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Research Needs 

In recent years, several pavement failures, specifically in overlay projects, have been reported in 
Region 8 States including South Dakota. The primary causes of failures were insufficient or 
excessive tack coat application and moisture penetration in interface of two layers, resulting in 
inadequate bond between layers. Inadequate interlayer bond leads to distresses such as half-
moon-shaped cracks, delamination (debonding) followed by longitudinal wheel path cracking, 
potholes, fatigue cracks, slippage, and rutting (Mohammad et al., 2011; Hu and Walubita, 2011; 
Rahman et al., 2009; TxDOT, 2001). In some cases, application of inadequate or excessive 
amount of tack coat occurs due to lack of a widely-accepted specification and error in calculation 
of the application rate. Currently, four different tack coat rates are used in the technical 
documents: (i) application rate at application temperature; (ii) rate at 60°F (15.6°C) and some at 
59°F (15.0°C); (iii) original emulsion application rate; and (iv) residual rate. However, the most 
important quantity in tack coat application is the residual amount of asphalt (not the asphalt 
concentration in diluted emulsion) which ultimately affects the bond strength. Currently, 
selection of tack coat type in South Dakota is generally made based on experience/judgment. 
This is primarily due to lack of specific guidelines for the selection of tack coat type, application 
rate, placement and evaluation (Mohammad et al., 2012). It is also important to evaluate the 
effectiveness of the selected type and application rate of tack coats in extreme weather conditions 
which asphalt pavements experience in South Dakota as a quality-control procedure, prior to 
construction. This will help minimize the maintenance cost in the future, as a result of improved 
interlayer bond strength. 

The interlayer bond strength is mainly governed by the selection of an optimum tack coat 
material and application rate. Other factors affecting the bond quality are application methods, 
equipment type and calibration procedures, asphalt layer surface type (old, milled or new), 
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Portland cement concrete (PCC) surface, surface cleanliness, moisture and temperature. In order 
to achieve adequate interface bond, the tack coat application rate should be adjusted with the 
pavement surface’s conditions (Mohammad et al., 2012). Excessive tack coat application results 
in shear-induced slippage at the interface (Mohammad et al., 2012). Therefore, determining the 
type and optimum amount of tack coat application rate is vital to performance and service life of 
pavement. 

The proposed study will evaluate the effectiveness of tack coats commonly used by the South 
Dakota Department of Transportation (SDDOT) with respect to their types and application rates, 
pavement surface conditions, moisture-damage and temperature. Interlayer shear strength of tack 
coat determined by using a Louisiana Interlayer Shear Strength Tester (LISST), developed by 
Mohammad et al. (2012) will be used for evaluation of the tack coats. Also, laboratory-
compacted samples and a number of field cores (based on their availability) collected from 
selected construction sites in South Dakota will be tested to evaluate the tack coat performance. 

The proposed project will improve the current practice used for the selection of tack coat type 
and application rate in South Dakota. Results from this study will be used to develop 
recommendations and possible development of quality control measures for tack coats used by 
SDDOT for enhanced performance. Such measures will benefit SDDOT by reducing pavement 
maintenance costs in long term as a result of minimizing tack coat-related pavement failures. The 
database developed during the course of this study, based on the performance of tack coats in the 
laboratory, not only will help pavement engineers in the selection of tack coat type and 
application rate, but also will provide them with a valuable tool to have an estimate on the effects 
of the moisture and temperature on the overall performance of selected tack coats. 

Research Objectives 

The specific objectives of the proposed project are as follows: 
1. Determine the optimum application rates of different types of tack coats widely used in 

South Dakota. The tack coats for this study will be selected after consulting SDDOT. 
2. Using LISST test, study the effects of pavement parameters (listed below) on the bond 

strength of selected tack coats. Based on these results, a database that can be 
implemented immediately will be developed to help with the selection of tack coat type 
and rate. The following parameters may be included: 

• Tack coat application rate (no tack coat and three other rates) 
• Asphalt surface age (new condition, and aged condition) 
• Surface type: milled asphalt layer and PCC layer (selective cores from the field) 
• Effect of moisture conditioning (moisture-conditioned and dry) 

3. Develop guideline(s) for selection of the optimum tack coat application rate based on the 
pavement surface conditions for South Dakota’s pavement construction projects. 

Research Methods 

Tack material type and residual application rates will be selected in consultation with SDDOT. 
Tack coats will be applied to asphalt samples compacted in the laboratory, having a diameter of 
150 mm (6 in.) and a thickness of 50 mm (2 in.). Asphalt mixes collected from the local 
construction sites will be used for sample preparation. Four types of samples, namely fresh 
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HMA, simulated aged and worn HMA, milled HMA and grooved PCC will be used as lower 
layer to apply tack coat at specified rates. The new HMA mix will be compacted on the top of 
the compacted samples with a thickness of 50 mm (2 in.) and target air voids of 7% ± 0.5%. The 
final specimen consisting of two layers will be fixed inside the LISST device and loaded until 
failure of the interface. Then the Interlayer Shear Strength (ISS) value will be obtained by 
dividing the shearing load at failure by the cross-sectional area of the specimen. The optimum 
tack coat application rate will then be determined by plotting the ISS values vs. tack coat 
application rates. Curve fitting and interpolation methods may also be applied for this purpose. 

Expected Outcomes 

The proposed project will aid SDDOT in improving its current practice of selection of tack coat 
type and application rate. The results from this study will be used to develop recommendations 
and development of quality control measures for tack coats for enhanced performance. Such 
measures will benefit SDDOT by reducing pavement maintenance costs by minimizing tack 
coat-related failures of pavements. The tack coat database will help pavement engineers in the 
selection of tack coat type and application rate. Also, tack coat application rates in various 
pavements will be developed, in which the different types of tack coats with 3-4 rates will be 
recommended for different surface conditions. These rates will be given in terms of residual 
application rate, undiluted application rate and diluted application rate with different ratios. 
These options would also help the user pick the rate and compare it with the equivalent rate 
(residual) the pavement designer uses to minimize related errors. 

Relevance to Strategic Goals 

The expected outcomes of this project are directly related to the following goals: State of Good 
Repair and Economic Competiveness. 

Educational Benefits 

This project will provide a good learning opportunity for both graduate and undergraduate 
students. A graduate student (master’s) will be working on this project. The results of this study 
will be used to provide materials for his/her thesis. Undergraduate students will also be hired on 
an hourly basis to work on this project. The outcomes of this study can also be used as course 
materials for delivering selected lectures in the Pavement Design course. 

Work Plan 

The proposed study comprises 8 major tasks, as follows. 

Task 1: Attend the project’s kick-off meeting with project’s technical panel to discuss the scope 
of the study and work plan. 
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Task 2: Conduct a comprehensive literature review focusing on the characterization of tack coat 
and its performance in pavement interlayer. Sources of literature will include, but will 
not be limited to, TRIS, TRB, FHWA, NCHRP and DOTs. Other sources such as 
society journals (ASCE), Asphalt Institute (AI), Western Research Institute (WRI) and 
NCAT will also be consulted. Moreover, national and international conferences, 
symposia and workshops will be reviewed. The literature review will continue in Year 
1 and Year 2, and the results will be summarized in the final reports. 

Task 3: Collect different materials, namely tack coat, asphalt binder, asphalt mix, HMA cores 
and PCC cores in a close cooperation with SDDOT and industry partners. The 
identification and selection of materials, suppliers and construction projects will be 
done in a close cooperation with the project’s technical panel. The collected materials 
will be transported to our laboratory at SDSU for sample preparation and testing. 

Task 4: Prepare cylindrical samples having 50 mm (2 in.) height and 150 mm (6 in) diameter 
with 7% ± 0.5% target air voids. These samples will be used as the lower layer. If the 
field cores are to be used, this step will be skipped and the core will be used as the 
lower layer. After an overnight cooling, the samples will be warmed in an oven to 50ºC 
(122ºF) to represent a sun-warmed surface. Then, the lower layer specimens will be 
placed on a scale and the tack will be applied to its surface using a brush, while 
maintaining the correct application rate by frequently checking the scale readings. After 
the setting time for the applied tack coat is elapsed, the cylindrical specimen will be 
placed back in the bottom of the SGC mold and the new HMA mix will be compacted 
on top of it with a thickness of 50 mm (2 in.) and target air voids of 7% ± 0.5%. Then, 
the specimen consisting of two layers, with tack coat in between, will be set aside to 
cool overnight before testing in a LISST device. 

Task 5: Conduct Interlayer Shear Strength (ISS) tests on asphalt interlayer treated with tack 
coat for determination of the optimum tack coat application rates. Tack coats with the 
residual application rates selected in consultation with the project panel will be applied 
to asphalt samples having different surface conditions (fresh asphalt, aged and worn, 
milled HMA and grooved PCC) and will be tested using a LISST device. After 
determining the optimum tack coat application rate for each case, effect of moisture 
damage and temperature will be evaluated by conducting additional ISS tests. 

Task 6: Analyze the data collected from ISS tests conducted on the interlayers containing tack 
coats. More specifically, the performance of different tack coats commonly used in 
South Dakota will be determined. The outcomes will be used to develop a tack coat 
efficiency database for South Dakota. The analyzed data will also be summarized and 
discussed with project panel for the development guidelines for the use of tack coats in 
South Dakota. 

Task 7: Submit a final report and a technical executive summary of the research methodology, 
findings and recommendations to SDDOT Research Review Board. 

Task 8: Deliver an executive presentation to the SDDOT Research Review Board at the end of 
project. 
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Project Cost 

Total Project Costs: $159,790 
MPC Funds Requested: $ 75,000 
Matching Funds: $ 84,790 
Source of Matching Funds: South Dakota State University 

TRB Keywords 

Tack Coat, Optimum Application Rate, Interlayer Shear Strength 
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