  used t o  restore pro f  i 1 e and cross-secti on; e l  imi nate 
rough r i d e  due t o  fau l t ing ,  slab warping, and wheel ruts;  and t o  restore 
a good sk id  res is tant  texture t o  the  pavement surface. 

The cost o f  gr inding i s  pr imar i ly  dependent upon the amount o f  material 
t o  be removed and the hardness o f  the  aggregate. On a t yp i ca l  project  the 
cost o f  gr inding f o r  so f t  aggregate i s  i n  the  range o f  $2 t o  $3 per sq. 
yd., f o r  medium hard aggregate, $3 t o  $5 per sq. yd., and f o r  hard aggregate 
$5 t o  $8 per sq. yd. (1981). Costs are a1 so af fected by the  s ize o f  the  
project ,  t r a f f i c  control  procedures, work hours, s l u r r y  disposal , and the 
degree o f  smoothness specif ied. 

The cost effectiveness o f  diamond gr inding i s  s i gn i f i can t l y  changing 
wi th  current equipment and blade developments. These developments i ncl  ude 
la rger  and more powerful equipment (6 f oo t  cu t t i ng  width), d i f f e ren t  types 
o f  segmental cu t t i ng  heads and blade development t o  increase the 1 i f e  o f  
blades. 

Blade Spacing 

The single most important fac tor  a f fec t ing  the pavement r ideabi  1 i t y  and 
tex ture  i s  the spacing o f  the diamond saw blades. Blade spacing i n  the 
cu t t i ng  head can be varied t o  improve the l i f e  and f r i c t i o n  fac tor  o f  the 
texture. 

Basically, blade spacing i s  determined by the  hardness o f  the  aggregate 
i n  the  concrete pavement. The fol lowing i s  general c r i t e r i a  f o r  blade 
spacing for sof t  aggregate (susceptible t o  pol i s h i  ng) and hard aggregate. 

For sof t  aggregate, the spacing should be wider t o  provide more "land 
area" between the blades f o r  a longer l as t i ng  texture. The gr inding chip 
between the blades, should be 0.080 inch minimum and have an average 
thickness o f  0.100 inch (Figure 5-1). 



Surf ace Texture 

Land Area: 
Average 0.10 inch 
Minimum 0.08 inch 

Average Height 1/16 inch  - 
L 1-1 - 

0.1 t o  0.15 inches 

Figure 5-1 

For the  purpose o f  t h i s  chapter, we w i l l  de f ine  the  hardness o f  aggregate 
by the  Los Angeles Abrasion Number (L.A. Abrasion No.). However, the  
L.A. Abrasion No. i s  not  and should not  be used as t h e  on ly  c r i t e r i a  t o  
judge the  hardness o f  aggregate. 

Hard - up t o  40 
Medium - 40 t o  50 
Sof t  - over 50 

For hard aggregate, the  spacing should provide f o r  l e s s  land  area than 
f o r  s o f t  aggregate (Figure 5-2). 

Surface Texture 

Land Area:- 
Average 0.080 inch  
Minimum 0.065 inch 

Average Height 1/16 inch  - n -  
k- 0.1 t o  0.15 inches 

Figure 5-2 

The blade spacing i s  the  most important f a c t o r  i n  producing t h e  proper 
sur face texture.  The precise blade spacing should be determined f o r  
v a r i a t i o n s  i n  t h e  type o f  aggregate. I m e d i a t e l y  a f t e r  gr inding,  the  
" f i n s "  have a somewhat uni form rectangular  shape. However, t h e  f i n s  are 
designed t o  break o f f  under t r a f f i c  t o  form a corduroy type  sur face t h a t  
produces a good s k i d  t e x t u r e  and a h igh  qua1 i t y  r i d i n g  surface. 



Grinding Procedures 

The plans should designate the areas o f  pavement t o  be ground. Water i s  
used t o  cool the cu t t i ng  head o f  the gr inding machine. The s lu r r y  
produced from gr inding can be removed by one o f  two methods. It can be 
vacuumed from the surface and pumped i n t o  a tank t ruck  wi th ba f f l es  which 
i s  cost ly,  o r  i t  can be deposited d i r e c t l y  on the grass shoulders which has 
not proven t o  be detrimental. A su i tab le  disposal s i t e  should be provided 
when pumping adjacent t o  the roadway i s  not possible. 

The gr inding l i m i t s  should be c lea r l y  shown on the plans and should 
include the t rans i t i on  or  stop 1 ines a t  bridges and ramps. The maximum 
over1 ap between passes should be 2 inches. 

Grinding production i s  t y p i c a l l y  50 machine hours per lane mile, but 
t h i s  w i l l  vary considerably w i th  aggregate hardness and the roughness o f  
the pavement. The d i rec t i on  o f  gr inding should be the opt ion o f  the 
contractor i n  order t o  minimize construction costs. 

R i  deabi 1 i t y  

There are several methods used t o  measure the roughness o f  pavements. 
These include the Cal i fo rn ia  o r  Rainhart P ro f i  lograph, the Mays Ride Meter, 
PCA o r  Wisconsin Road Meter, GM Profi lometer, and the BPR Roughometer. 

It has been demonstrated on numerous projects t ha t  diamond gr inding can 
produce a smoother pavement surface than new construction. This should be 
re f lec ted i n  the  SHA's r i d e a b i l i t y  speci f icat ion.  As an example, SHA's 
using a prof i lograph specify a p r o f i l e  index o f  12 inches per mi le  f o r  
construction and 7 inches per mi le  f o r  diamond grinding. The above i s  only 
an example and the engineer should a1 ways consider cost effectiveness when 
speci fy ing the p r o f i l e  index. 

Where ru t s  are being eliminated by grinding, a s t r i n g  1 ine  can be used 
t o  check the transverse p ro f i l e .  

Speci f icat ions should permit feather ing over p o r t i  ons o f  the  sur f  ace 
when steel  i s  found near the surface. 

When an isolated low spot i s  encountered, the spec i f i ca t ion  should not 
require gr inding the low spot i f  i t  requires lowering the overal l  p r o f i l e  
o f  the pavement. The cost effectiveness o f  the extra expenditure i s  
h igh ly  questionable. 

Transverse j o i n t s  and random cracks should be inspected t o  insure t ha t  
adjacent surfaces are i n  the same plane. Misalignment o f  the planes o f  
the surfaces should not exceed 1/16 inch. I n  any 3 f oo t  by 100 foo t  t es t  
area a t  leas t  95 percent o f  the surface should be textured. 



Concurrent Work 

Slab s tab i l i za t i on  by subsealing, fu l l -depth  replacement and spa1 1 
repa i r  should be completed before grinding. Experience indicates, t ha t  
ground pavements without subsea1 ing  (when needed) can s ign i f i can t l y  
reduce the l i f e  o f  the restored smooth pro f i le .  Resealing j o i n t s  should 
f o l l ow  the gr inding operation t o  insure proper sealant depth. 

Method o f  Payment 

Grinding can be paid f o r  by the  square yard. The contract p r ice  per 
square yard f o r  gr inding concrete pavement should be f u l l  compensation 
f o r  furnishing a l l  labor, materials, and equipment i n  accordance wi th  the 
prescribed sections o f  the SHA's speci f icat ions and as shown on the 
plans. 



CHAPTER 6 

BONDED PCC RESURFACING OVER EX1 STING CONCRETE PAVEMENTS 

Introduct ion 

This chapter describes the concept o f  over l  ayi ng ex is t ing  r i g i d  pavement 
w i th  bonded port1 and cement concrete t o  improve the  s t ruc tura l  i n t e g r i t y  , 
improve the r ide,  increase the carry ing capacity, improve the sk id  resistance, 
and extend the useful l i f e  o f  the o r i g i na l  structure. Construction 
techniques w i l l  be discussed as we1 1 as those items which require pa r t i cu la r  
a t ten t ion  i n  order t o  make an overlay project  successful. Topics discussed 
wi 11 be surface preparation, bonding grout appl icat ion,  placement , jo in t ing ,  
f in ishing, textur ing,  cur ing and tes t i ng  requirements, and basis o f  payment. 
Bonded PCC can be considered operational o r  experimental depending on the 
experience i n  a given State. This technique has proven successful on many 
projects. L ike  a1 1 other rehabi 1 i t a t i  on techniques, bonded PCC overl ays 
requi r e  good qua1 i t y  control  . 
Surface Preparation The ex is t ing  concrete surface must be cleaned o f  a1 1 
deter iorated o r  contaminated material including ti r e  rubber, d i r t ,  o i l  
d r i  ppi ngs , and o l d  1 ane 1 i ne marki ngs. The development o f  h i  gh product i on, 
sel  f-propel 1 ed co l  d-mi 11 i ng equipment (CMI Roto-Mi 11 , Gal i on  Road Pl  aner , 
Barber-Green Dynapl ane, etc.) and improvements i n  a i r ,  water, sand, and 
shotblasting techniques (Gomaco) have resul ted i n  high production cleaning 
processes. A general descr ipt ion o f  sur f  ace preparati on equipment f 01 1 ows. 

1. Mi l l ing /Scar i fy ing  Equipment - Consists o f  a power-operated, mechanical 
s c a r i f i e r  capable o f  uniformly scar i fy ing  o r  removing the o l d  surface 
i n  a sa t is fac tory  manner t o  the  depths and cross section required. 
Other types o f  removal devices may be used i f  t h e i r  operation i s  
sui table and i f  they can be demonstrated t o  perform t o  the  sa t is fac t ion  
o f  the engineer. States commonly speci fy the  removal o f  114 inch of 
ex is t ing  concrete surface. 

Sandblastin - The sandblasting operation i s  generally used as a 
i---- c eani ng operation (not a removal operation), t o  remove loose chips 
of  concrete, d r ied  s l u r r y  resu l t ing  from the mi l  1 ing  operation, and any 
contaminants t ha t  would i n te r fe re  wi th the  bond o f  the  overlay. 
Adjacent t r a f f i c  and property should be adequately protected and dust 
control  should be maintained i n  order t o  provide good v i s i b i l i t y  i n  
the work area. This cleaning normally involves removal o f  only 1/32 t o  
1/16 o f  an inch. A properly sandblasted surface should be cleaned t o  a 
point  where the aggregate colors are c l ea r l y  v is ib le .  The surface 
should then be power broom swept and/or blown o f f  t o  y i e l d  the best 
results. Highway production sandblasting equipment usual ly requires and 
includes dust abatement. 



3. Shotb las t in  - Shotblast ing i s  s i m i l a r  t o  sandblasting except s tee l  d i n  p lace o f  sand as the  abrasive element. There i s  
equipment a v a i l a b l e  t h a t  operates by bombarding the  sur face w i t h  s tee l  
pel l e t s ,  thrown by a c e n t r i f u g a l  b l a s t  wheel , r o t a t i n g  w i t h i n  a c leaning 
head. There i s  no l o s s  o r  waste o f  abrasive media. Reusable p e l l e t s  
and contaminants rebound i n t o  a separator which au tomat ica l l y  recycles 
the shot t o  the b l  astwheel , whi 1 e dust  and surface contaminants are 
discharged i n t o  the  dust c o l l  ector .  

4. Hi gh-Pressure Waterbl a s t i  ng - High pressure waterbl asters used f o r  
t h i s  purpose produce pressures i n  the  range o f  6000 t o  10000 p s i  and 
are capable o f  removing many contaminants. Some equipment i s  capable 
o f  b l a s t i n g  w i t h  water and sand o r  other  abrasives. This method o f  
c leaning should n o t  be used alone, b u t  i n  combination w i t h  a pr imary 
c leaning method such as m i l  1 i ng o r  shotb l  a s t i  ng. 

Most agencies spec i fy  the  method and depth o f  surface c lean ing  r a t h e r  
than speci f y i  ng a cleaned surface. The f o l  1 owing sequential steps 
describe the  commonly used methods t o  c lean an e x i s t i n g  PCC pavement i n  
preparat ion f o r  a PCC bonded overlay. 

Step 1 - If, an asphal t  over1 ay ex is ts ,  i t  should be completely 
removed by whatever method i s  the  most p r a c t i c a l .  

Step 2 - Cold m i l  1 i n g  o r  shot b l a s t i n g  i s  the  pr imary c leaning 
methods used t o  clean the  e x i s t i n g  PCC surface. It may be 
necessary t o  broom and/or vacuum a f t e r  c o l d  m i l  1 i n g  t o  
remove debr i  s . 

Step 3 - Sandblasting o r  waterblast ing i s  t h e  secondary c leaning step 
t h a t  removes loose chips and la ten ts .  Normally, ne i ther  a re  
requi  red  a f t e r  shotbl a s t i  ng. 

Step 4 - A i r b l a s t i n g  i s  the  f i n a l  c leaning step used t o  remove dust  
and i n c i d e n t a l  debris. This step should be done j u s t  p r i o r  
t o  apply ing the grout. 

Step 5 - The sur face should be completely dry. Surface moisture w i l l  
weaken the  bond between the  overlay, grout, and e x i s t i n g  
surface. 

I n  areas o f  sur face de te r io ra t ion ,  m i l l i n g  can be used t o  remove unsound 
concrete. Areas requi  r i n g  p a r t i  a1 depth s c a r i f i c a t i o n  can be determined 
by v isua l  inspect ion,  sounding wi t h  hammers, dragging chains, coring, 
etc.  These areas u s u a l l y  conta in "D" cracked aggregate o r  r e a c t i v e  
aggregate. When p a r t i a l  depth patches a re  required,  r e f e r  t o  Chapter 3 
o f  t h i s  handbook. I f  f u l l  depth r e p a i r s  a re  needed, r e f e r  t o  Chapters 1 
and 2 o f  t h i s  handbook. 



Bonding Grouts 

Basically, there are two grout mixtures, (1) cement and water and (2) 
cement, sand, and water. Su f f i c i en t  water i s  added so i t  can be applied 
w i th  a s t i f f  brush o r  broom t o  the o ld  concrete i n  a th in,  even coating 
t ha t  w i l l  not run o r  puddle i n  low spots. 

The fo l lowing mix designs f o r  grout are suggested by the  PCA: 

Grout Mix With Sand 

Cement 1376 1 bs. 
Sand* 1419 lbs. 
Water 914 1 bs. 

Grout Mix Without Sand 

Cement 1726 1 bs. 
Water 853 lbs. 

*A1 1 owing 3 percent f o r  moisture 

Note: The water cement r a t i o  should be no higher than 0.62 (7 gallons 
per bag o f  cement). 

The grout should be agi tated p r i o r  t o  and during i t s  use. It should be 
used wi th in  90 minutes from the time i t  i s  i n i t i a l l y  mixed t o  the  t ime it 
i s  covered with the overlay. A grout o f  port land cement and water, applied 
by pressure spray, i s  being used by several SHA's because the operation has 
demonstrated a savings i n  time, cost, and labor. 

Care should be exercised t o  insure t ha t  a1 1 parts o f  the surface receive 
a thorough, even coating and t h a t  no excess grout i s  permitted t o  co l l ec t  
i n  pockets. The inspector should make sure t ha t  grout properly covers 
the corner areas o f  the slabs where the maximum cu r l i ng  o f  the concrete 
occurs. This i s  the most 1 i k e l y  place fo r  debonding o f  the  overlay. 

The ra te  o f  applying grout should be l i m i t e d  so the grout does not become 
dry before it i s  covered with new concrete. The grout should be applied 
immediately i n  f r o n t  o f  the paver. During delays i n  the surfacing operations, 
should the  surface of the grout indicate an extensive amount o f  dry ing by a 
whi t ish appearance, addi t ional  grout should be applied. I n  areas where 
the grout becomes thoroughly dried, the grout should be removed by 
sandblasting o r  other acceptable method. 

Placement 

Sl i p-form paving has been used almost excl usi  vely since 1970 f o r  PCC 
overlaying. Slip-form paving techniques are essent ia l l y  the  same f o r  
resurfacing construct ion as fo r  o r ig ina l  construct ion. The f o l  lowing 
are recomnended during a s l ip- form operation. 



1. The thickness between the new surface profile and the prepared 
surface should be checked before paving begins. Should problems 
exist  in obtaining the minimum depth due t o  crown or surface 
i r regular i t ies ,  the existing pavement can be rescari f i  ed or the 
new profile can be adjusted. 

2. The engineer should advise or consult with the contractor on the 
method t o  be used t o  relocate existing the joints so accurate joint 
saw cuts can be made in the new concrete. 

3. The concrete should be placed per SHA specifications. 

Side dumping and concrete distributors are recommended. End dumping i s  
not recommended. Operati ng concrete trucks on the prepared surface 
present serious potential problems because the bonding medium i s  disturbed. 
Trucks contaminate the surface by tracking mud and dripping oi l  and 
grease on the clean surface. If end dumping i s  used, cleaning equipment 
should be readily available t o  remove oi l  s p i l l s  and d i r t .  If t h i s  type 
of cleaning i s  done properly, i t  will add cost and slow the speed of the 
paving train.  

When placing a concrete overlay, the temperature of the existing pavement 
surface i s  of particular concern. The rapid cooling of the existing 
pavement surface may resul t  i n shrinkage stresses in the resurfacing, 
which can cause cracking before joints can be formed. In addition, a hot 
surface will cause curling or warping of the resurfacing during the 
in i t i a l  cure period. The l a t t e r  effect can be especially detrimental t o  
establ i shi ng bond. Schedul i ng construction during the spring, fa1 1,  or 
nighttime can a1 leviate the problems associated with hot weather conditions. 
Some SHA's have established 8 5 O F  as the cut-off fo r  placing bonded PCC 
overl ays. 

Jointing 

The joints  in bonded concrete overl ays should be given careful consideration 
i f  the overlay i s  t o  function properly. I t  i s  important that  a l l  working 
joints in  the original pavement be reproduced in the  overlay. Working 
joints are those joints that  open and close with temperature variation and 
are not t ied  together by reinforcing bars. These are usually transverse 
contraction or expansion joints as opposed t o  1 ongitudinal joints. Joints 
in the overlay should be di rect ly  over the joints in the old pavement 
and of equal or s l ight ly  greater width. All transverse contraction and 
expansion joints should be sawn the fu l l  depth of the overlay and 
longitudinal joints can be sawn 1 inch deep. If the joint in the overlay 
i s  narrower than the joint in the existing pavement, high stresses will 
develop during expansion and will usually cause debonding and spalling a t  
the joint. 



Although the need for joints in bonded resurfacings matching those in 
the existing pavement i s recognized, their construction has created 
problena. Only small differences in locations of the joints can result 
in reflection cracking in the resurfacing. I t  i s  also not uncommon to  
find irregular joints in older pavements, or even worse, irregular cracks 
that are functioning as joints. 

Joint construction in bonded concrete resurfacing has been accompl ished 
by several means including depressed grooves in the plastic concrete, 
which are sometimes later  widened by sawing; use of inserts installed in 
the plastic concrete; and sawing of the hardened concrete, including 
green sawing, only a few hours af ter  the concrete has been placed. 

Sawing has been the predominent method used to construct joints but 
reflection cracking has sometimes occurred within inches of the sawed 
groove. In these cases, i t  was presumed that the crack initiated a t  the 
bottom of the resurfacing before the saw cut was completed and then 
progressed along a path of least resistance to  the surface, which may or 
may not be through the sawed groove. Early sawing, within 6 hours or 
less after placement, has been used to  minimize this  type of cracking. 

A1 1 existing joints should be functioning properly before the concrete 
overlay i s  placed. A backer rope can be placed a t  the top of an existing 
joint i f  i t  i s  needed to  prevent concrete from f i  11 i ng the reservoir or 
the joint. When concrete i s  placed over an expansion joint i t  i s  necessary 
to  make two cuts in the plastic concrete and remove the thin center 
section of concrete. 

Finishing and Texturing 

Finishing and texturing operations are the same for concrete resurfacing 
as for ordinary concrete pavement construction. 

Curing 

As with any concrete pavement, adequate protection during the early curing 
period i s  extremely important t o  the success of concrete resurfacing. 
The most commonly used curing medium has been a white-pigmented, membrane- 
forming compound, which i s  sprayed onto the surface (at  approximately 
twice the normal rate) following the finishing and texturing operation. 
Other types of curing media i ncl ude wet burlap, polyethylene sheeting, 
and where temperatures may fa1 1 below 34"F, insulated blankets, etc. The 
curing medium i s  applied as soon as possible without damaging the surface 
texture. 

Proper and adequate curing is more critical for bonded concrete resurfacing 
than for ordinary pavement construction. I t  i s  during the early curing 
stage that shrinkage and/or curling can create stresses a t  the interface 
that may exceed the bond strength and cause debonding, especially a t  the 
corners and edges of slabs. I t  i s  therefore, important to  protect the 
bonded resurfacing not only from moisture loss bu t  also from sudden 
extreme temperature changes. 



Test ing and Opening t o  T r a f f i c  

The f o l l o w i n g  t e s t s  can be used as a general guide. 

1. Slump - The slump o f  concrete, tes ted  a t  t ime o f  placement, measured 
i n  accordance w i t h  AASHTO T119, should be 1-112 inches, p lus  o r  
minus 112 inch. 

2. Percent Entra ined A i r  - The entra ined a i r  content  o f  t h e  fresh, 
unvibrated concrete, a t  t h e  t ime o f  placement, as determined by 
AASHTO T152, should be 6.5 percent, p lus  o r  minus 1.5 percent. 

3. Bonded Strength - The bond s t reng th  a t  t h e  i n t e r f a c e  between o l d  
and new PCC should be a minimum o f  200 p s i  when t e s t e d  i n  accordance 
w i t h  "Metbod o f  Test f o r  Determining t h e  Shear Strength o f  Bonded 
Concrete. Test Method No. Iowa 406, June 1978, as developed by t h e  
O f f i c e  o f  Mater ia ls ,  Iowa Department o f  Transportation. 

4. Compressive Strength and Opening t o  T r a f f i c  - The pavement should not  
b e  opened t o  t r a t t i c  u n t i l  t h e  concrete bonded over lay has a t t a i n e d  
a compressive s t reng th  o f  3504 p s i  and has a t ta ined  an age o f  5 days. 
Construct ion t r a f f i c  and o ther  t r a f f i c  i n  specia l  cases could be 
al lowed on t h e  over lay when i t  has a t ta ined  a compressive s t reng th  o f  
3000 p s i  o r  an age o f  3 days. Concrete compressive c y l i n d e r s  should 
be t e s t e d  i n  accordance w i t h  ASTM C39. 

Note: Bond st rengths as determined by a shear t e s t ,  may f requent l y  be 
400 p s i  o r  rnore bu t  s t rengths o f  200 p s i  o r  even l e s s  may be 
adequate. The value o f  200 p s i  as a des i rab le  bond strength, has 
general ly  been accepted as a guide. 

Basis o f  Payment 

The f o l l o w i n g  major i tems can be pa id  by t h e  square yard. 

1. Asphalt Removal. Should i ncl  ude compl e t e  removal and d isposal  . 
2. Cold M i l l i n g  o r  Shotblastinq. Should inc lude  removal t o  t h e  

spec i f ied  depth and disposal . 
3. Sandblasting o r  Waterblasting. I n  t h e  case o f  sandblasting, t h i s  

i tem should i nc l  ude dust con t ro l .  

4. Broomi ng and/or Ai r b l  a s t i  ng. Should i n c l  ude d isposal  . 
5. P a r t i a l  Depth Repair. Should inc lude  removal and r e p a i r  t o  s p e c i f i e d  

depths. 

6. F u l l  Depth Repair. Includes removal and repa i r .  

7. PCC Bonded Over1 ay. Should inc lude  p lac ing,  f i n i  sh i  ng, tex tu r ing ,  
and cur ing  t h e  concrete; p lac ing  the  grout; and sawing and sea l ing  
the  j o i n t s .  



It i s  understood t h a t  a1 1 o f  t h e  above items should include f u l l  compensation 
f o r  a1 1 1 abor,. equipment, and mater ia ls  t o  complete t h e  work i n  accordance 
w i th  t h e  plans and speci f icat ions.  Inc identa l  items o f  work should be 
pa id  according t o  t h e  SHA's customary procedure. 
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