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Activities in Indiana
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ABSTRACT

An analysis of pavement routine maintenance
costs for the state highway system in Indi-
ana is presented. The data base includes
pavement maintenance records for 4 vyears,
1980-1983. The results include a trend anal-
ysis as well as a correlation analysis.
First, the total cost trends as well as in-
dividual activity costs are examined. Then
the resource consumption trends are analyzed
in terms of 1labor and materials use, Fi-
nally, a statistical correlation analysis is
presented in order to examine the relation-
ship of maintenance expenditures in the ear-
lier years and the level of maintenance ex-
penditures in subsequent years. The analysis
showed high correlation between maintenance
expenditures in a given year and the expen-
ditures of the previous 2 or 3 years. The
results of this study should be of direct
use in the planning and management of annual
pavement maintenance programs.

Pavement maintenance activities constitute one of
the major parts of highway routine maintenance. In
Indiana the share of pavement maintenance in the
total highway routine maintenance expenditures was
about 18 percent for FY 1979. This share is now
about 24 percent for FY 1983 (1,2).

A study is being conducted at Purdue University
to develop prediction models for pavement routine
maintenance needs. These models can be used for mak-
ing decisions about pavement maintenance management
and cost control. A summary of the first phase of
this study is presented. The first phase includes a
historical data analysis of pavement maintenance
costs and resources used as well as an examination
of possible relationships between expenditures from
year to year.

The data used in this study included detailed
records of highway routine maintenance activities
from the Indiana Department of Highways (IDOH) for
FY 1980-FY 1983. These records are the compiléd form
of actual field information on all maintenance ac-
tivities, which are recorded on field crew day cards.

TRENDS IN PAVEMENT MAINTENANCE COSTS

Pavement maintenance costs were computed for each
highway section in terms of dollars per lane-mile.
To avoid changes in unit prices from year to year,
all costs were converted to 1982-1983 dollars. Of
the total 874 sections, 768 sections [62 in the In-
terstate system (IS) and 706 in other state highway
system (OSHS)] were found to have received one or
more maintenance activities during the last 4 years.
The remaining sections did not receive any pavement
maintenance during the last 4 years.

It was observed that, in general, the average

total cost of pavement maintenance of the IS is less
than that of the OSHS. The average total cost on the
OSHS is 30-120 percent higher than that of the 1IS.
For instance, 10 percent of the total IS lane-miles
received maintenance at an average cost of $295 per
lane-mile per year, whereas 10 percent of the total
lane-miles of the OSHS received an average of $547
per lane-mile per year in the last 4 years. The rea-
son the IS sections have lower maintenance costs per
lane-mile can be traced to the fact that the IS re-
ceives more dollars per lane-mile of major mainte-
nance activities such as resurfacing and rehabilita-
tion, which reduces the need for more frequent
routine maintenance activities.

The major activities contributing most to the
total maintenance costs are patching (activities 201
and 202 in Table 1) and sealing (activities 206 and
207 in Table 1). About 85 percent of the total cost
of IS pavement maintenance was spent on these four
activities during 1980, and 87, 82, and 90 percent
were spent during 1981, 1982, and 1983, respec-
tively. For the OSHS, these figures were 66, 69, 66,
and 66 percent for 1980, 1981, 1982, and 1983, re-
spectively (3-6).

TABLE 1 Pavement Routine Maintenance Activities (7)

Activity Code No, Production Units
Shallow patching 201 Tons of mix
Deep patching 202 Tons of mix
Premix leveling 203 Tons of premix
Seal coating 205 Lane-miles
Sealing longitudinal cracks and joints 206 Linear miles
Sealing cracks 207 Lane-miles
Cutting relief joints 209 Linear feet

Joint and bump burning 214 Bumps removed
Other 219 Man-hours

The single activity with the highest portion of
pavement routine maintenance cost is shallow patch-
ing (activity 201). The share of this activity in
the total cost was 27, 28, 38, and 30 percent during
1980, 1981, 1982, and 1983, respectively, for the
IS. The corresponding figures for the OSHS were 32,
31, 40, and 29 percent, respectively.

The implication of these results is that, in de-
veloping routine maintenance prediction models, sep-
arate consideration should be given IS and OSHS. In
addition, the results clearly show that the accuracy
of prediction models would depend largely on the ac-
curacy of the prediction of patching and sealing ac-
tivity needs.

TRENDS IN LABOR CONSUMPTION

To analyze the labor requirements of pavement main-
tenance activities, average labor consumption rates
in terms of man-hours required to produce one unit
of a particular activity were calculated for each of
the highway systems separately for each of the 4
years (3,4,7).

A review of the average labor consumption rates
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revealed that patching activities (201 and 202) on
the IS required more labor than did those on the
OSHS. On the other hand, the labor consumption rates
of sealing activities (206 and 207) on the IS are
less than those on the OSHS. This apparent discrep-
ties on the IS require more elaborate safety ar-
rangements during maintenance operations causing a
larger number of man-hours to be spent. However, the
relative magnitude of cracks sealed per lane-mile in
the OSHS is much higher than that in the IS and this
is causing a higher net need for man-hours for seal-
ing activities on the OSHS.

TRENDS IN MATERIALS UBE

The rates of materials consumption in various activ-
ities were analyzed by examining the average rates
of consumption of different material types by high=-
way system for each of the 4 years.

A definite trend was observed in the use of bitu-
minous mixtures in patching activities (activities
201 and 202). A significant increase took place in
the use of salvage and cold bituminous mixtures to
replace the conventional hot bituminous mixtures.
For example, in 1980 for shallow patching activity
(201), salvage bituminous mixtures were used rarely;
they were not used at all on the IS and were used in
only 1 percent of the OSHS jobs. However, in 1983,
salvage and cold bituminous mixtures were used in 89
percent of the shallow patching jobs on the IS and
in 100 percent of the OSHS jobs. At the same time, a
gradual decrease took place in the use of conven-
tional bituminous mixtures and bituminous materials.
For example, bituminous mixtures were used in 100
percent of the shallow patching jobs on the IS dur-
ing 1980 compared to 90 percent in 1983. The cor-
responding figures for OSHS jobs were 100 percent in
1980 and 82 percent in 1983,

The use of bituminous materials was also reduced
during this period. In 1980, 77 percent of the shal-
low patching jobs on the IS used bituminous materi-
als and in 1983 only 51 percent did. The correspond-
ing figures on the OSHS were 65 percent in 1980 and
46 percent in 1983,

The same type of trend was observed in the mate-
rials use for deep patching activity (202). Further-
more, it was observed that the rates of consumption
of both bituminous materials and conventional hot
bituminous mixtures for patching were also reduced
during the later years. For example, consider activ-
ity 201 (shallow patching). In 1980 the rate of con-
sumption of hot bituminous mixtures for IS jobs was
1.0 ton per production unit, and in 1983 this rate
dropped by about 40 percent to 0.61 ton per produc-
tion unit. Similarly, for the OSHS jobs, the con-
sumption rate was decreased from 0.95 ton in 1980 to
0.61 ton in 1983,

On the other hand, sealing activities (205, 206,
and 207) showed different trends. While an increas-
ing rate of bituminous materials consumption can be
noticed for activity 205 (seal coating), a decreas-
ing rate of consumption for the same material is ob-
served for activities 206 and 207 (crack sealing).
The reason for that increase in bituminous materials
use in seal coating activity (recorded for OSHS jobs
only) is due to the fact that this activity could be
considered the only major maintenance activity ap-
plied on most of the OSHS (in the last few years,
most of resurfacing and rehabilitation work was di-
rected toward the IS). Thus the increase in the use
of bituminous materials was to compensate for OSHS
repair needs.

Finally, the other consumption rates and frequen-
cies indicated a stable trend with only slight vari-
ations from year to year.
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CORRELATION ANALYSIS OF PAVEMENT
MAINTENANCE COSTS

Statistical correlation was performed between the
pavement maintenance expenditures of a given year
against the maintenance expenditures of a past year
or number of years. Because the available data con-
cerned 4 years, 1980-1983, three cases of correla-
tion were applied: Case 1, correlation between each
2 successive years, that is 1980 with 1981, 1981
with 1982, and 1982 with 1983; Case 2, correlation
between the average of 2 years' expenditures with
the third year, that is the average of 1980 and 1981
with 1982, and the average of 1981 and 1982 with
1983; and Case 3, correlation between the average of
3 years' expenditures with the fourth year, that is
the average of 1980, 1981, and 1982 with 1983. The
results of the three cases are given in Table 2. As
may be seen from Table 2, there is a general trend
for higher correlation values between total costs
for the IS than between those for OSHS. For example,
in Case 2 {average of 2 years with the third year),
the average correlation coefficient is 0.77 for the
IS and 0,705 for OSHS, and in Case 3 these values
are 0.82 and 0.72, respectively. The results also
showed that the correlation coefficient is improved
with the increase of number of past years con-
sidered. For instance, 0.65 was the correlation coef-
ficient in Case 1 for both IS and OSHS, whereas the
correlation coefficients in Case 2 were 0.77 and
$.705 for the two systiems, respectively, and in Case

3 they were 0.82 and 0.72, respectively.

TABLE 2 Correlation Analysis of Total Costs

Pearson Correlation Coefficient

Case 12 Case 2° Case 3°
Other Other Other
State State State
Interstate Highways Interstate Highways Interstate Highways
0.58 0.64 0.72 0.70 0.82 0.72
0.65 0.67 0.81 0.71
0.73 0.65
Average
0.65 0.65 Q.77 0.705 0.82 0.72

3 Eagh 2 successive years, 1980 with 1981, 1981 with 1982, nnd 1982 with 1943,
cAv:mge of 2 years with the third year, 1980-1981 with 1982, and 1981-1982 with 1983,
Average of 3 years with the fourth year, 1980-1982 with 1983.

A second set of analyses was carried out to in-
vestigate the correlation between individual activ-
ity costs to determine if a relationship exists be-
tween expenditures of a past year or years and those
of a following year. As in the previous analysis,
the three correlation cases were applied for each
individual activity. The results of the three cases
are given in Table 3. The most important result is
that patching and sealing activities (activities
201, 202, 206, and 207) showed the highest correla-
tion values particularly when the expenditures of
the past 2 or 3 years are considered (Case 2 or 3).
It is believed that this is a good indication, be-
cause these activity costs represent more than 85
percent of total costs for the IS and more than 65
percent for the OSHS, which means that a good esti-
mation of these activity costs using previous ex-
penditure records can lead to a good overall esti-
mation of total maintenance expenditures. Also, for
these activities as well as most of the other activ-
ities, the IS correlation values were higher than
those of the OSHS.
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TABLE 3 Correlation Analysis of Individual Activity Costs

Pearson Correlation Coefficient

Case 1° Case 2° Case 34

Other Other Other
Activity State State State
No.? Interstate Highways Interstate Highways Interstate Highways
201 0.73 0.69 0.82 Q.71 0.82 0.72
202 0.63 0.24 0.76 0.27 0.76 0.33
203 0.16 0.06 0.21 0.04 0.23 0.02
205 NA 0.04 NA 0.06 NA 0.08
206 0.33 0.38 0.39 0.44 0.51 0.55
207 0.19 0.23 0.32 0.32 0.20 0.43
209 0.21 0.20 0.27 0.19 0.02 0.22
214 0.17 0.17 0.32 0.32 0.24 0.40
219 0.37 0.08 0.45 0.09 0.37 0.17

Note: NA = not applicable.

3 Refer to Table 1 for activity names,
Each 2 successive years,

1980 with 1981, 1981 with 1982, and 1982 with 1983,

cl\vcruge of 2 years with the third year, 1980-1981 with 1982, and 1981-1982 with 1983.
Average of 3 years with the fourth year, 1980-1982 with 1983,

To summarize, the two correlation studies showed
that the past expenditures could be of significant
importance when used in maintenance prediction mod-
els for both total costs and individual activity
costs. It should be noted here that the results give
a general indication of the possible use of past
records to predict future maintenance needs; how-
ever, no specific relationships could be derived
from this analysis. The precise nature of these re-
lationships merits further investigation.

CONCLUSIONS
On the basis of the findings of this study, the
following conclusions can be drawn:

1. The accuracy of pavement maintenance cost es-
timation depends largely on the accuracy of predict-
ing the cost of patching (shallow and deep) and
sealing activities. These two activities constitute
more than 85 percent of the total IS pavement main-
tenance costs and more than 65 percent of the total
OSHS pavement maintenance costs.

2, The single activity that contributes most to
total pavement maintenance costs is shallow patching
activity, for which about 30-40 percent of the total
pavement maintenance expenditures are made.

3. There is a significant difference in the use
of labor and materials for the same pavement mainte-
nance activities applied to IS and to OSHS, This is
because maintenance practices are different for
these two systems. In addition, the maintenance
needs of these two systems are different. Conse-
quently, the prediction of pavement maintenance
costs should be undertaken separately for these two
systems.

4, High correlation values were found in analyz-
ing the vyear-to-year pavement maintenance expendi-
tures, indicating the necessity of including past
expenditures as a variable in maintenance cost pre-
diction models. The average of the expenditures dur-
ing 2 or 3 years showed better correlation values
than were obtained when only 1 year was used to pre-
dict the following year's expenditure.

5. The results from disaggregate analysis of
pavement maitenance costs can reveal much useful in-
formation that can be used in developing systematic

maintenance management programs and in controlling
maintenance costs.
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