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CHAPTER 1. 
INTRODUCTION 

1.1 BACKGROUND AND OBJECTIVES 

The placement of an asphalt overlay is the most common method used by the Texas Department 

of Transportation (TxDOT) to rehabilitate existing asphalt and concrete pavements. Determining 

the type of overlay mix and its required thickness are important decisions that TxDOT engineers 

make on a daily basis. However, the decision process sometimes is a difficult task because for an 

asphalt overlay to perform well, it must have a balance of good rut and crack resistance. 

Furthermore, the overlay performance is highly influenced by many factors, such as existing 

pavement conditions, traffic loading, and environmental conditions. To assist TxDOT engineers 

in making rational decisions, researchers developed the Texas Asphalt Concrete Overlay Design 

System (TxACOL) under Research Project 0-5123, “Development of an Advanced Asphalt 

Overlay Design System Incorporating Both Reflection Cracking and Rutting Requirements.” 

Two major distresses of asphalt overlays—reflective cracking and rutting—are predicted 

simultaneously by the TxACOL program, with full consideration of the influential factors.  

Several TxDOT districts expressed interest in implementing the TxACOL for designing asphalt 

overlays. To facilitate the implementation of the TxACOL overlay design, TxDOT initiated this 

implementation project, 5-5123-03, “Pilot Implementation of the New Asphalt Overlay Design 

System.” The objectives of this implementation project were to: 

 Develop and conduct district-oriented overlay design workshops for user training and 

user feedback. 

 Provide asphalt overlay design assistance in terms of lab testing/existing pavement 

evaluation and monitoring of the construction of the new overlay test sections. 

 Evaluate district-provided materials and updating of the material default value 

database. 

 Survey/monitor the field performance (rutting and cracking) of existing asphalt 

overlay projects. 

 Upgrade/calibrate the new asphalt overlay design system. 
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1.2 REPORT ORGANIZATION 

This report is organized into the following seven chapters. 

 Chapter 1: Introduction—provides a brief description of the project background, 

objectives, and report organization. 

 Chapter 2: Overview of Completed Tasks—summarizes the overall work and 

accomplishments during the period of the research project, which include workshops, 

field surveys, lab tests, and system updates/calibrations, etc. 

 Chapter 3: Field Survey Data Analysis—presents detailed information about field 

survey data (cracking/rutting) of existing overlay test sections and associated 

analysis. 

 Chapter 4: Determination of Key Input Parameters—discusses the determination 

methods/tools for some key input parameters such as dynamic modulus, 

cracking/rutting properties, and load transfer efficiency (LTE) at cracks/joints, etc. 

Based on significant lab testing on different overlay mixes sent from districts, default 

values of some key inputs are presented in this chapter.  

 Chapter 5: TxACOL Enhancement—describes the system upgrading and    

calibration. Workshop feedback, default values, and field survey data analysis 

findings were all addressed or incorporated in the updated software, and some new 

models were proposed and integrated into the updated program as well. 

 Chapter 6: Case Studies—compares the prediction from the enhanced, updated 

system with the field-observed performance of several overlay test sections.  

 Chapter 7: Conclusions and Recommendations—presents conclusions and 

recommendations based on the findings of this research project.  
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CHAPTER 2. 
OVERVIEW OF COMPLETED WORK 

This chapter gives an overview of the completed work, which includes: 

 Training workshop development for districts. 

 Field performance monitoring for all the available overlay test sections. 

 Overlay design assistance to districts. 

 TxACOL program enhancement. 

Findings and achievements from each working task are briefly described in this chapter as well.  

2.1 WORKSHOPS 

Five workshops were conducted for five different districts: 

 Paris District, August 25, 2009. 

 Austin District, October 6, 2009. 

 Lubbock District, September 9, 2010. 

 Beaumont District, June 2, 2011. 

 Odessa District, February 16, 2012. 

For each workshop, TxDOT engineers (pavement design engineers, pavement management 

engineers, and/or lab engineers) from the host district and adjacent districts attended the 

workshop. The workshop training materials were developed to help users in three aspects: (1) 

understanding the basic principle of the TxACOL overlay design system, (2) knowing how to 

use the TxACOL program to design an overlay, and (3) getting in-depth knowledge about both 

necessary lab and field testing to obtain key input parameters. 

Specifically, the district-oriented case examples and exercises were carefully designed for each 

workshop. These sample cases were targeted to incorporate local weather station data, common 

pavement structure, and typical materials, as specific as possible for the host district. The 

trainees also had chances to practice the exercises on their own during the workshop. 

Researchers collected and then addressed user feedback when updating the TxACOL program. 
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The workshop training materials were submitted as Product 5-5123-03-P1 and were then 

published in August 2011. See Figure 2-1. 

 

Figure 2-1. Cover of Product 5-5123-03-P1. 

2.2 FIELD PERFORMANCE SURVEY 

One of the main tasks of Project 5-5123-03 was to monitor the field performances of overlay test 

sections in terms of rutting and cracking. The observed field performance data are crucial to 

update and recalibrate the TxACOL prediction models. Researchers identified 18 overlay test 

sections for continuous performance monitoring, including 10 existing test sections (constructed 

before the research project start date) and eight new test sections (constructed after the research 

project start date). 

The 10 existing test sections and associated survey dates are: 

 Beaumont District: SH 12, one test section.  

o Six surveys were conducted, in December 2009, April 2010, November 2010, 

June 2011, October 2011, and May 2012. 

 Wichita Falls District: US 82, one test section. 
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o Six surveys were conducted, in December 2009, April 2010, November 2010, 

April 2011, December 2011, and July 2012. 

 Fort Worth District: Pumphrey Street, eight test sections.  

o Six surveys were conducted, in December 2009, May 2010, September 2010, 

April 2011, December 2011, and July 2012. 

The eight new test sections and associated survey dates are:  

 Paris District: SH 24, one test section.  

o Four surveys were conducted, in April 2010, December 2010, June 2011, and 

December 2011. 

 Laredo District: SH 359, one test section.  

o Four surveys were conducted, in November 2010, April 2011, December 2011, 

and May 2012. 

 Amarillo District: IH 40, four test sections.  

o Five surveys were conducted, in April 2010, September 2010, April 2011, 

December 2011, and May 2012. 

 Amarillo District: US 87, two test sections.  

o Three surveys were conducted, in April 2011, December 2011, and May 2012. 

The field surveys included visual observation and photos, as well as rutting and cracking 

measurements. For each test section, the surveys were conducted twice a year; one right after 

summer when the rut depth could potentially develop, and the other after winter when the crack 

number could grow. 

In each test section, the start and ending points were carefully marked based on global 

positioning system (GPS) coordinates or some permanent reference points. Then the rolling 

distance measuring wheel was employed to measure the distance from start point to locate every 

crack, and each observed crack was photographed during each survey. All the survey data were 

organized in Excel format. 

Chapter 3 presents more detailed survey information and analyses for each test section. 
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2.3 OVERLAY DESIGN ASSISTANCE 

The assistance provided for districts regarding overlay design covered four aspects: (1) overlay 

mixture design, (2) existing pavement condition evaluation, (3) overlay construction monitoring, 

and (4) plant mix characterization. 

During the period of Project 5-5123-03, the researchers assisted six districts with overlay mix 

design and characterization. In the last several years, Texas districts have used many reclaimed 

asphalt pavement/recycled asphalt shingle (RAP/RAS) mixes for asphalt overlays. The mixes 

evaluated under this study included: 

 Three RAP/RAS mixes from the Paris District.  

 One RAP mix from the Laredo District. 

 Four virgin mixes from the Odessa District. 

 Four RAP mixes from the Lubbock District. 

 Two virgin mixes from the Dallas District. 

 Three RAP mixes from the Amarillo District. 

For each mix evaluation, a dynamic modulus test, overlay test, Hamburg test, and repeated load 

test were performed to characterize the mixture modulus, cracking properties, and rutting 

properties. Based on these data, the researchers updated/proposed default values for some 

mixtures.  

Several technical memorandums documented the lab test results, such as SH 24 Asphalt Overlay 

Investigation and Model Prediction, submitted on May 19, 2010, and Sampling, Lab Testing, and 

Evaluation for SH 11 Asphalt Overlay Mixture, submitted on July 5, 2011. More detailed 

information about the lab testing and existing pavement condition evaluation is provided in 

Chapter 4, from the TxACOL implementation point of view. 

2.4 PROGRAM ENHANCEMENT 

The TxACOL program enhancements included the following items. 

 User-interface improvement. Based on the trainees’ feedback during the workshops, 

the researchers made corresponding modifications to make the program more user 

friendly. Some bugs and problematic logic issues were also fixed and optimized. 
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 New model development. Two new models were developed and proposed during this 

research project period. One is a new thermal stress intensity factor (SIF) model to 

account for the influence of a very thick cement-treated base (CTB) layer, which was 

not considered in the previous TxACOL system; the other is a new reflective cracking 

rate (RCR) model that fits better to the observed field performance data than the 

previous model. The RCR calculation algorithm was also improved to account for the 

influence of standard deviation of LTE at cracks/joints. 

 Updated default values. Through the assistance for district overlay design, the 

researchers gathered more lab testing data for different asphalt mixtures and updated 

the default values of some inputs. The new default values were incorporated into the 

program to help engineers make better estimations of asphalt mixes during overlay 

design. 

 Calibration factor refinement. Based on numerous pilot calculations and sensitivity 

analyses, the calibration factors were refined. 

Chapter 5 discusses detailed information about program enhancement. 

2.5 SUMMARY 

This chapter summarized the working tasks completed in this research project. To assist districts 

in implementing TxACOL for overlay design, the researchers conducted four tasks: (1) district-

oriented workshops, (2) field performance surveys, (3) overlay design assistance including 

overlay mixture design/characterization and existing pavement condition evaluation, and 

(4) program enhancement. The purpose of all these working tasks was to help districts design 

optimum overlays for project-specific service conditions.  

Figure 2-2 pinpoints the involved districts during this project. The researchers appreciated the 

cooperation of these districts, as well as the coordinated efforts of the project director, panel 

members, and district pavement and/or materials engineers. The involvement of more districts 

will undoubtedly assure better implementation results. 
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Figure 2-2. Districts Involved during 5-5123-03 Project Period.
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 CHAPTER 3. 
FIELD SURVEY DATA ANALYSIS 

3.1 INTRODUCTION 

Visual survey, cracking, and rutting measurements were conducted twice a year for identified 

overlay test sections. From 2009 to 2012, 10 existing overlay sections, including Pumphrey 

Street (eight test sections) in the Fort Worth District, SH 12 (one test section) in the Beaumont 

District, and US 82 (one test section) in the Wichita Falls District, were monitored. From 2010 to 

2012, eight new overlay sections, including SH 24 (one test section) in the Paris District, IH 40 

(four test sections) and US 87 (two test sections) in the Amarillo District, and SH 359 (one test 

section) in the Laredo District, were also identified and continuously monitored. 

For the asphalt overlay test sections on Pumphrey Street, SH 12, SH 24, IH 40, and US 87, 

reflective cracking was the dominant distress. However, the asphalt overlay on US 82 performed 

excellent after nine years of service under very heavy traffic; it had no crack at all except that 

some rutting was observed on the uphill area. For the RAP test section on SH 359, the overlay 

still performed very well in the last survey, and no crack or rutting was observed. 

Since cracking was the dominant distress observed in these test sections, this chapter focuses on 

the crack development of each test section and associated analysis. In this chapter, the crack 

survey data format is illustrated first, then the definition of reflective cracking rate is explained, 

and then the survey result for each test section is presented.  

3.2 CRACK SURVEY DATA FORMAT 

For each test section, researchers carefully marked the start and end point based on GPS 

coordinates or some permanent reference signs. For cracked test sections, the rolling distance 

measuring wheel was employed to measure the distance from start point to locate every crack. 

Each crack was photographed during each survey. All the survey data were organized in Excel 

format and included the crack number, distance from start point, and crack photo number. In the 

Excel file, the corresponding photo pops up when the photo number is clicked (see Figure 3-1).  
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In Figure 3-1, the first line shows the total crack number for each survey. For example, the total 

numbers of observed cracks are 38 on December 9, 2009, 80 on April 23, 2010, and 115 on 

December 9, 2010, and June 2, 2011.  

For each crack, the distance from the start point to that specific crack is listed in the second 

column. For example, crack 1 is 37 ft away from the start point. The photo numbers for crack 1 

are 140, 1610, 2851, and 3702, corresponding to each survey, respectively. If users click the 

“view” link close to the cell that reads “3702” (photo number), the photo of crack 1 taken on 

June 2, 2012, will pop up.  

In this way, researchers were able to document and organize each crack history. For example, 

researchers could easily identify that crack 5 (189 ft away from the start point) was a new crack 

after April 23, 2010, and was observed on and after December 9, 2010. 

Photo No.

click

DistanceCrack 
No.  

Figure 3-1. Cracking Data Format. 

Since tens of thousands of photos were stored and organized during the surveys, the total survey 

data volume was more than 16 GB. 
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3.3 DEFINITION OF RCR (%) 

The RCR (%) is defined by the percentage ratio of reflected crack number over existing crack 

number. Although the concept is straightforward, it still needed some clarification before field 

surveys and data analysis. Figure 3-2 illustrates the RCR concept. In Figure 3-2, the existing 

crack number (or joint number for Portland cement concrete [PCC]) is 10. After five years, 

although some cracks propagated in the vertical direction, no crack propagated to the surface, 

which means no crack could be observed from the surface. Thus, the RCR is still 0 percent. After 

six years, one crack propagated to the surface, and the RCR becomes 10 percent. If a crack 

propagated to the surface and could be clearly observed during the survey, it was counted as one 

reflected crack, regardless of its length or width. Furthermore, if a crack exhibited double or 

multiple lines, it was still counted as one crack if the lines were less than 5 ft apart. 
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Figure 3-2. RCR Concept. 

The following sections present the survey results for each test section. For each test section, the 

background is briefly introduced, and several representative crack photos (or rut measuring 

photos) are presented; after that, the total number of reflected cracks and corresponding RCR for 

each survey are calculated and presented in tables and figures. 

3.4 SURVEY RESULTS OF PUMPHREY STREET 

A thin (1 inch–1.5 inch) hot-mix asphalt (HMA) overlay was constructed on Pumphrey Street in 

Fort Worth from July 30, 2007, to August 3, 2007. See Figure 3-3. 

 

 

Figure 3-3. Schematic Diagram of Pumphrey Street Pavement Structure. 

Two dense-graded Type F mixes were designed for this project following the new proposed 

balanced mix design procedure with the Hamburg and Overlay tests. These two mixes had the 

same original PG 64-22 binder, aggregates, and gradation but different binder modifiers. One 
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mix was modified with 7 percent crumb rubber (mainly used in the outside lane of the main 

road), and the other was modified with 3 percent styrene-butadiene rubber (SBR) latex (mainly 

used in the inside lane of the main road). Figure 3-4 shows the plan view of the main road 

(southbound and northbound) and ramps (from R1 to R6). A total of eight test sections were 

surveyed. 
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Figure 3-4. Plan View of Pumphrey Street Sections (drawing not to scale). 

Figures 3-5 and 3-6 are road photos taken from the overpass. 

 

R6 

 

Main road (southbound) 

 

Main road (northbound) 
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Figure 3-5. Photo of Pumphrey Street Sections (taken from overpass, facing north). 

 

 

Figure 3-6. Photo of Pumphrey Street Sections (taken from overpass, facing south). 
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After construction, three visual site inspections on this thin overlay project were conducted on 

December 14, 2007, April 2, 2008, and July 30, 2008. Few cracks were found in the main road, 

but some cracks were observed in the ramps at that time. The surveys were conducted before 

Project 5-5123-03 started, so cracks were not photographed, and no exact crack numbers were 

counted. 

On December 11, 2009, May 7, 2010, September 10, 2010, April 6, 2011, December 9, 2011, 

and July 19, 2012, six more surveys were conducted, and the cracks were numbered and 

photographed. No rutting was found during this period.  

Figure 3-7 shows the development of the same reflective crack during each survey. These photos 

reveal that although the crack generally got wider and longer as time passed, during the summer, 

it diminished due to healing and was thus sometimes hard to find (see Figure 3-7c).  

Tables 3-1 and 3-2 present the total crack number information of the Pumphrey Street sections. 

Since the main road overlays had different mixtures in the outside lane (crumb rubber mixes) and 

the inside lane (latex mixes), the main road test section (northbound and southbound) are further 

divided into four sections when summarizing the reflected crack numbers. 
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(a) 12/11/2009                                          (b) 5/7/2010 

   
(c) 9/10/2010                                               (d) 4/6/2011 

   
(e) 12/09/2011                                            (f) 7/19/2012 

Figure 3-7. Photos of the Same Crack in Pumphrey Street on Each Survey Date. 
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Table 3-1. Crack Number of Pumphrey Street Main Road Sections. 
Crack 

survey date 
Months 

since 
construction 

Northbound, 
outside lane 

Northbound, 
inside lane 

Southbound, 
outside lane 

Southbound, 
inside lane 

7/30/2008 11 0 0 0 0 
12/11/2009 28 16 3 1 1 

5/7/2010 33 23 7 8 7 
4/6/2011 44 39 12 23 16 

12/9/2011 50 42 13 35 21 
7/19/2012 57 43 14 50 28 

Note: The data from 9/10/2010 were omitted since some cracks could not be found in summer. 

Table 3-2. Crack Number of Pumphrey Street Ramp Sections. 

Crack 
survey date 

Months 
Since 

construction R1 R2 R3 R4 R5 R6 
12/11/2009 28 30 17 9 31 15 12 

5/7/2010 33 36 18 11 31 16 12 
9/10/2010 37 36 20 12 32 17 12 
4/6/2011 44 41 23 14 35 24 12 

12/9/2011 50 45 25 14 35 24 12 
7/19/2012 57 47 28 16 37 24 12 

 
Because the existing layer was a PCC layer, the total joints for each section could be counted as 

the existing crack number, and then the RCR was calculated (see Tables 3-3 and 3-4).  

Table 3-3. RCR (%) of Pumphrey Street Main Road Sections. 
Crack 
survey date 

Months 
since 
construction 

Northbound, 
outside lane 

Northbound, 
inside lane 

Southbound, 
outside lane 

Southbound, 
inside lane 

7/30/2008 11 0.0 0.0 0 0 
12/11/2009 28 11.5 2.2 0.7 0.7 
5/7/2010 33 16.5 5.0 5.8 5.0 
4/6/2011 44 28.1 8.6 16.5 11.5 
12/9/2011 50 30.2 9.4 25.2 15.1 
7/19/2012 57 30.9 10.1 36.0 20.1 
 Note: The data from 9/10/2010 were omitted since some cracks could not be found in summer. 
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Table 3-4. RCR (%) of Pumphrey Street Ramp Sections. 

Crack 
survey date 

Months 
since 

construction R1 R2 R3 R4 R5 R6 
12/11/2009 28 54.5 37.8 50.0 70.5 55.6 80.0 

5/7/2010 33 65.5 40.0 61.1 70.5 59.3 80.0 
9/10/2010 37 65.5 44.4 66.7 72.7 63.0 80.0 
4/6/2011 44 74.5 51.1 77.8 79.5 88.9 80.0 

12/9/2011 50 81.8 55.6 77.8 79.5 88.9 80.0 
7/19/2012 57 85.5 62.2 88.9 84.1 88.9 80.0 

 
Figures 3-8 to 3-9 show the RCR developing curves of the Pumphrey Street sections. These 

figures show that the RCR on the ramps was much larger than on the main lanes. The reason 

might be that the existing layer on the main lanes was pre-treated before asphalt overlay, and the 

LTE at joints was improved. Another finding was that the outside lanes in both directions 

(southbound and northbound) had higher RCR than the inside lanes, which implies that the latex 

mix performed better than the crumb rubber mix in terms of cracking resistance. 

 

    

Figure 3-8. RCR vs. Months of Pumphrey Street Main Road Sections. 

 
 



20 
 

 

Figure 3-9. RCR vs. Months of Pumphrey Street Ramp Sections. 

3.5 SURVEY RESULTS OF SH 12 

The overlay section on SH 12 was constructed in September 2006 with 1 inch crack attenuation 

mix (CAM), 2 inch Type D, and 1.5 inch porous friction concrete (PFC). See Figure 3-10. 

 

 

Figure 3-10. Schematic Diagram of SH 12 Pavement Structure. 

Figure 3-11 shows the overview of this section. 
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Figure 3-11. SH 12 Test Section Overview. 

The surveys were conducted on December 9, 2009, April 23, 2010, December 9, 2010, June 2, 

2011, October 13, 2011, and May 17, 2012. Figure 3-12 shows the photos of the same crack 

during each survey on SH 12. All the observed reflective cracks had already been sealed with 

crack sealant in the spring of 2011. 
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(a) 12/9/2009          (b) 4/23/2010 

   
(c) 12/9/2010         (d) 6/2/2011 

   
(e) 10/13/2011               (f) 5/17/2012 

Figure 3-12. Photos of the Same Crack in SH 12 on Each Survey Date 

No rut was found in this section. See Figure 3-13. 
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Figure 3-13. Rut Measurement on SH 12. 

Table 3-5 includes the cracking numbers and RCR during each survey. 

Table 3-5. Crack Number and RCR (%) of SH 12 during Each Survey. 

Crack survey date 
Months since 
construction  

Crack 
number RCR (%) 

10/4/2007 13 0 0 
12/9/2009 39 38 11.0 
4/23/2010 43 80 23.1 
12/9/2010 51 115 33.2 
6/2/2011 57 137 39.6 
10/13/2011 61 140 40.5 
5/17/2012 68 147 42.5 

Note: There was an investigation on 10/4/2007 (before the project 5-5123-03 started) and no crack was found in SH 12 at 
that time. 

 
Figure 3-14 shows the curve of RCR vs. months. 
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Figure 3-14. SH 12 RCR (%) vs. Months. 

3.6 SURVEY RESULTS OF US 82 

This section had 8 inch stone mastic asphalt (SMA) overlay and was constructed in 2003.  

 

 

Figure 3-15. Schematic Diagram of US 82 Pavement Structure. 

The surveys were conducted on December 17, 2009, April 30, 2010, December 16, 2010, 

June 17, 2011, December 8, 2011, and July 19, 2012. After 9 years of service under heavy 

traffic, there were still no cracks observed on the surface. See Figure 3-16.  
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Figure 3-16. US 82 Overlay Section Overview. 

However, in some areas, especially uphill areas, some rutting did exist. See Figure 3-17. 

 
 
 
 
 
 
 
 
 
 
 

 
Figure 16. Rut in uphill area of US 82 section: taken on 6/17/2011 

 

Figure 3-17. US 82 Rut Measurement. 

Table 3-6 lists the rut depth development during each survey. 
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Table 3-6. Rut Depth (mm) of US 82 at Wheel Path during Each Survey. 

 Location 
Rut depth on 
06/17/2011 (95 
months) 

Rut depth on 
12/08/2011 (101 
months) 

Rut depth on 
07/19/2012 (108 
months) 

Location 1  (uphill-1) 8.82 9.93 11.31 
Location 2  (uphill-2) 6.59 7.82 8.95 
Location 3  (flat area) 2.53 4.02 5.13 

3.7 SURVEY RESULTS OF SH 24 

The SH 24 test section consisted of a 2.5 inch Type D mix, 3 inch Type B asphalt concrete, 

11 inches of cement-treated base, 8 inches of lime treated subgrade, and natural subgrade. See 

Figure 3-18. The 2.5 inch Type D overlay was constructed in July 2009.  

 

Figure 3-18. Schematic Diagram of SH 24 Pavement Structure. 

Figure 3-19 shows the overview of the SH 24 test section.  

 

Figure 3-19. Overview of SH 24 Test Section. 
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The surveys were conducted on April 29, 2010, December 16, 2010, June 17, 2011, and 

December 8, 2011. Figure 3-20 shows the photos of the same crack during each survey.  

   
(a) 4/29/2010         (b) 12/16/2010 

   
                          (c) 6/217/2011                 (d) 12/8/2011 

Figure 3-20. Photos of the Same Crack in SH 24 on Each Survey Date. 

The cracking numbers during each survey are listed in Table 3-7. No rutting was found in this 

section. 

Table 3-7. Crack Number and RCR (%) of SH 24 during Each Survey. 
Crack 
survey  date 

Months since 
construction  

Crack 
number 

RCR (%) 

4/29/2010 9 26 59.0 
12/16/2010 17 32 68.9 
6/17/2011 23 54 88.5 
12/08/2011 29 57 93.4 

 
Figures 3-21 illustrates the curves of RCR vs. months on SH 24.  
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Figure 3-21. SH 24 RCR (%) vs. Months. 

3.8 SURVEY RESULTS OF IH 40 

Four test sections were constructed in August 2009 on IH 40 eastbound. The overlay mixtures 

were regular 20% RAP with PG 64-28 binder designed by the contractor (section 0), 0% RAP 

with PG 64-28 binder designed by the contractor (section 1), 35% RAP with PG 58-28 binder 

designed by the Texas A&M Transportation Institute (TTI; section 2), and 20% RAP with PG 

64-28 binder designed by TTI (section 3). See Figure 3-22. 

 

Figure 3-22. Schematic Diagram of IH 40 Pavement Structure. 

Figure 3-23 shows the overview of the IH 40 test sections. 
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Figure 3-23. Overview of IH 40 Test Sections. 

The surveys were conducted on April 22, 2010, September 8, 2010, April 5, 2011, December 15, 

2011, and May 30, 2012. Figure 3-24 shows the photos of the same crack during each survey. In 

April 2011, the westbound lanes of IH 40 in this area were under construction, so the eastbound 

lanes were divided into two directions of traffic, as seen in Figure 3-24(c).  
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(a) 4/22/2010              (b) 9/8/2010 

   
(c) 4/5/2011                                   (d) 12/15/2011 

 
(e) 5/30/2012 

Figure 3-24. Photos of the Same Crack on IH 40 on Each Survey Date. 

The RCR for each test section during each survey was determined and is listed in Table 3-8.  
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Table 3-8. RCR (%) of IH 40 Test Sections during Each Survey. 

 

Months 
since 

construction 

Section 0 (20% 
RAP—

Contractor) 

Section 1 
(0% RAP—
Contractor) 

Section 2 (35% 
RAP—TTI) 

Section 3 (20% 
RAP—TTI) 

4/22/2010 8 0.0 0.0 0.0 0.0 
9/8/2010 13 36.1 20.0 0.0 4.2 
4/5/2011 20 83.3 52.5 28.6 50.0 

12/15/2011 28 97.2 65.0 38.1 83.3 
5/30/2012 33 97.2 80.0 57.1 95.8 

 

Figure 3-25 shows the curves of RCR vs. months for the IH 40 test sections. 

 

Figure 3-25. RCR vs. Months on IH 40 Test Sections. 

3.9 SURVEY RESULTS OF SH 359 

An asphalt overlay test section with 20 percent RAP was constructed on SH 359 eastbound in 

March 2009. The overlay thickness was 3 inches. See Figure 3-26. 
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Figure 3-26. Schematic Diagram of SH 359 Pavement Structure. 

Figure 3-27 shows the overview of the SH 359 test section. 

 

Figure 3-27. Overview of SH 359 Test Section. 

The surveys were conducted on December 20, 2010, April 11, 2011, December 19, 2011, and 

May 24, 2012. No cracking or rutting was found during these surveys. See Figure 3-28.
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Figure 3-28. No Crack, No Rutting in SH 359 Test Section, as of 5/24/2012. 

3.10 SURVEY RESULTS OF US 87 

There were two test sections on US 87; one mixture was contractor designed with regular asphalt 

content, and the other mixture was TTI designed with a higher asphalt content. The overlay 

thickness was 3 inches and was placed in October 2010. See Figure 3-29. 

 

 

Figure 3-29. Schematic Diagram of US 87 Pavement Structure. 

Figure 3-30 shows the overview of the US 87 test sections. 
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Figure 3-30. Overview of US 87 Test Sections. 

The surveys were conducted on October 20, 2010 (construction date), April 5, 2011, December 

15, 2011, and May 30, 2012. In these test sections, the traffic was closed from July 2011 until 

April 2012. Before April 2012, these test sections functioned as a two-way road, and after that, 

they functioned as a one-way road since the construction of the other direction of US 87 was 

finished and opened to traffic. 

 

Figure 3-31 shows the photos of the same crack during each survey. Figure 3-31(a) is the photo 

taken just after the overlay construction, and the crack in the shoulder implies the location of the 

existing crack. In Figure 3-31(b), no crack was observed in the overlay lane. In Figure 3-31(c), 

the shoulder was repaved, but the shoulder crack could still be traced. Figure 3-31(d) clearly 

shows that the existing crack reflected into the overlay. 
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(a) 10/20/2010     (b) 4/5/2011 

    
(c)  12/15/2011     (d) 5/30/2012 

Figure 3-31. Photos of the Same Crack in US 87 on Each Survey Date. 

No rutting was found during these surveys. See Figure 3-32.  
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Figure 3-32. No Rutting in US 87 Test Sections, as of 5/30/2012. 

The RCR for each test section during each survey was determined and is listed in Table 3-9.  

Table 3-9. RCR of US 87 Test Sections during Each Survey. 

Survey date Months since 
construction 

Section 1— higher 
asphalt content 

Section 2— regular 
asphalt content 

4/5/2011 6 0.0 0.0 
12/15/2011 14 2.9 17.5 
5/30/2012 19 17.1 42.5 

 

Figure 3-33 shows the curves of RCR vs. months for US 87 test sections. 
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Figure 3-33. RCR vs. Months for US 87 Test Sections. 

3.11 SUMMARY 

Researchers continuously monitored 18 asphalt overlay test sections in six different districts 

under Project 5-5123-03. For each survey, the reflected cracks were counted, photographed, and 

numbered, and the rut depth (if any) was measured. Based on the performance data surveyed in 

the last four years, several findings were made: 

 Either thin or thick asphalt overlays can perform well, depending on existing 

pavement conditions (e.g., LTE), overlay mix, traffic, and climate. Therefore, asphalt 

overlay including both mix type and thickness should be designed for project-specific 

service conditions.  

 Asphalt overlay thickness has significant influence on asphalt overlay performance. 

The overlay thickness has an exponential relationship with asphalt overlay life, so 

thick overlay is preferred whenever it is possible. 

 Overlay mixes with high RAP can be successfully designed to have similar or better 

performance than virgin mixes provided that the balanced mix design procedure is 

followed.  
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 The mix with SBR Latex modified binder performed better than that with crumb 

rubber modified on Pumphrey Street in Fort Worth.
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CHAPTER 4. 
DETERMINATION OF KEY INPUT PARAMETERS 

Under Project 0-5123, five types of parameters were identified to have significant influence on 

overlay cracking or rutting performance (1), and these key input parameters to the TxACOL are: 

 Overlay mixture dynamic modulus, having significant influence on both overlay 

cracking and rutting performance. 

 Overlay mixture cracking property, having significant influence on overlay cracking 

performance. 

 Overlay mixture rutting property, having significant influence on overlay rutting 

performance. 

 Existing layer and subgrade modulus, having significant influence on both overlay 

cracking and rutting performance. 

 LTE of joints/existing cracks, having significant influence on overlay cracking 

performance. 

Among these five types of parameters, the first three are determined by lab testing, and the last 

two are determined through field falling weight deflectometer (FWD) data analysis. Other 

factors, such as layer thicknesses and climatic conditions, may also have significant influence on 

cracking or rutting performance; however, they are beyond the scope of this report. 

The following sections discuss the determination of these five types of parameters, one by one, 

from the TxACOL implementation point of view. 

4.1 DYNAMIC MODULUS 

The dynamic modulus test (2) is widely accepted by state highway agencies for mechanistic-

empirical pavement design. Figure 4-1 shows the test machine and the specimen for the dynamic 

modulus test. The specimen size is a 4 inch diameter by 6 inch height. Three linear variable 

differential transformers (LVDTs) are attached on the specimen to measure the strain responses.  
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Figure 4-1. Dynamic Modulus Test Equipment and Specimen. 

The five test temperatures are 14°F, 40°F, 70°F, 100°F, and 130°F, and the six test frequencies 

are 25 Hz, 10 Hz, 5 Hz, 1 Hz, 0.5 Hz, and 0.1 Hz. Three replicates are often used for the 

dynamic modulus test. The average dynamic modulus corresponding to each frequency at each 

temperature is required as input by the TxACOL program. As an example, Table 4-1 lists the 

dynamic modulus (|E*|) test results. 

Table 4-1. Sample |E*| Values (ksi). 

Temperature 
Frequency 

25 Hz 10 Hz 5 Hz 1 Hz 0.5 Hz 0.1 Hz 
14°F 2347 2307 2175 1810 1682 1378 
40°F 1843 1687 1498 1080 916 619 
70°F 820 597 467 280 223 139 

100°F 161 118 96 64 54 40 
130°F 61 50 43 32 29 23 

 
Figure 4-2 shows the interface of |E*| inputs in the TxACOL as a Level 1 input.  
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Figure 4-2. Dynamic Modulus Input Interface. 

TxACOL automatically determines the master curve parameters and shift factors corresponding 

to these dynamic modulus values. Figure 4-3 illustrates the shifted master curve, corresponding 

equations, and parameters. Based on these determined master curve parameters, δ, α, β, and γ, 

and shift factor parameters, a, b, and c, TxACOL will calculate the asphalt overlay modulus at 

any overlay depth, temperature, and vehicle loading frequency. The asphalt layer modulus 

combined with other layer thickness and modulus is used to predict cracking propagation, 

reflective cracking development, and the growth of rut depth.  
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Figure 4-3. Dynamic Modulus Master Curve and Equations. 

For the dynamic modulus Level 3 input, users only need to click the Level 3 radio button shown 

in Figure 4-2, since the default values of δ, α, β, γ, a, b, and c for each selected asphalt overlay 

mixture (depending on asphalt PG grade and mix type) are already provided in the TxACOL. 

Since the regular dynamic modulus test is fairly time consuming and costly, especially the 

specimen preparation time, in recent years, researchers have recommended using fewer test 

temperatures or test frequencies to increase test efficiency without compromising accuracy. For 

example, Bonaquist and Christensen (3) proposed three temperatures (40, 70, and 115°F) and 

four frequencies (10, 1, 0.1, and 0.01 Hz).  Thus in the TxACOL, users should select values from 

the “number of temperatures” and “number of frequencies” dropdown boxes (Figure 4-2) to 

adjust the rows and columns of the table. TxACOL has no problem accommodating and 

processing the dynamic test data like that proposed by Bonaquist and Christensen.  

4.2 FRACTURE PROPERTY 

The fracture properties A and n are determined by an Overlay test (OT) (4). Based on the 

recorded maximum load at each cycle, the load reduction, the crack length (c) can be estimated 
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at each load repetition. Correspondingly, the crack length incremental ΔC (or dc/dN) and SIF 

value under each load repetition N can be obtained (5).  

Figure 4-4 presents the final fitting parameters for dc/dN vs. SIF curve. In this case, A = 

8.9728E-7, and n = 4.2061. 

 

 

Figure 4-4. A and n Determination.  

Figure 4-5 shows the input interface for cracking properties. TxACOL provides the option for 

multiple cracking property inputs if the OT was conducted under different temperatures. 

However, calibration here was conducted based on the A and n values at 77°F alone. 
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Figure 4-5. A and n Input Interface. 

It is recommended to test five replicates to determine the cracking property. To simplify the 

process of determining reasonable A and n values, the research team developed a new tool to 

handle multiple OT data files and automatically determine the A and n values based on the OT 

files. Users can select single or multiple files by checking/unchecking the checkbox shown in 

Figure 4-6. Figure 4-7 presents the output of the analysis result.  
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Figure 4-6. Interface of A and n Analysis Tool with Multiple OT Data File Handling. 

 

Figure 4-7. Output of the OT A and n Analysis Tool. 
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4.3 RUTTING PROPERTY 

A repeated load test is required to determine the rutting properties α and µ (1). The test 

equipment and the specimen can be the same as in the dynamic modulus test. Two replicates are 

recommended. The maximum load repetition number is 10,000. Each load repetition time is 

0.1 second of loading plus 0.9 second of rest. 

Figure 4-8 shows the curve of permanent microstrain vs. number of load repetitions. The 

determination method of rutting properties α and µ is illustrated in this figure as well. Note that 

in Figure 4-8, εr is resilient microstrain; the curve fitting parameters a and b are 530.877 and 

0.1779, respectively. 

 

Figure 4-8. Permanent Micro Strain vs. Number of Load Repetition. 

Figure 4-9 shows the input interface for rutting properties. Similar to the input of cracking 

properties, TxACOL provides the option for multiple rutting property inputs if the repeated load 

test is conducted at different temperatures. Currently, the test temperature for the repeated load 

test is preferred to be 104°F.  
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Figure 4-9. Rutting Property Input Interface. 

The researchers also developed an Excel macro to automatically process the repeated load test 

data and determine the rutting properties α and µ. See Figure 4-10. For two replicates, 

researchers recommend determining α and µ for each replicate and then averaging α and µ, 

respectively. 
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Figure 4-10. Excel Macro for Determining Rutting Properties. 

4.4 FWD MODULUS 

In Texas, Modulus 6.0 (6) is commonly used for modulus back-calculation based on FWD data. 

To enhance the accuracy of modulus back-calculation results, the FWD test data should be 

checked visually, and the shape of the deflection basin should be examined. Test data where the 

shape of the deflection basin was irregular should be eliminated from further consideration. 

Figures 4-11 and 4-12 present examples of regular and irregular deflection basins. 



49 
 

 

Figure 4-11. An Example of Regular Deflection Basin. 

 

Figure 4-12. An Example of Irregular Deflection Basin. 

Figure 4-13 shows an example of a Modulus 6.0 back-calculation result. The mean value then 

can be used as the input of TxACOL. See Figure 4-14. 
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Figure 4-13. An Example of Back-Calculation Result. 

 

Figure 4-14. FWD Back-Calculated Modulus Input Interface. 

4.5 LTE 

When the FWD load is applied on the center of a slab and on one side of an existing crack or 

joint (Figure 4-15), the FWD data can be used to determine the LTE value.  
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Figure 4-15. FWD Test with the Loading Plate at One Side of Crack. 

Researchers used the following equation to determine the LTE value for the existing pavement: 

 

                                        LTE = (W2j/W1j) / (W2c/W1c)                                                 (4-1) 

 

where 

W1c = deflection value of sensor 1 when the load is applied on the slab center. 

W2c = deflection value of sensor 2 when the load is applied on the slab center. 

W1j = deflection value of sensor 1 when the load is applied on the joint. 

W2j = deflection value of sensor 1 when the load is applied on the joint. 

 

Figure 4-16 presents the schematic diagram of the relative location of W1c, W2c, W1j, and W2j. 

 

 

Figure 4-16. Schematic Diagram of W1c, W2c, W1j, and W2j. 

According to this LTE determination method, the FWD load should be applied twice to get one 

LTE value for one crack: one is at the center of the slab, and the other is at the edge of the slab 
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(or at one side of the crack/joint). Figure 4-17 illustrates the LTE values determined based on an 

example of FWD data. 

 
 

Figure 4-17. LTE Determination Based on FWD Data. 

Figure 4-18 shows the LTE input in the TxACOL. Not only the LTE mean value but also the 

standard deviation of LTE is required. 
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Figure 4-18. LTE Input Interface. 

4.6 DEFAULT VALUES 

As mentioned in Chapter 2, the researchers assisted six districts with mix design and mix 

characterization under Project 5-5123-03. Based on these data, the researchers refined the 

existing default values for some mixtures, and the refined default values for overlay mixes are 

listed in Table 4-2. These default values include dynamic modulus master curve parameters, shift 

factors, fracture properties, and rutting properties. These values are already incorporated into the 

TxACOL program.
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4.7 SUMMARY 

This chapter discussed five types of key input parameters (dynamic modulus, cracking properties, 

rutting properties, FWD modulus, and LTE) from the TxACOL implementation point of view. 

For each type of parameter, the laboratory or field determination method was illustrated to help 

users get in-depth knowledge and obtain accurate input parameters. Furthermore, the researchers 

developed some Excel macros and tools to ease the determination process. Finally, through 

assisting districts on overlay mix design and evaluation, the researchers proposed new default 

values for some mixtures, which will make engineers’ design of asphalt overlays much easier. 
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CHAPTER 5. 
TXACOL ENHANCEMENT 

This chapter describes the TxACOL upgrading and calibration. Workshop feedback, default 

values, and findings from the field survey data analysis were all addressed or incorporated into 

the updated design system, and some new models were proposed and embedded into the 

software as well. 

5.1 WORKSHOP FEEDBACK 

Workshop attendees provided many useful comments regarding enhancement of the TxACOL. 

Comments included the following: 

 Improve user input interface logic, such as removing/reorganizing some confusing 

input boxes. 

 Allow for saving of project files automatically. 

 Provide better prompting information for some input parameters. 

 Optimize the output Excel files and graphs. 

 Modify the analysis stop criteria, e.g., the analysis should stop according to 

design/analysis life rather than performance limit. 

 Reduce running time. 

 Incorporate more specific default values. 

 Fix bugs. 

Researchers addressed these comments, and the TxACOL is now more user friendly and 

convenient. 

5.2 NEW RCR MODEL 

As demonstrated in Chapter 3, 18 test sections were monitored and surveyed. The curves of RCR 

vs. months for most of the test sections were plotted. According to these curves, two important 

findings could be made: 

 Many curves are much flatter than previous TxACOL-predicted curves.  

 It is very common for RCR values to be larger than 50 percent. 
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The model used to determine RCR in the previous TxACOL is presented in Equation (5-1) (1). 

DCe
RCR log11

100
+

=          (5-1) 

where 

RCR  = the reflective cracking rate (%).  

C1  = −4.2 is used based on previous research (1). 

D  = damage determined from Equation (5-2). 

hCD /∑∆=            (5-2) 

where h is the overlay thickness and ∑ΔC is the total crack length. 

 

Since ∑ΔC cannot be larger than h, the maximum D is 1; thus the maximum RCR is 50 percent 

according to Equation (5-1). The common curves of RCR vs. month predicted by the previous 

TxACOL are illustrated in Figure 5-1 (1). 

 

Figure 5-1. RCR Curves Determined by Previous TxACOL, after (1). 

Figure 5-1 shows that the RCR curves are much steeper than the field survey result. To address 

this issue, the researchers proposed the following model: 
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( )[ ]{ }constAmRCR */exp/100% βρ=        (5-3) 
 
where 

ρ  = curve width. 

β  = curve slope. 

m  = month number. 

constA  = 0.693147, which assures that when month number m equals curve width ρ, the 

              RCR equals 50 percent.  

This model derives from the s-shape empirical model employed in the National Cooperative 

Highway Research Program (NCHRP) Report 669 (7). The main differences between the 

proposed model and the model in NCHRP 669 are (a) the curve width ρ value can be directly 

determined based on the crack length incremental calculation; and (b) the adding of constA 

assures that when total crack length ∑ΔC equals overlay thickness h, the RCR still equals 50 

percent. 

Figure 5-2 illustrates the curves following this ρ-β model. In this figure, three curves have the 

same ρ values (120 months) but different β values. This figure shows that these curves can be 

much flatter than previous TxACOL predictions and can predict the RCR values beyond 

50 percent. It is believed that most of the previous surveyed curves can be better fitted by this 

model. 
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Figure 5-2. Curves of RCR Model (ρ = 120). 

For incorporating the new model in the TxACOL, the ρ value (months) is directly determined 

based on the crack length incremental calculation—it equals the time (months) at the point when 

total crack length ∑ΔC equals overlay thickness h, while the slope β, the curve shape affecting 

parameter, is a calibration factor.  

5.3 NEW THERMAL SIF MODEL ACCOUNTING FOR THE INFLUENCE OF THICK 
CTB LAYER 

In Project 0-5123, the researchers employed a two-layer pavement structure (Asphalt overlay 

over existing Asphalt layer or PCC layer) to develop thermal SIF models (1). This structure 

implies an assumption that the layers under this two-layer structure are motionless under thermal 

variations and thus can be ignored. This assumption is appropriate for most cases since the 

thermal variation is not significant after a certain depth and the impact of base thermal 

movement can be ignored, especially for the granular base layer. However, as could be seen in 

some pavement structures, such as the SH 24 test section, the existing asphalt concrete (AC) 

layer was thin (3 inches), and the CTB layer on SH 24 was very thick (11 inches), over-

cemented, and fully cracked (Figure 5-3), so the impact of thermal movement of this layer 

needed to be considered to make a more accurate prediction.  
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Figure 5-3. Cracked CTB Layer. 

To address this issue, a three-layer AC/existing AC/CTB pavement structure, as shown in 

Figure 5-4, was considered, and the corresponding thermal SIF equations were developed.  

 

Figure 5-4. Three-Layer AC/Existing AC/CTB Pavement Structure Thermal SIF Model. 
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To develop a representative SIF equation, different combinations, such as different layer 

thickness, layer modulus, and coefficients of thermal expansion (CTEs), were included, and 

58,320 SIFs were calculated using a specifically developed finite element program (8).  

 

Employing Microsoft Excel Solver, the final SIF equations were developed and are presented 

below: 
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where 

c   = crack length in the overlay. 

H1   = overlay thickness. 

H2   = existing AC layer thickness. 

H3   = base layer thickness. 

α1, α2, and α3  = CTEs of overlay, existing AC layer, and base layer, respectively. 

E3   = modulus of base layer. 



63 
 

al   = half crack spacing. 

σfar   = thermal stress at the point that is at the middle of the cracking space and at the 

   same height as the crack tip. 

  

All these new SIF equations for AC/existing AC/CTB were incorporated into the TxACOL. In 

terms of user interface, when users select “Stabilized Base,” one more input box will show up 

that lets users input the CTE for the base layer. See Figure 5-5.  

 

Figure 5-5. CTE Input for CTB Layer. 

5.4 LTE STANDARD DEVIATION CONSIDERATION 

As mentioned in Chapter 4, not only the LTE mean value but also the standard deviation of LTE 

is required as input in the TxACOL. To consider the influence of the LTE standard deviation 

(LTE STD), the following algorithm was proposed for RCR determination. 

 Step 1: Determine the monthly RCR values based on LTE (%) mean value and new 

RCR model (ρ-β model). 

 Step 2: Determine the monthly RCR values based on LTE (%) mean + LTE STD 

value and ρ-β model. 

 Step 3: Determine the monthly RCR values based on LTE (%) mean − LTE STD 

value and ρ-β model. 

 Step 4: Average the monthly RCR values determined from Step 1 to Step 3. 
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Figure 5-6 illustrates the formation of RCR vs. month curve for LTE (%) mean value 70 with 

standard deviation 10. Three RCR curves according to LTE (%) 60, 70, and 80 were determined 

and then averaged to the result curve. 

 

Figure 5-6. RCR Curves Accounting for LTE STD. 

5.5 CALIBRATION FACTORS 

Since the RCR models, default value database, and SIF models were updated in the TxACOL, 

the relevant sensitivity analyses were conducted, and the calibration factors were fine-tuned.  

Figures 5-7 to 5-10 illustrate the RCR predictions influenced by overlay mix type, thickness, 

traffic, and LTE STD, respectively. 

Figure 5-7 shows the influence of AC type. The other main input parameters are the following: 

 Pavement structure type: AC over Jointed Plain Concrete Pavement (JPCP). 

 AC overlay thickness: 3 inches. 

 Binder type: PG 76-22. 

 JPCP Modulus: 4000 ksi. 
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 JPCP thickness: 10 inches. 

 JPCP LTE% mean: 70; STD: 10. 

 Subgrade modulus: 8 ksi. 

 Climate weather station: Austin. 

 Traffic (equivalent single axle loads [ESALs] of 20 years, millions): 10. 

 

Figures 5-7. Influence of Overlay Mix Type. 

Figure 5-8 shows the influence of overlay thickness. The other main input parameters are the 

same as in Figure 5-7, except the AC type is fixed to Type D.  
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Figures 5-8. Influence of Overlay Thickness. 

Figure 5-9 shows the influence of traffic. The other main input parameters are the same as in 

Figure 5-7, except the AC type is fixed to Type D.  

 

Figure 5-9. Influence of Traffic. 
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Figure 5-10 shows the influence of LTE STD. The other main input parameters are the same as 

in Figure 5-7, except the AC type is fixed to Type D. In this figure, all RCR curves of different 

LTE STD arrive at 50 at the same month since they have the same LTE mean value. Larger 

LTE STD will lead to higher monthly RCR (%) values before arriving at 50 and lower RCR 

values after passing 50. This makes sense because the larger LTE STD means more scattered 

crack performance. 

 

Figure 5-10. Influence of LTE STD. 

According to numerous pilot calculations and sensitivity analyses, currently, the calibration 

factors k1 (for bending) and k2 (for shearing) are refined to 15 and 30, respectively (previously, 

they were 20 and 40). The default value of β is proposed to be 5.0 in the TxACOL for now. It 

might need further refining according to a different LTE standard deviation, since the larger the 

LTE standard deviation, the flatter the RCR curve will be. Correspondingly, the β might be 

smaller. More real cases will help to further refine these calibration factors. 
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5.6 SUMMARY 

This chapter discussed how researchers used workshop comments, field survey data analysis 

findings, new models/algorithms, sensitivity analyses, and calibration factors to enhance the 

TxACOL. More specifically, researchers: 

 Briefly introduced the update of the TxACOL based on workshop comments. 

 Proposed a ρ-β model to be incorporated into the TxACOL. Researchers found that 

this model could fit most of the surveyed RCR curves. The ρ value, which represents 

the curve width, can be determined directly based on the crack length incremental 

calculation, while the β value (curve slope) can be the calibration factor.  

 Discussed the new thermal SIF model considering the influence of a thick CTB layer 

that was developed and incorporated into the TxACOL. 

 Proposed a specific algorithm to account for LTE STD during RCR calculation. 

 Described the numerous pilot calculations and sensitivity analyses that were 

conducted and the calibration factors that were refined. More data from other 

candidate test sections will help with further refinement of these factors. 
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CHAPTER 6. 
CASE STUDIES 

This chapter demonstrates the comparisons between the TxACOL RCR predictions and field 

survey results for four test sections: three test sections on IH 40 and one test section on SH 24. 

6.1 CASE 1: IH 40 TEST SECTIONS 

As stated in Chapter 3, four test sections on IH 40 were surveyed. Among them, three overlay 

test sections (section 1, section 2, and section 3) were identified as candidates for TxACOL 

prediction. Section 0 was excluded because no existing pavement evaluation was conducted 

before construction.  

For the three identified test sections, each existing crack was recorded and photographed before 

the overlay construction on August 11, 2009. An FWD test was run on the milled surface 

through these test sections. Plant mixes for each test section were sampled at the construction site 

as well. Thus, these test sections were good candidates for case study. Figure 6-1 presents the 

existing pavement conditions.  

 

Figure 6-1. Existing Pavement Condition of IH 40 Test Sections. 
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Figure 6-2 shows an example (test section 2) of how the cracks were recorded in the Excel file. 

Note in this figure, the survey on 8/11/2009 was conducted just before the overlay construction, 

thus 42 was the total existing number of cracks. The RCR value can be calculated as the ratio of 

reflected cracking number over existing cracking number. For example, 12 was the reflected 

cracking number on April 5, 2011, the RCR value could then be determined as 12/42, which 

equals 28.6 percent. 

42 0 12 16 24

Cracking 
Number

Distance 
from 
beginnin
g (ft) 8/11/2009 9/8/2010 4/5/2011 12/15/2011 5/30/2012

start (No crack) 2608 3008 view 2408 view 3297 view 943 view 3744 view
68 2628 3009 view 3746 view
69 2663 3010 view 3747 view
70 2685 3011 view 3298 view 946 view 3748 view
71 2707 3012 view 3749 view
72 2730 3013 view 3299 view 947 view 3750 view
73 2751 3014 view 3751 view
74 2773 3015 view 3752 view
75 2790 3016 view 3753 view
76 2807 3017 view 3300 view 948 view 3754 view
77 2826 3018 view 3755 view
78 2854 3019 view 3301 view 949 view 3756 view
79 2867 3020 view 3757 view
80 2894 3021 view 3758 view  

Figure 6-2. Crack Survey Recording Excel File for IH 40 Test Section. 

The corresponding surveyed RCR values of each test section were tabulated and plotted in 

Chapter 3 (Table 3-8 and Figure 3-25, respectively).  

To predict RCR and compare with the survey results, some key input parameters to the TxACOL 

have to be determined first.  As discussed in Chapter 4, these key input parameters for RCR 

prediction are:  FWD modulus, LTE, dynamic modulus, and cracking property. The following 

sections demonstrate the parameters determination process and present parameter values as well. 

6.1.1 FWD Modulus Back-Calculation 

Figure 6-3 shows the FWD test on the milled surface before the overlay construction on IH 40. 

The FWD modulus back-calculation method was discussed in Chapter 4. For these three test 

sections on IH 40, the FWD loads were applied not only on the slab center (for AC pavement, 
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the slab center means the middle position between two cracks), but also at the edge of the slab (at 

one side of the joint/crack).  

 

Figure 6-3. FWD Test on IH 40 Test Sections. 

As discussed in Chapter 4, Modulus 6.0 was employed to back-calculate the pavement structure 

modulus. The main input parameters, such as pavement structure thickness and modulus range, 

are presented in Figure 6-4. The pavement structure information can be found in Figure 3-22 in 

Chapter 3. 
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Figure 6-4. Input Parameters for Modulus Back-Calculation. 

Because the FWD data file contains the deflection basin data on cracks/joints, to enhance the 

accuracy, the station points were re-selected, and all the deflection basin data on cracks/joints 

were unchecked and thus not involved in back-calculation. See Figure 6-5. 

 

Figure 6-5. Station Selection for Modulus Back-Calculation. 

Figure 6-6 presents the final modulus back-calculation result. The existing AC modulus, 

530.8 ksi, and the base modulus, 53 ksi, were used as input for the TxACOL prediction. 
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Figure 6-6. Modulus Back-Calculation Result. 

6.1.2 LTE Determination 

Researchers used the same FWD data used in the modulus back-calculation for the LTE 

determination. Following the method illustrated in Chapter 4, the LTE values for each crack in 

the test sections were calculated. Some calculated LTE values were larger than 100 and were 

excluded. The final result is summarized in Table 6-1. 

Table 6-1. LTE Values for IH 40 Test Sections. 

Test 
Section Mean LTE (%) LTE STD 

1 65.9 19.4 

2 81.5 11.6 
3 73.3 14.8 

 
6.1.3 Material Property of Asphalt Overlay Mix 

The overlay material of each test section was as follows: Section 1—0% RAP, PG 64-28, 

designed by the contractor; section 2—35% RAP, AC-10, designed by TTI; and section 3—20% 

RAP, PG 64-28, designed by TTI. The plant mixes for each test section were collected during 
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construction, and the dynamic modulus samples and OT samples were molded in the lab and 

tested.  

Tables 6-2 to 6-4 present the dynamic modulus results for each test section. 

Table 6-2. Dynamic Modulus (ksi) for IH 40 Test Section 1 (0% RAP, PG 64-28). 

Temperature(°F) 
Frequency (Hz) 

25 10 5 1 0.5 0.1 
14 2275 2163 1985 1597 1433 1090 
40 1775 1555 1367 1012 856 587 
70 817 612 481 263 195 110 

100 228 145 101 46 36 24 
130 103 61 40 21 16 12 

 

Table 6-3. Dynamic Modulus (ksi) for IH 40 Test Section 2 (35% RAP, AC-10). 

Temperature(°F) 
Frequency (Hz) 

25 10 5 1  0.5 0.1 
14 3746 3566 3370 2953 2758 2283 
40 2550 2322 2119 1705 1545 1159 
70 1190 953 779 457 364 197 

100 341 213 152 65 50 29 
130 116 68 46 22 16 12 

 

Table 6-4. Dynamic Modulus (ksi) for IH 40 Test Section 3 (20% RAP, PG 64-28). 

Temperature(°F) 
Frequency (Hz) 

25 10 5 1  0.5 0.1 
14 3171 2913 2681 2231 2036 1571 
40 2164 1914 1719 1299 1146 803 
70 998 739 615 353 273 149 

100 281 177 123 54 41 25 
130 204 143 99 54 41 30 

 
For each test section, five OT samples were molded to determine fracture property A and n 

values. The new tool (demonstrated in Chapter 4) for handling multiple OT data files and 

determining the A and n values based on average load reduction curve was employed. The A and 
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n values for each test section are listed in Table 6-5. These values will be used as input for 

TxACOL prediction as well. 

Table 6-5. A and n Values for IH 40 Test Sections. 

 A n 
Amarillo—IH 40 Test 

Section 1 Plant Mix (0% 
RAP, PG 64-28) 

4.9318E-07 4.5009 

Amarillo—IH 40 Test 
Section 2 Plant Mix 
(35% RAP, AC-10) 

1.1495E-06 4.2061 

Amarillo—IH 40 Test 
Section 3 Plant Mix 

(20% RAP, PG 64-28) 
4.9975E-07 4.3948 

 
6.1.4 TxACOL Prediction for IH 40 Test Sections 

Per previous discussion, the following input parameters were collected: 

 FWD back-calculated modulus for existing AC and base. 

 LTE values for each test section. 

 Dynamic modulus of overlay mixture for each test section. 

 Fracture properties A and n of overlay mixture for each test section. 

 Pavement structure (4 inches of overlay, 10 inches of existing AC, 12 inches of base, 

and subgrade). 

 Climatic data from Amarillo weather station. 

After incorporating all these parameters into the TxACOL, the RCR prediction for each test 

section was made and compared with the surveyed RCR curves. See Figures 6-7, 6-8, and 6-9.  
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Figure 6-7. RCR Prediction and Survey Result of IH 40 Test Section 1. 

 
 

  

Figure 6-8. RCR Prediction and Survey Result of IH 40 Test Section 2. 
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Figure 6-9. RCR Prediction and Survey Result of IH 40 Test Section 3. 

 

6.2 CASE 2: SH 24 TEST SECTION 

A 4000 ft test section was selected on SH 24. The overlay pavement structure consisted of 

2.5 inches of Type D mix, 3 inches of Type B asphalt concrete, 11 inches of cement-treated base, 

8 inches of lime treated subgrade, and natural subgrade.  

The 2.5 inches of asphalt overlay was constructed in July 2009. Existing cracks before the 

asphalt overlay were numbered, photographed, and mapped. A total of 61 transverse cracks with 

different severities were identified in the selected test section. Figure 6-10 presents the detailed 

cracking map surveyed on July 2, 2009. The original design of asphalt overlay mix used on 

SH 24 is presented in Figure 6-11.  
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6.2.1 Laboratory Test on Plant Mixes and Field Cores  

Both field cores and plant mixes were collected from the selected test section on SH 24. The 

plant mixes were sampled during construction in July 2009; the field cores were taken in June 

2010. The performed laboratory tests on the plant mixes and field cores included:  

 Hamburg Wheel Tracking Test (HWTT). 

 Overlay Test. 

 Repeated Load Test. 

 Dynamic Modulus Test. 

Figure 6-12 shows the HWTT result. Tables 6-6, 6-7, and 6-8 list the fracture properties, rutting 

properties, and dynamic modulus values, respectively.  

 

Figure 6-12. HWTT Results. 
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Table 6-6. Cracking Properties. 
 A n 

Field Cores (June 2010) 3.2874E-7 5.0204 
Plant Mix Samples 2.7764E-7 4.2794 

 

Table 6-7. Dynamic Modulus Results (ksi) 

Temperature 
(°F) 

Frequency (Hz) 

25 10 5 1 0.5 0.1 

14 4208 3897 3654 3189 2976 2403 
40 3078 2822 2609 2160 1982 1532 
70 1500 1231 1019 668 537 285 

100 415 252 175 68 49 22 
130 101 55 35 21 15 12 

 

Table 6-8. Rutting Properties. 
Temperature(°F) α µ 

104 0.8588 0.5528 
 

6.2.2 Coefficient of Thermal Expansion Determination for CTB 

Since the CTB layer on SH 24 was very thick (11 inches), over-cemented, and fully cracked, it 

was necessary to investigate the coefficient of thermal expansion of the CTB layer and input it 

into the TxACOL.  

Researchers found no study in Texas or on the national level to measure the CTE of CTB 

materials, and no standard test procedure is available to measure it. Thus, the researchers 

developed a simple method within the available tools. First, the researchers used a double-blade 

saw to cut a CTB core to about 6 inches in length and then glued two metal studs at each end 

surface. After the samples were put in the temperature chamber for about 24 hours, the 

researchers used a high-resolution caliper to measure the length between the two ends. Then the 

chamber temperature was changed for the next temperature, and after another 24 hours, the 

length was measured again; see Figure 6-13. Three temperatures—2°C, 25°C, and 60°C—were 

adopted, and the CTE was determined by the linear interpolation method. It was found that the 

CTB material on SH 24 was 10 microstrain/°C, which is almost the same as that of typical PCC 

with gravel aggregates. Apparently, more research is needed in this area, since CTE is an 
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important factor for thermal movement of CTB and, accordingly, thermal reflective cracking in 

the cold areas of Texas. 

 

 

Figure 6-13. CTE Measuring of CTB Material. 

6.2.3 TxACOL Prediction for SH 24 Test Section 

Then, the researchers entered the inputs, such as the pavement structure information and material 

properties seen in Tables 6-6, 6-7, and 6-8, the CTE information, and the climate information, 

and accepted the default values for other parameters. Figure 6-14 shows the comparison between 

the TxACOL-predicted RCR values and field survey results. Figure 6-14 is based on the 

cracking properties A and n obtained from the OT results of the plant mix samples. Using A and 

n obtained from field cores on June 2010 would get similar results. Figure 6-15 shows the 

predicted rut depth by the TxACOL. These rutting prediction results can be regarded as close to 

the field observation since no rut was observed during the survey. 

 



 

83 
 

 

Figure 6-14. RCR Prediction and Survey Result of SH 24 Test Section. 

 

Figure 6-15. SH 24 Rut Prediction Result. 
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6.3 SUMMARY 

Based on the investigation conducted previously, the following summaries are offered:  

 The enhanced TxACOL was employed to make predictions for the three test sections 

on IH 40. For each test section, the fracture properties, A and n, and the dynamic 

moduli of the overlay mixtures were determined through lab testing of plant mixes; 

the existing AC layer modulus and the base layer modulus were back-calculated 

according to the FWD data; and the existing pavement LTE was determined from the 

FWD data as well. 

 The enhanced TxACOL was also employed to make predictions for the test section 

on SH 24, on which the CTB layer was very thick, over-cemented, and fully cracked. 

The newly developed thermal SIF model was involved during RCR calculation. 

 Based on the comparisons between the enhanced TxACOL predictions and survey 

results, researchers found that predictions were close to the survey results. It could 

also be concluded that the new RCR model (ρ-β model) could fit the surveyed RCR 

curves.  

 It was also found that the CTE of the CTB material on SH 24 was 10 microstrain/°C, 

which is almost the same as that of PCC with gravel aggregates. Such a large CTE 

can result in large movement of a CTB layer and, consequently, early reflective 

cracking. Researchers found no study in Texas or on the national level to measure the 

CTE of CTB materials. Apparently, more research is needed in this area, since CTE is 

an important factor for thermal movement of CTB and, accordingly, thermal 

reflective cracking in the cold areas of Texas. 
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CHAPTER 7. 
CONCLUSIONS AND RECOMMENDATIONS 

This report documents the pilot implementation of the TxACOL in Texas districts. To facilitate 

the system implementation in districts, this study developed and conducted district-oriented 

overlay design workshops; provided asphalt overlay design assistance and monitored the 

construction of the new overlay projects; performed lab testing for different overlay mixes and 

updated the material default value database; surveyed the field performance (rutting and 

cracking) of existing asphalt overlay projects; and enhanced/calibrated the TxACOL. Finally, 

cases were demonstrated by comparing the enhanced TxACOL prediction with the field survey 

results. 

Based on the research presented in this report, the following conclusions and recommendations 

are made. 

 Both the instructors and trainees benefited from the training workshops, which is very 

important for the TxACOL enhancement and implementation. District-oriented user 

training workshops are recommended for any new program implementation. 

 Field performance data history surveyed on the 18 test sections showed that: 

o Either thin or thick asphalt overlays can perform well, depending on existing 

pavement conditions (e.g., LTE), overlay mix, traffic, and climate. Therefore, 

asphalt overlay including both mix type and thickness should be designed for 

project-specific service conditions.  

o Asphalt overlay thickness has significant influence on asphalt overlay 

performance. The overlay thickness has an exponential relationship with asphalt 

overlay life, so thick overlay is preferred whenever it is possible. 

o Overlay mixes with high RAP can be successfully designed to have similar or 

better performance than virgin mixes if the balanced mix design procedure is 

followed.  

 Some key input parameters such as dynamic modulus, cracking property, rutting 

property, FWD modulus, and LTE, have direct impacts on the accuracy of the 

TxACOL prediction. This report provided guidance on how to obtain reliable and 



 

86 
 

representative values of these parameters. Specifically, researchers developed tools 

and Excel macros to simplify parameter determination processes. 

 Default value system is a key part of successfully implementing the TxACOL. 

Researchers refined and updated default values through assisting different districts on 

overlay mix design and evaluation. 

 Continuous monitoring and surveying of overlay test sections provides clear cracking 

and rutting development history. The surveyed RCR results and curves indicate right 

directions for the TxACOL new models developing and calibration. 

 A new model (ρ-β model) was proposed and incorporated into the TxACOL for 

predicting RCR. This model fit most of the surveyed RCR curves. The ρ value, which 

represents the curve width, can be determined directly based on the crack length 

incremental calculation, while the β value (curve slope) is the calibration factor.  

 A new thermal SIF model was developed and incorporated into the TxACOL to 

account for the influence of a thick CTB layer’s movement under thermal variations.  

 Numerous pilot calculations and sensitivity analysis were conducted under this study, 

and the calibration factors of the reflective cracking model were refined. The new 

calibration factors are β = 5.0, k1 = 15, and k2 = 30. Case analyses showed that the 

enhanced TxACOL can make reasonable predictions compared to survey results. 

Apparently, calibration factors need to be further verified through more field test 

sections.  

 Most of the test sections in this report are recommended to be kept monitored since 

their cracks are still developing and their RCR values are still increasing. 

 The researchers recommend that the enhanced TxACOL program be used as a design 

tool for asphalt overlay design in different districts. Asphalt overlays should be 

designed in parallel with the existing approach and the TxACOL for comparison 

purposes. 
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