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ABSTRACT 

Interface bonding between pavement layers is a key factor affecting the performance of 

any pavement structure. Over the years, several studies have been performed to better 

understand bonding between pavement layers. The first phase of this study was a laboratory 

assessment, which analyzed different parameters to better characterize the interlayer bond in 

pavements. Phase 2 of the study was a field validation and evaluation. This thesis, based on the 

results of phase 2, focuses on optimizing in-situ tack coat application rate and field installation. 

The main objectives of phase 2 were to validate the lab-determined optimum residual 

application rate for tack coat materials on a milled hot-mix asphalt (HMA) surface and to 

evaluate field performance of tack coat materials. Several parameters were analyzed, including 

the cleaning method prior to tack coat application, the paving procedure, tack coat type, and 

existing pavement surface texture. Tack coat materials used were SS-1h, SS-1hp, and SS-1vh 

(non-track tack coat). For the cleaning methods, the conventional procedures, broom and 

vacuum, were used on most of the sections and were compared to air-blast cleaning.  

Two paving procedures were studied: the conventional paving method using a distributor 

truck and a regular paver, and the spray paver, which applies tack coat and paves at the same 

time.  

Twenty-six sections were constructed on Interstate 80 in Illinois, and 19 sections were 

built on Illinois Route 98. The Interstate 80 test sections were constructed on three existing 

pavement surfaces: milled HMA, milled Portland cement concrete (PCC), and fresh binder stone 

mastic asphalt (SMA).  

Two tests were used to analyze interface bonding: the interface shear test and the 

torque bond test. The test section on Illinois Route 98 was constructed on a milled surface. All 

specimens were cored in the field and tested at the Illinois Center for Transportation (ICT) using 

the Interface Shear Test Device (ISTD).  

The results showed similar bond strength for the two types of cleaning methods; 

however, air-blast cleaning required use of a lower optimum residual application rate in the field 

to achieve the same bond strength. The bond strength at the interface when tack coat was 

applied with a spray paver is similar to the bond strength achieved when a conventional paver 

was used. The optimum residual application rate for milled surfaces obtained from the 

laboratory was 0.06 gal/yd2 (0.27 L/m2). This rate was validated at both test sites. The optimum 

residual application rate obtained for fresh binder SMA was 0.02 gal/yd2 (0.09 L/m2). SS-1vh 

performed better than any other tack coat material studied, and SS-1hp performed better than 

SS-1h. 
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Identification of the optimum tack coat application rate will help ensure cost-effective and 

efficient tack coat application and will enhance pavement performance. It will also help the 

industry to better optimize resources and improve pavement performance.  
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CHAPTER 1  INTRODUCTION 

1.1 INTRODUCTION 

Insufficient interface bonding between existing and new pavement layers is a critical 

problem that has concerned researchers for the past 50 years. Pavements are composed of 

several layers intended to be well-bonded to each other, structurally acting as a single layer. 

Structural performance depends not only on the strength of the pavement layers but also on the 

bonding strength between layers. Poor bonding can lead to various types of distress, including 

debonding, slippage cracking, compaction difficulties, and early fatigue cracking, and it 

contributes to a reduction in pavement life. Proper interfacial bonding strength can be achieved 

with use of an appropriate tack coat, including type, rate, preparation, and application method. 

Tack coat is a light application of water-diluted asphaltic material applied on an existing 

pavement to ensure adequate strength between layers and to provide monolithic behavior of the 

pavement layers (Romanoschi, 1999).  

Several laboratory and field studies have evaluated interface bonding between 

pavement layers and investigated the mechanisms of failure at the interface. These studies also 

investigated the factors affecting interlayer strength, including application rate, curing time, 

temperature, surface texture, tack coat material type, normal pressure, and softening point of 

the tack coat material (Bae et al., 2010; Canestrari and Santagata, 2005; Canestrari et al., 2005; 

Chen and Huang, 2010; Al-Qadi et al., 2008; Leng et al., 2008; Leng et al., 2009; Mohammad et 

al., 2009; Mohammad et al., 2010; Mohammad et al., 2002; Mohammad and Button, 2005; 

Santagata et al., 2008; Sholar et al., 2004; Tashman et al., 2006; Uzan et al., 1978; West et al., 

2005; Woods, 2004; Yildrim et al., 2005). 

The proper application of tack coat is an important quality-control parameter in paving 

projects. Several studies found that achieving maximum interfacial bonding requires an optimum 

application rate for the tack coat (Asphalt Institute, 1989). Under-applying tack coat material can 

cause insufficient bonding, resulting in debonding and fatigue cracking. Over-application of tack 

coat can introduce slippage of the upper layer, resulting in slippage cracking, and difficulties in 

compaction due to movement of the HMA under the heavy load of compactors, which contribute 

to a reduction in pavement life. Slippage cracking typically occurs at areas where braking or 

acceleration take place, resulting in slide or deformation of the overlay in a crescent or half-

moon shape in the direction of traffic. Figure 1.1 shows a typical slippage crack problem. 

Slippage cracking can reduce the structural integrity of the pavement and increase the effect of 

the tire-applied shear stresses. These problems have a detrimental impact on ride quality. 
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Figure 1.1. Slippage cracking (Asphalt Institute, n.d.). 
 

Tack coat material is commonly applied at a specified rate, so it is important to 

distinguish between application rate and tack coat residual rate. Tack coat application rate is the 

amount of diluted asphalt applied in the field. This includes the amount of water added to liquefy 

the tack coat material to make it more fluid and easier to distribute in the field. The residual 

application rate is the amount of asphalt residue after water evaporates. Uniformity in 

distribution is an important parameter that controls consistency in bonding strength along the 

paved sections. Mohammed and Button (2005) concluded that uniform application of tack coat 

at the optimum application rate, with approximately 90% to 95% of the surface covered, 

provided the maximum strength between layers.  

Other factors can affect pavement strength performance in the field, including pavement 

texture, pavement temperature, tack coat type, curing time of tack coat, aggregate type and 

gradation, and cleanliness and dryness of the surface. Studies show that milling the surface 

increases shear resistance at the interface between pavement layers (Leng et al., 2008). This 

occurs due to the increase in contact and friction between layers and the interlock between 

layers achieved by milling the existing surface. West et al. (2005) and Sholar et al. (2004) found 

that coarser mixes provide higher interface bonding strength than fine mixes. This is due to 

higher friction and better aggregate interlock, but smaller NMAS (Nominal Maximum Aggregate 

Size) pavement benefits more from tack coat application. Tashman (2008) found that curing 

time can significantly affect bonding strength when tack coat is applied to a nonmilled surface, 
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but it insignificantly increases the strength when applied to a milled surface. Canestrari and 

Santagata (2005) observed a reduction in shear strength when temperature was increased. 

A study conducted at the Illinois Center for Transportation (ICT) at the University of 

Illinois at Urbana-Champaign investigated the strength characteristics of an HMAïPCC interface 

by direct-shear testing and accelerated pavement testing (APT). The laboratory specimens were 

prepared using lab-prepared HMA compacted on top of field PCC cores. Asphalt mixes used in 

this study were SM-9.5 surface and IM-19.5A binder. Three tack coat materials were evaluated 

(SS-1h and SS-1hp emulsions and RC-70 cutback) and applied at residual rates ranging from 

no tack coat to 0.09 gal/yd2 (0.405 L/m2). Tack coat was applied on different PCC surface 

textures (smooth, transverse tinning, longitudinal tinning, and milling). Bonding strength was 

also evaluated at various temperatures (50°F, 68°F, and 80°F; 10°C, 20°C, and 30°C) and 

under two moisture conditions, dry and saturated (Leng et al., 2008). The direct-shear testing 

device used in the ICT study is shown in Figure 1.2. 

  

 

Figure 1.2. Direct-shear apparatus developed at ICT (Leng et al., 2008). 

 

This device accommodates 3.94-in (100-mm) diameter specimens and can run both 

monotonic and cyclic loading tests. Shear interface strength was evaluated with a monotonic 

mode of loading at a constant displacement rate of 0.47 in/min (12 mm/min). The study found 

that the surface mix provided higher bonding strength than the binder mix. Asphalt emulsions 

showed a significant increase in shear strength compared to cutbacks; however, there was no 

significant difference between SS-1h and SS-1hp. The optimum residual application rate of the 
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tack coat materials was 0.04 gal/yd2 (0.18 L/m2). Moreover, milling was found to provide the 

highest shear strength, while tinning direction did not have a significant effect on interface 

bonding. Lowering the temperature increased the strength, but that might not be the case at 

extremely low temperatures (below the glassy transition temperature), where the brittle behavior 

of tack coat can decrease strength at the interface. Moisture conditioning severely decreased 

interlayer strength between HMA and PCC layers (Leng et al., 2008). 

To validate the laboratory results, accelerated paving testing was performed. Twenty-five 

sections were constructed and loaded with the Accelerated Transportation Loading ASsembly 

(ATLAS) machine at the centerline of the pavement (Leng et al., 2009). Figure 1.3 shows the 

ATLAS machine. 

 

 

Figure 1.3. ATLAS machine (Leng et al., 2009). 
 

The tensile strain at the interface was measured (using H-type strain gauges) for 

selected sections to evaluate the potential for interfacial slippage. Primary rutting was also 

analyzed for different sections. Three tack coat materials (SS-1hp, SS-1h, and RC-70) were 

evaluated and applied at residual rates of 0.02, 0.04, and 0.09 gal/yd2 (0.09, 0.18, and 0.405 

L/m2). The asphalt binder PG 64-22 was also used and was applied at 0.04 gal/yd2 (0.18 L/m2). 

Two cleaning methods were evaluated (broom cleaning and air blasting). Tack coat was applied 

over various PCC surface textures (smooth, milled, transverse, and longitudinal tinned).  

Results of the APT conformed to the outcome of the laboratory study. The asphalt 

emulsions provided lower strains at the interface compared to RC-70 (cutback). PG 64-22 

provided the highest shear strength at the interface, and milling the surface provided better 

bonding and rutting resistance compared to tinned and smooth surfaces. Well-cleaned PCC 

surfaces resulted in lower interface shear rutting. The APT validated the lab-determined 

optimum residual application rate: 0.04 gal/yd2 (0.18 L/m2) provided the lowest interface strains 

and shear rutting (Leng et al., 2009). 
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As part of this study, a laboratory evaluation was conducted to evaluate the bonding 

characteristics of tack coat when applied between HMA layers. This study assessed the 

performance of four tack coat materials: three emulsions [SS-1hp, high float emulsion (HFE), 

and SS-1vh] and the asphalt binder PG 64-22. The residual application rate was optimized at a 

range from no tack coat to 0.08 gal/yd2 (0.36 L/m2). In addition, the tack coat materials were 

cured for 15 min, 2 hr, and 24 hr to study the effect of curing time. The test was conducted at 

various temperatures (5°F, 41°F, 77°F, and 113°F; ï15°C, 5°C, 25°C, and 45°C) to examine 

bonding strength sensitivity to temperature. The tack coat materials were applied over various 

surface textures (unmilled aged nontrafficked, unmilled aged, and milled aged HMA). The 

bottom HMA layers of the lab-prepared specimens were field cores. Two surface mixes, SM-9.5 

mm NMAS and SM-4.75 mm NMAS, were compacted on top of the field cores after the tack 

coat was applied. Interface bonding was tested using the ISTD designed at ICT (see Figure 3.1 

in Chapter 3).      

The outcome of the lab study is an optimum residual application rate of tack coat: 0.04 

gal/yd2 (0.18 L/m2) for unmilled aged and aged non-trafficked surfaces and 0.06 gal/yd2 (0.27 

L/m2) for a milled aged surface. SS-1vh provided the highest shear strength compared to other 

tack coat materials. In addition, curing time significantly influenced the shear strength at the 

interface. When curing time was increased from 15 min to 2 hr, bonding was significantly 

improved. Milling the surface improves the interface bonding. In addition, lowering the test 

temperature improves the interlayer strength; however, this may not be valid when testing 

temperature is below the glassy transition temperature (Tg). Surface mix (SM-9.5 mm NMAS) 

provides better bonding and interlock than leveling binder (SM-4.75 mm NMAS) when the 

surface mixes are compacted over milled and unmilled aged cores. 

This study is a continuation of the aforementioned laboratory study and aims to validate 

its findings under field conditions. Twenty-six sections were constructed on Interstate 80 (I-80) 

to determine the optimum residual tack coat application and to study the effects of surface 

texture and surface cleanliness. Two tack coat materials were used (SS-1hp and SS-1vh) and 

applied over milled HMA and fresh binder SMA. The milled surface was cleaned by brooming 

and by air-blast cleaning. On Illinois Route 98 (IL-98), three tack coat materials (SS-1h, SS-1hp, 

and SS-1vh) were applied at the verified residual application rates. Again, the effect of cleaning 

was examined using the broom and air-blast cleaning methods. Curing time was studied by 

using different construction techniques (a tack coat distributor followed by a conventional paver, 

and a spray paver).  
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This thesis focuses on the field study and provides details about the experiment, 

including testing devices, construction process, experimental methodology, specimen 

preparation, and results. 

1.2 PROBLEM STATEMENT 

Interface bonding between pavement layers is one of the most significant factors 

affecting pavement performance and service life. Tack coat materials are bonding agents 

between pavement layers. Loss of bonding or poor bonding between pavement layers can 

cause early pavement distresses. Hence, an optimum tack coat application rate needs to be 

determined, and a suitable application process must be identified. In addition, the interface tack 

coat performance under various loading conditions, application rates, paving methods, surface 

textures, and cleaning method should be quantified.  

1.3 RESEARCH OBJECTIVE 

The objectives of this study were to validate the optimum tack coat application rate, as 

identified in the laboratory; to investigate field-optimal tack coat application; and to evaluate field 

performance of tack coat materials. The ultimate goal of the study was to identify the best 

methods for applying tack coat to optimize tack coat material, application rate, placement 

method, and pavement cleaning technique. 

1.4 RESEARCH SCOPE 

The field phase of the study evaluated tack coat performance in-situ and identified the 

critical parameters contributing to interface shear strength between HMA layers. The field study 

evaluated results obtained from the laboratory phase. Among the parameters examined in the 

field study were tack coat residual application rate, cleaning method, tack coat type, curing time, 

paving method and interlayer surface roughness. A custom-designed Interface Shear Test 

Device (ISTD) and a bond torque test were used to evaluate the field-obtained cores. 
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CHAPTER 2  CURRENT STATE OF KNOWLEDGE 

Several field and laboratory tests, including direct shear, torque, and tensile strength 

tests, were conducted to evaluate the interface bonding between pavement bound layers when 

tack coat is applied and to examine the key factors that influence bonding integrity. This section 

describes the influence of some of these factors. In addition, it provides a summary of the tack 

coat application and HMA paving equipment used in the field.  

Mohammed et al. (2009) evaluated three tack coat materials (CRS-1, SS-1h, and 

trackless) and an asphalt cement (PG 64-22) at an optimum residual rate of 0.053 gal/yd2 (0.23 

L/m2). The test was conducted at temperatures ranging from 86°F to 176°F (30°C to 80°C). The 

Louisiana Tack Coat Quality Tester (LTCQT) was used to evaluate interface bond strength of 

tack coats in the field. LTCQT is a pull-off test that measures the maximum tensile strength in 

the field. The study found that an increase in viscosity of the material leads to an increase in 

tensile strength. In addition, a direct relationship was found between tensile strength and the 

corresponding softening point of the material. An increase in the softening point correlated to an 

increase in the optimum temperature. 

Another study by Mohammed et al. (2010) examined the effect of tack coat type, 

application rate, surface type, and surface texture using a full-scale test. Five tack coat 

materials (SS-1h, SS-1, CRS-1, trackless, and PG 64-22) were evaluated in that research. 

Three application rates 0.03, 0.062, and 0.15 gal/yd2 (0.14, 0.28, and 0.7 L/m2) were applied on 

four surface types (existing HMA, new HMA, existing PCC, and milled HMA). No confinement 

and 20 psi (138 kPa) pressure was applied during lab testing. Wetness and cleanness of the 

surface were examined. The interface strength was measured using the LTCQT. The study 

found an optimum application rate of 0.15 gal/yd2 (0.7 L/m2). Milled HMA was found to provide 

the highest interface bonding followed by PCC, existing HMA, and new HMA. Small amounts of 

water decrease the interface bond significantly when PG 64-22 is used, but this influence is 

minor when emulsions are used. Laboratory-prepared specimens were found to overestimate 

shear strength compared to the field cores.  

Sholar et al. (2004) reported on three test pavement sections constructed to analyze 

several parameters that interfere with bonding between HMA layers: application rate, surface 

texture and condition, and mix type. The authors recommended an optimum residual application 

rate of 0.06 gal/yd2 (0.26 L/m2). Curing time of tack coat was also evaluated and reported: It was 

concluded that shear strength increased with curing time. 

Tashman et al. (2006) reported on the construction of 14 test pavement sections and 

analyzed the effects of curing time, application rate, and milled and nonmilled surfaces. Three 
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devices were used in their study: FDOT shear tester, torque bond test, and UTEP pull-off test. 

The shear and torque test results showed that milling improves bonding between layers. Curing 

time was reported as not being a factor that influenced bonding. The pull-off test showed greater 

strength only in the nonmilled sections.     

West et al. (2005) reported on the construction of several test sections in seven projects 

across Alabama. Cores were obtained from each section and tested in the lab. The studyôs 

major finding was that milling increased interface bonding between layers. The authors also 

reported on the use of the Novachip spreader in one project, which resulted in greater bond 

strength. 

2.1 TACK COAT 

Tack coat is a very light application of bituminous material sprayed on an existing 

nonporous surface by means of a distributor (Asphalt Institute, 1989). Tack coat acts as a 

bonding agent between pavement layers. The primary types of products used as tack coat are 

cationic and anionic emulsions and cutback asphalts. The latter are not as common because of 

environmental concerns. Sometimes a virgin binder is used as a tack coat; however, this 

practice is not common. This section discusses application equipment available in the market, 

as well as the tack coat application process.  

Strong bonding between pavement layers is essential to avoid different types of distress 

caused by slippage or debonding. An optimum tack coat application rate is necessary to provide 

reliable and cost-effective interface bonding. Various studies have shown that interface bonding 

strength can be increased by increasing the application rate to an optimum rate, after which 

point the strength begins to decrease (Leng et al., 2008). In addition, pavement surfaces with 

different ages may require various application rates to provide proper bonding between existing 

layer and overlay.  

Mohammad et al. (2002) found an optimum residual application rate for CRS 2P 

emulsion of 0.02 gal/yd2 (0.09 L/m2). In their study of six tack coat materials, that type of 

emulsion showed the greatest interface shear strength. Chen and Huang (2010) found an 

optimum residual application rate for CRS emulsion to be close to 0.027 gal/yd2 (0.12 L/m2). In 

their study, two emulsions were analyzed. However, it is important to consider the many factors 

that can cause variation in the application rate, such as surface type, temperature, curing time, 

mix type, and tack coat material. 

Further review of current state of knowledge on tack coat testing and devices is 

presented in Appendix A. 
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2.2 TACK COAT APPLICATION EQUIPMENT 

Traditionally, an asphalt distributor truck is used for tack coat application. However, 

many equipment companies have begun to integrate a tack coat tank and a spray bar into 

pavers. Two such pavers, which are discussed below, are the Vögele Super 1800-2 with spray 

jet module (Vögele Wirtgen Group, 2009) and the spray paver manufactured by Roadtec 

(Roadtec,  2008). In this study, Roadtecôs spray paver was used for the Illinois Route 98 project.  

2.2.1 SPRAY JET MODULE BY VÖGELE 

As shown in Figure 2.1 (a), the Spray Jet Module is attached to a traditional paver. The 

standard emulsion tank holds up to 528.34 gal (2,000 L); however, an extra tank holds 1,320.86 

gal (5,000 L) and can be attached to the hopper of the paver, as shown in Figure 2.1 (b). A 

material transfer vehicle (MTV) must be used with the second tank. The Spray Jet Module is 

equipped with sensors and a computer in order to achieve a proper application of the tack coat 

at the desired rate. The machine is versatile: It can be used as a conventional paver as well, 

and the transformation takes approximately 6 hr (Vögele Wirtgen Group, 2009).  

One of the most important advantages of this paver is that no vehicle passes over the 

tack coat (possibly removing it). In addition, innovative technology helps ensures complete 

surface coverage with tack coat, which reduces operating costs and increases productivity on a 

job site.  

 

 

Figure 2.1. Spray jet module by Vögele (Vögele Wirtgen Group, 2009). 

 

2.2.2 SPRAY PAVER BY ROADTEC 

The Roadtec spray paver (Figure 2.2) is a noteworthy advance in paver technology. The 

spray paver is equipped with a 2,100-gal (7,949.36-L) tank for the emulsion and self-cleaning 

valves with a sophisticated microprocessor that precisely controls the application rate of the tack 

coat. These advantages reduce construction time and mitigate many of the costs of using an 

asphalt distributor truck (Roadtec, 2008).  

(a) (b) 
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This paver requires use of a material transfer vehicle to operate. However, it can also be 

used as a conventional paver without tack coat distribution to the surface. As discussed earlier, 

many economic advantages can accrue from using such equipment. Accordingly, the interface 

bonding achieved by this machine was analyzed in the field evaluation. 

 

 

Figure 2.2. Spray paver by Roadtec (Roadtec, 2008). 

 

2.3 PROPER FIELD APPLICATION OF TACK COAT MATERIALS 

Proper application of tack coat is one of the most important factors in achieving good 

interface bonding and ensuring paving quality. To achieve proper application of a tack coat, two 

elements are required: uniformity and amount of application. However, many other factors can 

influence the application (Mohammed and Button, 2005): 

¶ Height of the spray bar in the asphalt distributor truck  

¶ Size of nozzles  

¶ Orientation of nozzles  

¶ Pressure of the application 

¶ Temperature of tack coat 

 

All of these factors must be calibrated in the asphalt distributor truck before tack coat 

application.  



 

11 
 

The best uniformity of tack coat is achieved by overlapping the material, as shown in 

Figure 2.3. The surface over which the tack coat is applied must be completely clean and free of 

moisture, in order to achieve desired interface bonding. 

 

 

Figure 2.3. Correct application of tack coat (Mohammed and Button, 2005). 

 

Recently, a product characterized as non-track tack coat (SS-1vh) was released to the 

market in an attempt to solve the problem of tracking the tack coat with vehicles passing in front 

of the paver. A few studies have analyzed the productôs performance (Bae et al., 2010). This 

material was studied in this research and its performance compared to SS-1h and SS-1hp.  
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CHAPTER 3  RESEARCH APPROACH 

This chapter presents the performance tests used in this research. The research was 

conducted on two highway projects: I-80 and IL-98. The description and testing scope for both 

projects are presented. In addition, the methodology adapted to prepare and test specimens in 

the laboratory is explained.  

3.1 TACK COAT PERFORMANCE TESTS 

Two tests were used in this research: the interface shear test using the ISTD and the 

torque bond test. Complete descriptions of both tests follow. 

3.1.1 INTERFACE SHEAR TEST  

The Interface Shear Test Device (ISTD), as shown in Figure 3.1, was custom-designed 

to evaluate bonding strength between pavement layers. The ISTD evaluates tack coat bonding 

between HMA layers and HMAïPCC layers. It measures the change in shear loading, dilation, 

and shear displacement.  

 

 

Figure 3.1. Interface Shear Test Device (ISTD). 

 

The dimensions of the device allow specimens to be placed into a servo-hydraulic 

testing machine. Tests can be conducted in a monotonic loading mode that measures maximum 

shear load and its corresponding shear displacement to evaluate interface strength. In addition, 

this device can be used to perform fatigue shear tests by applying cyclic loads at desired 

frequencies to better simulate field conditions. Both test modes can be conducted with either 

constant loading or displacement rates at various normal loading levels. In monotonic testing 

mode, shear load, and displacement are measured along with testing time. Results can be 

presented as a relationship between shear strength and displacement. Figure 3.2 illustrates a 

typical load-displacement curve at 20 psi (0.137 MPa) normal pressure. 
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Figure 3.2. Typical shear loadïdisplacement curve. 

 

The mechanism of testing depends primarily on three parts of the device: the shear load 

stroke, the normal pressure load cell, and the specimen housing chamber. Two load cells, 10 

and 22 kips (44 and 97.8 kN), were used for this test. This permits consideration of high shear 

loading between layers when relatively high normal pressure is applied. An air-pressure 

actuator connected to a miniature load cell with a capacity of 2 kips (8.9 kN) was used as a 

normal pressure system to simulate vertical loading at the interface due to tire contact pressure 

on the pavement surface.  

This device allows both static and dynamic normal loads to be applied on the specimen. 

The housing chamber holds the specimen steady during testing. The device can accommodate 

3.93- and 5.90-in (100- and 150-mm) diameter specimens with heights ranging from 3.7 to 4.3 

in (94 to 109 mm). To allow dilation during the test, it is recommended that specimens be 

between 3.70 and 3.86 in (94 and 98 mm) long. If the specimen is too short, steel fillers with the 

same diameter as the specimen can be used to align the interface in the middle of the gap, 

where shear is applied. Two linear variable differential transducers (LVDTs) were used to 

measure both shear displacement and dilation. Dilation is defined as enlargement of the 

specimen at an axis perpendicular to the shear load direction.  

The ISTD was placed in an environmental chamber that can maintain temperatures 

ranging from -40°F to 302°F (-40°C to 150°C), which were required to evaluate temperature 

effects on tack coat shear performance. The specimen was placed in the housing chamber, and 
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both layers were capped to control their movement. One layer was held stationary, while the 

other layer was moved at a certain shearing displacement rate that allowed shear at the 

interface to take place. The loading was aligned and centered above the interface with an S-

shaped aluminum part. Shear load, shear displacement, and dilation were recorded with a data 

acquisition system.  

The test was performed using a monotonic displacement-controlled testing mode at a 

shear rate of 0.005 in/s (0.127 mm/s). A normal pressure of 1 psi (0.0069 MPa) was applied to 

ensure minimum confinement of the specimen. A high normal pressure caused aggregate 

breakage at the interface and resulted in greater shear loads. This could mask the tack coat 

contribution at the interface. The specimens were initially designed at a diameter of 3.97 in (100 

mm) and a height of 4 in (103 mm). Although the cabin can accommodate specimens up to 4.3 

in (109 mm), the dilation of many of them was higher than 0.3 in (6 mm), which resulted in a 

greater normal load application on the specimen. To maintain the 1 psi normal pressure, 

specimens were shortened to 3.70 to 3.86 in (94 to 98 mm) to accommodate any possible 

dilation; this specimen size was used throughout the study. 

The interface bonding was analyzed by computing a uniform shear strength, †, at the 

pavement interlayer as follows: 

†         (3.1) 

where 

† = shear strength (psi) 

P = shearing load (lb) 

A = specimen interface area (in2) 

 

3.1.2 TORQUE BOND TEST 

The torque bond test has been used as an in-situ test to determine bond strength of 

HMA layers; however, it can also be performed in the lab on core specimens. This test requires 

a high degree of coring precision in properly function in the field. The procedure followed was 

obtained from the British Board of Agrément (2008). For the site test method, coring must be 

made to a depth of 0.787 in (20 mm) below the interface. It is recommended that six cores be 

tested from each section, evenly spaced along a diagonal across the mat. In addition, the 

surface must be dry and clean in order to use the bonding material for the plate. A steady rate of 

torque should be applied to the specimen; following that, the torque wrench must sweep at a 
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90° angle in 30 ± 15 s. It is crucial that torque be applied on the same plane as the plate. 

Finally, torque is recorded, as well as temperature of the interface and diameter of the specimen 

(measured in at least at two locations).  

For the laboratory-performed test, it is important to extract the core at least 3.15 in (80 

mm) below the interface, without damage. In the lab, specimen preparation includes cutting the 

core to a specific height to ensure that the interface extends at least 0.787 ± 0.394 in (20 ± 10 

mm) above the rim of the mold. The metal plate was fixed to the mold with adhesive material. 

The core was conditioned for a minimum of 4 hr, but not more than 16 hr, at a temperature of 

68°F ± 4°F (20°C ± 2°C). The core was placed in the mold and fixed, after which point the test 

was performed. Figure 3.3 depicts all steps of the torque bond test.  

In this study, a laboratory torque test was determined to be the best option due to heavy 

traffic in the construction project. To calculate the bond strength of each specimen, the following 

formula was used.  

 

†           (3.2) 

where 

† = interlayer bond strength (kPa) 

M = peak torque at failure (Nm) 

D = diameter of core (mm) 
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Figure 3.3. Torque bonding test: (a) Clamping the specimen, (b) Setting the torque device, (c) 

Applying torque to the specimen, and (d) Tested specimen. 

 

3.2 FIELD PROJECT DESCRIPTION 

In this section, a description of both projects is presented. Materials, application, and 

testing scope for each project are addressed. 

3.2.1 INTERSTATE 80 (I-80) 

Construction of the overlay on Interstate 80 was performed at night. Twenty-six sections 

were built in order to analyze the various parameters that may affect bonding between 

pavement layers. Those parameters are presented and discussed in Chapter 4.  

3.2.1.1 DESCRIPTION OF THE PROJECT 

In April 2011, the Illinois Department of Transportation (IDOT) initiated a project for 

improvements of a 22-mi (35.41-km) portion of I-80. The work consists primarily of resurfacing 

and adding a third lane. Resurfacing is planned for the portion of I-80 from the Grundy County 

line to U.S. Route 30. The project also includes rehabilitation of 29 bridges and resurfacing of all 

ramps and interstate shoulders along that portion. A third lane will be added in each direction 

from U.S. Route 30 (Lincoln Highway) to U.S. Route 45 (LaGrange Road) to improve traffic flow 

and safety, especially in the region of the I-80/I-355 interchange. In addition, IDOT plans to build 

(a) (b) 

(c) (d) 
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noise walls in certain locations, construct median shoulders along both sides of I-80, and 

perform drainage and bridge-widening work. Figure 3.4 is a map of the project. 

 

 

Figure 3.4. Interstate 80 project diagram. 

 

Construction on I-80 was performed during the night. It consisted of milling 4 in (10.16 

cm) of an asphalt layer and replacing it with 2 in (5.08 cm) of binder SMA mix and 2 in (5.08 cm) 

of surface SMA mix. The construction process started with milling the asphalt, then cleaning 

was done using a broom and vacuum equipment. After cleaning, the tack coat was applied by a 

distributor truck at a specified residual rate. The overlay was placed in two layersðfirst, 2 in 

(5.08 cm) of binder SMA mix, and then 2 in (5.08 cm) of surface SMA mix. Compaction was 

conducted by three static rollers, and the smaller roller being used to finalize the compaction. 

The targeted air voids for both mixes was 3.5%. Figure 3.5 shows the construction process for 

this project.  
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Figure 3.5. Construction process on I-80 project: (a) Milling, (b) Cleaning, (c) Tack coat 

application, (d) Paving, and (e) Compaction. 

 

(a) (b) 

(c) (d) 

(e) 
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3.2.1.2 MATERIALS USED 

In the I-80 project, polymer SMA binder mix N80 was paved after applying a tack coat 

over the milled surface. Polymer SMA 12.5-mm surface mix N80 was paved after applying a 

tack coat over the new polymer SMA binder N80. The aggregate gradation and mix properties 

are presented in Table 3.1. Two tack coat materials were used in this project (SS-1h, and SS-

1vh). The properties of these materials are presented in Table 3.2. 

 

Table 3.1. I-80 Mix Design. 

Property Passing Ratio 

Aggregate 
Gradation 

Sieve Size SMA Binder 
12.5 

SMA Surface 
12.5 (mm) (in) 

25.4 1 100.0 100.0 

19 3/4 100.0 100.0 

12.5 1/2 91.0 85.5 

9.5 3/8 64.0 65.0 

4.75 #4 30.0 27.0 

2.36 #8 21.0 18.0 

1.18 #16 17.0 15.0 

0.6 #30 13.0 12.0 

0.3 #50 11.0 11.0 

0.15 #100 9.0 9.0 

0.075 #200 7.5 7.7 

Asphalt Cement Grade PG 70-28 PG 70-28 

Asphalt Content (%) 6.2 6.0 

Maximum Specific Gravity 2.494 2.959 

 

Table 3.2. Tack Coat Properties. 

Tack Coat Property SS-1h SS-1vh 

Specific Gravity @ 60°F (15.6°C) 1.016 1.03 

Asphalt Residue Rate by Volume (%) 62.2 56.1 

Glassy Transition Temperature (°C)* ð 2.78 

         *1°C = 33.8°F   
 

3.2.1.3 TACK COAT APPLICATION TECHNIQUE 

In this project, the tack coat was applied using a distributor truck, as shown in Figure 3.6. 

The tack coat application temperature was 170°F (76.7°C) for SS-1h and 175°F (79.4°C) for 

SS-1vh. The tack coat residual application rate was verified in-situ using geotextile squares (1 × 

1 ft; 0.3048 × 0.3048 m). This verification was performed at the beginning of each day of work 

as part of the quality assurance (QA) process.  
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Figure 3.6. Tack coat application with distributor truck. 

 

3.2.1.4 TESTING SCOPE 

The field study evaluated the effect of various parameters that influence bonding 

between pavement layers, including application rate, interface texture, surface mix type, surface 

cleanliness, curing time, and tack coat type. The testing matrix is show in Figure 3.7. For the I-

80 project, SS-1hp and SS-1vh tack coat materials were applied at a range of residual rates 

from 0.02 to 0.08 gal/yd2 (0.09 to 0.36 L/m2) at intervals of 0.02 gal/yd2 (0.09 L/m2). Figure 3.8 

illustrates the test pavement sections plan for this project. 

 

 

Figure 3.7. Testing matrix for I-80 project. 
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