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ABSTRACT 

 

This report summarizes a comprehensive research effort to validate thresholds for 

performance-based guidelines and grading system for hot-poured asphalt crack sealants.  A 

series of performance tests were established in earlier research and include the crack sealant 

bending beam rheometer (CSBBR), crack sealant direct tension test (CSDTT), the crack sealant 

adhesion test (CSAT), a rotational viscosity test, and a dynamic shear test.  Validation was 

accomplished through an extensive field performance study incorporating a wide spectrum of 

commonly used sealants installed in eight test sites around the United States using two basic 

treatment methods: (1) clean and seal, and (2) rout and seal.  Performance of these sealants and 

treatment methods were monitored for 3 years to quantify relative performance, primarily 

through adhesive and cohesive failures, as well as overband wear.  Field samples were also 

collected from the sites to conduct laboratory testing to reflect in-service properties.  A statistical 

method was used to develop correlations of the tests parameters with the field performance.  The 

composite score approach, combining ranking and correlation, was used to develop a quantitative 

scale for determining the level of acceptance.  Based on the composite score, a strong or 

acceptable correlation was obtained between field performance and laboratory test parameters.  

After the correlation between field performance and lab results was confirmed, the thresholds for 

test methods were selected or fine-tuned. 

 

An investigation was also conducted to evaluate the short-term and long-term aging 

effects of hot-poured crack sealants through a differential aging test.  Rheological and 

mechanical properties of sealants at different aging stages were monitored to characterize the 

aging effects.  Laboratory aging of sealants was studied using three different aging methods: 

kettle aging, melter aging, and vacuum oven aging (VOA).  The aging index was used to 

evaluate the effect of these aging methods.  By a comparison of the stiffness master curves 

obtained from the CSBBR test for field-aged samples and laboratory-aged samples, VOA was 

validated as a reasonable aging method for simulating 2 to5 years of field aging. 

 

 The research proposes new guidelines for full implementation as AASHTO 

specifications.  In addition to validated and revised thresholds for existing protocols, the research 

proposed a modified adhesion test and a simplified test for tracking resistance.  Close inspection 

of the installation techniques and early performance feedback also supported the development of 

guidelines for crack sealant installation and application. 
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INTRODUCTION 

 

Crack sealing is widely accepted as a cost-effective, routine, and preventive maintenance 

practice that extends pavement service life 3 to 5 years when properly installed.   Hot-poured 

asphalt crack sealant keeps its shape as applied and hardens through chemical and/or physical 

processes to form a viscoelastic rubber-like material that withstands extension or compression 

due to crack movements and weathering effects.  Some of the essential properties of sealants, 

such as extendibility, cohesiveness, and adhesive characteristics, are needed to ensure good 

performance.  Sealants, when properly selected and installed, can remain functional for 3 to 5 

years.  Therefore, the selection of a proper crack sealant for a particular environment and 

pavement is essential to guarantee its performance.   

 

The standards and specifications currently used to select crack sealants were established 

based on material properties that are generally empirical and do not measure sealant fundamental 

properties.  Also, the specification limits vary from one state to another.  These differences create 



2 

 

difficulties for crack sealant suppliers because many states with the same environmental 

conditions specify different limits for the measured properties.  The current standard tests are 

also reported to correlate poorly with the rheological properties of bituminous-based crack 

sealants and often fail to predict sealant performance in the field.   

 

Recently, performance-based guidelines were developed as a systematic procedure to 

select hot-poured bituminous crack sealants (Al-Qadi et al., 2009).  These guidelines are the 

outcome of the pooled-fund North American Consortium led by the University of Illinois at 

Urbana-Champaign and the National Research Council of Canada.  The sponsoring consortium 

included 11 U.S. state departments of transportation, 13 Canadian transportation agencies, and 

industry.  The U.S. contribution was made through Pooled Fund Research Project TPF-5(045), 

which was led by the Virginia Department of Transportation (VDOT) / Virginia Transportation 

Research Council (VTRC).  The work proposed a “Sealant Grade” (SG) system to select hot-

poured crack sealant based on environmental conditions.  A special effort was made to use the 

equipment originally developed by the Strategic Highway Research Program (SHRP), which was 

used to measure binder rheological behavior as part of the binder Performance Grade (PG) 

system.  The equipment, specimen preparation, and testing procedure were modified in 

accordance with crack sealant behavior.  In addition, new tests for sealant aging and sealant 

evaluation were introduced.  The developed laboratory tests allow for measuring hot-poured 

asphalt crack sealants rheological and mechanical properties over a wide range of service 

temperatures.  Preliminary thresholds for each test were identified to ensure desirable field 

performance.   

 

PURPOSE AND SCOPE 

 

The preliminary thresholds were determined based on limited field data only and, 

therefore, a comprehensive field study was urgently needed to validate and fine-tune the initially 

proposed threshold values.  Hence, in this study, an extensive field study was designed to 

validate and fine-tune the threshold values.  The purpose of this study was to achieve the 

following goals: (1) validate the developed laboratory tests using field performance; (2) 

determine the thresholds using a more diverse array of field performance data; and (3) develop 

guidelines for crack sealant installations and applications.  The scope of this study included 

installation of test sites, evaluation of the field performance, and correlation to AASHTO 

laboratory performance tests.  Finally, new guidelines were developed and validated for full 

implementation as AASHTO specifications. 

 

 

METHODS 

 

Overview of Experimental Program 

 

 To meet the objectives of this study, the methodology presented in Figure 1 was executed.  

The experimental program consists of two major tasks: field performance evaluation of crack 

sealants, and laboratory characterization.  Eighteen sealants were installed in six different test 

sites.  All test sites were selected in collaboration with participating state departments of 

transportation in different environmental regions in North America.  A wide spectrum of 
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materials was installed in these test sites.  Test sites were all wet-freeze climatic zones, except 

for one wet-no freeze zone with some variations in temperature fluctuations.  Two commonly 

used sealing techniques were implemented: (1) rout and seal, and (2) clean and seal.  Rout and 

seal treatments were applied with varying reservoir geometry.  Clean and seal treatments were 

also applied at the same locations to facilitate comparisons between the two sealing techniques.  

In order to eliminate any bias in the performance, installations were monitored closely while 

recording as much data as possible before, during, and after installation.   

 

 Field performance data collection was conducted annually to collect logged temperature 

data, assess performance (types of crack sealant failure), and gather field-aged samples.  Then, 

the field-aged samples were tested in the laboratory to characterize their low-temperature 

properties.  Both field performance data and lab results were analyzed using statistical methods 

and compared to one another.  Once a satisfactory correlation was achieved, using laboratory test 

results, parameters were calculated at the actual test site temperature that the materials 

experienced in the field.  The results at the actual field temperature were used to fine-tune the 

initial threshold values, if needed.  The final threshold values were selected by comparing the lab 

measured parameters with the field performance using an iterative approach that yielded 

consistent ranking and correlation between field performance and laboratory test results.  

Detailed steps of the methodology are explained in the following sections.   

 

 
Figure 1.  Experimental Program Used to Validate and Fine-Tune Provisional AASHTO Test Methods 

for Selection of Hot-Poured Crack Sealants 

 

 

Field Validation 

  

Site Selection 

 

 For successful sealant treatment and performance evaluation, selection of candidate 

pavements and condition of cracks should be given significant attention.  Pavements with 

sufficient structural strength and good rideability were considered as candidate test sites.  The 

typical pavement condition rating used in “Guidelines for Sealing and Filling Cracks in Asphalt 

Concrete Pavements” (Masson et al., 2003) were used as guidelines for the selection of test sites.  

According to these guidelines, crack sealing applies to pavements in good condition with a 

smooth riding surface.  Therefore, pavements in good or fairly good condition with cracks in 

relatively good condition were selected as test sites.   
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 The candidate transverse cracks were full-lane width cracks with minimal edge 

deterioration (i.e., spalls and secondary cracks).  The criteria used for the selection of candidate 

test sections are similar to those presented by Masson (2001).  The following summarizes these 

criteria:  

 

 Cracks should be less than 15 mm wide. 

 Cracks should not be a part of a web of cracks. 

 Cracks should show little or no branching. 

 Cracks should not have any severe vertical distress, such as lipping or cupping. 

 

Four of the test sections were identified in the first year of the project (2011) and 

installations were completed for those sections.  All sections are located in a wet-freeze climatic 

zone.  Two more test sites were added to the experimental matrix in the second year (2012) and 

fourth year (2014).  The fourth year test site was located in a dry-no freeze climatic zone.  Table 

1 summarizes the test sections and relevant parameters considered in the selection of each test 

section.  Test site installations were performed in six states between June 2011 and January 

2014. 

 
Table 1.  Test Site Summary and Parameters Considered in the Selection of Field Experimental Plan 

Test Site 

Location 

Climatic 

Region 

Min/Max 

Temperature 

(°C) 

Traffic 
Initial Pavement 

Condition 

Pavement 

Type 

Installation 

Date 

Belleville, 

Wisconsin 
Wet-Freeze -29/32 

2,000 

AADT with 

6% Truck 

11 years old
2
 in fair 

condition with 

longitudinal and 

transverse cracks 

HMA 7/19/2011 

St Charles, 

Minnesota 
Wet-Freeze -31/31 

13,055 

ADT 

2 years old in good 

condition with 

transverse reflective 

cracking 

HMA 

Overlay on 

Jointed PCC 

9/11/2011 

Lindsay, 

Ontario, CA 
Wet-Freeze -29/30 

9,022 

AADT with 

7.5% Truck 

13 years old in fair 

condition with 

transverse and some 

long.  Cracks 

HMA 9/20/2011 

Grantham,  

New 

Hampshire 

Wet-Freeze -29/32 

9,500 

AADT with 

9% Truck 

2 years old in good 

condition with 

transverse reflective 

cracking 

HMA over 

PCC 
10/3/2011 

Canandaigua, 

New York 
Wet-Freeze -24/31 

6,600 

AADT with 

5% Truck 

2 years old in very 

good condition with 

transverse reflective 

cracking 

HMA over 

PCC 
9/11/2012 

Roscommon 

County, 

Michigan 

Wet-Freeze -29/30 N/A N/A HMA 10/11/2010 

Salem, 

Virginia 
Wet-Freeze -16/34 N/A N/A HMA 9/29/2014 

Champaign, 

Illinois
1 Wet-Freeze -24/34 No Traffic N.A HMA 09/15/2011 

1
 This section was designed and installed to investigate field aging mechanisms and weathering. 

2
 Pavement age is calculated at the time of installation. 
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Test Matrix 

 

 Following the selection of sealants, a testing plan was prepared for each test site.  The 

sealants were distributed to the test sites with approximately five to seven sealants installed at 

each test site (Table 2).  The distribution of sealants to each site was determined based on the 

following criteria: (1) installation of a sealant material at a minimum of two different sections for 

repeatability; (2) a spectrum of material properties to ensure significant differences in field 

performance; and (3) agencies’ request to include a specific product in the test matrix.  Table 2 

summarizes the test matrix that was ultimately finalized and constructed.   

 

 Once the test sites and materials were selected and determined, a site-dependent test plan 

was proposed.  The test plans considered specific site characteristics such as pavement condition, 

number of transverse cracks available, crack spacing, availability of traffic control, and length of 

test section.  A test matrix was prepared with the proposed sealants and the test parameters 

deemed critical for field performance, including sealant type, crack treatment type, rout 

geometry, and overbanding.  An overview of the test plan for each test site is shown in Table 3. 

 
Table 2.  Distribution of Materials to the Test Sites 

ID 
ASTM 

Type 

SG 

(AASHTO 

TP -xx) 

Minnesota 
New 

Hampshire 
Wisconsin 

New 

York 
Ontario Virginia 

Total 

Repetitions 

Ad IV 70-40 X  X    2 

Bb II 64-16 X  X  X  3 

Ca I 70-10    X   1 

Da I 76-34    X X  2 

Ed IV 76-40  X X   X 3 

Fb
2
 II -34 X X X    3 

Gd IV 76-34 X X   X  3 

Hb
2
 II -22 X     X 2 

Ib
2
 II -10    X  X 2 

Lb
1
 II NA      X 1 

Jd IV 70-46    X   1 

Kc
2
 III -28  X  X   2 

Mb
2
 II -34 X    X  2 

Nb
2
 II -34 X      1 

Ob II 82-40  X  X   2 

Pd IV 64-28   X  X  2 

Rb
1
 II NA     X  1 

Sd IV 76-34     X  1 
1
Virgin material for sealants Lb and Rb was not available to be aged and graded in the laboratory.   

2
These sealants are only graded at low temperature.   
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Table 3.  Site-Specific Experimental Plan for Field Investigation of Sealant Performance 

Test Site 
Climatic 

Region 

Crack Treatment 

Variables 

Reservoir 

Geometry (mm) 
Materials 

Wisconsin Wet-Freeze Crack Seal only 20 x 20 
Five materials from three 

different manufacturers 

Minnesota Wet-Freeze 
Crack Seal & Fill, 

Variable Rout Size 

12.5 x 12.5 

20 x 20 

30 x 15 

Seven materials from three 

different manufacturers 

Ontario Wet-Freeze 
Crack Seal & Fill, 

Variable Rout Size 

20 x 20 

12.5 x 12.5 

30 x 15 

40 x 10 

Seven materials from four 

different manufacturers 

New 

Hampshire 
Wet-Freeze 

Crack Seal & Fill, 

Variable Rout Size 

12.5 x 12.5 

20 x 20 

30 x 15 

Five materials from three 

different manufacturers 

New York Wet-Freeze 
Crack Seal & Fill, 

Variable Rout Size 

12.5 x 12.5 

20 x 20 

30 x 15 

Eight materials from four 

different manufacturers 

Virginia Wet-Freeze Crack Seal & Fill 20 x 20 
Four materials from same 

manufacturer 

Michigan Wet-Freeze Crack Fill only NA 
Sixteen materials from seven 

different manufacturers 

 

Site Preparation and Preliminary Survey 

 

 Prior to the installation of sealants, a series of tasks were performed, including 

preliminary detailed survey of the test site, installation of displacement pins, and finalization of 

the test plan based on on-site conditions.  The preliminary tasks are summarized in detail 

hereafter.   

 

Baseline Conditions 

 

 A preliminary survey was conducted at the test sites prior to installation in order to 

collect information about the initial condition of pavement and cracks.  Each test site was 

surveyed rigorously to determine crack spacing, number of cracks, crack rating, station 

numbering, and photo documentation.  A rating system was developed to document the initial 

condition of the cracks.  The rating system is a qualitative measurement based on visual 

inspection.  The cracks were rated based on their initial condition (partial- or full-length crack, 

branching severity, and crack width and depth) and their suitability for sealing.  Ratings from 1 

to 5 were assigned to cracks with 5 indicating best condition per the selection criteria (full-length 

crack, no branching, <10 mm opening), and 1 indicating worst condition.  Cracks with ratings 

below 3 were not evaluated for performance in this study; however, they were considered for 

field sampling.  Figure 2 shows images from two different test sites.   
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Figure 2.  Initial Survey and Crack Numbering of a Test Section 

 

 Based on the preliminary survey, a summary of pavement and initial crack conditions is 

provided in Table 4.  In general, the selected test sections were in favorable conditions for crack 

sealing and filling.  Variation in crack spacing also allowed for evaluation of the influence of 

crack displacements on sealant performance.   

 
Table 4.  A Summary of Preliminary Survey Results 

Test Site 
Average Crack 

Spacing (m) 

Number of 

Cracks 

Average Crack 

Rating (1: worst 

and 5: best) 

Wisconsin 17.5 156 3.3 

Minnesota 11.5 225 4.6 

Ontario 30 276 3.5 

New Hampshire 21.5 234 4.7 

New York 39 181 3.7 

Virginia 15.5 137 2.8 

 

Crack Displacement Pin Installation 

 

 Crack displacement is one of the most critical parameters influencing sealant 

performance.  Opening and closing of cracks can be a function of temperature, crack spacing, 

pavement structure, and materials.  Crack displacements were measured at each test site using 

stainless steel pins driven on each side of the crack.  Approximately 30 cracks were pinned at 

each test site to monitor displacements.  Pin installation included drilling a 6 mm hole, filling the 

hole with rapid setting epoxy and driving the pin in the hole.  Pins were installed at the edge, 

mid-lane, and center lane locations.  Measurements were taken using conical-end calipers.  Initial 

measurements were recorded right after installation.  Figure 3 shows two cracks at a test site with 

single- and triple-point displacement pins.   
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Figure 3.  Crack Displacement Pins: Single-Point to Measure Only Right Wheel Path (left) and Three-Point 

to Measure Both Wheel Path and Middle of the Lane (right) 

 

Test Site Installations 

 

This section summarizes test site installations conducted between 2011 and 2014.  A brief 

overview of each test site, data collected during installation, and highlights of the installation 

process are presented herein.   

 

Wisconsin Test Site 

 

 The Wisconsin test site is located in Green County on State Highway 92.  The test 

sections were selected from a 17.5 km pavement section between Brooklyn and Belleville.  The 

total length of sections where test sealants were installed is 2.9 km.  This pavement section was 

constructed in 2000 and consists of 10 cm asphalt concrete overlay on 15 cm asphalt concrete 

supported by crushed aggregate base.  Shoulders were paved with 8 cm thick asphalt concrete on 

30 cm thick gravel base.  The section is a two-lane highway; each lane is 3.5 m wide.  The 

sealants were installed on July 19 through21, 2011.  The Green County Highway Department 

controlled traffic and installed the sealants.  This test site was partitioned into five sections for 

installing five different sealants.  Standard rout geometry (20 x 20 mm) was used in the entire 

test site.   

 

Minnesota Test Site 

 

 The Minnesota test site is located on Interstate 90 in the St.  Charles area.  The test 

sections are located on westbound I-90 between Mileposts 235 and 238.  The total length of the 

section is 2.9 km with the test sections in the driving lane.  The section was overlaid in 2009 with 

11 cm thick asphalt concrete on a jointed PCC.  It consists of two lanes in each direction; each is 

3.6 m wide.  The shoulder width is 3 m throughout the entire test section.  Installation took place 

during the week of September 11, 2011.  This test site consisted of 24 sections including seven 

sealants that were installed using various treatment methods.  Reflective transverse cracking was 

found to be the main crack type in this test site.   

 

Ontario Test Site 

 

 The Ontario test site is located on Highway 35 in the Lindsay area.  The test site starts 

140 m south of Bethany Hills Rd on Highway 35 and ends at around 6.1 km south of the 
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Highway 7 junction.  The total length of the section is 8.9 km.  The section was rehabilitated in 

1998 using full-depth reclamation with a 25-mm-thick asphalt concrete overlay.  It consists of 

two lanes; each lane is 3.2 m wide.  The shoulders were partially paved and are 1 m wide.  The 

sealant was installed in the week of September 20, 2011.  This test site consists of 16 sections 

within which seven sealants were installed using various treatment methods.   

 

New Hampshire Test Site 

 

 The New Hampshire test site is located on I-89 in the Grantham area.  The test sections 

are on both southbound and northbound I-89.  The southbound sections start at Milepost 48.0 

and end at around Milepost 46.2.  The northbound sections extend from Milepost 44 to Milepost 

45.6.  The total test section is 5.7 km long.  Installations took place in the driving lane only 

during the week of October 3, 2011.  The pavement sections were originally constructed between 

1958 and 1971.  The sections were overlaid in 2009 with 25-mm-thick asphalt concrete.  The 

sections consist of two 3.7 m wide lanes in each direction.  The shoulder width is 3 m throughout 

the entire test sections.  The test site consists of 19 sections.  Five sealants were installed using 

various treatment methods.  Transverse reflective cracks were the main cracking type with a few 

longitudinal cracks developing in some sections.   

 

New York Test Site 

 

 The New York test site is located on Chaplin Road (Road 21) in the Canandaigua area, 

southeast of Rochester.  The test sections are located in the south and northbound lanes of 

Chaplin Road.  The sections in the southbound lane start at Milepost 3003 and end at Milepost 

3025.  The test sections in the northbound lane extend from Milepost 3025 to Milepost 3003.  

The total test section length is 7.1 km.  The section was milled and overlaid in 2010.  It consists 

of one lane in each direction, and the lane width is 3.7 m.  The shoulder width is 1.8 m 

throughout the entire test section.  Sealant installation took place during the week of September 

11, 2012.  The test site consists of 13 sections.  Six sealants were installed using various 

treatment methods.  Transverse cracks were the main cracking type at the site with a few 

longitudinal cracks.   

 

Virginia Test Site 

 

 The Virginia test site is located on Route 11 Northbound at Milepost 7.51 to Milepost 

9.04.  The section is 2.5 km long running from 1 km N NINT road.  The section consists of two 

3.7 m wide lanes in each direction.  Sealant installation took place during the week of September 

29, 2014.  The test site consists of five sections.  Four sealants were installed using a typical rout 

and seal (25 mm x 25 mm) and clean and seal treatments.  Similar to the other test sites, 

transverse cracks were the main cracking type at the site with a few longitudinal cracks.   

 

Michigan Test Site 

 

 The Michigan test site was used for evaluating the performance of clean and seal 

treatment.  The test site was installed and monitored by Michigan DOT.  Sixteen hot-pour 

sealants covering a wide spectrum of products were installed in the field to accomplish the study 
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objectives.  The materials were mostly different from those used in the other test sites and were 

designed, installed, and monitored by the research team.  However, since materials were 

collected at the time of installation and performance data were available, it was decided to add 

the test site to the test matrix. 

  

 The Michigan test site is located on the north and south bound lanes of US 127.  The test 

sections are located between the south Roscommon County line and Canoe Camp Road.  The 

total length of the section is 4.8 km.  The test sections exist in the driving and passing lanes.  

Cracks in this section were treated using the clean and seal technique without routing.   

 

Crack Sealant Field Performance  

 

Distress Assessment 

 

 The field performance of sealants was evaluated by conducting a detailed field survey of 

crack sealants in accordance with AASHTO National Transportation Product Evaluation 

Program (NTPEP) protocols (NTPEP Report 16002.3).  Field inspection was conducted annually 

during the project duration, immediately after crack sealant installation and every winter season 

from February to March.  Performance data were routinely collected, including visual distress 

identification, crack displacement, temperature measurements, and material sampling for 

laboratory evaluation.  This report summarizes the results obtained from the test section survey 

since 2011.  The sealants were also visually inspected for material failure, loss in bond, and 

failure within the pavement.  Figure 4 shows the common types of failure observed during the 

service life of sealants.  Table 5 lists the distresses considered in the performance monitoring 

process.  Pavement failure, identified as spalling in the routed cracks and hairline cracking 

developing near any of the cracks, was recorded separately.   

 

   
(a) Adhesion loss (b) Cohesion loss (c) Partial adhesion loss 

   
(d) Overband wear (e) Spalling (f) Stone intrusion 

  Figure 4.  Commonly Observed Crack Sealant Distresses 
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Table 5.  Distress Types Considered in the Field Evaluation 

 Distress Type 

Sealant material failure Adhesion loss 

Cohesion loss 

Partial adhesion and cohesion loss 

Overband wear 

Tracking 

Stone intrusion 

Pavement failure Spalling 

Hairline cracking 

 

 During each field survey, more than 200 cracks were evaluated and crack conditions were 

digitally documented.  Specifically, each crack was quantitatively evaluated for percent length of 

full-depth adhesive/cohesive failure, percent length of partial-depth adhesive/cohesive failure, 

percent length of overband wear, percent length of spalling failure, and the amount of stone 

intrusion.   

 

 A weighted rating system known as the performance index (PI) was implemented to 

develop a sealant damage index (Equation 1).  Earlier studies (Masson et al., 1999; Smith and 

Romine, 1999; McGraw et al., 2007) were used as references to establish the rating system. 

 

                (1) 

            

where AC is the percentage of full adhesive and cohesive failures and PAC is the percentage of 

partial adhesive and cohesive failure.   

 

Temperature and Displacement 

 

 During field installation, a wireless temperature node was installed at each test site to 

monitor the air temperature during the evaluation period.  The ambient temperature data were 

used during test methods validation to find the critical temperature affecting sealants’ 

performance.  The temperature log obtained from the Minnesota test site in the year following 

installation is presented as an example in Figure 5.  Based on the temperature log, the minimum 

temperature during the second year was -24°C on February 1, 2013, and lasted for 2 hr.   
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Figure 5.  Ambient Temperature for Minnesota Test Site in the Year Following Installation 

 

Effect of Treatment Type 

 

 To evaluate the effect of installation methods on sealant performance, cracks were treated 

by routing and sealing using different rout geometries and overbanding.  Additionally, to 

evaluate the effect of the type of crack treatment, cracks of selected sections were cleaned and 

poured with sealant without any routing (uncut crack), referred to as clean and seal in this study. 

 

Michigan Test Deck – A Case Study 

 

Data Collection 

 

 The test deck installed by Michigan DOT prior to the start of the project was also added 

to the experimental program as a case study.  The field performance at the Michigan test deck 

was evaluated by MDOT, also in accordance with NTPEP protocols.  Field surveys were 

conducted twice every year (winter and summer) after clean and fill installation of hot-poured 

asphalt crack sealants.  During each field survey, approximately 160 cracks were evaluated.  

Each crack was evaluated for percent length of cohesive failure and percent length of overband 

wear as plow abrasion. 

 

 Ambient air temperature was also monitored continuously.  A data acquisition system 

was installed in the site to collect and store temperature data.  Temperature data were 

downloaded to a laptop during the site visits and an accumulative variation of temperature was 

recorded.  The main purpose of recording temperature readings was to investigate the effect of 

temperature on crack sealant cohesive performance and plow failure in the field and to study 

temperature performance ranges of the sealants. 

 

Performance of Selected Sealants 

 

 The Michigan test bed was also evaluated using a rating system based on the same 

previous work supporting Equation 1, but emphasizing failure modes more relevant to the site.  
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Equations 2 and 3 also produce a separate PI (for each type of failure) that uniquely characterizes 

sealant condition for the Michigan case study.   

 

                      (2) 

             
           (3) 

 

where CF is the percentage of cohesive failures and OBF is the percentage of overband failure 

caused by plow abrasion or sealant tracking.  Unlike the NTPEP protocols, overband failure is 

added based on its significant effect on clean and fill treated cracks. 

 

Field and Laboratory Aging of Sealants  

 

 One of the obstacles to developing a performance-based specification for asphalt crack 

sealants was the lack of a methodology for simulating short-term and long-term aging of the 

material.  Therefore, procedures were developed to simulate different aging states.  VOA method 

was used to simulate the aging and weathering of crack sealants during installation and service.  

In order to verify the effectiveness of the VOA method, several crack sealants aged in the 

laboratory were tested and compared with the test results obtained from field samples.  A 

variation in test results between VOA laboratory-aged (LA) sealants and field-aged (FA) samples 

was observed and it was recommended that testing of field-aged sealant be conducted and results 

be evaluated in the context of the field survey data. 

 

 This section aims at evaluating and characterizing the effects of aging during installation 

and weathering on a sealant’s critical rheological and mechanical properties, which can play a 

role in its performance.  Therefore, in order to understand the true effects of aging on the 

properties of sealants, a wide array of crack sealants exposed to several aging protocols (Table 6) 

was studied and evaluated using laboratory tests developed as part of the performance-based 

specifications of hot-poured sealants (Ozer et al., 2015).   

 

Aging Methods 

 

 Sealant test samples used in the experiments were prepared to represent various stages of 

aging that may occur over the lifetime of a sealant.  Figure 6 illustrates the sample preparation 

pathways used in this study.  Sealants are grouped into two categories: laboratory and field 

samples.  Details of sample preparation at each aging stage are discussed in the next section.  It 

should be mentioned that all aged samples prepared at each stage were obtained from the same 

sealant lot.   

 

 Note that aging estimates are made based on two low-temperature tests: crack sealant 

bending beam rheometer (CSBBR), and crack sealant adhesion test (CSAT).  The test results 

obtained for the field-aged sealants (FA2 and FA3) are also compared with the results for lab-

aged sealants.   
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Figure 6.  Sealant Sample Preparation Pathways to Represent Various Aging Stages of Sealants.   

Note: LU = Lab Unaged, LA = Lab Aged, MA = Melter Aged, LK = Lab Kettle aged, FK = Field Kettle aged, 

FAC = Crust portion of Field Aged, and FAB = Bottom portion of Field Aged 

 
Table 6.  Aging Procedures for Sealants Used in Performance Characterization 

Aging Condition Label Remarks 

Lab Unaged LU Lab homogenized sealants using ASTM D5167 

Lab Aged LA 
Lab long-term aging using vacuum oven aging 

(AASHTO T 86) 

Lab Kettle Aged LK Short-term kettle aging using a rental kettle 

Field Kettle Aged FK 
Short-term kettle aging obtained from kettles during test 

site installations 

Melter Aged MA 
Extensive aging time in the melter used to homogenize 

sealants 

6-Month Field Aged FA1 
Field-aged samples collected during the first test site 

evaluation 

1.5-Year Field Aged FA2 
Field-aged samples collected during the second test site 

evaluation 

2.5-Year Field Aged FA3 
Field-aged samples collected during the third test site 

evaluation 

 

Collection of Field-Aged Samples 

 

 During field installation, two to three samples were obtained from each material at 

different times.  The first sample was collected right before installation, when the material was at 

the recommended temperature.  The second and third samples were collected during installation.  

These samples were used to study the effect of kettle aging (short-term aging) on the rheological 

properties of crack sealants (Figure 7a).  Also during the annual field surveys, field-aged 

(referred to as FA2 and FA3) samples were collected from the Minnesota, Wisconsin, Ontario, 

New Hampshire, and New York test sites during the second and third evaluation period (Figure 

7b). 
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(a) Field kettle (FK) sampling (b) Field-aged (FA) sampling 

Figure 7.  Collection of Field-Aged Samples 

 

Laboratory Aging 

  

 The laboratory-aged samples were prepared first.  The sealants were homogenized and 

melted for an hour in a lab melter according to ASTM D5167-13; these samples are considered 

laboratory-unaged samples.  This is a standard procedure used in preparation of sealants for 

laboratory tests.  The unaged sealants were then aged by a VOA procedure designed to simulate 

field aging of sealants.  According to the procedure, 35g of sealant is kept at 115°C in the oven 

with vacuumed air for 16 hr (Figure 8).  The last set of laboratory-aged samples was prepared 

using the melter by heating and stirring the sealants for another 4 and 8 hr to represent aging 

during the installation.   

 

 
Figure 8.  Vacuum Oven Aging to Simulate Long-Term Aging for Crack Sealants 

 

 Three different aging methods were practiced in the laboratory: extended melter aging 

(MA) according to ASTM D5167, kettle aging (LK) using a rental kettle, and VOA (LA) 

according to AASHTO T P86.  To study the effect of these three aging methods, test results are 


