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PMS Data

A PMS 1s complex, and like all similar systems it is highly dependent
on the quantlty and quality of data. Over the years, ADOT has collected
conslderable data Including ride roughness, percent cracking, skid numbers,
Dynaflect deflection and rut depth. The quantity and quality of data has
changed over time; as an example, initially Inventory Dynaflect deflections -
were taken ten times a mile (one tenth mile intervals), this was reduced
to three per mite and durling the course of this project, eliminated. In
1973, a detailed distress survey Including extent of cracking, width of
crack, type of crack, flushing and rut depth was completed. The data was
so voluminous and complicated no useful Interpretation could be made of it.
Subsequently, In 1977, a simplifled percent cracking evaluation was adopted
which developed a very useful number indicative of the extent and severity
of crackling.

Presently, ADOT conducts an annual inventory for ride, percent cracking
and skid number. The ride roughness Inventory Includes the roughness of
every mile of highway within ADOT's system, Thus, the entire population of
ride roughness values is compiled so there is no quantity problem, quality
of data Is checked to determine sensibility. In addition, the equipped
vehicle is driven over the same miile of highway once a week fo detect any
Instrument problems. Recently, NCHRP report #228 "Calibration of Response-
Type Ride Roughness Measuring Systems" was used to Implement a standardiza-
tlon method which uses calibrated bumps,

For percent cracking and skid number only a sample of the highways Is
taken during inventory., Initially In 1977, cracking values were obtained

during the deflection i(nventory at one third mile Intervals. The area
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rated for percent cracking represented approximately 1,000 square feet,

to be conststent with the AASHO road test (1). This area generally includes
the twelve (12) foot travel or driving lane for a distance of about eighty
(80) feet. In 1979, the deflection inventory was discontinued and a separate
percent cracklng inventory began. At present, the percent cracking is inven-
toried at each milepost (once a mile) instead of three times a mile. The area
sampled Is |,000 square feet.

Skld number values are obtained with a Mu-Meter and several reports (23
(3) have documented ADOT's work with this device. Since the first inventory
in 1972, measurements have been taken at the milepost, in the travel or driv-
tng lane left wheel path for a distance of 500 feet. Tests are performed at
40 miles per hour.

The ride roughness and cracking inventories are generally completed in
about six months each. The skid inventory generally takes one year. Although
Dynaflect deflectlions are no longer taken for inventory, they are still used
for overlay deslgn. Rutting and flushing have not been Inventoried since
1973, however, recent rutting problems on a few projects have raised questions
about rutting. The following section will examine a data gathering experiment
directed toward characterizing the quantity and quality of inventory or design
conditton data.

Data Gathering Experlment

In order to study the role of data gathering, an experiment was designed,
consisting of 76 two-mile locations. Figure A shows the location of all study
sites. At each two-mile site ten dynaflect deflections, percent cracking, rut
depth and flushing rating were conducted at one tenth mile Intervals. The

average and standard deviation of fest results are shown In Appendix A, Table



FIGURE A TEST LOCATION
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IA. This table shows values for 10,5,3 and | test. The values were logl-

cally sorted In the following fashion.

TESTS LOCATION
[0 At milepost and at one tenth mile intervals
5 At milepost and at .2, .4, .6, and. .8 mile interval
3 At milepost and at .3 and .6 of a mile
I At milepost

&

The loglc behind this ordering was consistent with an annual Inventory.
The experiment was designed to determine how much difference could occur due
to sample slze changes. |1 is assumed that the ten readings per mile repre-
sented the standard or truth for this particular experiment,

Analysis of Test Results

Table | glves the average, pooled standard deviation and coefficient
of varlatton for each type of test and each sample size. The size of the co-
efflclients of variation are quite remarkable. The Dynaflect deflection was
much smaller than anticipated whereas, the flushing iIndex was very much smaller.
To further lllustrate what these numbers mean, Figures | through 12 give the
relatlionships of the average of 5, 3 or | test to the average of ten tests
per mile for Dynaflect deflectlon, rut depth, percent cracking and flushing
index.

Results of this experiment conform to accepted statistical theory, as
the number of samples was decreased the size of the standard deviation de-

creased by approximately one over the square root of N observations (—L—)

n

TS RTme e o s
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TABLE |

SUMMARY STATISTICS

AVERAGE
# OF TESTS/ N DYNAFLECT RUT PERCENT FLUSHING
MILE _ DEFLECTION DEPTH CRACKING INDEX
10 152 1.027 219 3.93 4.78
5 152 1.022 214 3.95 4.77
3 152 |.021 219 3.81 4.78
I 152 .994 .223 3,83 4.80
POOLED STANDARD DEVIATION OF GROUP
10 152 .259 .093 3.19 .20
5 - 152 .249 .091 2.55 .19
3 152 236 .086 2.14 .18
COEFFICIENT OF VARIATION
10 152 25 42 81 4
5 152 24 43 65 4
3 152 23 39 56 4
Table 2 gltves a summary of the statistics shown on each figure. It

would appear that one Dynaflect test per mile very closely approximates
the average of ten tests per mile., For rut depth three tests per mile
or even one test per mlle glve a good approximation of the ten test per

mlle average. Percent cracking values are the most variable of the group.
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TABLE 11

TEST 2 COEFFICIENT
DYNAFLECT N A B R STD. ERROR OF
DEFLECTION VARIATION
XIOVS X5 i52  .0407 951 ,9026 .103 ) 1 0%
XIOVS X3 [52 -.016 .998 .8515 136 13
XIOVS Xl 152  .031 .932  .5722 216 21
RUT DEPTH
XlOVS X5 {52  .003 1.012 .8927 .039 18%
XIOVS X3 {52  .019 916 .7936 .060 28
XIOVS X' 152 .023 467 .4286 .090 42
PERCENT
CRACKING
XIOVS X5 152 -.097 1.033 .932] [.745 44%
XIOVS X3 152 -.156 .998 .7944 3.132 79
XIOVS Xl 152 2.225 1.129 .4460 4,655 118
FLUSHING
XIOVS X5 152 ~.120 1.023 .9745 .094 2%
XIOVS X3 152 317 .935 .8553 224 5
X, VS X 152  .699 .859 .5756 .439 Q

10 i
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Presently, one test per mile Is used for inventory, primarily because
I+ allows for a rapid review of all mlles per year. Subsequent design reviews
are much more Intensive and generally represent ten tests per mile. In order fo
maintaln the timeliness of the data a revised sampling scheme s suggested.
Figure |3 shows that a stratified sample where one measurement is taken at the
milepost If there is no cracking present, if any amount of cracking is ob-
served (one percent or greater) an additional measurement is taken at the half
mile locatlion and averaged. In this way a much better relationahip befweend
The sampled value and the average of ten measurements is derived. In fact,
this stratified sample of no more than two measurements per mile is equivalent
to three measurements per mitle. The flushing index has the smallest coefficient
of vartation even for one test per mile, which is indicative of a rather uniform
distribution of skid resistance over an entire mile. This would indicate that
one Mu Meter test per mile Is probably sufficlent. A review of flushing index

values vs Mu Meter number indicated a qualitative relationship. A fotal of

187 tests were matched at the milepost and the following was observed.

Flushing # of # of Mu Meter Percentage
I ndex Measurements Tests 43 or Below 43 or Below

5.0 - 3.0 181 3 F.7%

2.5 - 1.0 6 4 67%

This rough relationship would indicate that flushing index values of
2.5 or less are probably low Mu Meter number areas.

Discussion and Recommendations

I+ has been shown that the present data collectlion process Is adequate
except for percent cracking., |t is recommended that the following frequency

of data collectlon be implemented.
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). Dynaflect deflection one test per mile for design.

2). For inventory percent cracking,one ftest per mile if pavementT
uncracked, average of two tests per mile If milepost shows some
percent cracking.

3). Mu Meter one test per mile for inventory. Flushing index could
be used as an indicator of problems.

4). |f rut depth were to be used for inventory purposes, one tTest per ,
mile would be needed.

The additional percent cracking data will mean that an additional two
months of Inventory manpower will be needed per year. |f rut depth were
to become part of the inventory process at least eight man months of addi-
tional manpower would be needed.

This report has addressed the role that data collection plays in a
pavement management process. In order to better understand the role that
data collection plays in the entire system and to bring the reader up fo
date with ADOT's 1981 pavement managementsystem the following PMS overview
section was developed.

References:
. "The AASHO road test, report 5, Pavement Research,'" Highway Research
Board Speclal Report 61E, 1962,
2. Burns, J.C. and R.J. Peters, "Surface Friction Study of Arizona
Hlghways," Arlzona Department of Transportation, January, 1973.
3. Burns, J.C., "Differential Friction Related to Skidding," Arizona

Department of Transportation, April, 1975,
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