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ABSTRACT

This study investigated issues related to the effects of spot diamond grinding on the performance
and material properties of concrete pavement, the safety aspects of continuously ground pavement
and the public perception of pavement spot diamond grinding.

Diamond grinding was first used in California, in 1965 on a 19 year old section of I-10, to
eliminate significant faulting. Since this first application, pavement grinding has grown to become
a major element of portland cement concrete (PCC) pavement restoration. In addition, for new
pavements, a number of states have adopted strict smoothness requirements of only a few inches
of deviation per road mile. Diamond grinding is used to eliminate the “high” spots and insure
a smooth ride on the newly constructed pavement.

A field survey was conducted to assess the conditions of selected spot diamond ground PCC
(portland cement concrete) pavement sites. Pavement distress data was collected on control and
spot ground sections on 22 different highways consisting of 34 different locations in Wisconsin.
In addition, micro-surveys were completed for each of the spot ground sections. Utilizing the PDI
(pavement distress index) values and results of the micro-surveys, comparisons were made
between sections that were spot ground and those that were not. Conclusions were drawn
concerning the effects of spot grinding on the performance of the concrete pavements. The
comparisons showed no significant differences between the spot ground and control sections.

To examine the safety aspects of continuously ground PCC pavement, crash rates were compared
between 290 km of continuously ground and 115 km of transversely tined pavements in
Wisconsin. An effort was made to match ground and tined site characteristics in order to assure
that all factors except surface texture were identical between the two site categories. All 11,219
reported crashes on the study sites during the six-year period from 1988 to 1993 were analyzed.
Continuously ground surfaces were found to have lower crash rates than tined surfaces under dry
and wet conditions, during daytime and nighttime; also under all four wetness and light
conditions combinations. Ground pavements had 58 % the crash rates of tined pavements under
dry and wet conditions; the ratio was 84% when snow or ice was present on the pavement,
however, relatively limited vehicular travel occurred under such conditions and these results are
viewed as preliminary. Ground pavements had 57% the crash rates of tined pavements during
daytime; the ratio was 73 % during nighttime. A hypothesis of increasing crash rates with time
(based on frictional properties deterioration with pavement age and/or cumulative vehicle passes
since construction) could not be confirmed for either type of pavement texture, based on the
available data.

In the public perception portion of the study, three perceived problems related to spot grinding
PCC pavements were investigated: (1) motorists’ perception of the effects of spot grinding on
ride quality, (2) public acceptance of grinding newly constructed PCC pavements, and (3)
motorists experiencing glare and/or perceiving ground areas to be icy and/or slippery patches.

The study was conducted using a police assisted intercept survey. According to the survey
results, motorists driving the ground sections were not bothered by the glare or noticed any icy
or slippery patch. However, 75% of the respondents indicated that they were bothered to see that
a newly constructed PCC pavement would require spot grinding.
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INTRODUCTION

In the summer of 1994, a research contract titled, "The Effects of Diamond Grinding on PCC

Pavements" sponsored by the Wisconsin Department of Transportation (WisDOT) was begun at
Marquette University.

The study investigated issues related to the effects of spot diamond grinding on performance and
material properties of concrete pavement, the safety aspects of continuously diamond ground
pavement and the public perception of pavement spot diamond grinding. This report presents the
results of that investigation and is presented in three parts:

1. effects of spot diamond grinding on the performance and material properties of
concrete pavement

2. safety aspects of continuously ground pavement

3. public perception of pavement spot diamond grinding

I. EFFECTS OF SPOT DIAMOND GRINDING ON THE PERFORMANCE AND
MATERIAL PROPERTIES OF CONCRETE PAVEMENT

LITERATURE REVIEW

An extensive literature search on the effects of spot diamond grinding on portland cement concrete
was conducted and a complete report of this search is on file with the WisDOT Pavement
Research Unit. Key findings of the literature search are summarized in this section.

Diamond grinding was first used in California in 1965 on a 19 year old section of I-10, to
eliminate significant faulting. Since this first application, pavement grinding has grown to become
a major element of PCC pavement restoration. According to the Rehabilitation Training Course
Instructors Manual (7), diamond grinding is defined as patterns cut into hardened concrete with
closely spaced diamond saw blades. The major purpose of diamond grinding is to remove surface
defects to provide a smooth riding surface. If the amplitude of the pavement waves (difference
between pavement crests and troughs) is large, motorists will hear a resounding thump every time
their wheels encounter a high spot (2). This corresponds to a very rough ride. Diamond grinding
removes these bumps and provides a smooth ride (3, 4).

Diamond grinding equipment consists of diamond blades mounted on a horizontal shaft known as
the cutting head. This cutting head is mounted under a machine that is specifically designed for
this type of work. The front wheels of this machine pass over the bump or fault on the pavement
surface. These irregularities are then ground off by a centrally mounted cutting head. The rear
wheels track in the smooth path left behind. A typical width for a cutting head ranges from 914
to 965 millimeters (36 to 38 in.) with 164 to 193 blades per meter (50 to 59 blades per foot) of
shaft. These blades produce a desirable "corduroy” texture on the surface of the pavement.



Rehabilitative Grinding

Grinding is a component of a comprehensive rehabilitative program known as Concrete Pavement
Restoration (CPR). CPR is a restoration technique developed over a period of several years by
members of the International Grooving & Grinding Association (IG&GA), the American Concrete
Pavement Association (ACPA), several State Transportation Departments, and the Federal
Highway Administration (FHWA). The technique is used to rectify pavements exhibiting
distresses. CPR was developed to extend pavement life, improve riding quality, enhance safety,
and reduce road maintenance costs (5,6,7). In Wisconsin, the main reasons diamond blade
grinding is used in a CPR project is to remove transverse faulting and to improve ride due to
roughness of new patches and repairs.

In the past it was found that grinding has been misapplied as a CPR technique. In 1985 Voight,
Hall, and Darter (8) surveyed 76 grinding projects ranging in age from 1 to 9 years in 19 states.
They found that grinding improves pavement ride, however joint faulting may recur at a faster
rate than faulting of a new pavement if no other CPR techniques are performed to address other
existing pavement deficiencies (e.g., loss of aggregate interlock, elongation of dowel sockets).
They also found that a project which contains a large amount of cracking and other structural
failures is not a good candidate for a CPR procedure.

The literature reviewed demonstrated that service life of a ground PCC pavement varies anywhere
from 5 to 10 years (3,9,10,11,12,13). This service life depends upon many factors including rate
of traffic loading, existing pavement design, climate, pavement condition at the time of
restoration, CPR (additional work), and performance of the existing load transfer system (3).

Initial Pavement Diamond Grinding

A number of states have developed strict smoothness requirements of only a couple of centimeters
of deviation per road kilometer for new pavements. In order to meet these standards, diamond
grinding is performed to insure a smooth ride on a newly constructed pavement.

A profile measuring test is performed on the pavement to determine what pavement irregularities
need to be ground in order to insure an acceptable ride. The most commonly used profile
measuring device is the California profilograph (14). The California profilograph is essentially
"arolling straightedge". It is a 2.0 kilonewton (450 pound) aluminum truss which is 7.62 meters
(25 feet) long by 1.07 meters (42 inches) high.

A profile is taken .92 meters (3 ft) from and parallel to each edge of pavement placed at a width
of 3.66 meters (12 ft), or less. If the pavement is placed at a width greater than 3.66 meters (12
ft), the profile will be taken in the areas of the wheel tracks .92 meters (3 ft) from and parallel
to each edge in the traveled direction and .92 meters (3 ft) from and parallel to each planned
longitudinal joint on each side of the joint (15). The areas exceeding the acceptable surface
roughness are diamond ground to meet the specification.



STATE PROFILOGRAPH SPECIFICATION SURVEY

As a part of this project, a survey of seven Midwestern states was conducted to determine
rideability specifications, incentive/disincentive policies, and methods of profile measurement.
The states surveyed included: Wisconsin, Illinois, Iowa, Indiana, Michigan, Minnesota, and
Ohio.

Table 1 summarizes the grinding specifications for the states surveyed. As shown, with the
exception of the Michigan Department of Transportation all of the states surveyed used the
California profilograph. The incentive rideability specifications range between PI (profile index,
mm/Km) <47 to PI < 189 millimeters per kilometer (3 to 12 inches per mile), while the
disincentive specifications range between PI > 110 to PI> 349 millimeters per kilometer (7 to 16
inches per mile). The maximum PI allowed by the states after which the work is considered
unacceptable ranges between 158 to 475 millimeters per kilometer (10 to 30.1 inches per mile).
The maximum high point allowed by the states after which grinding must be performed ranges
between 7.6 to 12.7 mm (0.3 to 0.5 inches) per 7.63 meters (25 feet).

The American Association of State Highway and Transportation Officials (AASHTO) and the
American Concrete Pavement Association (ACPA) have recommended pay schedules for projects
based on the value of the profile index. These are shown in Table 2.

Typically, profilograph measurements are taken for the first several days of paving following
initial startup or after a long shutdown period as soon as the concrete has cured sufficiently to
permit the testing.



TABLE 1- Grinding Specifications for Midwestern States
STATE PROPHILOGRAPH | INCENTIVE | NO DISINCENTI | MAX. HIGH MAX. PI
TYPE mm/Km* INCENTIVE VE POINT mm/Km*
(in./mi) mm/Km* mm/Km* (in./mi)
(in./mi) (in./mi)
WISCONSIN | CALIFORNIA PI<110 110 <PI <158 PI> 158 10.2mm @ P1<237
PI<T) (7<PI<10) (PI1>10) 7.63m P1<15)
(0.4" @ 25)
ILLINOIS CALIFORNIA P1<67 Pl <158 P1> 158 7.6mm @ 7.63m | PI<237
(P1<4.25) PI<10) (P1>10) 0.3" @ 25 (PI1<15)
INDIANA CALIFORNIA . Pl <252 252 <PI<347 | 7.6mm @ 7.63m | PI<347
<75.5 kmph PL<16) (16<PI<22) | (03" @25) (P1<22)
INDIANA CALIFORNIA . PI<189 189 <PI<237 | 7.6mm @ 7.63m | PI<237
>75.5 kmph PI<12) (12<PI<15) | (03" @25) P1<15)
MICHIGAN | CALIFORNIA PI<63 63<PI<158 - 7.6mm @ 7.63m | PI<158
(P1<4) @ <PI<10) 03" @25 ®I<10)
MICHIGAN | GM RAPID ROI < 40.5 40.6 < RQI < 49.8 - 7.6mm @ 7.63m | RQI<49.8
03" @ 25"
IOWA Sch.A | CALIFORNIA (A)PI1<47 49<PI<112 PI>112 12.7mm @ " PI<159
(Pi<3) @B.1<PI<71) @I>7.1) 7.63m PI<10.1)
(B)NO 0.5" @259
GRIND
IOWA Sch.B | CALIFORNIA (A) PI < 189 189 < PI < 349 PI > 349 12.7mm @ PI<475
Pi<12) | az<ri<221) (P1>22.1) 7.63m (P1<30.1)
(B) GRIND 0.5" @ 25")
TO 347 (22)
MINNESOTA | CALIFORNIA - . - 7.6mm @ 7.63m -
03" @25)
OHIO CALIFORNIA PI<110 79 <PI1<110 PI>110 7.6mm @ 7.63m | PI<189
(PI<T) (5<PI<7) ®P1>7) 0.3" @ 25" (P1<12)

NOTES:PI = Profile Index
RQI = Ride Quality Index (no units)

IOWA SCH. A =Urban cross sections with posted speed limit of > 75.5 kmph (45mph) and all rural

cross sections. Does not include ramps/loops.

IOWA SCH. B = All urban cross sections with posted speed limit of < 75.5 kmph

(45 mph.)

All PI and RQI measurements are made on a .16 km (0.1 mi) section unless otherwise noted.

* SI values are rounded conversion of U.S. customary units.




TABLE 2 - RECOMMENDED PAY SCHEDULE FOR
CLASS A HIGHWAYS AASHTO AND ACPA

(17)
PROFILE INDEX AASHTO PAY ACPA PAY
mm/km’ (in/mi) SCHEDULE* SCHEDULE*

47 or less (3 or less) 105 110

> 47 to 63 (>3t04) 104 108

> 63to079 (>41t05) 103 106

>79 to 95 (>5106) 102 104

>95t0 110 (>6t07) 101 102

>110to 158 (>7to 100 100
10)

>158t0 174 (>10to 98** 9g**
11)

> 174 to 189 (>11to 96** 96**
12)

> 189 to 205 (>12to0 94** 94**
13)

>205t0221 (>13+1t0 92 %* 92**
14)

>221t0237 (>141t0 90** 90**
15)

> 237  (>15) CORRECTIVE | CORRECTIVE
WORK WORK
REQUIRED REQUIRED

* = Percent of pavement unit bid price
** = For cases where the Profile Index on a rural interstate or
primary highway is between 158 and 237 millimeters per
kilometer (10 to 15 inches per mile), the contractor should be
given the option to correct the pavement to receive 100% pay.
! SI values are rounded conversion of U.S. customary units.







