
                                    Technical Report Documentation Page  
 
 1.  Report No. 
FHWA/TX-07/0-5457-1 

 
 2.  Government Accession No. 
 

 
 3.  Recipient's Catalog No. 
  

 4.  Title and Subtitle 
PRELIMINARY RESULTS OF REPEATABILITY AND 
SENSITIVITY STUDY ON  OVERLAY TESTER FOR CRACK 
SEALANTS 
 

 
 5.  Report Date 
October 2006 
Published: August 2007
 

 
 

 
6.  Performing Organization Code 
   

 7.  Author(s) 
Fujie Zhou, Sheng Hu, and Tom Scullion 

 
 8.  Performing Organization Report No. 
Report 0-5457-1  
10.  Work Unit No. (TRAIS) 
 

 
 9.  Performing Organization Name and Address 
Texas Transportation Institute 
The Texas A&M University System 
College Station, Texas  77843-3135  

 
11.  Contract or Grant No. 
Project 0-5457 
 
13.  Type of Report and Period Covered 
Technical Report: 
September 2005-August 2006 

 
12.  Sponsoring Agency Name and Address 
Texas Department of Transportation 
Research and Technology Implementation Office 
P. O. Box 5080 
Austin, Texas 78763-5080  

 
14.  Sponsoring Agency Code 
 

 
15.  Supplementary Notes 
Project performed in cooperation with the Texas Department of Transportation and the Federal Highway 
Administration. 
Project Title: Evaluation of the Overlay Tester for Adhesion Testing of Crack Sealants 
URL: http://tti.tamu.edu/documents/0-5457-1.pdf  
16.  Abstract 

 
This brief summary report documents the main findings from the work done in the last fiscal year.  

This summary report is composed of three major components: 1) Overlay Tester for crack sealants and 
associated draft test protocol, 2) repeatability of Overlay Tester for crack sealant, and 3) sensitivity of 
Overlay Tester for crack sealant.  Finally, this report discusses the work recommended by the Pavement 
Monitoring Committee on October 11, 2006.   

 
 
 
 
 
 
 
 
 
 
 
 
  

17.  Key Words 
Hamburg Wheel Tracking Test, Overlay Tester, 
Rutting, Cracking, Asphalt Mixture Design 

 
18.  Distribution Statement 
No restrictions.  This document is available to the 
public through NTIS: 
National Technical Information Service 
Springfield, Virginia  22161 
http://www.ntis.gov  

19.  Security Classif.(of this report) 
Unclassified 

 
20.  Security Classif.(of this page) 
Unclassified 

 
21.  No. of Pages 
20 

 
22.  Price 
 

  Form DOT F 1700.7 (8-72)                                                                                                                                                   Reproduction of completed page authorized

2nd RESUBMITTAL

http://www.ntis.gov


2nd RESUBMITTAL



PRELIMINARY RESULTS OF REPEATABILITY AND SENSITIVITY 
STUDY ON  OVERLAY TESTER FOR CRACK SEALANTS 

 
 

by 
 

Fujie Zhou, Ph.D., P.E. 
Assistant Research Engineer 

Texas Transportation Institute 
 

Sheng Hu, Ph. D. 
Associate Transportation Researcher 

Texas Transportation Institute 
 

and 
 
 

Tom Scullion, P.E. 
Research Engineer 

Texas Transportation Institute 
 
 
 

Report 0-5457-1 
Project Number 0-5457 

Project Title:  Evaluation of the Overlay Tester for Adhesion Testing of Crack Sealants  
 
 
 

Performed in cooperation with the 
Texas Department of Transportation  

and the 
Federal Highway Administration 

      
 
 

October 2006 
   Published: August 2007 
 

 
 

TEXAS TRANSPORTATION INSTITUTE 
The Texas A&M University System 
College Station, Texas   77843-3135 

2nd RESUBMITTAL



 

      

2nd RESUBMITTAL



v 

DISCLAIMER 
 

The contents of this report reflect the views of the authors, who are responsible 

for the facts and the accuracy of the data presented herein.  The contents do not 

necessarily reflect the official view or policies of the Texas Department of Transportation 

(TxDOT) or the Federal Highway Administration (FHWA).  This report does not 

constitute a standard, specification, or regulation.  The Engineer in charge was Dr. Fujie 

Zhou, P.E. (Texas, # 95969). 

There is no invention or discovery conceived or first reduced to practice in the 

course of or under this contract, including any art, method, process, machine, 

manufacture, design or composition of matter, or any new useful improvement thereof, or 

any variety of plant, which is or may be patentable under the patent laws of the United 

States of America or any foreign country. 
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PRELIMINARY RESULTS OF REPEATABILITY AND 

SENSITIVITY STUDY ON OVERLAY TESTER FOR CRACK 

SEALANTS 

 
Per discussion with the Project Monitoring Committee (PMC) for Project 0-5457 

at the Texas Transportation Institute (TTI) office during the Texas Department of 

Transportation (TxDOT) short course on October 11, 2006, this report summarizes and 

presents progress in a very brief format.  This brief summary report is composed of four 

major components: 1) Overlay Tester for crack sealant and associated draft test protocol, 

2) repeatability of Overlay Tester for crack sealants, 3) sensitivity of Overlay Tester for 

crack sealants, and 4) further research recommended by the PMC on October 11, 2006.  

Detailed information is presented below: 

 

1. Overlay Tester for Crack Sealant and Associated Draft Test Protocol  

After being authorized by the PMC in February 2006, TTI ordered a new Overlay 

Tester for evaluating crack sealant performance.  In late June 2006, the manufacturer 

delivered the Overlay Tester machine shown in Figure 1 to TTI.  After fixing several 

software and hardware problems, the Overlay Tester is working well.  At the end of this 

project, this Overlay Tester machine will be delivered to TxDOT. The new features of 

this new Overlay Tester machine are as follows: 

 

1) test temperature: +95 to +23 ºF (+35 to -5 ºC), 

2) maximum opening displacement: 0 to 0.5 inch (0 to 12.5 mm), and 

3) loading time: 0.1 to 3600 sec.  
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Figure 1. TTI Overlay Tester for Crack Sealant. 
 

After a series of shake-down tests were conducted, TTI researchers recommended 

a preliminary Overlay Tester protocol for evaluating crack sealant, which includes 

sample preparation.  The key components of this protocol are listed as follows:   

• Sample size (Figure 2)  

o mortar size: 3-inch long by 3-inch wide by 1-inch high, and  

o sealant size: 3-inch long by 0.5-inch wide by 1-inch high. 

 

 
Figure 2. Sealant plus Mortar Blocks. 

3.0 inch 0.5 inch

3.0 inch 

Mortar blockMortar block 

Crack Sealant 

1.0 inch 
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• Mortar block set-up:  clamp+bolt (rapid set-up as shown in Figure 3). 

• Testing temperature: 41 ºF (5 ºC). 

• Open displacement: 0.10 inch (2.5 mm). 

• Triangular cyclic loading: 5 sec on and 5 sec off. 

• Definition of failure: 80 percent load reduction from the maximum load 

recorded in the first cycle. 

• Sample preparation: after recognizing the non-uniformity of the poured 

sealant sample initially molded, a sample molding set-up was designed 

and fabricated, as shown in Figure 4.  With this set-up, the sealant samples 

prepared are much more uniform than previous samples.  

 
Figure 3. Clamping Set-up. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Sealant Preparation Set-up. 
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2. Repeatability of the Overlay Tester for Crack Sealants 

Sealants Selected for Repeatability Study 

Four hot-pour sealants collected previously from TxDOT Project 0-4061 were 

used for this repeatability study.  These four sealants are H1: Type A crack sealant,       

H2: Type B crack sealant, H3: Type A crack sealant, and H4: joint sealant.  The 

repeatability studies were conducted two times.  In the first repeatability study, all four 

sealants were investigated.  During the PMC meeting on September 13, 2006, the PMC 

directed the researchers to work on only three crack sealants: H1, H2, and H3.  Therefore, 

only repeatability studies on these three sealants are presented in this report. 

 

Results of Repeatability Study  

For each sealant, seven sealant samples were prepared for repeatability 

investigation.  All the tests were conducted with the draft test protocol proposed in 

Section 1 (41°F and 0.10 inch opening).  The results of the two-time repeatability study 

on the three sealants are presented in Figures 5, 6, and 7.  Note that the main differences 

between the first and the second run are: 1) sealant sampling: the sealant for the first run 

was sampled by digging from the top surface; for the second run, a core drill was used to 

sample the sealant from the top to the bottom by drilling through the sealant; and 2) as 

noted previously, a sealant preparation set-up (shown in Figure 4) was used in the second 

run to make the prepared sealant sample more uniform.  The statistical analysis results 

(average value, standard deviation, and coefficient of variance) for each sealant are also 

presented in each figure.   

The results from the second runs are more consistent, although there is no 

significant improvement in the coefficient of variance.  In addition, for sealant H2, 

significant difference was found between the first run and the second run, which may be 

caused by sealant segregation and core drilling or other factors.  More work is underway 

to confirm this finding.     
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Sealant H1: Type A
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(a) First Run Repeatability Study. 

Sealant H1: Type A
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(b) Second Run Repeatability Study. 

Figure 5. Repeatability Study on Sealant H1: Type A. 

Average: 52 
Standard deviation: 12 
Coefficient of variance: 23 % 

Average: 92 
Standard deviation: 24 
Coefficient of variance: 26 % 
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Sealant H2: Type B
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(a) First Run Repeatability Study. 

Sealant H2: Type B
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(b) Second Run Repeatability Study. 

Figure 6. Repeatability Study on Sealant H2: Type B. 
 

Average: 789 
Standard deviation: 203 
Coefficient of variance: 26 % 

Average: 272 
Standard deviation: 80 
Coefficient of variance: 29 % 
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Sealant H3: Type A
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(a) First Run Repeatability Study. 

Sealant H3: Type A
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(b) Second Run Repeatability Study. 

Figure 7. Repeatability Study on Sealant H3: Type A. 

Average: 467 
Standard deviation: 131 
Coefficient of variance: 28 % 

Average: 480 
Standard deviation: 74 
Coefficient of variance: 15 % 
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Number of Samples 

Another important issue for a repeatability study is to determine the number of 

samples required to obtain an estimate of the material property within certain tolerances, 

since variation inevitably occurs from sample to sample even in the same material.  This 

is a classic application of confidence intervals in a statistical analysis.  For a known 

population variance, the number of replicates required to achieve the specified levels of 

tolerance and reliability is defined in the following well-known Equation 1: 

 
2

⎟
⎠
⎞

⎜
⎝
⎛
Δ

=
x

Zsn         (1) 

 

where: 

        n =  number of specimens, 

   Z = two-tailed probability statistic from the standard normal distribution, 

              generally 1.96 is chosen for Z with a 95 percent reliability, 

    s = population standard deviation, 

 Δx = specified tolerance value ( ( )%  tolerancespecifiedxaverage ∗= ), and 

averagex = average value of population. 

 

 For each sealant, using Equation 1, the number of samples required versus the 

specified tolerance can be calculated, as shown in Figure 8.  In view of Figure 8, five 

replicates of samples are recommended for evaluating adhesive performance of sealants.  

The errors will be between 20 to 25 percent from the “true” value. 
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Figure 8. Relationship between the Number of Samples Required and Specified 

Tolerance Based on Equation 1. 
 
 
 

3. Sensitivity of the Overlay Tester for Crack Sealants 

It is well known that performance of crack sealant in the field is influenced by 

many factors such as air temperature and temperature drop.  Three critical factors have 

been identified under this sensitivity study.  These three factors are dirty condition of the 

crack walls, test temperature, and opening displacement (or temperature drop).  As 

expected, early adhesive failure happens if the crack wall is dirty or dusty. Also, with 

increasing opening displacement (or more temperature drop) crack sealant fails faster in 

the form of adhesive failure.   

One surprising finding from the sensitivity study is temperature sensitivity of 

crack sealant H1: Type A, as shown in Figure 9.  As recommended by David Head, 

Project Coordinator, at the meeting on September 13, 2006, tests were conducted at three 

test temperatures: 39, 41, and 43 ºF.  All test conditions were kept the same except test 

temperatures.  Note that this sealant was already evaluated at test temperature of 41 ºF 

during the above repeatability.  Thus, only two other test temperatures (39 ºF and 43 ºF) 
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were conducted during the sensitivity study.  At temperatures of 39 ºF and 43 ºF, five 

replicates of samples were used for this sensitivity study based on the repeatability study.  

In view of Figure 9, it is clear that this H1 sealant is very temperature sensitive, which 

indicates that different districts may need totally different types of sealants because of 

different temperature zones.  Clearly, more research is urgently needed in this area.  

When presented with this phenomenon, the PMC outlined the new research direction 

presented in the next section. 
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Figure 9. Temperature Sensitivity Study of Crack Sealant H1: Type A. 
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4. Further Research Recommended by the PMC at Meeting on October 11, 2006 

In addition to recognizing the necessity of conducting the temperature sensitivity 

study on the other two sealants (H2 and H3), the PMC also proposed reinvestigation of 

the potential use of aluminum blocks (shown in Figure 10) for sealant testing because 

these blocks have several advantages: 1) reusable, 2) uniform, 3) easy to clean, and         

4) unlikely to break during clamping.  In summary, the following items are going to be 

done before the end of November 2006: 

  

1. conduct the same temperature sensitivity study on the other two sealants:     

H2: Type B and H3: Type A sealants; 

2. investigate the potential use of aluminum blocks for sealant test; and  

3. review new test results and meet with vendors at the end of November 2006 in 

Austin. 

 

 
Figure 10.  Aluminum Blocks with Sealant.
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