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Abstract: Chip seal is a pavement preservation treatment that is usually used on lower-volume
routes by States and local agencies. Chip seal provides a low-cost surface treatment, improves
skid resistance, and reduces the deterioration of the existing underlying pavement. Chip seals
consist of a layer of aggregate (chip) spread evenly on top of an emulsion that is sprayed onto the
deteriorated surface. The performance of chip seals is significantly affected by the existing conditions
and pretreatment carried out before the chip seal is applied. A study was conducted by retrieving
long-term performance of chip seals from the Washington pavement management system (WSPMS).
In collaboration with Washington State Department of Transportation (WSDOT), twelve (12) road
sections previously paved with hot mix asphalt (HMA) or chip seal and later maintained with chip
seal were selected, and their performance was analyzed in terms of cracking, rutting, and roughness
index (IRI). It was found that chip seal greatly reduced the cracking and slowed down the crack
growth when compared to HMA overlay. However, no improvement in rutting or international
roughness index (IRI) caused by the chip seal was found.
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1. Introduction

A chip seal, often referred to as a bituminous surface treatment (BST), is a pavement
preservation treatment technique that is usually used on lower-volume routes by States and
many local agencies. In addition to providing a low-cost surface treatment, other benefits of
chip seals include improving skid resistance and reducing the deterioration of the existing
underlying pavement. Roads treated with chip seal, however, do deteriorate over time due
to construction quality, traffic, and environmental effects. The performance of chip seals is
significantly affected by the existing conditions and the pretreatment carried out before the
chip seal is applied. Therefore, to achieve the desired performance, it is recommended to
apply the right treatment on the right pavement at the right time [1].

Several researchers have studied the field performance of chip seal over time. Jalali
and Vargas-Nordcbeck (2021) assessed whether chip seal application extends the pavement
lifespan based on the initial conditions and the type of chip seal applied. In their study, six
different chip seal treatments placed on LR-159 in Auburn, Alabama, were evaluated and
compared to a control section which was not treated by chip seal. The treatments included:
(1) single chip seal, (2) single chip seal with crack sealing, (3) double chip seal, (4) triple
chip seal, (5) fiber mat chip seal, and (6) scrub seal. Cracking performance data collected
since 2012 were analyzed. Findings showed that, generally, treated sections performed
better than untreated sections. It was also found that the pavements that were in good
condition and those whose cracks were filled before chip seal was applied can last at least

Eng. Proc. 2023, 36, 24. https://doi.org/10.3390/engproc2023036024 https://www.mdpi.com/journal/engproc

https://doi.org/10.3390/engproc2023036024
https://doi.org/10.3390/engproc2023036024
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/engproc
https://www.mdpi.com
https://orcid.org/0000-0003-1205-4519
https://doi.org/10.3390/engproc2023036024
https://www.mdpi.com/journal/engproc
https://www.mdpi.com/article/10.3390/engproc2023036024?type=check_update&version=1


Eng. Proc. 2023, 36, 24 2 of 4

10 years, depending on traffic volume. Moreover, multilayered chip seal performed better
than a single layer, with a median time to failure (MTTF) of more than 10 years [2].

In Louisiana, Mousa et al. (2020) also studied the pavement life extension when
chip seal is applied. The researchers analyzed cracking, roughness, and overall pavement
condition of 47 flexible and composite pavement sections. The study concluded that chip
seal treatments extended pavement life by 4 to 17 years depending on the pretreatment
condition, as well as the type of pavement treated (flexible or composite) [3].

Mamlouk and Dosa (2014) evaluated the life-extending benefits of single chip seal
using data from the Long-Term Pavement Performance (LTTP) [4]. Pavement initial condi-
tions were classified as rough, medium, or smooth, based on the international roughness
index (IRI). As in the previous study, treated sections were compared with untreated sec-
tions, and the results showed a better performance for treated sections than untreated
sections. This study also found a high life extension for the pavements that were smooth at
the time chip seal was applied. The results showed a life extension of 4–7 years, 2–3 years,
and 0–1 year for smooth, medium, and rough pavements, respectively. A similar study
was conducted by the Federal Highway Administration (FHWA) in 2010 with the aim of
highlighting the degree to which pavement preservation treatments extend the service life
of pavements [5]. Performance data was collected from six target states (California, Kansas,
Michigan, Minnesota, Texas, and Washington) selected based on their developed pavement
management system or other information gathering systems. Results showed that chip seal
treatments extended pavement service life for 3 to 8 years.

2. Methodology

The pavement management system is a system for recording all data on pavement
condition to monitor deterioration, thus planning for maintenance and repair as well
as mobilizing funds on time. Data are mostly managed through a computer program
in which all information about roads and highways in a certain state is recorded. Like
other States, WSDOT has a pavement management system known as the Washington
pavement management system (WSPMS). In this program, various data components such
as cracking, rutting, roughness, lane configuration, cross section, location, and construction
history, among others, can be retrieved. In this study, twelve (12) road sections in Eastern
Washington which were previously paved with hot mix asphalt (HMA) or chip seal and
later maintained with chip seal were selected for analysis. An assessment of how chip seals
impacted their performance was carried out in terms of cracking, rutting, and roughness
index (IRI) over a period of 23 years (1996–2019), which included performance of pavement
prior to chip seals and the performance of chip seals.

3. Results

Based on the construction history, all sections were retrieved and the results of rutting,
IRI, and cracking were plotted. An example of the data plots is shown in Figure 1 below:
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calculated before and after chip seal by computing the slope between two data points then 
averaging them. The immediate reduction after the application of chip seal was included 
in the calculation of the growth rate. Results are shown in Table 1 below. The downward 
trend (negative data) obtained for the cracking and IRI can be justified by maintenance 
activities that were performed after the application of chip seal. 
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SR 26/Dusty to Colfax 0.37 1.65 1.14 0.14 1.51 1.49 
SR 27/Freeman to 32nd Ave 1.66 1.26 2.04 3.27 3.49 1.71 
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US 395/Columbia River Bridge to Boyd’s 1.55 0.59 2.11 0.92 −0.27 −0.29 
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were 0.15 for rutting, 0.37 for IRI, and 0.02 for cracking. 
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For most of the sections, rutting results indicated a slight decrease after the chip seal
was applied, then rose again. This soaring can be explained by the presence of rutting in
the old pavement. While IRI was found to be slightly improved after chip seal was applied,
a substantial decrease in cracking was observed. The growth rate for each section was
calculated before and after chip seal by computing the slope between two data points then
averaging them. The immediate reduction after the application of chip seal was included
in the calculation of the growth rate. Results are shown in Table 1 below. The downward
trend (negative data) obtained for the cracking and IRI can be justified by maintenance
activities that were performed after the application of chip seal.

Table 1. Growth rates of Rutting, IRI, and Cracking.

Road Section and Location

Growth Rate before and after Chip Seal

Rutting,
in/Year IRI, in/mi/Year Cracking, %/Year

Before After Before After Before After

SR 2/SR 21 to Creston 1.64 1.49 3.04 0.52 4.61 3.85
SR 2/Creston to Rocklyn Rd 2.78 2.44 3.88 2.15 2.81 0.79
SR 2/Rocklyn Rd to Davenport 2.25 1.99 3.53 2.39 6.88 2.26
SR 2/Pend Oreille Co Line to SR 211 1.06 1.72 1.72 −0.40 0.07 −0.17
SR 2/SR 211 to Newport 2.29 1.26 1.82 −0.91 3.64 0.63
SR 20/Walker Hill Rd to Graves Mt Rd 1.75 0.03 5.04 4.10 1.28 1.09
SR 26/Dusty to Colfax 0.37 1.65 1.14 0.14 1.51 1.49
SR 27/Freeman to 32nd Ave 1.66 1.26 2.04 3.27 3.49 1.71
SR 127/Church Hill Rd to Dusty 2.47 1.10 1.13 3.85 0.79 0.49
SR 211/US2 to SR 20 0.13 0.95 1.09 0.25 0.61 −0.88
US 195/Idaho to Colton 3.18 2.85 1.47 4.06 −0.09 2.30
US 395/Columbia River Bridge to Boyd’s 1.55 0.59 2.11 0.92 −0.27 −0.29

Paired t-test was performed to determine the effectiveness of chip seal on the growth
rates of rutting, IRI, and cracking, for the projects converted from ACP to chip seal. Project
4 (Pend Oreille Co Line to SR 211) was not included in the analysis because the conversion
was from chip seal to chip seal. Results showed that chip seal significantly affected crack
growth rate. However, it did not affect the roughness and rutting growth rate. p-values
were 0.15 for rutting, 0.37 for IRI, and 0.02 for cracking.

4. Conclusions

Generally, results showed considerable improvement in terms of cracking for all
projects. This improvement can be attributed to one of functions of chip seal, which is to
seal minor cracks.

Rutting slightly decreased for a few sections and for others an upward trend was
noticed. This change in rutting may have resulted from the type of rutting in the existing
pavement. The studded tire wear may be the major cause of the rutting. The placement of
chip seal does not mitigate the studded tire wear.

A slight decrease in the roughness was also observed. This minor drop can be justified
by the texture of chip seal. Cover aggregate in chip seal are macrotexture and result in a
rough surface which improve the skid resistance.

The pavements analyzed had different service life length. Some were less than 10 years
old, while others were more than 10 years. It was hard to compare how chip seal improved
the pavement life span. Therefore, the growth rate was used instead of pavement life.
However, slowed growth rates of cracking, rutting, and roughness can result in increased
service life.
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