Technical Report Documentation Page

1. Report No. 2. Government 3. Recipient’s Catalog No.
FHWA/TX-03-4061-2 Accession No.
4. Title and Subtitle 5. Report Date
October 2002
PERFORMANCE EVALUATION OF HOT AND COLD Revised April 2003
POUR CRACK SEALING TREATMENTS ON ASPHALT 6. Performing Organization Code
SURFACED PAVEMENTS
7. Author(s) 8. Performing Organization Report No.
Yetkin Yildirim, Ahmed Qatan, Thomas W. Kennedy 4061-2
9. Performing Organization Name and Address 10. Work Unit No. (TRAIS)
Center for Transportation Research 11. Contract or Grant No.
The University of Texas at Austin 0-4061
3208 Red River, Suite 200
Austin, TX 78705-2650
12. Sponsoring Agency Name and Address 13. Type of Report and Period Covered
Texas Department of Transportation Research Report
Research and Technology Implementation Office 14. Sponsoring Agency Code
P.O. Box 5080
Austin, TX 78763-5080
15. Supplementary Notes
Project conducted in cooperation with the U.S. Department of Transportation, Federal Highway
Administration, and the Texas Department of Transportation.
16. Abstract
This is the second report from the Center for Transportation Research on the Project 4061. It presents the
results, findings, conclusions, and recommendations based on the field surveys of the test sections for the
second year of a 3-year study. This study comes as an attempt to determine the feasibility of using both hot
pour and cold pour sealants. This will be achieved by comparing the long-term performance of both hot and
cold pour sealing materials. For the purpose of the study, seven sealing materials were selected; four hot pour
sealants designated as H1, H2, H3, and H4 and three cold pour sealants designated as C1, C2, and C3. These
materials were applied on eight pavement maintenance sections for testing purposes in five districts in Texas.
The investigation on test sections was based on AASHTO P20-94 “Standard Practice for Evaluating the
Performance of Crack Sealing Treatment on Asphalt Surfaced Pavements”. Three investigation visits were
conducted; the first one about three months after the construction (Summer 2001), the second one about one
year after the construction (Winter 2002), and the third one which was completed approximately 18 months
after the construction (Summer 2002.) The visits indicated relatively excellent performance for the hot pour
sealants in the majority of the test sections. On the other hand, cold pour sealants showed drastic decline in
their performance with time.
17. Key Words 18. Distribution Statement
Crack Sealing, Field Performance, Hot Poured No restrictions. This document is available to the
Crack Sealant, Cold Pour Crack Sealant public through the National Technical Information
Service, Springfield, Virginia 22161.
19. Security Classif. (of report) | 20. Security Classif. (of this page) | 21. No. of pages 22. Price
Unclassified Unclassified 84

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







Performance Evaluation of Hot and Cold Pour
Crack Sealing Treatments on Asphalt Surfaced Pavements

Yetkin Yildirim, Ph.D.
Program Manager
Superpave and Asphalt Research Program
The University of Texas at Austin

Ahmed Qatan
Graduate Student
The University of Texas at Austin

Thomas W. Kennedy, Ph.D., P.E.
Professor Emeritus
The University of Texas at Austin

Research Report 4061-2

Research Project 0-4061
Comparison of Hot Poured Crack Sealant to Emulsified Asphalt Crack Sealant

Conducted for the
Texas Department of Transportation and the
U.S. Department of Transportation
Federal Highway Administration
by the
Center for Transportation Research
Bureau of Engineering Research
The University of Texas at Austin

October 2002
Revised April 2003






Preface
This is the second report from the Center for Transportation Research on the Project 4061.
It presents the results, findings, conclusions, and recommendations based on the field surveys of
the test sections for the second year of a 3-year study. The investigation on test sections was
based on AASHTO P20-94 “Standard Practice for Evaluating the Performance of Crack Sealing

Treatment on Asphalt Surfaced Pavements.”

Acknowledgments
This project has been initiated and sponsored by the Texas Department of Transportation
(TxDOT). The financial support of TxDOT is greatly appreciated. The authors would like to
thank TxDOT Project Director John Bohuslav for his guidance. Special thanks are sent to
Darren Hazlett for his indispensable help with this project. The assistance of the participating
district maintenance personnel through the advisory committee, namely Gaylon Childress,
Charles Russell, James Dixon, Gilbert Jordan, and Michael Taylor, as well as other districts, is

greatly appreciated.

Disclaimers

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
views or policies of the Texas Department of Transportation. This report does not constitute a
standard, specification, or regulation.

There was no invention or discovery conceived or first actually 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 and 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.

NOT INTENDED FOR CONSTRUCTION,
BIDDING, OR PERMIT PURPOSES

Thomas W. Kennedy, P.E. (Texas No. 29596)
Research Supervisor






Table of Contents

IR 101 4o Yo LT o3 oY o 1
| B 1011121 o SRR 1
1.2 BaCKZIOUNG.......eiiiiiiii et ettt ettt et 2
1.3 Past Research EXPEeriCNnCe.........ccvuiiiuiiiiieiiieiiiieieeeie ettt ettt sve e eee 3
1.4 Objectives Of this StUAY........coeiviiriiiiiiii e 6
2. First Year SUMMArY ... s s s s s s s s s s s s s s s s s s s s s s s 7
2.1 INETOAUCTION ..t e ettt e e e e e e e e eeaa e aeseeeeeeaaanaaeseeeseneennaaas 7
2.2 SUIVEY RESUILS ..coueiiiiiiiiiiiece et 7
2.3 Material Properties of S€alants...........ccceevuiiriieiiieniiiiiiecie et 8
2.4 Initial Cost ANALYSIS coouvieeiiiieeiiieeiie ettt e e e e et e e saaeeesaeeenaeeennneas 8
2.5  Evaluation TeChNIQUE.......ccceeiiiiiiiiieiieiie ettt seae e 9
2.5.1  NON-COVETEA SECLIONS . .eeeeeeeeeeee et e e e e e e e e e e e eeraaeeeeeeeeeaennnas 9
2.5.2  COVETEA SECLIONS et e e e e e e e e e aeeeeeeeaeaeaeaaaeaaaeaeesaeaaaeaaaaaaaas 10
2.6 Performance Results for Non-Covered Sections Four Months after Crack
SEAL COMSEITCTION. ...ttt eeeeeeeeeeeeeeenneeeeenennnnnes 11
2001 A ANEA e e e e e 11
Y S I o 1Yo TR 11
2.6.3  AINATIIIO e 11
Y ) W AN 410} 4§ Lo TR 11
Y T 11§ i< | ¢ DO 12
2.7  Performance Results for COVEred SECTIONS ....uuueeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeea 12
3. Performance Evaluation ProCess .......ccciiiiieiiiiiiseiissirssiissssssssssssssssessssnssssnssensns 13
4. Field Evaluation RESUILS........ccoieeiiieiiieiiiiireiiseirssrssssssssessssassensssnsssnsssanssensssnnsen 15
4.1 NON-COVETEA TESE SECTIOMNS et eeeeeee e e e e e et eeeeeeeeeeeeeeaaaeaaeeeeeeees 15
A 1T ALANIA ..o 15
A.1.2  BLPASO e a e 16
A 1.3 AMATIIIO e 17
414 SAN ANLONIO ..ottt e e e e e e e e e e e e reaaeeeeeeeeaaanaas 18
A.1.5 0 LUTKIN. o 19
4.2 COVETEA TSt SECLIONS «..eeeeeeeeeeee e e et e e e e e e e e et e e e e e eeeeeeeaeaaaaeeeeeeees 20
A2 1 ALLANIA ..o 20
422 AATIIO e e 22
423 LUTKIN. o 24
5. Discussion Of the RESUILS ........civeiiieiiiiiiiiriirsi s s e rsa s ren e re s rea s senssensssnnnsannns 27
ST o Y 3 1o 11 E= o] o 1= 37
= = (=] 0= 39
Appendix A: Material Properties.......cccccoirieciiiiiiciiirrcrs s e 41
Appendix B: Specifications for Crack Sealing and Joint Sealing Materials ...... 45
Appendix C: Test Sections MatriX ..........cooeeeeiiiiiriiiiricr e e e 53
Appendix D: Weather Records in the Districts........ccccoveeiiiiciicc s 57
Appendix E: Detailed Field Results on Non-Covered Test Sections................... 65

vil






Figure 3.1
Figure 4.1
Figure 4.2
Figure 4.3
Figure 4.4
Figure 4.5
Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Figure 5.1
Figure 5.2

Figure 5.3

Figure 5.4

Figure 5.5

Figure 5.6
Figure 5.7

List of Figures

Example graph of treatment effectiveness versus time ..........coccoeeeeveeereenieenieenen. 13
Performance trends for the sections in Atlanta district...........ccceevevievienieecieenneennen. 16
Performance trends for the sections in El Paso district ...........cccccveeevieeciieecieeennen. 17
Performance trends for the sections in Amarillo district.........ccceecvveriieiiienieenneennee. 18
Performance trends for the sections in San Antonio diStrict ..........cccceeeeveeerveeennenn. 19
Performance trends for the sections in Lufkin district........ccccoeeveeriiiciienieniiieniennen. 20

Atlanta, H1-covered test section during the August 8§, 2002

TNVESTIZALION VISIE...eiiitiiiuiiiiieiieeiteeiieeiteesteeteeeteeeseestaeeteessaeesseessseensaessseesseesssesnseens 21
Atlanta, C2-covered test section during the August 8, 2002

TNVESTIZALION VISIE...eiiitiiiiiieiieiieeitieeiie et e ste e eite et e sieeeteestaeesbeessaeenseesseeenseessnesnseens 22
Amarillo, H3-covered test section during the August 15, 2002

TNVESTIZALION VISIE...eietieiiiieiieiieeiieeiteeieesite et et e et e e siteeteesaee e bt e ssaeenseessaeenseessseenseens 23
Amarillo, Cl-covered test section during the August 15, 2002

TNVESTIZALION VISIE...eiitieiiiieiieriieetieeie et e site e et e et e siteeteesaaeenbeessaeenseessaeenseessnesnseens 23
Lufkin, Cl-covered test section during the August 20, 2002

TNVESTIZALION VISIE...eeitieiiiieiieriieeiieeiie et e ste et e et e et e staeebeesaaeesbeessaeenseessaeenseessseenseens 25
Lufkin, C2-covered test section during the August 20, 2002

TNVESTIZALION VISIE...eeitieiiiieiieriieeiieetieeiteste et et e et e staeebeesaaeenbeessaeenseesseeenseessnesnseens 25
Lufkin, H1-covered test section during the August 20, 2002

TNVESTIZALION VISIE...eeitieiiiieiieriieeiieeiieeiee st ettt e et e e seae et e e saaeesbeessaeenseesseeenseessseenseens 26
Lufkin, H3-covered test section during the August 20, 2002

TNVESTIZALION VISIE...eeitieiiiieiieriieeiieeie et e ste et et e et estaeebeesateesbeessaeenseesseeenseessneenseens 26
Sealing material configurations in the crack..........ccccoeevviviiienciiiniiece e 30
Performance trends of hot pour sealants with respect to temperature

range after the winter 2002 INVEStIZALION ......ccueeeeivieeriiieeeiieecie e e 32
Performance trends of cold pour sealants with respect to temperature

range after the winter 2002 INVEStIZALION .....cccueveriiieeriiieeeiie et 32
Performance trends of hot pour sealants with respect to temperature

range after the summer 2002 iNVEStIZAtION........cceviiieeiieeriieeeiee e 33
Performance trends of cold pour sealants with respect to temperature

range after the summer 2002 iNVEStIZAtION........cccviiieriieeriieeeieeeeree e eevee e 34
Recovery rate of hot pour sealants in different diStricts .........cccovceeveriiniineniiennne 35
Recovery rate of cold pour sealants in different districts ..........ccceevvveerciieenieeennnn. 35

X






Table 4.1

Table 5.1

Table 5.2

Table 5.3

Table 5.4
Table A.1
Table C.1
Table D.1
Table D.2
Table D.3
Table D.4
Table D.5
Table E.1
Table E.2
Table E.3
Table E.4
Table E.5
Table E.6
Table E.7
Table E.8
Table E.9
Table E.10

List of Tables

Length of Bleeding Sections on Covered Sections Based on District

ANA VISTE ..ttt ettt a et e e st et e e eat e bt et et e b et e e enees 21
Effectiveness Evaluation Results for the Short-Term Performance

after the First Investigation (3-4 months after crack sealing)..........c.ccccevevveenurennn. 27
Effectiveness Evaluation Results for the Long-Term Performance

after the Second Investigation (Winter 2002)........c..cecveerieeriienieenieenieeieeeieeseee e 28
Effectiveness Evaluation Results for the Long-Term Performance

after the Third Investigation (Summer 2002) ........ccoeveeriieerieerieenieeieeee e eseee e 29
Weather Annual Averages for the DiStricts........ccceeeviieeciieciiiecieecee e 30
Laboratory Test Results for Sealants Used in Test Sections ..........cccceveevverieniennnene 43
Test SECtIONS MALTIX c...eiiiiiiieiiiete ettt e 55
Weather Records in Atlanta...........ooeevueriiniiiieniinieieneeeeeee e 59
Weather Records in E1 Paso.......cocuooiiiiiiiiiiiieee e 60
Weather Records in Amarillo .........c.ccooiiiiiiiiiiiiniiieeeeeee e 61
Weather Records in San ANtONIO........cocueeeiiiiiiiiiiiieeieee e 62
Weather Records in LufKin.........cocoiiiiiiiiniiiiiiiceeece e 63
Performance Evaluation During Winter 2002 in Atlanta ...........ccccccoveeeeiieeiiieennnn. 67
Performance Evaluation During Summer 2002 in Atlanta.........c.ccoceeveriineenennene. 67
Performance Evaluation During Winter 2002 in El1 Paso.........ccccceevvveeeiieeniieennn. 68
Performance Evaluation During Summer 2002 in EI Paso.........cccccoceeverienienicnnene. 68
Performance Evaluation During Winter 2002 in Amarillo.........cccccccvveevvveeiveennnenn. 69
Performance Evaluation During Summer 2002 in Amarillo .........ccccooceeverieninnenne. 69
Performance Evaluation During Winter 2002 in San Antonio.........c.cceccveeeevveeennnen. 70
Performance Evaluation During Summer 2002 in San Antonio............ccccceeeuennene. 70
Performance Evaluation During Winter 2002 in LufKin ..........cccoeeeeivieiiiieenciieennnn. 71
Performance Evaluation During Summer 2002 in Lufkin.........ccccooceeviniiniincnnene. 71

X1






1. Introduction

1.1 Summary

With the interstate highway in place and due to expensive costs of building new
pavements, preserving existing pavement structures has become the focus of transportation
agencies. Preventive maintenance is one of the main techniques in preserving pavement
structures, and crack sealing is one of the most important procedures of preventive
maintenance. A lot of different materials are used today for crack sealing purposes. Hot
rubber asphalt is a very commonly used material for sealing purposes. However, this
material can be hazardous due to high operating temperatures. This can put construction
crews or the public at risk when a hose carrying very hot sealing material bursts. Also, hot
rubber asphalt may stick to vehicles’ tires due to lack of adherence to the pavement. Thus,
alternative sealing materials, such as cold pour sealants, have often been the subject of
research studies. This study comes as an attempt to determine the feasibility of using hot
pour and cold pour sealants. This will be achieved by comparing the long-term
performance of both hot and cold pour sealing materials. For the purpose of the study,
seven sealing materials were selected: four hot pour sealants designated as H1, H2, H3, and
H4 and three cold pour sealants designated as C1, C2, and C3. These materials were
applied on eight pavement maintenance sections for testing purposes in five districts in
Texas. These districts are Atlanta, El Paso, Amarillo, San Antonio, and Lufkin. A total of
thirty-three test sections were constructed between January and April 2001. The main
criteria in determining the best sealing material will be the cost-effectiveness. Hence, a cost
analysis will be done in two stages for this study. The first one is an initial cost analysis,
which was already performed at this point of the research study. This analysis was prepared
using the initial costs required in constructing each procedure treatment. The second cost
analysis, which is the life-cycle cost analysis, will be performed at the end of the
monitoring period of the study. In this analysis, cost of the treatment procedures with
regard to their service life will be compared. So far, the initial cost analysis has been
completed using two different approaches; both approaches showed that treatments using
hot pour sealants cost less than those using cold pour sealants. To evaluate the performance

of different sealing materials, the test sections were visited and the treatment jobs were
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evaluated according to American Association of State Highway and Transportation
Officials (AASHTO) procedures (Ref 1). Three investigation visits were conducted: the
first one about three months after the construction (Summer 2001), the second one about
one year after the construction (Winter 2002), and the third one approximately 18 months
after the construction (Summer 2002.) The visits indicated relatively excellent performance
for the hot pour sealants in the majority of the test sections. On the other hand, cold pour

sealants showed drastic decline in their performance with time.

Background

State transportation agencies utilize crack sealing as one of the most common
procedures of preventive maintenance. The main purpose behind crack sealing is to create a
watertight barrier that hinders moisture from reaching the under-layers of the pavement
structure. Pavement cracks can be either longitudinal or transverse, and sealing such cracks
would have a remarkable effect on prolonging the service life of the pavement. In general,
rubberized materials are used as crack sealing agents due to their ductile properties.

In the Texas Department of Transportation (TxDOT), as is the case in many other
transportation agencies, hot rubber asphalt has been the most commonly used material for
sealing purposes. It is relatively inexpensive and has been proven to perform well after
years of usage in pavement preventive maintenance. However, hot rubber asphalt requires
being heated at elevated temperatures during the application process. Hot rubber asphalt
creates a big hazard for the workers and the public at these very high temperatures.
Furthermore, the heating process takes time and this causes a considerable amount of loss
of time.

Due to the negative attributes of hot pour sealants, cold pour sealants have come into
consideration. The most commonly used cold pour sealants are asphalt emulsions. As
opposed to hot pour sealants, cold pour sealants do not need to be heated prior to
application. They can be used directly in the ambient temperature. Therefore, they are
considered to be safer and more time efficient. Also due to their relatively low viscosity,
cold pour sealants can penetrate and fill cracks more effectively. However, they require
more time to cure and set, which adds to the time needed to complete the sealing job. Cold

pour sealant application is more susceptible to environmental conditions. Therefore, curing
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time for the cold pour sealants may vary remarkably due to different environmental
conditions.

Another difference between the cold and hot pour sealants is the format in which they
are commercially stocked and provided. Usually, cold pour sealants are supplied in gallons
and hot pour sealants are, on the other hand, supplied in solid blocks. This difference was

considered during the initial cost analysis.

Past Research Experience

It is well understood that applying appropriate preventive maintenance treatments at
the right time extends the service life of pavements. Lin et al. (Ref 2) stated that each dollar
invested in preventive maintenance at the appropriate time in the life of a pavement might
save $3 to $4 in future rehabilitation costs. However, the cost-effectiveness of preventive
maintenance is usually derived from observational experience. Even if it is based on
observational experience, transportation agencies can still apply the knowledge and take
advantage of the cost-effectiveness of preventive maintenance. In FY2001, TxDOT
allocated at least $324 million to preventive maintenance treatments. Because of these huge
amounts of investment, TxDOT has a great interest in the effectiveness of preventive
maintenance treatments. In their study, in which TxDOT participated, the researchers
investigated 14 test sites that were subjected to four different preventive treatment
procedures (thin overlay, slurry seal, crack seal, and chip seal). TxDOT’s distress score
concept was adopted to evaluate the effectiveness of preventive maintenance treatments on
these sections. The investigated section is given a score from 1 to 100 (very good to very
poor). The distress score is a product of what are so-called utility factors, which reflect the
contribution of different kinds of pavement stresses including: rutting, patching, and
different kinds of cracking. It is seen that although crack seal treatment improved pavement
performance, the distress score remained almost the same as computed in this study. There
was no improvement in the distress score after the crack seal treatment. This is due to the
current TxXDOT distress evaluation system making no distinction between a sealed and an
unsealed crack. Lin et al. (Ref 2) concluded that when the initial cost was considered, crack
seal treatment provides the best alternative for a low traffic route with sound underlying

pavement structure.



The emphasis of the Interstate Highway program is shifting from capital investment
to maintenance and operation. Senior executives, legislators, and the public believe that
maintenance is the key not only to protecting the multibillion dollar highway infrastructure
but also continuing to provide a safe and efficient transportation system. The Intermodal
Surface Transportation Efficiency Act (ISTEA) of 1991 placed major emphasis on
preservation of the system and environment. ISTEA established the Interstate Maintenance
Program, which called on states to implement pavement, bridge, and other management
systems to extend their life and maximize their efficiency. One of the major methods in
pavement preservation is crack sealing. Like any other engineering procedure, crack
sealing faces challenges. These challenges can be financial or technical. Because crack
sealing is a tedious and labor intensive operation, most of the cost is due to labor expenses.
Sims (Ref 3) reported that the associated costs are approximately $1800 per mile with 66%
attributed to labor, 22% to equipment, and 12% to materials. However, the procedure of
crack sealing is not standardized in practice yet. Hence, construction procedures that
minimize road closure and increase laborers’ safety must be adopted, and training for better
skills and material selection must be improved regularly. It is the role of research to
determine the proper procedure for repairing cracks and improving field performance of the
sealants.

Smith et al (Ref 4) developed a checklist with the desirable properties of sealing
material. Some examples are the ability to be easily placed over the crack, adequate
adhesion to remain bonded with the crack faces, resistance to weathering, and resistance to
abrasion. Sealing and filling materials are categorized as thermoplastic materials (hot
applied and cold applied) and thermosetting chemically cured materials. In this study, both
types of thermoplastic sealing materials will be used. Hot applied thermoplastic materials
are those that are heated and harden when cooled, usually without chemical change. They
possess temperature dependent properties and experience hardening with age. They are the
most commonly used crack sealing materials. To enhance their performance, modifiers
such as polymers, rubber, or fibers are usually added to hot applied materials. On the other
hand, cold applied materials are those that set by releasing of solvents or breaking of
emulsions. Emulsified and cutback asphalt are typical cold applied thermoplastics. Cold

applied materials are usually modified as well. According to Smith et al.’s questionnaire



survey, asphalt rubber as a hot applied material is mainly used in dry climates. They stated
that the life expectancy of rubber asphalt is 4.3 years in warm conditions and 2.2 years in
cold conditions. Thirty-one agencies that used hot asphalt rubber rated its average
effectiveness as good to very good. Emulsified asphalt (cold applied thermoplastic) had a
mean life expectancy of 2.3 years in warm dry conditions. However, for wet conditions
slightly over one year average life expectancy is found for emulsified asphalt. An average
effectiveness rating of fair was determined from a response of 20 agencies that used this
material.

In a study to compare performance of various materials and procedures in treating
cracks in asphalt concrete pavements, Smith and Romine (Ref 5) conducted research on a
total of four transverse crack seal sites and one longitudinal crack fill site. These treatments
were installed in locations in the US and Canada in 1991. At each site several experimental
treatments were applied. Each treatment consisted of a material, a placement configuration,
and a crack preparation procedure. Comparison was basically based on the percentage of
failure that occurred on the treatment after installation. Failure in this study was signified
by distresses like full-depth pullouts and full-depth adhesion and cohesion loss. The
percentage of failure was calculated as the ratio between the length of failed section and the
original length of the treatment. In the study, all materials used, except for proprietary
emulsion and fiberized asphalt, showed percentage of failure less than 10%. In addition,
simple band-aid sealant configuration experienced between four and twenty times more
failure than the reservoir-and-flush and the recessed band-aid sealant configurations.

Masson et al (Ref 6) states that hot pour crack sealants are generally composed of
four basic ingredients, which are bitumen, oil, polymer, and filler (usually recycled rubber).
They conducted a study to investigate and quantify the proportions of these ingredients in
four typical sealant samples in a performance-based four-year study. After physico-
chemical analysis of the four sealant samples, they tried to examine the correlation between
the composition of the sealant and its performance in low and medium temperatures. To
determine the composition and properties of the sealants, a series of physico-chemical test
methods were performed on each sealant. These methods were viscometry, fluorescence
microscopy, infrared spectroscopy, thermogravimetry, and modulated differential scanning

calorimetry (MDSC). In addition to that, low temperature tensile testing was performed on
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the sealant samples. It was found that the physico-chemical properties of crack sealants
were related to crack sealant performance. Viscosity and filler content affect adhesion,
which controls short-term performance. In other words, low viscosity and low filler
contents enhance the bonding of sealant to asphalt concrete (AC), whereas high viscosity
and high filler contents introduce interfacial defects that can become failure at the sealant-
AC interface. Furthermore, the short-term performance predicted from viscometry and
filler content as obtained from microscopy correlated well with the I-year field
performance of the sealants in a wet-freeze climate. A reasonable correlation was also

found between the outcome MDSC test and 4-year performance in wet-freeze climate.

Objectives of this Study

This study is a continuation of an ongoing process of monitoring performance of
treatment procedures using two types of crack sealants. The main objective of the analysis
in this report is to compare the long-term performance of hot pour sealants to that of cold
pour sealants. For the purpose of this comparison four types of materials are used. These
materials are: hot pour crack sealant, hot pour joint seal, cold pour crack sealant, and cold
pour joint seal. Hot pour crack sealant is basically composed of rubber asphalt and cold
pour sealant is composed of different asphalt emulsions.

Crack sealant refers to the sealing materials that are used to seal the cracks generated
in asphalt pavements, while joint seals are used to seal the joints of concrete pavements.
Joint sealants were included in this study because they must pass a bonding test, and it was

thought that the bonding test might be useful for crack sealant specification requirements.
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2. First Year Summary

Introduction

In this ongoing research, hot pour sealants and cold pour sealants were compared in
terms of performance, ease and safety of installation, and cost effectiveness. The project
will be completed in three years.

During the first year, surveys on crack sealing techniques and materials have been
completed. Nine states and twenty-five districts in Texas have participated in the survey.
Also, thirty-three test sections were constructed on eight roads in five districts in Texas.
Both hot and cold pour sealants were applied on the cracks in the test sections.
Construction cost analysis was determined after the construction work was completed. This
analysis did not take long-term performance of the pavement into consideration, which
may influence the cost effectiveness. More comprehensive cost analysis would be the life-
cycle cost analysis. At this stage of the project, life-cycle cost analysis could not be
performed, because the service life of the treatment procedures is required to calculate the
life cycle cost. Test sections have been inspected regularly during the first year of the

project. During the first year, every test section was investigated twice.

Survey Results

Surveys were conducted in twenty-five districts in Texas, and in nine states in the
USA. Twenty-one out of twenty-five districts in Texas responded to the survey. Hot pour
sealants were commonly used sealing materials in all districts, while cold pour sealants
were used only by some of the districts. The survey included ten questions; each was
answered in the form of a ranking such as: poor, fair, good, and excellent. Overall
performance of hot pour sealants seemed to be better than that of cold pour sealants, while
resistance of hot pour sealants to flushing and bleeding appeared to be poor. Effective life
of hot pour sealants also was much higher than effective life of cold pour sealants.

Nine other states also responded to the survey. All of the states used hot pour
sealants, and five of them also used cold pour sealants. Ten questions that are the same
ones used in the Texas districts were utilized in the states’ surveys. According to the states’

survey, hot pour sealants perform well except for resistance to flushing and bleeding, while
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24

cold pour sealant was ranked poor in most of the cases. Effective service life of cold pour
sealants was never higher than three years, while effective service life of hot pour sealants
went up to five years. Both districts’ and states’ survey results clearly showed that hot pour

sealants performed better than cold pour sealants.

Material Properties of Sealants

Of each type, hot pour and cold pour, both crack sealants and joint sealants were used
in this study. Crack sealants are used to fill the pavement cracks, whereas joint sealants are
generally used to seal concrete pavements’ joints. Two different cold pour crack sealants
and one cold pour joint sealant were applied. Cold pour crack sealants were designated as
C1 and C2, and they met TxDOT requirements for Item 3127 specifications. Cold pour
joint seal designated as C3 satisfied TxDOT requirements of DMS-6310, Class 9
specifications. Three hot pour crack sealants (HI, H2, and H3), and one hot pour joint
sealant were used. H1 and H3 satisfy TxDOT’s GSD Spec. 745-80-25, Class A, and H2
satisfies GSD Spec. 745-80-25, Class B requirements. Joint sealant H4 met DMS-6310,
Class 3 specification requirements. Laboratory test results of the sealing materials used in
this study are depicted in Appendix A. Specifications for GSD 745-80-25, Item 3127 and
DMS-6310 are located in Appendix B.

Eight of thirty-three test sections were overlaid with a chip seal layer during the
following summer in order to observe the tendency of sealants to bleed. The bleeding
problem was basically expected to occur in sections treated with hot pour sealants since it

was recorded earlier in the surveys.

Initial Cost Analysis

Cost analysis for construction was done for the non-covered test sections. Sealing
materials, equipment for traffic control, sealing equipment, hot pour equipment, and crew
labor cost were taken into consideration when calculating costs. Cost analyses were done in
two ways. The first method was to determine the total amount spent to seal a crack; then,
this amount was divided by the total length of the treatment to determine the cost per foot.
It was found that the longer the crack, the lower the cost, because some costs are constant
regardless of length of crack. Therefore, sealants applied on long sections may seem to be

cheaper. The second method provides more reliable comparison. A 50,000 ft crack length
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was assumed for all sealants. The production rate (feet per hour) from the test sections was
used to determine the time required to seal a 50,000 ft crack. The cost for sealing 50,000 ft
was calculated and the other costs such as equipment preparation, traffic control, etc. were
added to calculate the total cost. Cost analyses show that using the same volume of
sealants, cold pour sealants can seal more cracks than hot pour sealants. A 115 ft crack can
be sealed using one gallon of cold pour sealant, while only a 75 ft crack can be sealed with
one gallon of hot pour sealant. On the other hand, per gallon cost of cold pour sealant is
almost twice that of hot pour sealant. However, construction cost is not the sole factor in
cost effectiveness. Performance of a sealant is also another significant factor. Also, field
performance allows for determining lifetime cost. However, life-cycle cost analysis can

only be done when all the treatments reach failure point.

Evaluation Technique

2.5.1 Non-Covered Sections

Determining short-term and long-term performance of sealants on non-covered and
covered test sections is one of the primary objectives of this project. Short-term
performance of 25 non-covered sections was determined at the end of 4 months after the
construction. Sections were also visited for visual observation once in the winter and once
in the summer to gather information for long-term performance. Test sections were visually

monitored for the following types of failure:

Open previously sealed cracks

Adhesion loss

Cohesion loss

Loss of seal in previously sealed cracks

Settlement and bleeding of sealants

Pullout of material

Spalls or secondary cracks in or near the sealed crack
Other distresses

A pointed tool was used to determine the strength of bonding between the sealant and
pavement. Pullout tests were conducted by two individuals to eliminate bias in observation.
They ranked the easiness of pulling sealant as “Easy,” “Medium,” or “Difficult.” This

ranking determines adhesion and cohesion loss of the material. Settlement and bleeding of



sealants were also measured. Since settlement is common for cold pour sealants, water may
accumulate in the settled areas and penetrate into the crack which leads to loss in adhesive
and cohesive forces. Height of the hot poured sealant is critically important in terms of ride
quality. All other failures were inspected visually and recorded.

Treatment effectiveness can be calculated using percent failure. Percent failure is

calculated by dividing failed length of sealed cracks by total length of sealed cracks.

Percent Failure = 100 * (Failed length/Total length)

Percent Treatment Effectiveness = 100 — Percent Failure

After that, a treatment effectiveness versus time graph is plotted. This graph will be
helpful in predicting the life of treatment if the effectiveness trend can be somehow

extrapolated.

2.5.2 Covered Sections

Bleeding is the main problem when a pavement is overlaid or chip-sealed after crack
treatment. If excessive crack sealant is placed, sealing material fills the voids and tends to
penetrate through the chip seal surface creating a shiny, glass-like, reflecting surface.

Strategic Highway Research Program (SHRP) identifies three levels for bleeding:

Low: Coloring of pavement surface is visible
Moderate: Distinctive appearance with excess asphalt already free

High: Free asphalt gives the pavement surface a wet look; tire marks are evident

The SHRP Manual recommends measuring the area of bleeding surface, but in this
project only length of the bleeding sections was measured.

The eight overlaid or seal-coated test sections were observed for sealant bleeding
through the subsequent seal coat or overlay. These sections were designated as “Covered”
sections. Sections were observed at the end of three months after construction for short-
term performance. Roads will be monitored once in winter and once in summer every year

to determine long-term performance. These sections were visually inspected and the rate of

10
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bleeding for each sealant type was recorded. Bleeding amount and rate were used to

determine the rate of failures, which determines the treatment effectiveness.

Performance Results for Non-Covered Sections Four Months after Crack
Seal Construction
2.6.1 Atlanta

In Atlanta, no newly developed cracks were observed on sections where H1 and H2
sealants were applied. Cohesion and adhesion of these sealants were ranked as “Difficult,”
and there was no sealant loss. Cold pour sealants C1, C2, and C3 on this section did not
have any newly developed cracks as well. C1 and C2 showed adhesive and cohesive
failures. C3 sealant had pullout problems in some parts of the treatment. C1 was ranked as

“Medium” and C2 and C3 were ranked as “Easy” to pullout.

2.6.2 ElPaso
Similar results were obtained in El Paso, where heavy border traffic is taking place.
Failures were observed on wheel paths. All the failures were observed on cold pour sealant

treated sections.

2.6.3 Amarillo

In Amarillo, failure had a scattered pattern. Failed sections of the treatment were not
confined to certain parts of the pavement. This is possibly due to weather conditions in
Amarillo, where freeze/thaw cycles are likely to occur. The C1 sealant section showed
excessive failure, while the other sections H1, H3, and H4 exhibited very good

performances.

2.6.4 San Antonio
Failures were observed in cold pour sealed sections in San Antonio. Sections sealed
with C1 exhibited newly developed thin cracks. Depression of cold pour sealants was more

severe in the test section in this district.

11
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2.6.5 Lufkin
All sealants showed very good performance in Lufkin. No failure signs were
observed in these test sections. As was the case in other districts, cold pour sealants were

softer than hot pour sealants.

Performance Results for Covered Sections

Covered test sections in Atlanta and Amarillo were constructed. Both cold and hot
pour sealants were used in these test sections. After sealing, treated test sections were
covered with chip seal. The chip seal applied was AC-15-5TR binder, which consisted of a
minimum of 5% ground tire mixed with grade 4 aggregate.

Sections in Atlanta and Amarillo were visited two months after the chip seal was
constructed. In Atlanta, C2 and H1 sealants were applied. Sections treated with H1 showed
a low level of bleeding, while no bleeding was observed on the section sealed with C2. In
Amarillo two sealants, C1 and H3, were applied. None of the sections showed bleeding.

The chip seal proposed for Lufkin was not constructed during the first year.

12



3. Performance Evaluation Process

In the evaluation process, American Association of State Highway and Transportation
Officials (AASHTO) procedure was adopted to calculate percentage of effectiveness. The main
types of failure considered were opening of sealed cracks, full depth adhesion or cohesion loss,
and spalls.

AASHTO procedure provides a standard practice for evaluating the performance of crack
sealing treatment (Ref 1). This practice can be used for several types of crack sealants such as:
cold applied sealants, hot applied sealants, and chemically cured sealants. It also can be used for
the selection of crack sealant filler materials, placement configurations, and finishing operations.
The projected life of the treatment can be determined by extrapolation of the function of
treatment effectiveness versus time.

As shown in Figure 3.1, the main product of this evaluation procedure is a chart depicting
effectiveness (in percentage) with respect to time of measurement. A minimum of one evaluation
measurement each year is needed to provide an estimation of the performance of the crack
treatment. For the most effective evaluation, measurements should be conducted during the mid-
winter period when the crack is subjected to maximum opening. It is suggested that the first
inspection be made during the first winter, while another can be done after winter to assess
winter damage. Along with the traffic control devices, the basic apparatus needed is a distance

measurement device like a measuring wheel.
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Figure 3.1 Example graph of treatment effectiveness versus time
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An unbiased sample of the pavement treated section is used for testing. The sample length
must not be less than 150 m (492 ft) in length. Generally, pavement sections are grouped
according to the type of treatment, sealant, or sealing procedure. When a pavement sample has
been previously evaluated, it is best to use the same section for re-evaluation in the succeeding
evaluation procedures. Otherwise, a minimum of 5 different pavement samples are selected each
year.

To determine the effectiveness, first the length of cracks is measured and recorded to the
nearest 300 mm (12 inches). Qualitative evaluation is performed by visual examination of
cracks, and the type of failure is recorded. Failure can be in the form of full-depth adhesion or
cohesion loss, complete pullout, spalls and secondary cracks, potholes, etc. Length of failure of
all cracks is measured and recorded. The treatment effectiveness is the ratio between the length

of remaining sealed crack and the length of the original treatment in percentage.
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4. Field Evaluation Results

4.1 Non-Covered Test Sections
For the purpose of evaluating the long-term performance of the non-covered sections,
two successive investigations were conducted after the first one. Regardless of which
district the treatment was applied, the performance of hot pour sealants was better than that

of cold pour sealants in general.

4.1.1 Atlanta

Five types of sealants were used in this district, two hot pour sealants (H1 and H2)
and three cold pour sealants (C1, C2, and C3). C3 and H4 are joint sealants. The treatment
procedures were installed on January 31, 2001 on US 290 in Morris County in the
southbound, outside lane. The first investigation test for short-term performance evaluation
was made on May 24, 2001. Two other investigations were conducted on February 13 and
August 7 of 2002.

The pavement structure of this section was an AC overlay on Jointed Concrete
Pavement (JCP), where most of the cracks were reflection cracks over the joints. These
cracks were transversely spaced at 15 ft (4.5 m). The main source of the cracks was
probably the heavy truck traffic that caused movements of joints, which could be seen by
the naked eye in some cases.

Hot pour sealants exhibited excellent performance compared to cold pour sealants.
During the winter 2002, both hot pour sealants designated as HI1 and H2 scored
effectiveness greater than 89%. At the summer 2002 investigation the two hot pour sealants
scored an effectiveness of more than 98%.

Cold pour sealants, on the other hand, showed average effectiveness of slightly less
than 70% about one year after construction when the winter 2002 investigation was
conducted. By the time the third investigation was conducted in August, 2002, cold pour
sealants scored an average of 66%. In contrast to C1 and C3, performance of C2 seems to
continue to decrease even after the second investigation. Figure 4.1 depicts performance

trends for the sections in Atlanta district.
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Figure 4.1 Performance trends for the sections in Atlanta district

4.1.2 El Paso

Four types of sealants were used in this district, two hot pour sealants (H2 and H3)
and two cold pour sealants (C1 and C2). The treatment procedures were constructed on
May 5, 2001 on Loop 375 in El Paso County on the Border Highway in the eastbound,
outside lane. The first investigation test was made on June 19, 2001 for short-term
performance evaluation. The second and third investigations were made on April 10, 2002
and August 22, 2002, respectively. These test sections are located in a heavy-truck traffic
area by the US-Mexico border. Therefore, most of the failures occurred on the wheel path.

The performance of hot pour sealants surpasses that of cold pour in this district as
well. However, the effectiveness of the hot pour sealants used in this district (H2 and H3)
dropped to slightly below 80% at the winter 2002 investigation. At the summer 2002
investigation, hot pour sealants scored an average effectiveness of 92.4%.

The performance of cold pour sealants was in general lower than that of hot pour
sealants. Unlike the other sealants, the performance trend of C2 continued to drop even
after the winter 2002 investigation visit, where it reached 8.4%. The performance trends of

the sealing materials used in El Paso are shown in Figure 4.2.
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Figure 4.2 Performance trends for the sections in El Paso district

4.1.3 Amarillo

In the Amarillo district, three hot pour sealants (H1, H3, and H4) and two cold pour
(C1 and C3) were used. The treatment procedures were constructed on February 19, 2001
on FM 1151 in Randall County in the eastbound, outside lane. Then, three investigation
visits were made on June 21, 2001, March 31, 2002, and August 15, 2002, respectively.

Except for H3, hot pour sealants showed excellent performance with an effectiveness
greater than 90% even after about 13 months of installation. Hot pour sealant H3 attained
only 65.8% effectiveness after the same period. However, during the summer of 2002, H3
attained an effectiveness of 85.2%.

In this district at the winter 2001 investigation, performance of cold pour sealants
showed very low values. Nonetheless, at the summer 2002 investigation, the performances
of C1 and C3 drastically climbed up to 84.3% and 90.8% respectively. Figure 4.3 depicts

performance trends of the sealants used in test sections in Amarillo district.
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Figure 4.3 Performance trends for the sections in Amarillo district

4.1.4 San Antonio

All the types of sealing materials were used in treatment procedures in this district.
Treatment construction started on April 25, 2001 on US 87 in Bexar in the southbound,
outside lane. An investigation visit was conducted on July 18, 2001. The next two
investigation visits were made on March 8, 2002 and September 14, 2002.

Despite the decreasing performance of H2 at the winter 2002 investigation, which
dropped to a score of only 58%, the other hot pour sealants attained an effectiveness level
greater than 91%. At the summer 2002 investigation, H1, H3, and H4 reached an
effectiveness level close to 100%. Similarly, the effectiveness of H2 increased
approximately to 92%.

Sealant C1 failed totally at the winter 2002 visit. Unlike the other two cold pour
sealants, the performance trend of C1 did not increase after the winter 2002 evaluation;
whereas sealants C2 and C3 maintained effectiveness of 95% and 85% respectively. Figure
4.4 depicts the performance trends of the sealants used in test sections in San Antonio

district.
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Figure 4.4 Performance trends for the sections in San Antonio district

4.1.5 Lufkin

In Lufkin district two cold pour sealants (C2 and C3) and two hot pour sealants (H1
and H4) were installed on February 6, 2001 on US 59 in Polk County in the southbound,
outside lane. Then, evaluation tests were conducted three times: on May 7, 2001, February
22,2002, and August 22, 2002.

As was the case in most of the other districts, hot pour sealants attained effectiveness
greater than that of cold pour sealants, scoring an average of 97% after the first
investigation. The performance of H4 stayed the same. H1 exhibited an increase in
effectiveness from 91% to 97% after the winter 2002 evaluation. The performances of both
C2 and C3 declined after the first evaluation. At the summer 2002 evaluation, cold pour
sealant C2 scored an effectiveness greater than 95%. The performance of C3 could not be
measured at the summer 2002 investigation; because this test section had deteriorated
significantly, it had been milled and given a new overlay. Figure 4.5 illustrates the

performance trends of the sealants used in the sections in Lufkin district.
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Figure 4.5 Performance trends for the sections in Lufkin district

Covered Test Sections

As mentioned before, these test sections were installed to evaluate the tendency of the
sealing materials to bleed through a chip seal or overlay. These test sections were
constructed in Atlanta, Amarillo, and Lufkin districts. Results for the length of bleeding

sections on covered test sections based on each visit and district are located in Table 4.1.

4.2.1 Atlanta

In Atlanta, crack seal was applied on January 31, 2001, and chip seal was applied on
June 20, 2001, to Loop 281 in Harrison County in the southbound, outside lane. An
evaluation was made after two months and the results are mentioned in Chapter 2. This
section was evaluated again on August 8, 2002.

Before applying chip seal, the test sections were treated using hot pour sealant H1
and cold pour sealant C2. Sections treated with H1 showed bleeding signs of low severity
level. The length of the bleeding portions was 407 ft (124 m). Figure 4.6 shows a part of
the section that is treated with H1, which developed bleeding. Sections treated with C2
showed no bleeding problem. Figure 4.7 shows the C2-covered test section in Atlanta

during the August 8, 2002 investigation visit.
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Table 4.1 Length of Bleeding Sections on Covered Sections Based on District and Visit

District Sealant First Visit Second Visit
Summer 2001 Summer 2002
Atlanta C2 - -
H1 700 407
Amarillo Cl - -
H3 - -
Cl - -
Lufkin C2 - -
H1 - 214
H3 - 150

Figure 4.6 Atlanta, Hl-covered test section during the August 8, 2002 investigation visit
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Figure 4.7 Atlanta, C2-covered test section during the August 8, 2002 investigation visit

4.2.2 Amarillo

This test section, located in Randall County on FM 1541 in the Southbound, Outside
Lane, was crack sealed on February 20, 2001 and was chip sealed and visited for
evaluation two months after the chip seal. Cold pour sealant C1 and hot pour sealant H3
were used for crack treatment before the chip seal was applied on August 17, 2001. Then,
the test sections were investigated again on August 15, 2002. Once more, the hot pour
sealant seemed to engender a bleeding problem. However, the severity of the bleeding was
very low. Figure 4.8 shows the H3-covered section in Amarillo during the August 15, 2002
investigation visit. On the other hand, the test section that was treated with C1 did not show
any bleeding problems. Figure 4.9 shows the Cl-covered section in Amarillo during the
August 15, 2002 investigation visit.
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Figure 4.8 Amarillo, H3-covered test section during the August 15, 2002 investigation visit

Figure 4.9 Amarillo, Cl-covered test section during the August 15, 2002 investigation visit
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4.2.3 Lufkin

This test section, located in Polk county on US 190 in the Westbound, Outside lan,
was chip sealed on June 25, 2002, and then crack seal was applied on February 7 and 8,
2001. It was investigated once only on August 20, 2002. Two cold pour sealants (C1 and
C2) and two hot pour sealants (H1 and H3) were used for crack treatment of this test
section. As expected, bleeding was observed during the investigation of hot pour treated
sections. However, its severity was very low. Bleeding portion lengths were 214 ft (65.2 m)
and 150 ft (45.7 m) for H1 and H3 respectively. In the case of cold pour sealants, no signs
of bleeding were observed. Figures 4.10 through 4.13 show the covered sections in Lufkin

that are treated with C1, C3, H1, and H3 respectively.
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Figure 4.10 Lufkin, Cl-covered test section during the August 20, 2002 investigation visit

Figure 4.11 Lufkin, C2-covered test section during the August 20, 2002 investigation visit
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Figure 4.12 Lufkin, HI-covered test section during the August 20, 2002 investigation visit

Figure 4.13 Lufkin, H3-covered test section during the August 20, 2002 investigation visit
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5. Discussion of the Results

The findings of this study were obtained in two stages. The results of each stage will be

discussed in order to understand the performance trend of the sealing materials. The first stage

refers to the short-term performance evaluation, which was done within 3—4 months after crack

sealants were placed. The overall summary of the findings of this stage is shown in Table 5.1.

Table 5.1 Effectiveness Evaluation Results for the Short-Term

Performance after the First Investigation (3-4 months after crack sealing)

Effectiveness (%)

1st visit (3—4 months after installation)

Sealant Material Atlanta El Paso Amarillo | San Antonio | Lufkin | AVG.
Cl 95.1 98.9 57.7 99.1 N/A 87.7
C2 97 93.4 N/A 98.6 100 97.3
C3 96.6 N/A 84.2 98.6 100 94.9
HI 100 N/A 99.8 99.8 100 99.9
H2 100 100 N/A 99.8 N/A 100
H3 N/A 100 99.2 99.9 N/A 99.7
H4 N/A N/A 99.4 100 100 99.8
Date of investigation | 5/24/2001 | 6/19/2001 | 6/21/2001 7/18/2001 5/7/2001
AVG. for Cold Pour 96.2 96.2 71.0 98.8 100 92.4
AVG. for Hot Pour 100 100 99.5 99.9 100 99.9
Overall AVG. 97.7 98.1 88.1 99.4 100 96.7

The first investigation was made shortly after the construction was done. It was found that

the overall performance of hot pour sealants was slightly better than that of cold pour sealants.

Regardless of the district, all hot pour sealants gave the best results, scoring an effectiveness

level of approximately 100%. C1 performed the worst with 87.7% effectiveness. Except

Amarillo, all the districts exhibited an overall effectiveness greater than 97%.

The second stage or the long-term performance evaluation is a long process in which

several more investigations will be conducted in the following years. This stage began with the

second investigation of the test sections in the winter of 2002. The overall summary of the

second visit is shown in Table 5.2.
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Table 5.2  Effectiveness Evaluation Results for the Long-Term Performance
after the Second Investigation (Winter 2002)

Effectiveness (%)

2nd visit (Winter 2002)
Sealant Material Atlanta El Paso Amarillo San Antonio Lufkin |AVG.
Cl 53.8 66.9 0 0.3 N/A 30.3
C2 50.7 40.4 N/A 88.9 65.4 61.4
C3 69 N/A 18.6 74.1 77.3 59.8
Hl 89.9 N/A 91.9 91 91 91.0
H2 92.7 77.8 N/A 57.6 N/A 76
H3 N/A 76.1 65.8 96.8 N/A 79.6
H4 N/A N/A 98 92.1 99.3 96.5
Date of investigation | 2/13/2002 | 4/10/2002 | 5/31/2002 3/8/2002 2/22/2002
AVG. for Cold Pour 57.8 53.7 9.3 54.4 71.4 49.3
AVG. for Hot Pour 91.3 77.0 85.2 84.4 95.2 86.6
Overall AVG. 71.2 65.3 54.9 71.5 83.3 69.2

The second investigation was conducted about one year after the construction. It was found

that the performance of hot pour sealants was still better than that of cold pour sealants in every

district. Hot pour sealant H4 seems to have the optimum performance among other sealants. Cold

pour sealant C1 has the least resistance to traffic and environmental influences with an

effectiveness level of 30.3% after one year from installation. The results show a general trend of

decrease in effectiveness level for all the sealants. However, the decrease is much steeper for

cold pour sealants.

The third investigation was conducted about 18 months after the construction during the

summer of 2002. The results of this investigation are shown in Table 5.3.
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Table 5.3  Effectiveness Evaluation Results for the Long-Term Performance
after the Third Investigation (Summer 2002)

Effectiveness (%)
3rd visit (Summer 2002)
Sealant Material Atlanta El Paso Amarillo | San Antonio Lufkin | AVG.
Cl 56.12 75.86 84.3 1.26 N/A 54.4
C2 75.4 8.4 N/A 94.53 65.4 69.2
C3 67.4 N/A 90.8 85 N/A 81.1
Hl 98 N/A 91.1 99.1 97.1 96.3
H2 98.6 89.53 N/A 91.75 N/A 93
H3 N/A 95.23 85.2 99.82 N/A 93.4
H4 N/A N/A 97.4 99.8 99.9 99.0
Date of investigation | 8/7/2002 | 8/22/2002 | 8/15/2002 9/14/2002 8/22/2002
AVG. for Cold Pour 66.3 42.1 87.6 60.3 98.4 68.2
AVG. for Hot Pour 98.3 92.4 91.2 97.6 98.5 95.5
Overall AVG. 79.1 67.3 89.8 81.6 98.5 83.8

An increase in the performance of the sealants was observed during the third investigation
as opposed to an expected decrease in performance with time. This can be attributed to the fact
that cracks close during summer months. As is seen in Table 5.3, the investigation was made
during the summ