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Research Needs:   

The South Dakota Department of Transportation (SDDOT) typically applies chip seal surface 
treatments to non-Interstate asphalt pavements within two years of paving and successively when 
needed.  Both experience and the literature have shown that chip seals provide a new wearing 
course, help extend pavement life by as much as five years or more, increase skid resistance, and 
increase performance (Raza, 1994).   Low-cost chip sealing is an essential treatment to preserve 
the state road network. 
 
Research Project 1999-09: “Interstate Asphalt Pavement Maintenance” (Wade et al, 2001) 
recommended standardized practices to improve the design and construction of chip seals by the 
SDDOT.  However, in recent years, some chip seals have not performed adequately after one 
season of service.  SDDOT does not record surface treatment loss as a distress in its pavement 
management database, therefore the location, extent, and severity of chip seal loss on the state 
road network is unknown. 
 
It was originally assumed that snowplows were removing the chip seals during winter 
maintenance activities.  Chips seals appeared to be scraped off to varying degrees, ranging from 
very little along centerline to all material being removed from the roadway.  However, chip seal 
loss could be caused from multiple mechanisms or possibilities.  These could range from 
construction methods, date of placement, environmental conditions during and after placement, 
materials, winter maintenance activities, or design of the chip seal.  To date only anecdotal 
evidence exists to support any conclusion. 
 



If the chip seals are damaged every year, pavements do not benefit from added years of life as 
well as the lost resources from material loss.  Determining the location, extent, and severity of 
chip seal loss on the state road network will allow SDDOT to determine if additional measures 
need to be implemented to mitigate this problem and to save resources by continuing to preserve 
and maintain the existing state road network. 
 
Research Objectives:   

Three main objectives will be addressed in this study: 
 

1) Determine the extent, severity, and location of chip seal loss on the South Dakota state 
road network. 

 
The work will be initiated with a thorough search of the available literature on chip seal 
performance since the SD1999-09 research project was completed in 2001.  Although the 
literature review will rely on the work conducted as part of SD1999-09, recent advances 
in assessing chip seal performance will be included (Wood et al, 2006).  Information on 
chip seal location and age will also be collected from the SDDOT pavement management 
database; however chip seal performance (distress) will be obtained specifically for the 
purposes of this study.  Integral to this research goal is collecting detailed information on 
chip seals applied to the state road system in the last five years.  This information will be 
provided by SDDOT Area Engineers and Maintenance Supervisors as appropriate.  
Details are contained within the research proposal. 

 
2) Determine to what extent the recommendations in research project SD1999-09 have been 

implemented. 
 

Details on design specifications, construction, environmental conditions during 
construction, chip seal design parameters, fog seal application, winter maintenance 
activities, and performance will be collected as part of the research.  This will allow for 
the research team to determine the extent to which the recommendations of SD1999-09 
have been implemented. 

 
3) Identify potential relationships of chip seal loss to design specifications, construction, 

recommendations from SD1999-09, and winter maintenance practices.  
 

Once detailed data on chip seals and weather data have been compiled for the research 
project, the data will be analyzed and summarized in an attempt to identify possible 
causes of chip seal distress.  The data will also be compared to the recommendations of 
SD1999-09 as part of this work.  The primary objective is to identify trends or causes that 
are likely contributing to chip seal distress as well as success. 

 

 

 



Research Methods:   

Chips seals are surface treatments that consist of the application of asphalt emulsion directly on 
the existing pavement followed by a layer of aggregate chips.  These materials are then rolled to 
embed the aggregate into the underlying asphalt.  Chips seals are primarily used to seal the 
pavement surface with nonload-associated cracks and to improve surface friction (Wade et al, 
2001).  Many types of chip seals exist varying from sand seals to cape seals.  Emulsion materials 
also vary from general Asphalt Emulsions (AE) to Polymer Modified (PM) materials.  Chip seals 
generally provide little additional support to the existing pavement, therefore it is considered 
inefficient to use chip seals on structurally deficient pavements. 
The design of chip seals is formulated to produce a pavement surface with a layer of one 
aggregate particle thick with sufficient asphalt to keep the aggregate in place.  The design 
process is such that the amount of asphalt used is limited to avoid bleeding of the asphalt through 
the chip seal surface.  Many design methodologies exist (McLeod 1969, Asphalt Institute 1997, 
Iowa 2002) that result in specifying aggregate rate, gradation (size) and shape; and emulsion type 
and rate. 
 
Construction practices typically define how the road base will be prepared, how the emulsion 
will be applied and distributed, how the aggregate will be spread, types and passes of the rolling 
operation, sweeping and brooming equipment practices, traffic control, and quality control and 
testing.  Therefore, it is important for both agency and contractor to understand the chip seal 
construction process and be prepared to execute the project in strict observance with the 
requirements and specifications of the project (Gransberg and James, 2005). 
 
Performance of chip seals has been somewhat variable and is dependent on many factors that are 
subsequently outlined in this proposal.  SDDOT currently uses a visual method of assessing chip 
seal performance and then initiates a process that eventually results in a chip seal being applied 
to the needed roadway.  The effects of climate are also well documented (Morian et al 1997) that 
diminish the life of a chip seal. 
 
This research uses a methodology to assess the performance of chips seals in the South Dakota 
highway network that is currently in service.  General information related to chip seals will be 
gleaned from the literature.  Specific information and data related to chip seals available within 
the SDDOT will be used as the basis of this study as well as climatic data collected from the 
weather network.  Although this proposal does not outline a comprehensive study of chip seals in 
South Dakota, it is designed to provide the SDDOT with useful results in solving the current 
problem of chip seal loss. 
 
Expected Outcomes: 

The following deliverables are expected to be developed as part of this project:  1) distress 
evaluation protocol, 2) survey instrument, 3) final data summary (likely in spreadsheet format), 
and 4) a final report that will contain a complete record of the project.  This project will provide 
the SDDOT with information on the location, extent, and severity of chip seal loss on the state 
road network. This information will provide Area Engineers and Maintenance Supervisors with 
an overview and suggest whether changes in design specifications, construction, and winter 



maintenance activities are necessary. This information will also provide guidance to the SDDOT 
in determining whether further research needs should be considered and if policy changes may 
be required to deal with the problem.  The potential benefits presented by this research include 
significant cost savings by extending the service life of chip seal applications on pavements that 
are currently in service. 
 
Relevance to Strategic Goals: 

This proposed research is relevant to the following MPC Strategic Goals: (1) State of Good 
Repair; (3) Environmental Sustainability; (5) Economic Competitiveness.  The research will aid 
in improving the long-term performance of chip seals.  The proposed research will also aid in 
providing sustainable methods for improving the lifelong performance of the state highway 
system.  Finally, the premise behind the proposed research is to provide for cost-effective 
solutions to enhancing chip seal performance that results in economic competitiveness. 
 
Educational Benefits: 

The educational benefits of the proposed research will consist of 1) continual full-time 
involvement of a student research assistant for the project duration, 2) part-time employment of 
an undergraduate researcher to develop a mentoring relationship and enhance creative activity, 
and 3) the potential to implement the research outcomes in an existing course offered to 
undergraduate and graduate students. 
 
Work Plan: 

The current work plan consists of: 

1) Meet with the project’s technical panel to review project scope and work plan. 
2) Perform a literature review to identify material relevant to chip seal performance and 

winter maintenance. 
3) Collect information on location and age of chip seal treatments placed during the last 

five years from the pavement management database at the SDDOT.  
4) Develop a protocol for evaluating chip seal distress, including percent loss, location of 

loss on pavement, potential cause, chip removed only, oil and chip removed, etc. 
5) Prepare a data collection survey instrument to collect information pertaining to design 

specifications, construction, environmental conditions during construction, design 
parameters, winter maintenance activities, and performance (distress). 

6) Present the draft survey instrument and distress evaluation protocol at a Technical 
Panel meeting either in person or through video-conferencing for approval before 
conducting survey. 

7) Upon on approval of the Technical Panel, deploy survey instrument to SDDOT Area 
Engineers and collect and compile data.  

8) Once survey data has been collected and compiled, collect historical weather data 
pertaining to chip seal loss. Data collected should only be for the previous five years.  

9) Analyze data and provide findings regarding the location, extent, and severity of 
SDDOT’s chip seal loss problem, extent of use of recommendations from SD1999-09, 
and possible causes of chip seal loss.  



10) Make a presentation highlighting outcomes and recommendations of the project at a 
Technical Panel meeting. 

11) Prepare a final report and executive summary of the research methodology, findings, 
conclusions, and recommendations. 

12) Make an executive presentation to the SDDOT Research Review Board at the 
conclusion of the project. 

 
Project Cost and Duration:   

Total Project Costs: $48,779 
MPC Funds Requested: $16,773 
Matching Funds: $29,642 SDDOT, $2,364 SDSU 
Source of Matching Funds: SDDOT and SDSU 
 
Project is a nine month duration, budget estimate includes one student research assistant half- 
time during academic year, full-time in the summer, part-time undergraduate researcher, summer 
salary for faculty (1 month), and miscellaneous supplies and travel. 
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