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Introduction
Rehabilitation and pavement preservation represent the  
majority of pavement construction activity in the United States. 
Preventive maintenance includes treatments that are applied 
to pavements primarily to delay development of and mitigate 
existing distresses. These treatments focus on improving pave-
ment functional performance and prolonging pavement life, not 
on improving the structural capacity. Selecting the appropriate 
maintenance technique and treatment application timing form 
the basis of a concrete preventive maintenance practice.

Experimental Design
In addition to a nontreated control section, the Specific Pave-
ment Study (SPS)-3 experiment included the following four 
maintenance treatment alternatives:

1. Thin hot mix asphalt overlay (typically 1 inch (25.4 mm)  
or less).

2. Slurry seal.

3. Crack seal.

4. Chip seal.

Additionally, each site was categorized according to the  
following five design factors:

1. Moisture (wet or dry climate).

2. Temperature (freeze or no-freeze zone).
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3. Subgrade type (fine grained or coarse 
grained).

4. Traffic loading (low or high).

5. Existing pavement condition (good, fair,  
or poor).

This experimental design resulted in 48 different 
experimental combinations of factors. In total, 
33 States and Canadian Provinces participated 
in the experiment, and 81 sites were constructed 
and monitored for the assessment.

Performance Indicator
To evaluate the effectiveness of preventive 
maintenance treatments regarding the perfor-
mance of pavement sections, the alternatives  
at each site were compared to each other 
and the control section using a set of per-
formance measures developed from Long-
Term Pavement Performance (LTPP) monitor-
ing data. Performance was evaluated as the  
deterioration measured by fatigue cracking, 
rutting, and roughness using the International 
Roughness Index (IRI). 

When selecting the performance indicator, the 
objective was to find a parameter that could 
represent the pavement performance over the 
monitoring period. The indicator also needed 
to provide a simple, stable, and comparable 
parameter that could minimize the effect of  
survey measurement errors. The selected  
indicator was the weighted average of the  
distress normalized over the monitoring period. 
The weighted average represents the total  
area under the distress versus time curve 
divided by the total time period between  
the first and last surveys. As such, it is a  
measure of pavement performance relative 
to the specific distress over the entire survey 
period, and it allows for comparisons of pave-
ment sections monitored for different periods. 

Statistical Analysis Approach
The statistical test selected for the analysis  
was the Friedman test, which is a nonpara-
metric test (distribution-free) for comparison  
of paired observations. Using paired observa-
tions, the performance of pavement sections 
subject to preventive maintenance treatments 
was compared to the performance of the  

control sections without the treatment as  
well as to the different treatment types. The  
Friedman test was applied to all design factors 
(moisture, temperature, subgrade type, traf-
fic loading, and existing condition) for each  
distress type. The values used were the  
weighted average distresses normalized for  
the analysis period. The results of the test  
were used to determine whether statistically 
significant differences existed in pavement  
performance between any pair of treatments.

Analysis Results

SPS-3 pavement performance data were used 
to identify whether different climate condi-
tions, subgrade material, traffic level, or initial  
pavement condition influences the effective-
ness of a selected preventive maintenance  
treatment.

All four treatments were considered. The  
results showing preferred treatments based  
on pavement performance are presented in  
table 1 for different categories of design factors. 
The table summarizes the results of the statisti-
cal analysis for each distress type evaluated. 
Each cell represents a comparison between  
the treatments and the control section. When 
pavement performance for the treatment was 
found to be statistically significant compared 
to the control section, the treatment code  
was inserted in the cell. If no statistical  
significance was identified between the treat-
ments and the control section, “None” was 
entered in the cell.

The overall results indicate that thin overlays 
and chip seals have superior performance, 
compared to slurry seal and crack seal. In  
the majority of the cases, the latter treatments 
had performance comparable to the control  
section.

Fatigue Cracking

Chip seal and thin overlay are recommended 
treatments for freezing temperature zones,  
wet climates, and pavements with coarse  
subgrade. Under these conditions, chip seal  
performance was superior to thin overlay. If 
the pavement was initially in poor condition, 
both treatments were effective; however, thin 
overlay was superior compared to chip seal. 
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In no-freeze zones, dry climates, pavements  
with fine subgrade, low traffic conditions, and 
pavements initially in good condition, chip seal 
is the recommended treatment. For pavements 
in fair condition, none of the treatments were 
statistically superior to the control section.

Rutting

As shown in the table, thin overlay was an  
effective treatment option under all design 
circumstances with respect to rutting. As an 
alternative treatment, chip seal can be used in 
freeze zones and dry climatic regions.

Roughness

Thin overlay is the only treatment that was  
found to delay roughness progression. It was 
effective in freeze zones, heavy trafficked roads, 
and pavements initially in poor condition. 
Subgrade material and precipitation were not 
found to be the determinant factors. None of  
the treatments performed statistically different 
from the control section in no-freeze zones, on 
low traffic roads, or on pavements in good or 
fair conditions with respect to roughness.

Timing

One of the basic questions when planning  
preventive maintenance is when to implement 
it. Some pavements may be too deteriorated  
for effective repair and maintenance. The  
SPS-3 analysis consisted of comparing the per-
formance of sections submitted to treatments  
at different preexisting levels of distress and 
conducting hypothesis testing to find if there 
were differences in performance. It was found 
that thin overlay can only perform better  

compared to other treatments if the IRI level 
is higher than 7.34 ft/mi (1.39 m/km). For lower 
IRI levels, the sections performed similarly, 
and there was no advantage of applying thin  
overlays.

When comparing the effect of timing on  
rutting, regardless of the level of preexisting  
rutting, thin overlays outperformed the other 
treatments, followed by chip seal. For crack-
ing, thin overlays and chip seals outperformed  
the other treatments and the control section, 
when the initial cracking was lower than  
232.13 ft2/mi (13.4 m2/km). For higher levels 
of cracking, every treatment outperformed  
the control section, with chip seal being the 
best, followed by thin overlay.

Conclusions
Based on the analysis of LTPP SPS-3 sites, the 
following conclusions were drawn:

• Thin overlay and chip seal were more 
effective than slurry seal and crack seal 
treatments and performed better than the 
control section for fatigue cracking. 

• Thin overlay mitigated and slowed the 
progression of rutting under all circum-
stances. There were no significant diff-
erences between slurry seal, crack seal, 
and the control with respect to rutting.

• Chip seal effectively reduced the develop-
ment of rutting in no-freeze zones and  
wet regions.

• Only thin overlay was effective in miti- 
gating and delaying the progression of 

Table 1. Preferred treatments.

Distress
Preferred 

Treatment

Temperature Precipitation Subgrade Traffic Pavement Condition

Freeze
No 

Freeze Dry Wet Fine Coarse Low High Good Fair Poor

Fatigue 
cracking

1st choice CH CH CH CH CH CH CH CH CH None TH

2d choice TH —  — TH — TH — TH  — — CH

Rutting
1st choice TH TH TH TH TH TH TH TH TH TH TH

2d choice CH — CH — — — — — — — —

Roughness 1st choice TH None None None TH TH None TH None None TH

CH = Chip seal; TH = Thin overlay.
—  Indicates that no data were available.
Note: Chip seal is not included as an option for roughness because it was never the preferred treatment method.
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roughness; however, it was only effec- 
tive for pavements in freeze zones, under 
high traffic, or in poor condition.

• Thin overlays outperformed other treat-
ments only when the existing level of IRI 
was higher than 7.34 ft/mi (1.39 m/km).

• For any existing level of rutting, thin 
overlays outperformed the other treat-
ments followed by chip seals.

• Thin overlays and chip seals outperformed 
other treatments when the existing section 

had minimal cracking prior to the treatment 
and higher levels of preexisting cracking. 
All treatments were effective to some 
degree relative to the performance of the 
control section.

• Maintenance costs are a critical factor  
when deciding which mixture type to 
use. Cost analysis is an important step 
in selecting the optimum preventive 
maintenance treatment; however, this 
research only considered pavement 
performance.


