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Executive Summary 
 

As part of the Long Term Pavement Performance (LTPP) studies, Specific Pavement Study 

Experiment 5 (SPS-5) was designed to examine the behavior of Asphalt Concrete (AC) 

overlays of AC pavements with varying traffic, climate, pre-overlay treatment, and overlay 

thickness. The SPS-5 test sections on US-175 near Kaufman, Texas were constructed in 

1991 for this study. Analysis of material tests and field performance data from the SPS-5 

sections provide opportunities to quantify the effects of each of the parameters mentioned.   

 

In an effort to maximize the benefits of the LTPP SPS experiments, LTPP decided to 

conduct forensic investigations at selected test locations. The Kaufman, Texas location was 

chosen to investigate why the SPS-5 test sections outperformed the surrounding 

pavements. The forensic investigation focused mainly on reflection cracking and rutting 

concerns. Conclusions and observations are as follows:  

 

1. The performance of the test sections overlaid with Recycled Asphalt Pavement 

(RAP) material exceeded expectations. The following factors are believed to have 

contributed to the excellent crack resistance of the mixtures placed: (1) high asphalt 

content, (2) acceptable in-place density, and (3) high quality aggregates. Aggregates 

utilized in the SPS-5 project for overlays were from an igneous source that has low 

absorption. As validated by the Hamburg and the Overlay test results, mixtures 

produced with this type of aggregate are less prone to cracking and rutting. 

2. Although both types of materials demonstrated excellent performance, field 

performance data demonstrates that sections with virgin mixture overlay 

outperformed the sections overlaid with RAP. The laboratory overlay test results 

correlated well with the field performance data. Cores from the virgin AC sections 

had significantly higher number of cycles to failure than those from RAP sections. 

3. For sections of thin and thick overlay of both virgin and RAP mixtures, milled 

sections showed less cracks than those without surface preparation. Longitudinal 

non-wheel path cracks reflected in non-milled sections of thick virgin overlay mixture 



was self-healed the successive year. The section that was milled prior to overlay did 

not show significant crack reflection during the 17 years service life. 

4. Thick overlay sections of both virgin and RAP mixture showed high resistance to 

transverse cracking when compared to thin sections. Sections with virgin mixtures 

exhibited less longitudinal cracks when compared to RAP mixtures, for both thin and 

thick overlays.  

5. New longitudinal cracks originating on the surface layer were noted in thick overlay 

sections of both virgin and RAP mixtures. Sections with thin RAP mixture overlay 

showed more top-down longitudinal cracks when compared to sections with thin 

virgin overlay mixtures.  

6. In terms of IRI, thicker virgin overlay sections performed better compared to all other 

sections. Sections with RAP mixture overlay showed improved IRI following the 

rehabilitation. Performance of the RAP mixture overlay reduced drastically after 7-10 

years of service life when compared to the sections with virgin mixture overlay. 

7. Falling Weight Deflectometer (FWD) measurements indicated an increase in 

structural capacity for all sections following the rehabilitation treatment in 1991. The 

thicker overlay sections showed less deflection in milled and non-milled sections of 

both RAP and virgin mixtures. 

8. After 17 years of service, the virgin overlay mixes showed a maximum rut depth of 

0.47 inches. Sections with RAP mixture overlay showed half the amount of rutting as 

in virgin overlays. For both virgin and RAP mixtures, all measurable rutting appears 

to have occurred in the wearing surface of HMA overlay. Studies indicated that HMA 

overlay thickness does not have a systematic effect on rut depth. 

9. Laboratory test results of AC layer mixture properties of SPS-5 test sections reveal 

that high quality mixtures helped bridge over cracks in the existing pavement. In 

addition, high-density mixtures may have prevented excessive oxidation of the 

binder. 



CHAPTER 1 
FORENSIC INVESTIGATION 

1.1 Introduction 

A forensic investigation is the process by which a forensic engineering team gathers all 

necessary information to explain the probable causes of early failure in cases of under-

performance, or reasons for extended life in cases of high performance. Pavement forensic 

investigations have become more popular in recent years, as billions of tax dollars are being 

spent each year to maintain the nation’s huge investment in pavement facilities. 

Understanding the underlying reasons why pavements perform better or worse than 

expected can help the pavement industry meet expectations more reliably. As the industry 

faces tougher expectations for accountability, it is expected that forensic investigations will 

be conducted more frequently. These investigations provide information that the industry 

needs to improve.  

1.2 LTPP Pavement Forensic Investigation Frame Work 

One of the primary goals of Long Term Pavement Performance (LTPP) study is to 

improve pavement technology by understanding the reasons for performance or non-

performance of a pavement structure. Pavement forensic investigation is an inevitable part 

of achieving this objective. LTPP has provided a framework for forensic investigations to 

promote consistency and uniformity within the LTPP forensic investigation program. Since 

LTPP sections have distinctive characteristics, a standard plan would not be applicable to all 

LTPP test sections. Hence, the framework was intended to help tailor an investigation plan 

for each candidate project. The three main components of the framework are 1) 

recommendations for investigation, 2) development of investigation plan and 3) 

implementation. Recommendations for investigations include assembling a forensic team 

to assess the candidacy of the test section based on required data availability, willingness of 

the highway agency and cost considerations. The framework details the types of pavement 

investigation that should be considered depending on the pavement type (asphalt or PCC). 

The investigations recommended include collecting cores at cracks, trenches at rutted areas 

and drainage evaluation for flexible asphalt pavements. FWD, Ground Penetrating Radar 

(GPR), Spectral Analysis of Surface Waves (SASW), and Dipstick® measurements are 

recommended regardless of pavement type, to provide supplementary data for investigation.  



So far pavement forensic investigations have been carried out on LTPP test sections 

to study the reasons for premature pavement failure. At some project locations, test sections 

have performed much better than expected compared to surrounding pavements. One such 

case is the SPS-5 project in Kaufman County near Dallas, Texas. This project was intended 

to study the most common asphalt rehabilitation techniques used by state highway 

agencies, and received great attention since it performed much better than expected. Even 

after 17 years of service, all SPS-5 sections showed excellent performance with reduced 

reflective cracking. Hence, the Texas SPS-5 project was selected for a more detailed 

forensic investigation.  

CHAPTER 2 
TEXAS SPS-5 FORENSIC INVESTIGATION  

2.1 Background 

The Texas SPS-5 project is on east bound US-175, a moderately traveled highway, located 

near Crandall, Texas. Project location detail is shown in Figure 1. The LTPP SPS-5 

experiment was designed to examine the effects of varying traffic, climate, pre-overlay 

treatment, and overlay thickness on asphalt overlay performance. The rehabilitation was 

completed in1991, and includes surface preparation (2 inches milling and non-milling), type 

of asphalt overlay (virgin and recycled), and overlay thickness (2-inches and 5-inches). The 

layout of each section in the field and the AC layer thickness with treatments applied are 

detailed in Figure 2. 

 

Figure 1:  Project Location Details 



 

Figure 2:  Layout of the 8 test sections and the treatments applied 



Per Texas Department of Transportation (TxDOT) traffic data, the Average Daily 

Traffic (ADT) for US-175 in 2007 was 33,990 vehicles. The pavement structure below the 

asphalt layer consists of 12 inches of lime-stabilized base and 18 inches of lime-stabilized 

subgrade. The pavement age for US 175 sections is approximately 22 years. 

The percent of RAP used in this project was fixed at 35%. The remaining 65% virgin 

AC used in the mixture had a softer grade (AC-5) binder. An AC-10 binder with 3% latex 

modifier was used in overlay sections with virgin mixture. Mix design data shows that 

Traprock and Granite screenings were used for both sections of Type C mix with 4.5 % 

asphalt in RAP sections and Type B mix with 5.2% asphalt in virgin sections. Anti-stripping 

agents Perma Tac Plus and Adhere HP Plus were added to Type C and Type B mixes, 

respectively. Milled sections were leveled with the respective binder course before the 

planned 2 inches and 5 inches overlay was applied. Hence, the total overlay thickness for 

the milled thin overlay and the thick overlay sections were 4 inches and 7 inches 

respectively. Surface preparation, mixture type, and treatments applied for each section are 

detailed in Table 1. 

Table 1:  Details of Surface Preparation, Mixture Type and Treatment of Each Section 

Section No. Treatment Preparation Mixture Type 

48 A 502 2.2 " Overlay No Milling RAP 

48 A 503 2.1 " overlay + 3" Binder No Milling RAP 

48 A 504 2.2 " overlay + 3" Binder No Milling Virgin 

48 A 505 2" Overlay No Milling Virgin 

48 A 506 
2.3" Overlay                   

+ (2”binder to cover for milling) 
2" Milling Virgin 

48 A 507 
2" overlay + 3" Binder           

+ (2”binder to cover for milling) 
2" Milling Virgin 

48 A 508 
2.1 " overlay + 3" Binder         

+ (2”binder to cover for milling) 
2" Milling RAP 

48 A 509 
2.2 " Overlay                  

+ (2”binder to cover for milling) 
2" Milling RAP 



2.2 Investigation Objectives 

The objectives of this investigation were established considering the excellent performance 

of the SPS-5 sections of both RAP and virgin mixture type as listed below: 

• Investigate the reasons for better than expected overlay performance,  

• Evaluate pavement performance over the years and the progress of reflected cracks 
with respect to treatment and distress type, 

• Identify crack patterns associated with major types of distresses if any, 

• Characterize the mixture and material types that helped reduce distresses with 
respect to the treatment applied, and  

• Recommend the best rehabilitation treatments for similar projects based on this 
study. 

2.3 Data Assessment 

Data collection for the SPS-5 project in TX has periodically been done as a part of 

the LTPP study. A continuous record of distress, FWD, and profile measurement data from 

the year of rehabilitation (1991) are available for this project. Apart from this, data was 

collected from these sections in 2007 as a part of LTPP Material Action Plan (MAP). This 

data was collected to fill gaps in materials test data, aging study and for the Materials 

Reference Library. Time series plots of this data were prepared to evaluate the conditions 

and to prepare a detailed forensic investigation plan. 

2.4 Investigation Plan 

The LTPP forensic investigation framework recommends a detailed investigation 

including a distress mechanism investigation, and collection of “missing” data. The forensic 

investigation plan for the Texas SPS-5 project was tailored to address only the distress 

mechanism investigation, as the missing data collection was already done in 2007. Major 

distress types were identified by comparing distresses before and after rehabilitation 

treatment. Following the LTPP forensic investigation guidelines, a distress investigation 

matrix was prepared, and is provided in Table 2. For each section, a detailed plan identifying 

the distress type and core location was prepared to assist the crack study, which is provided 

in Appendix A. To supplement the material testing and characterization investigation, a 

detailed laboratory-testing plan was prepared. Non-destructive testing including FWD 

measurements, longitudinal profile measurements, manual distress survey and Dipstick® 



data were also planned for this study. Trenches at rut areas were added to supplement the 

investigative data collection process.  

Table 2.  Distress Mechanism Investigation Matrix 

Structure 

Type 
Distress Action Location Purpose Laboratory Tests 

Fatigue 

Cracking 
Core 

Within and 

outside Area 

Visual 

determination of 

crack origin 

Longitudinal 

Cracking 

(Wheel Path) 

Core 

At crack and 

within 0.5 m of 

the crack 

Visual 

determination of 

crack origin 

Longitudinal 

Cracking (Non 

Wheel Path) 

Core 

At crack and 

within 0.5 m of 

the crack 

Visual 

determination of 

crack origin 

AC, 

AC/AC 

Transverse 

Cracking 
Core 

At crack and 

within 0.5 m of 

the crack 

Visual 

determination of 

crack origin 

Density, Air voids, 

Asphalt content, Mix 

properties, Asphalt 

properties, Overlay 

test, Hamburg Test, 

and Rut 

measurements. 

2.5 Implementation  

The Federal Highway Administration (FHWA) LTPP team, together with an 

investigation team from TxDOT and Texas Transportation Institute (TTI) reviewed the 

proposed forensic investigation plan for cost and program benefits. With the enthusiasm and 

support of each agency, the final investigation plan was put forward. The plan clearly 

analyzed major distresses in each section, identified the location of each core, selected the 

methods and protocols for lab testing, indicated the type of data required to be collected, 

and specified the agency responsible for each activity. The list of field activities and the 

agency responsible for each activity are listed in Table 3.  



Table 3.  Activities Performed and Agency Responsible 

ROLES AND RESPONSIBILITIES 

Responsible Organization Activities 

 Traffic Control 

 Coring 4" diameter cores 

Texas Department of Transportation Arrange water for coring activity 

 Patching core holes 

 Trenches for rut measurement 

 Laboratory Testing 

Texas Transportation Institute Hamburg Test 

 Overlay Testing 

 Forensic Investigation Plan 

 Coordination of activities 

 Longitudinal Pavement Profile Measurement  

Fugro Consultants Inc, Austin, TX Deflection Testing (FWD) 

 Manual Distress Survey 

 Coring 12" diameter cores 

 Transportation of cores for laboratory testing 

  

FHWA - LTPP Overall responsibility of LTPP testing operations 

   



Non-destructive tests performed included Manual Pavement Distress Surveys, 

Dipstick® transverse pavement profile measurements, Profiler longitudinal pavement profile 

measurements, and FWD measurements. The destructive tests included cores for cracking 

studies and material testing, and trenches for rutting measurements. The laboratory testing 

planned were the measurement of layer and lift thickness, asphalt binder properties, 

Hamburg test, and overlay test.  

TxDOT was responsible for laboratory material testing, arrangements of road 

closure, excavation of trenches for rutting, and coring of 4-inch diameter cores for cracking 

studies. Fugro performed the manual distress surveys, Dipstick® transverse profile 

measurements, longitudinal profile measurements, FWD measurements, excavation of 6-

inch diameter cores for material testing, and assisted the TxDOT crew in completing the 4-

inch diameter cores for the crack study. TTI helped with the Hamburg and the Overlay crack 

resistance tests. With the help of TxDOT, Applied Research Associates collected one trench 

each from the RAP section and the virgin section for rut depth analysis, as a part of the 

NCHRP 9-30A project.  

CHAPTER 3 
ANALYSIS OF RESULTS 

3.1 Investigation Data Analysis 

3.1.1 Cracking Study 

A time series analysis of pre and post overlay manual distress surveys of each section was 

done to select locations for cores for the study. The analysis identified existing cracks that 

reflected through the overlay and those newly developed. Most of the cracks in the 

pavement did not reflect through the overlay, but cracks at new locations were identified. 

Hence, it was important to identify the layer of crack origin for new cracks and the terminus 

layer for existing cracks.  

For each type of major distress identified in the test section, a replicate core within 

0.5 m of the crack was collected to determine the crack origin and compare layer 

characteristics. A total of 61, 4-inch diameter cores were located in the field for this study. 

Detailed field core locations are provided in Appendix A of this report. A core log form, 

tailored to meet the objectives of the investigation, was prepared to collect details of the 



project section, core location, core matrix, crack pattern, and pavement layer thickness. 

Core log documentation of each core and summary is provided in Appendix A. 

3.1.2 Cracking Data Analysis  

Non-wheel path longitudinal cracking, transverse cracking and fatigue cracking were 

the major distresses identified. There were a total of 25 cores to study longitudinal cracks, 

18 cores for transverse cracks, and 10 cores for fatigue cracking, including the replicate 

cores. Eight cores (including replicates) were taken at locations were stripping was 

observed. A summary of data is presented in Appendix A. 

Of the eighteen cores collected for the study of transverse cracks, eleven showed a 

distinctive crack mechanism of origination either on the top or reflecting from the bottom. Out 

of these eleven cores, eight reflected the existing cracks and three had cracks originating on 

the surface layer. Reflected transverse cracks were prominent in thin overlay sections of 

both RAP and virgin mixtures. This was obvious from the results, as seven of the eight 

bottom-up cracks were in thin overlay sections; four in virgin mixtures and three in RAP 

mixtures. The remaining one bottom-up crack was in a thick overlay RAP section. All three 

top-down cracks were observed in virgin mix sections, two in thin overlay and one in thick 

overlay sections.   

For longitudinal cracks, seventeen cores were identified to have a distinctive crack 

pattern. Twelve of these were noted to be originating at the surface; eight of those were in 

RAP sections (four in the thin overlay sections and four in the thick overlay sections) and 

four were in the virgin sections (one in the thin overlay sections and three in the thick 

overlay sections). Of the five cores identified with bottom-up crack pattern, two were in thick 

RAP sections and three in virgin mix (two in thin overlay sections and one in thick overlay 

section).  

 Six of the cores collected for fatigue cracks were identified to have a distinctive crack 

pattern. Five of them showed top-down cracking mechanism; four in the RAP section (two in 

the thin overlay section and one in the thick overlay section) and one in the thick virgin 

section. One of the cores identified to have reflected the existing crack was in non-milled 

thick RAP section A503.  

 Cores were obtained at both wheel path and non-wheel path, where stripping was 

observed. Only three of the eight cores were completely recovered. For all cores, stripping 



was observed on the overlay surface layer except the milled thin overlay RAP section A509, 

where stripping was observed in binder layers also. 

3.1.3 Roughness  

Roughness is a measure of ride comfort and a component of pavement performance 

evaluation. The roughness or rideability of the test section is quantified using the 

International Roughness Index (IRI). For these test sections, IRI was measured using the 

LTPP profilometer. It is interesting to note that, even after 17 years of service, all sections 

but one have a lower IRI than pre-overlay condition (section 48A505). The range of IRI 

measured is between 1.0-2.0 m/km. A comparative study of the increase in IRI for all 

sections for 1991, 1992, 1994, 2001, and 2008 was done to see the influence just after 

treatment, within two years of treatment. It was also done after nine years and after 17 years 

of treatment. Table 4 summarizes this data and Figure 3 shows the time series plot of IRI 

over the years.  

It is noted that the RAP sections showed excellent performance immediately after the 

rehabilitation treatment (10% for A502, 25% for A503, 15% for A508, 36% for A509) but 

exhibited a reduction in performance for the recent year 2008 (-8.0% for A502, 13.2% for 

A503, -7.0% for A508, 32.2% for A509). Comparing the milled sections (A502, A503) to non-

milled sections (A508, A509), thick and thin section respectively, milled sections showed 

better performance. 

Two of the virgin sections showed increased performance (11.8% for A505, 1.0% for 

A507) immediately after rehabilitation, one non-milled and other milled respectively. 

Roughness increased over the years for the non-milled section (-14.1% for A505) and 

decreased for the milled section (12.2% for A507). Two of the virgin sections that showed 

increased IRI with negative performance just after the treatment (-11.9% for A504, -28.7% 

for A506) remained more or less the same (-9.0% for A504, -22.5% for A506) over the 

service life of 17 years.  

Comparing IRI values in 2008 with the IRI values after rehabilitation (1992), it is 

noted that except for section A505, sections with virgin mixture had a lower IRI over the 

years and outperformed RAP sections. Comparing the roughness of sections before 

treatment to IRI values in the year 2008, milled sections performed better than non-milled 

sections.  



Table 4.  IRI Comparison 

State Code Section ID Survey Date Avg IRI 
Variation in 

IRI (%)     
(All years) 

Variation in 
IRI (%)     

(1991-1992) 

Variation in 
IRI (%)     

(1992-2008) 

Variation in 
IRI (%)      

(1991-2008) 

48 A502 19-Mar-91 1.37  
48 A502 20-Jan-92 1.23 -10.2 
48 A502 29-Jun-94 1.27 2.9 
48 A502 29-Oct-01 1.30 2.5 
48 A502 06-Sep-08 1.48 14.1 

10.2 -20.3 -8.0 

        
48 A503 19-Mar-91 1.49  
48 A503 21-Jan-92 1.11 -25.5 
48 A503 29-Jun-94 1.18 6.2 
48 A503 29-Oct-01 1.22 3.5 
48 A503 06-Sep-08 1.30 6.1 

25.5 -16.6 13.2 

        
48 A504 19-Mar-91 1.38  
48 A504 21-Jan-92 1.54 11.9 
48 A504 29-Jun-94 1.53 -1.0 
48 A504 29-Oct-01 1.43 -6.6 
48 A504 06-Sep-08 1.50 5.4 

-11.9 2.5 -9.0 

        
48 A505 20-Mar-91 1.55  
48 A505 22-Jan-92 1.36 -11.8 
48 A505 29-Jun-94 1.46 7.1 
48 A505 29-Oct-01 1.52 3.9 
48 A505 06-Sep-08 1.76 16.3 

11.8 -29.3 -14.1 

        
48 A506 19-Mar-91 1.18  
48 A506 21-Jan-92 1.52 28.7 
48 A506 29-Jun-94 1.50 -1.2 
48 A506 29-Oct-01 1.32 -12.0 
48 A506 06-Sep-08 1.45 9.5 

-28.7 4.8 -22.5 

        
48 A507 19-Mar-91 1.46  
48 A507 21-Jan-92 1.45 -1.0 
48 A507 29-Jun-94 1.46 0.5 
48 A507 29-Oct-01 1.28 -12.1 
48 A507 06-Sep-08 1.28 0.3 

1.0 11.4 12.2 

        
48 A508 19-Mar-91 1.26  
48 A508 20-Jan-92 1.06 -15.4 
48 A508 29-Jun-94 1.15 8.0 
48 A508 29-Oct-01 1.19 3.8 
48 A508 06-Sep-08 1.35 12.9 

15.4 -26.6 -7.1 

        
48 A509 19-Mar-91 1.95  
48 A509 20-Jan-92 1.24 -36.1 
48 A509 29-Jun-94 1.25 0.6 
48 A509 29-Oct-01 1.21 -3.5 
48 A509 06-Sep-08 1.32 9.3 

36.1 -6.1 32.2 
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Figure 3:  Plot of IRI the Years 

3.1.4 Longitudinal Cracking  

Longitudinal cracking (all severity levels) in the wheel path and non-wheel path of 

each of the eight test sections were plotted against time to evaluate the performance. Only 

the automated PASCO distress survey was available for pre-overlay distress assessment. 

Since most of the sections had block cracking, these automated surveys masked other 

distresses in those areas, and a fair comparison of the longitudinal cracking before and after 

treatment was not obtained for sections A502 and A509. When comparing the total length of 

longitudinal non-wheel path (LNWP) cracks available before treatment with the manual 

distress survey data as shown in Figure 4, it is surprising that even after 17 years of service, 

none of the sections exhibited the same amount of distress before treatment. The trend of a 

lower wheel path cracking when compared to the non-wheel path cracking was noted in all 

sections. Table 5 and 6 show the percentage variation of longitudinal distresses in the wheel 

path and non-wheel path in 1993, after 7 years (1998), after 12 years (2003) and after 17 

years (2008) of surface treatment.  
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Figure 4:  Plot of Longitudinal Non-Wheel Path Cracks Over the Years 
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Figure 5:  Plot of Longitudinal Wheel Path Cracks Over the Years 



All virgin sections except section A507 (99% reduction), showed 100% reduction in 

wheel path longitudinal cracks. RAP sections also showed a reduction in wheel path 

longitudinal cracks as noted here for thin non-milled/milled, (60.6% for A502, 100% for 

A509) thick non-milled /milled sections (93.6% for A508 and 96.4% for A503) respectively. 

The least reduction was observed in non-milled thin overlay RAP section A502. 

All RAP sections exhibited a high amount of longitudinal non-wheel path cracking 

around 7 to 10 years of service after rehabilitation. During the initial 7 years, the rate of 

increase in longitudinal non-wheel path cracks was high for RAP sections (37.4% for A502, 

22.6 for A509, 22.0% for A508, 24.1% for A503) compared to virgin sections (0.0% for 

A504, 0.0% for A507, 8.0% for A506, 30.7% for A505). Comparing the rate of increase 7 

years after treatment, (8.1% for A502, 16.0 for A509, 21.4% for A508, 13.1% for A503) and 

virgin sections (5.7% for A504, 1.8% for A507, 16.1% for A506, 9.1% for A505), show that 

the cracking rate slows down for the RAP sections, but starts increasing for the virgin 

sections. 

As compared above, for virgin sections, less longitudinal non-wheel path cracking 

was reported compared to that reported before the overlay. Virgin mixes reflected less 

cracking than recycled mixes, except for section 48A505, which is the thin non-milled 

section that immediately reflected the cracking before any other section. The other milled 

thin overlay virgin mixture showed 8.0% crack rate within the initial 7 years and increased to 

16.0% thereafter. Virgin mixture thick overlay sections, both milled and non milled, showed 

0.0% increase in cracking for the first 7 years, but cracking there after at a rate of 5.7% for 

non-milled and 1.8% for milled sections. Within the thin and thick virgin sections, the ones 

that reduced the existing crack from reflecting on the surface without surprise were the thick 

overlay sections, both milled and non-milled.  

Comparing the performance of milled and non-milled thick virgin mix overlay 

sections, it is noted that the milled section reported less longitudinal non-wheel path 

cracking over the service period. In non-milled sections, though the cracks reflected for 

some time, the thick virgin mixture helped heal these cracks. For thin virgin mix overlay 

section also, the milled section performed better when compared to the non-milled section. 

 

 

 



Table 5. Longitudinal Wheel Path Crack Comparison 

State Code Section_ID Survey Date Total Length of 
LWP Crack 

Variation in LWP (%)       
(1991- 2008) 

48 A502 08-Mar-91 3.3 
48 A502 10-Aug-93 0 
48 A502 03-Jun-98 0 
48 A502 23-Apr-03 9.9 
48 A502 10-Sep-08 1.3 

60.6 

     
48 A509 08-Mar-91 30.9 
48 A509 10-Aug-93 0 
48 A509 03-Jun-98 2.2 
48 A509 23-Apr-03 12.5 
48 A509 10-Sep-08 0 

100.0 

     
48 A508 08-Mar-91 41.9 
48 A508 10-Aug-93 0 
48 A508 03-Jun-98 0 
48 A508 23-Apr-03 11.2 
48 A508 10-Sep-08 2.7 

93.6 

     
48 A503 08-Mar-91 35.9 
48 A503 10-Aug-93 0 
48 A503 03-Jun-98 0 
48 A503 23-Apr-03 12.6 
48 A503 11-Sep-08 1.3 

96.4 

     
48 A504 08-Mar-91 49 
48 A504 10-Aug-93 0 
48 A504 03-Jun-98 0 
48 A504 23-Apr-03 0 
48 A504 11-Sep-08 0 

100.0 

     
48 A507 08-Mar-91 60.4 
48 A507 10-Aug-93 0 
48 A507 03-Jun-98 0 
48 A507 23-Apr-03 3.1 
48 A507 11-Sep-08 0.6 

99.0 

     
48 A506 08-Mar-91 7.9 
48 A506 10-Aug-93 0 
48 A506 04-Jun-98 0 
48 A506 23-Apr-03 0 
48 A506 11-Sep-08 0 

100.0 

     
48 A505 08-Mar-91 23 
48 A505 10-Aug-93 0 
48 A505 04-Jun-98 0 
48 A505 24-Apr-03 0 
48 A505 11-Sep-08 0 

100.0 



Table 6. Longitudinal Non Wheel Path (LNWP) Crack Comparison 

State 
Code 

Sectio
n_ID Survey Date Total_ NWP 

Variation of 
LNWP (%)      

(1991-2008) 

Rate of LNWP 
Increase (%)    
(1993-1998) 

Rate of LNWP 
Increase (%)    
(1998-2008) 

48 A502 08-Mar-91 32.7 
48 A502 10-Aug-93 0 
48 A502 03-Jun-98 261.8 
48 A502 23-Apr-03 334.7 
48 A502 10-Sep-08 342.6 

-950.0 37.4 8.1 

       
48 A509 08-Mar-91 107.4 
48 A509 10-Aug-93 0 
48 A509 03-Jun-98 158.5 
48 A509 23-Apr-03 294.3 
48 A509 10-Sep-08 318.2 

-200.0 22.6 16.0 

       
48 A508 08-Mar-91 363.1 
48 A508 10-Aug-93 0 
48 A508 03-Jun-98 153.8 
48 A508 23-Apr-03 285.9 
48 A508 10-Sep-08 367.5 

-1.2 22.0 21.4 

       
48 A503 08-Mar-91 283.4 
48 A503 10-Aug-93 0 
48 A503 03-Jun-98 168.6 
48 A503 23-Apr-03 286.3 
48 A503 11-Sep-08 299.4 

-5.6 24.1 13.1 

       
48 A504 08-Mar-91 340.3 
48 A504 10-Aug-93 0 
48 A504 03-Jun-98 0 
48 A504 23-Apr-03 47.5 
48 A504 11-Sep-08 57.3 

83.2 0.0 5.7 

       
48 A507 08-Mar-91 370.4 
48 A507 10-Aug-93 0 
48 A507 03-Jun-98 0 
48 A507 23-Apr-03 18.8 
48 A507 11-Sep-08 17.9 

95.2 0.0 1.8 

       
48 A506 08-Mar-91 147.3 
48 A506 10-Aug-93 0 
48 A506 04-Jun-98 56 
48 A506 23-Apr-03 167.9 
48 A506 11-Sep-08 216.5 

-47.0 8.0 16.1 

       
48 A505 08-Mar-91 333.7 
48 A505 10-Aug-93 0 
48 A505 04-Jun-98 215 
48 A505 24-Apr-03 305.1 
48 A505 11-Sep-08 306.4 

8.2 30.7 9.1 

 



3.1.5 Transverse Cracking 

A time series plot of the total length of transverse cracks (all severities) for each test 

section was prepared to compare the distress before and after rehabilitation treatment, as 

shown in Figure 6. As noted before, only the automated PASCO distress survey was 

available before treatment for distress analysis, and in most sections these were reported as 

block cracking that masked other distresses, including transverse cracks in sections A509 

and A502.  
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Figure 6:  Plot of Transverse Cracks Over the Years 

Comparing the total number of cracks before rehabilitation to the cracks in 2008, it is 

noted that resistance to transverse cracks in thick non-milled/milled and thin non-

milled/milled of virgin sections was high (97.7% for A504, 99.1% for A507, 89.9% for A506, 

59.9% for A505) compared to RAP sections (46.2% for A503, 69.6% for A508, 11.4 for 

A509, 2.5% for A 502), as may be seen in Table 7. 

 



Table 7. Transverse Crack (T_Crack) Comparison 

State 
Code SHRP_ID Survey Date Total Length 

T_Crack 

Variation in 
T_Cracks 

(%)      
(1991-2008) 

Rate of       
T_Crack  
increase  

(1992-2008) 

Rate of       
T_Crack  
increase 

(1998-2008) 
48 A502 08-Mar-91 9.9 
48 A502 10-Aug-93 0 
48 A502 03-Jun-98 50.3 
48 A502 23-Apr-03 108.4 
48 A502 10-Sep-08 146.2 

2.5 7.2 9.6 

       
48 A509 08-Mar-91 69.4 
48 A509 10-Aug-93 0 
48 A509 03-Jun-98 14.1 
48 A509 23-Apr-03 91.8 
48 A509 10-Sep-08 132.9 

11.4 2.0 11.9 

       
48 A508 08-Mar-91 240.5 
48 A508 10-Aug-93 0 
48 A508 03-Jun-98 1.7 
48 A508 23-Apr-03 33.4 
48 A508 10-Sep-08 73.1 

69.6 0.2 7.1 

       
48 A503 08-Mar-91 191.9 
48 A503 10-Aug-93 0 
48 A503 03-Jun-98 1.5 
48 A503 23-Apr-03 46.6 
48 A503 11-Sep-08 103.2 

46.2 0.2 10.2 

       
48 A504 08-Mar-91 219.6 
48 A504 10-Aug-93 0 
48 A504 03-Jun-98 0.8 
48 A504 23-Apr-03 0.8 
48 A504 11-Sep-08 5 

97.7 0.1 0.4 

       
48 A507 08-Mar-91 243.4 
48 A507 10-Aug-93 0 
48 A507 03-Jun-98 0 
48 A507 23-Apr-03 1.3 
48 A507 11-Sep-08 2.2 

99.1 0.0 0.2 

       
48 A506 08-Mar-91 73.4 
48 A506 10-Aug-93 0 
48 A506 04-Jun-98 0 
48 A506 23-Apr-03 1.8 
48 A506 11-Sep-08 7.4 

89.9 0.0 0.7 

       
48 A505 08-Mar-91 170.3 
48 A505 10-Aug-93 0 
48 A505 04-Jun-98 52.2 
48 A505 24-Apr-03 81.7 
48 A505 11-Sep-08 68.3 

59.9 7.5 1.6 



Within seven years of the surface treatment, the rate of increase in transverse cracks 

is high in thin overlays non-milled/milled when compared to RAP sections (7.2% for A502, 

2.0 % for A509). Both milled and non-milled thick RAP sections show less than 0.2% 

increase. This rate is found to be increasing after seven years at a range of 10% for all the 

RAP sections. For virgin sections, the rate of increase in transverse crack after 7 years of 

treatment was less than 0.4% for thick sections and less than 1.6% for thin sections.   

Sections with a thick overlay of virgin mixture showed high resistance to reflection of 

existing transverse cracking. In general, thicker overlays had less cracking than thinner 

overlays, and milled sections had less cracks than those with minimal surface preparation. 

 3.1.6 Deflection (FWD) Measurements 

FWD measurements are used as a measure of structural capacity evaluation of each 

layer of the pavement. Seven sensors located at known distances, measure the deflection of 

the pavement in response to weights dropped from fixed heights. Sensor 7 deflections 

correspond to the subgrade condition and sensor 1 deflections correspond to the overall 

pavement condition.  

Pre and post FWD measurements for sensors 1 and 7 are plotted for each year as 

shown in Figures 7 and 8 to analyze the structural capacity of each underlying layer. These 

are deflections without temperature correction average for the project location and 

normalized for a drop load of 9 kips. Sensor 1 plots show that there is considerable increase 

in structural capacity for all sections following rehabilitation in 1991. For all sections, the 

sensor 1 deflections reported were less than 90 microns compared to the deflections in the 

range of 120 to 250 microns before treatment. Though not significant, the deflection noted in 

subgrade layers also decreased for all the sections with rehabilitation. The surveys in recent 

years show that both sensor 1 and sensor 7 deflections started increasing after 7-10 years 

of service life. According to recent FWD measurements, increases in deflection for the 

surface and subgrade layers is observed in the non-milled thin overlay RAP section A502 

(108%) and the lowest increase in deflection is observed in non-milled 5 inch thick RAP 

section A503 (44%). Variations in deflections are observed in 2002 and 2005, as the 

temperature at the time the FWD measurement was taken varied considerably within the 

two days of successive data collection.  
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Figure 7:  Plot of Sensor 1 FWD Measurement Over the Years 
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Figure 8:  Plot of Sensor 7 FWD Measurement Over the Years 



As noted in other distresses, thicker sections of both RAP and virgin mixtures 

showed increased strength. Milled sections with 7-inch overlay of both RAP and virgin 

mixtures showed comparably better performance (72% and 86% increase) and thin sections 

showed 95% and 97% increase respectively. Non-milled thin sections of virgin mixtures 

showed less deflection (59% increase) compared to 108% increase in RAP section. 

In general, thicker sections showed less deflection in milled and non-milled sections 

of both RAP and virgin mixtures. Milled thin sections performed better than non-milled 

sections in RAP, but milling did not help in reducing deflection in thin sections of virgin mix. 

3.1.7 Rutting 

For trenching locations at the SPS-5 project, a rut data analysis was done as a part of 

NCHRP project 9-30A. A complete report is not currently available, but the field report 

shows that most of the rutting has occurred within the HMA overlay-wearing surface. A 

summary of the analysis is noted below and the detailed report is provided in Appendix C for 

reference. 

 

The rutting in section A508 is confined to the surface RAP layer, with a maximum of 

0.25 in. Immeasurable rutting was found within the lower layers of the RAP overlay. For 

section A507, rutting has occurred within the surface layer of the virgin HMA with a 

maximum of about 0.2 in. centered in the wheel path, and continues into the bottom of the 

binder layer (leveling lift) to a magnitude of about 0.2 in. The lower lift of the virgin mix for 

binder layer or leveling course was reported to have tensile strength ratios (TSR) lower than 

the minimum required value of 0.70. Some of this rutting in the leveling course could be 

associated with moisture damage within that layer. The TSR values reported for the RAP 

mixtures all exceeded the minimum value of 0.70 and no measurable rut depths were found 

within that layer from the trench in section A508. 

 

Three lifts were placed for the overlay; the wearing surface, the binder layer and a leveling 

course. Based on an analysis of the measured rut depths, all measurable rutting has 

occurred in the HMA overlay. Most of the rutting has occurred within the wearing surface of 

both sections. It is expected that immeasurable rutting has occurred in the existing HMA and 

other lower layers. 



3.1.8 Laboratory Material Testing 

Three, 6-inch diameter cores from virgin AC section A504 and three cores from recycled 

section A503 were tested by TxDOT for layer thickness, density, binder content, penetration, 

DSR, and Hamburg Wheel Track Test. Comparing the job mix design values of the surface 

layers and the lab results of the binder layers, it is noted that the as-constructed data strictly 

follows the mix design values. Comparison of recent test results from TxDOT to previous 

data obtained from LTPP database is presented in Table 8. A detailed laboratory test result 

analysis is provided in the TxDOT report is included in Appendix B. 

 

Table 8. Comparison of Asphalt Mix Test Results  
Layer G (Overlay Surface _RAP) Asphalt Grade (AC-5) 

Protocol 
ID* Properties 1991          

(Job Mix) 
1992       

(LTPP) 
2007       

(LTPP) 
2008         

(TxDOT) 
AC01 Layer Thickness (in) 2.00 2.14 1.95 2.047 
AC02 Bulk Spec. Gravity 2.441 2.443 2.526 2.501 

 Water Absorption (%)    0.255 
AC03 Max.Spec.Gravity 2.542 - 2.549 2.530 

 Density (%) 96   98.855 
AC04 Asphalt Content (%) 4.5 - 4.2 4.633 
AE02 Pen at 77F (p.u.)  - - 18.000 
AE03 Spec.Gravity at 66C 0.985 - 1.033 1.034 

 Spec.Gravity at 77C    1.028 
 DSR @ 64    6.555 
 DSR @ 70    2.795 
 DSR @ 76    1.313 

AE05 Abs.Viscosity (P)  - 30919.67 13527.84 

Layer F (Overlay Binder _RAP) Asphalt Grade (AC-5) 
Protocol 

ID* Properties 1991          
(Job Mix) 1992 2007 2008         

(TxDOT) 
AC01 Layer Thickness (in)  3.17 3.13 2.963 
AC02 Bulk Spec. Gravity 2.424 2.443 - 2.391 

 Water Absorption (%)    0.607 
AC03 Max.Spec.Gravity 2.514 2.534 2.533 2.512 

 Density (%) 96.4   95.20 
AC04 Asphalt Content (%) 3.8 4.1 4.133 3.833 
AE02 Pen at 77F (p.u.)  39.667 - 27.333 
AE03 Spec.Gravity at 66C  1.031 1.033 1.029 

 Spec.Gravity at 77C 0.985   1.023 
 DSR @ 64    4.773 
 DSR @ 70    2.093 
 DSR @ 76    0.965 

AE05 Abs.Viscosity (P)  5625.8 30250.67 9533.29 
 



 
Table 8. Comparison of Asphalt Mix Test Results (Cont…) 

Layer I (Overlay Surface_VIRGIN) Asphalt Grade (AC 10 with 3% Latex) 
Protocol 

ID* Properties  1992       
(LTPP) 

2007       
(LTPP) 

2008         
(TxDOT) 

AC01 Layer Thickness (in)  2.106 1.995 2.063 

AC02 Bulk Spec. Gravity  - - 2.535 

 Water Absorption (%)    0.125 

AC03 Max.Spec.Gravity  2.519 - 2.560 

 Density (%)    99.03 

AC04 Asphalt Content (%)  5.033 4.867 5.300 

AE02 Pen at 77F (p.u.)  31.000 - 64.00 

AE03 Spec.Gravity at 66C  1.038 - 1.050 

 Spec.Gravity at 77C    1.044 

 DSR @ 64    1.803 

 DSR @ 70    0.883 

 DSR @ 76    0.452 

AE05 Abs.Viscosity (P)  9081.33 - 2296.02 

Layer H (Overlay Binder_VIRGIN) Asphalt Grade (AC 10 with 3% Latex) 
Protocol 

ID* 
Properties  1992       

(LTPP) 
2007       

(LTPP) 
2008         

(TxDOT) 

AC01 Layer Thickness (in)  2.883 2.780 2.446 

AC02 Bulk Spec. Gravity  2.473 2.343 2.443 

 Water Absorption (%)    0.164 

AC03 Max.Spec.Gravity  2.557 - 2.514 

 Density (%)    97.17 

AC04 Asphalt Content (%)  4.467 4.567 4.533 

AE02 Pen at 77F (p.u.)  - - 48.67 

AE03 Spec.Gravity at 66C  1.034 - 1.032 

 Spec.Gravity at 77C    1.026 

 DSR @ 64    1.597 

 DSR @ 70    0.795 

 DSR @ 76    0.433 

AE05 Abs.Viscosity (P)  4199 - 2946.53 

* Protocol ID mentioned are the LTPP Material Testing Protocols 

 



 

Table 8. Comparison of Asphalt Mix Test Results (Cont…) 

Layer E (Existing Pavement Surface) 
Protocol 

ID* Properties  1992       
(LTPP) 

2007       
(LTPP) 

2008         
(TxDOT) 

AC01 Layer Thickness (in)  1.350 1.221 1.433 

AC02 Bulk Spec. Gravity  2.392 2.385 2.408 

 Water Absorption (%)    0.850 

AC03 Max.Spec.Gravity  2.466 - 2.478 

 Density (%)    97.15 

AC04 Asphalt Content (%)  4.800 4.650 4.750 

AE02 Pen at 77F (p.u.)  11.333 - 10.500 

AE03 Spec.Gravity at 66C  1.060 - 1.045 

 Spec.Gravity at 77C    1.039 

 DSR @ 64    17.75 

 DSR @ 70    8.749 

 DSR @ 76    3.805 

AE05 Abs.Viscosity (P)  354296.67 - 45780.26 

Layer D (Existing Pavement Binder) 
Protocol 

ID* Properties  1992       
(LTPP) 

2007       
(LTPP) 

2008         
(TxDOT) 

AC01 Layer Thickness (in)  7.850 7.597 7.921 

AC02 Bulk Spec. Gravity  2.358 2.350 2.363 

 Water Absorption (%)    0.949 

AC03 Max.Spec.Gravity  2.412 - 2.416 

 Density (%)    97.81 

AC04 Asphalt Content (%)  4.700 4.133 5.033 

AE02 Pen at 77F (p.u.)  24.333 - 23.50 

AE03 Spec.Gravity at 66C  1.052 - 1.045 

 Spec.Gravity at 77C    1.039 

 DSR @ 64    3.293 

 DSR @ 70    1.455 

 DSR @ 76    0.696 

AE05 Abs.Viscosity (P)  138492.33 - 6002.10 

* Protocol ID mentioned are the LTPP Material Testing Protocols 



DISCUSSION 
 

Pavement performance is an interwoven fabric of different parameters of varying influence. 

It was found that after more than 17 years of service, the RAP sections have been 

performing satisfactory for the Texas SPS-5 sections. Different factors were identified to 

have helped improve the performance of these sections.  

 

Primarily, it is believed that the mixture design helped reduce aging of the asphalt mixture. 

The high asphalt content and high densities are believed to have contributed to reduced 

oxidation and enhanced the crack resistance. The results from the SPS-5 test sections 

suggest that a flexible mix will be able to bridge over the cracked surface. For both RAP and 

virgin sections, the study indicates that a thicker overlay does contribute to reflective crack 

resistance. The milled sections showed slightly lower amount of cracks, but the mechanistic 

and empirical analysis shows that the effect of milling is insignificant in resisting reflection 

cracking unless existing cracks are completely removed. A distinct crack mechanism is not 

observed for these sections in the cracking study. It showed that most of the transverse 

cracks were bottom-up. Longitudinal non-wheel path cracks were also noted to originate at 

pavement surface in thicker overlay sections, besides that reflected from the existing crack 

below. Within the first 8 years of service, there is no significant difference between RAP and 

virgin AC sections. Compared to virgin mixture, the RAP sections showed increased rate of 

distress after 8 years of service. This could be explained by the recent asphalt binder 

penetration results indicating that RAP sections are undergoing aging to some extent. The 

overlay tester results indicate that the AC overlay with virgin asphalt mix still possesses 

excellent resistance to reflective cracking.  

 

Using quality materials, especially water resistant aggregates, has helped improve the 

performance. In general, aggregates with low water absorption perform well since less 

asphalt is absorbed thus producing a thicker film of asphalt around the aggregates. This 

generally produces a mixture less prone to excessive aging and cracking. Using of high 

quality aggregates might be extremely expensive in some areas, where it is not locally 

available. A cost analysis considering the long-term performance of the pavement may be 

necessary to select the aggregate type for the pavement mixture design.  

  



Good quality aggregate and sound foundation might have also contributed to the low rutting 

reported in these sections. Even after 17 years of service, maximum rutting reported was 

less than half inch. RAP overlay mixture showed less rutting compared to virgin mixture. The 

preliminary observations of the rut depth analysis noted that all the measurable rutting has 

occurred in the overlay layer. Rutting was found within the surface layer of the overlay for 

both RAP and virgin mixture. But virgin mixture reported lower tensile strength ratio in the 

lower layer of overlay and found to have rutted in this layer. It is believed that this could be 

associated with the moisture damage within this layer. The tensile strength ratio reported for 

RAP mixture exceeded the minimum requirement and no measurable rut depths were 

observed within the lower overlay layer. 

 

The in-situ mixture properties matched the design mixture properties for the Texas SPS-5 

project, showing the quality of construction practice followed. The asphalt content 

determined for the cores collected were within 0.3% of the original design target. A high in-

place density of about 96% to 99% is reported in all tests. The results clearly support the 

influence of quality construction practice in pavement performance.  

 

Due to the benefits in costs reduction and environmental protection, there is a great 

tendency to use RAP. However, the most frequently observed distress associated with RAP 

is reflective cracking. Thus, the performance of RAP and factors influencing it are important 

factors for pavement engineers to consider when making decisions on rehabilitation and 

maintenance activities. The overall performance of RAP mixture overlays in the Texas SPS-

5 sections was comparable to virgin mixture overlay. As mentioned above several factors 

influenced the excellent performance of these RAP sections.  In the present scenario of 

minimizing expenses, the findings of this study would appear to support the continued use of 

RAP, and excellent performance when properly designed and constructed.  

 

 

 

  

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 

 

CRACK STUDY DATA
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APPENDIX D 

 

FIELD ACTIVITES  

PHOTOGRAPHS 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photograph 1: Replicate core location marked in field for drilling 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photograph 2: Driller centered for coring  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photograph 3: Core obtained using table mount driller  

 

Photograph 4: 12 inch diameter bulk cores for lab testing 



 

Photograph 5: FWD measurement at field  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Photograph 6: Manual Distress Survey with video recording at field 



 

Photograph 7: Obtaining trenches for rut measurement at field 

 

 

Photograph 8: Rut depth measurement at field 


