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Research Needs 

Winter maintenance plays a vital role in keeping the highway system and airport pavements safe 

and functional during the winter season. More specifically, the pavements located in regions 

subjected to harsh and extended winter periods, such as those in North Central states, need more 

attention to keep the traffic flowing. Deicing, among different practices, is central to every 

winter maintenance effort. Deicing is defined as application of chemicals in order to facilitate 

breaking up the ice and snow pack and melting glare/black ice [1]. While sodium chloride 

(NaCl) is widely used as a deicing agent, other chemicals, namely calcium chloride (CaCl2), 

magnesium chloride (MgCl2), potassium chloride (KCl), and acetates are also being used for the 

ice removal, depending on their effectiveness in different temperature ranges [2-7]. Deicing 

chemicals lower the freezing point and therefore, keep the precipitated water in the pavement in 

liquid form at freezing temperature. This, in turn, subjects the pavement to freeze-thaw cycles 

even during the frigid temperatures. This mechanism is reported to accelerate moisture-induced 

damage and pothole formation [8, 11], deteriorate asphalt pavements’ durability and may 

negatively affect its structural integrity. Although there are growing concerns over the negative 

effects of deicers on asphalt mixes, limited research has been conducted to address these 

concerns [10-12]. Based on aforementioned need, this study is being proposed to investigate the 

effects of commonly-used deicing agents on durability and performance of asphalt mixes 

exposed to those chemicals and freeze-thaw cycles. The outcomes of this study will help the 

transportation agencies and highway authorities to gain a clearer understanding of any possible 

negative effects of using deicers on pavement performance. This will help with decision-making 

process in selecting the type of deicing agents to minimize any damage to asphalt pavement 

structure in cold climate. 

 



 

Research Objectives 

Specific objectives of the proposed study are as follows. 

1. Investigate the effect of three different types of deicing agents, namely NaCl, CaCl2, and 

MgCl2 and freeze-thaw (F-T) cycles on adhesion of a PG 58-34 asphalt binder to different 

types of aggregates, namely quartzite (Q), granite (G), and limestone (L) using a binder 

bond strength (BBS) tester; 

2. Evaluate the effect of three different types of deicing agents and F-T cycles on rutting 

and moisture-induced damage potential of a surface course hot-mix asphalt (HMA), using 

a Hamburg wheel tracker (HWT); 

3. Study the effect of three different types of deicing agents and F-T cycles on moisture-

induced damage potential of a surface course HMA mix, using tensile strength ratio 

(TSR) test; 

4. Evaluate the effect of three different types of deicing agents and F-T cycles on durability 

of a surface course HMA mix, using Cantabro test; 

5. Determine the effect of three different types of deicing agents and F-T cycles on fatigue 

resistance of a surface course HMA mix, using semi-circular bend (SCB) test. 

Research Methods 

It is proposed to study the effect of 3 types of deicing agents (NaCl, CaCl2, and MgCl2) and F-T 

cycles on aggregate-binder adhesion and rutting, moisture-induced damage, durability, and 

fatigue resistance of asphalt mixes. For this purpose, deicing agents (NaCl, CaCl2, and MgCl2) 

deicing agents (NaCl, CaCl2, and 

MgCl2), aggregates (Q, G, and L), a 

PG 58-34 asphalt binder, and a surface 

course HMA mix will be collected 

from material suppliers in South 

Dakota. Adhesion of asphalt binder-

aggregate systems subjected to 

different types of deicing agents and F-

T cycles will be tested using a BBS 

device following the AASHTO T 361-

16 (2016). test method [13]. Workflow 

for laboratory characterization of 

asphalt binder-aggregate systems’ 

adhesion subjected to deicers and F-T 

cycles is presented in Figure 1. Also, 

the collected HMA will be reheated and compacted using a Superpave® gyratory compactor 

(SGC) to 7.0% ± 0.5% air voids. One set of compacted samples will be vacuum-saturated 

between 70% and 80% with water and deicing agents having different concentrations, namely 

1:0, 1:4, 1:10, and 1:15 (eutectic solution to water) [10], and another set of samples will not be 

conditioned (dry set).Then, the conditioned samples will be subjected to seven F-T cycles in an 

environmental chamber. Each F-T cycle will consist of exposing the samples to -18°C for 12 

hours followed by keeping them at 25°C for another 12 hours [10]. Then, the HWT test 

(AASHTO T 324-17) [14], TSR test (AASHTO T 283) [15], Cantabro test (ASTM D7064) [16], 

and SCB test (ASTM D8044) [17] will be conducted on dry and conditioned samples to evaluate 

Figure 1. Workflow for laboratory characterization of asphalt binder-

aggregate systems’ adhesion subjected to deicers and F-T cycles 



 

the effects of different concentrations of various deicing agents and F-T cycles on their rutting, 

moisture-induced damage, durability, and fatigue performance, respectively. Figure 2 presents 

the workflow for laboratory characterization of asphalt mixes subjected to deicers and F-T 

cycles. 

 

After completion of the testing program, 

findings of this study will be compiled and 

analyzed. Important observations 

including the effects of deicers and F-T 

cycles on the performance of the asphalt 

mixes and the adhesion of the asphalt 

binder-aggregate systems will be 

summarized and reported.  

Expected Outcomes 

1. With start of the winter season in 

north-central plains, including many 

states in Region 8, millions of dollars 

are spent annually for keeping the 

roads safe and functional through a 

winter maintenance plan. More specifically, deicers play an important role to help remove ice 

from the pavement surface. Many of these deicing chemicals may have a deteriorating effect 

on asphalt pavements’ durability. This study, after completion, will provide the pavement 

engineers and decision makers in DOTs with laboratory data that shows the extent of any 

negative effect of using deicing agents on pavement performance and durability. This will 

help minimize undesirable effects of deicing agents and F-T cycles on pavements’ longevity 

by selecting a winter maintenance plan which suits the local asphalt pavements’ condition. 

Therefore, the economic impacts of the proposed study are expected to be significant by any 

measure;  

2. The proposed study will advance the workforce development goal of the MPC through 

providing important experiential learning opportunity to graduate and undergraduate student 

research assistants (RAs), to be appointed on this project. Experience suggests that RAs are 

more likely to pursue career in transportation;  

3. In view of the scope of this study, presentations delivered to broad audience (DOT engineers, 

contractors, and material engineers) in regional conferences are anticipated to be an excellent 

tool for technology transfer. In the proposed study, a technology transfer presentation will be 

delivered in the regional asphalt conference in South Dakota. The South Dakota Local 

Transportation Assistance Program (SDLTAP) will be assisting with planning and 

scheduling the technology transfer session;  

4. The findings of this study, will be published in peer-reviewed journals and conference 

proceedings. Although slow, such publications can have lasting impacts on technology 

awareness and acceptance. Publications involving the private sector is a plus. 

Relevance to Strategic Goals 

The expected outcomes of this project are directly related to the following USDOT strategic 

goal, namely State of Good Repair. Outcomes of the proposed project will promote the knowledge and 

Figure 2. Workflow for laboratory characterization of asphalt mixes 

subjected to deicers and F-T cycles 



 

awareness about the effect of freeze-thaw cycles and deicing agents on durability of asphalt pavements. 

This is expected to result in a better selection and application of these materials for pavements subjected 

to harsh environmental conditions, in order to minimize pavement damage. 

Educational Benefits 

This project will provide an excellent learning opportunity for both graduate and undergraduate 

students.  A graduate student will be working on this project as a GRA. The results of this study 

will be used to provide materials for his/her thesis.  Undergraduate students will also be given an 

opportunity to work on this project. The outcomes of this study will be blended with learning 

experience of students in the class. More specifically it will be used for selected lectures in the 

CEE 765: Pavement Design and CEE 411/511/L: Asphalt Materials and Mix Design courses. 

Technology Transfer 

In a close collaboration with the South Dakota Local Transportation Assistance Program 

(SDLTAP), the findings of this project will be presented during South Dakota Annual Asphalt 

Conference. This is a very well attended conference which allows broader participation by 

pavement engineers, asphalt industry, South Dakota Department of Transportation’s personnel, 

NAPA members, and others. Moreover, research papers will be published and presentations will 

be made at the TRB Annual Meetings and other occasions for effective dissemination of findings 

of this study. Toward building a stronger transportation workforce, a major component of MPC 

mission and vision, we plan to blend research ideas and innovations in classroom.  

Work Plan 

The proposed work plan consists of five major tasks as follows: 

Task 1 – Literature Review: The research team will conduct a comprehensive literature review 

during the proposed study with a focus on effects of F-T cycles and deicing agents on durability 

and performance of asphalt mixes.   

Task 2 – Material Collection: The required materials for this study will be collected in a close 

collaboration with our industry partners. Asphalt binders will be collected from Jebro Co. in 

Sioux City, IA. Deicing agents will be collected from SDDOT-approved suppliers. Aggregates 

and asphalt mixes will be collected from Bowes Construction Co. in Brookings, SD.  

Task 3 – Laboratory Testing: Five types of tests are proposed to be conducted, namely BBS 

(conducted on aggregate-binder systems), SCB, HWT, TSR, and Cantabro tests (conducted on 

asphalt mixes). The BBS test will be used to evaluate the effects of F-T cycles and deicing agents 

on the adhesion of the asphalt binder with different types of aggregates and deicing agents, in 

accordance with the AASHTO T 361-16 (2016). test method [13]. Asphalt mix samples, on the 

other hand, will be compacted in the laboratory and will be conditioned according to the process 

discussed in Research Method section. The SCB and Cantabro tests will be conducted, in 

accordance with ASTM D8044 [17] and ASTM D7064 [16], on conditioned and dry asphalt 

mixes in order to evaluate the effects of F-T cycles and deicing agents on their resistance to 

fatigue cracking and their durability, respectively . Also, to evaluate the effect of F-T cycles and 

deicing agents on the moisture-induced damage potential of the asphalt mixes TSR tests in 

accordance with AASHTO T 283 [15] will be conducted on mixes. Furthermore, HWT tests in 



 

accordance with AASHTO T 324-17[14] will be carried out to study the effects of F-T and 

deicing agents on resistance of asphalt mixes to rutting and moisture-induced damage.  

Task 4 – Analyze Test Results, Summarize the Findings, and Report: After completion of the 

testing program, findings of this study will be compiled and analyzed. Important effects of the F-

T cycles and deicing agents on the performance of the asphalt mixes and adhesion of asphalt-

aggregate systems will be summarized and reported as project’s interim and final reports.  

Task 5 – Outreach and Technology Transfer Initiatives: It is proposed to present the findings 

of this project to a broad audience with the help of SDLTAP through South Dakota Annual 

Asphalt Conference. This is a very well-attended conference which allows broader participation 

by pavement engineers, asphalt industry, South Dakota Department of Transportation’s 

personnel, NAPA members, and others. In addition, research papers will be published and 

presentations will be made at the TRB Annual Meetings and other occasions for effective 

dissemination of findings of this study. Toward building a stronger transportation workforce, a 

major component of MPC mission and vision, it is planned to blend research ideas and 

innovations in classroom.  

Project Cost 

Total Project Costs: $97,897 

MPC Funds Requested:  $48,870 

Matching Funds:  $49,027 

Source of Matching Funds: South Dakota State University 
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