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EXECUTIVE SUMMARY 


In 2002, Caltrans embarked on a study to evaluate the overall effectiveness of  using rubberized asphalt 
concrete (RAC) overlays under a warranty-type setting in which the contractor would repair (at his own 
expense) any significant distress that occurs in the first three or five years after construction, depending 
on the type of the project. The overall purpose of the study was to help provide a “level playing field” for 
all rubber-modified mixtures that contain a minimum of 15 percent scrap tire rubber. These sections 
could be constructed using the “wet process” (RAC-G), “terminal blend” (MB), or the “dry process”. 
Seven pilot projects were originally considered for roadway maintenance/rehabilitation.  These projects 
were all to be constructed during the 2002, 2003, and 2004 construction seasons.  Five were chosen for 
construction and all were classified as rehabilitation projects with a five-year warranty requirement for 
performance. 

Caltrans Office of Flexible Pavement Materials (OFPM) was charged with providing assistance and 
support to the Resident Engineer responsible for contract administration of the projects.  The OFPM was 
also to provide a thorough evaluation of construction and post construction activities.  As part of the  
process, the OFMP recommended guidelines for data collection to assess the following: 

•	 Conformance to the warranty specification – The warranty specification for each RAC project 
called for certain minimum levels of materials and construction quality, as well as future 
performance.  Accordingly, various types of data needed to be gathered during construction and 
in the future to determine conformance to the specifications. 

•	 Performance – Data gathered and analyzed as part of a well-coordinated plan were to be used to 
evaluate the overall performance and cost effectiveness of the use of RAC.  

This report represents Volume 2 of a report series that documents the work performed under the RAC 
warranty studies.  It provides the data that have been collected through August 2005 pertaining to field 
performance, i.e., pavement condition and nondestructive deflection test data.  Volume 1 of the report 
series (i.e., the Construction Report) documents the data collected prior to and during construction. 

Within each project, four to nine 152-meter performance evaluation sections (PESs) were established for 
long-term performance monitoring.  The tests and surveys described in this report serve as key 
components of the performance monitoring program. 

•	 Detailed pavement condition surveys – Distress surveys were conducted according to standard 
Caltrans definitions for distress type, severity, and extent.  The surveys involved measurements of 
rutting, cracking, raveling, flushing, and other distresses as well as digital photographs. 

•	 FWD deflection testing – Nondestructive pavement surface deflection measurements were made 
using a falling weight deflectometer, which provides a basis for pavement structural capacity and 
subgrade soil strength assessment. 

The performance data collected for the five RAC projects are presented within five separate sections of 
this report. The report concludes with a summary of the findings thus far and recommendations for 
continued testing within each of the RAC projects.  Overall, the results to date indicate that the RAC 
projects should generally perform well over the 5-year warranty period and the intended 10-year design 
lives. It is likely that some projects may deteriorate sooner and require more maintenance than others. 
However, the expectation is that the overall performance should be satisfactory and that RAC overlays are 
a good candidate for use under a warranty-type specification. 
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1.0 INTRODUCTION 

1.1 BACKGROUND 

Between 2002 and 2003, Caltrans investigated seven candidate projects for roadway maintenance/ 
rehabilitation that would contain specifications for rubberized asphalt concrete (RAC) and include a 
warranty on the RAC material and workmanship.  These projects were all to be constructed during the 
2002, 2003, and 2004 construction seasons.   

The Office of Flexible Pavement Materials (OFPM) of Caltrans Materials Engineering and Testing 
Services (METS) provided guidelines to the Resident Engineers for the collection of data from these 
projects to: 

•	 Determine their conformance to the warranty specification – The warranty specification for each 
RAC project called for certain minimum levels of materials and construction quality, as well as 
future performance.  Accordingly, various types of data needed to be gathered during 
construction and in the future to determine conformance to the specifications. 

•	 Evaluate their performance – Data gathered and analyzed as part of a well-coordinated plan were 
to be used to evaluate the overall performance and cost effectiveness of the use of RAC.  

The emphasis of this report is on the experimental data that has been collected pertaining to the 
performance evaluation.  As the pavements within the RAC warranty projects age and deteriorate, it is 
anticipated that Caltrans will play the key role in surveying and recording the condition of the pavements 
for warranty conformance purposes. 

The overall purpose of the study was to help provide a “level playing field” for all rubber-modified 
mixtures that contain a minimum of 15 percent scrap tire rubber.  These sections could be constructed 
using the “wet process” (RAC-G), “terminal blend” (MB), or the “dry process”.  The study plan called for 
a five-year post construction data collection and evaluation phase.  

Five projects were constructed.  Each was classified as a rehabilitation project and targeted for five years 
of monitoring and evaluation.  Table 1.1 provides basic information on the five pilot RAC Warranty 
projects. Project locations are shown in Figure 1.1. Additional information relative to the construction of 
these projects may be found in the construction report [Caltrans, 2005].  Within each project, four to nine 
500-ft (152.4-m) performance evaluation sections (PESs) were established and are being used to evaluate 
the overall performance of each project. 

Table 1.1. Caltrans pilot RAC Warranty projects 

District County Route Region Project Limits Project Length 
Post Mile (PM) Kilo Post (KP) (mi) (km) 

02 Lassen 395 Mountainous 11.8-24.8 19.0 – 39.9 13.0 19.9 
06 Fresno 33 Central Valley 62.4-69.4 100.4 – 111.7 7.0 11.3 
07 Ventura 150 Coastal 15.2-24.0 24.4 – 38.6 8.8 14.2 
10 Merced 140 Central Valley 27.0-30.2 43.4 – 48.6 3.2 5.2 
11 San Diego 75 Coastal 11.0-17.4 17.7 – 28.0 6.4 10.3 

1 
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Project 
Locations 

Figure 1.1.  Location of five RAC Warranty projects 

1.2 PURPOSE AND ORGANIZATION OF REPORT 

This report documents the key field testing and distress surveys that have been carried out on the PESs 
within each RAC project.  These tests and surveys (identified below) are a key component of the 
monitoring program that is being carried to provide the needed data for evaluating the overall 
performance of the RAC sections.  These data include following: 

•	 Detailed pavement condition surveys – Distress surveys were conducted according to standard 
Caltrans definitions for distress type, severity, and extent [Caltrans, 2000].  Custom forms and 
tables (as presented in Appendix A) that evolved as part of other recent studies [Caltrans, 2002] 
were used to collect and record detailed distress data for each PES.  The surveys involved 
measurements of rutting, cracking, raveling, flushing, and other distresses as well as digital 
photographs. 

•	 FWD deflection testing – Surface deflection measurements were made according to a standard 
protocol established for this experiment (see Appendix B).  This involved testing at 50-ft (15.2­
m) intervals along the mid-lane and the outer wheel path.   

The performance data collected for these projects are presented in five separate chapters: chapters 2 
through 6 include the performance data summaries for the five projects; and chapter 7 provides an overall 
summary and recommendations. 

2 




    
   

 
 

  
 

 
 

 
 

 
 

 

 

 
 

  

 

 
 
 
 
 
 

 

  
 

 
 

 

 

 
 

RAC Warranty Pilot Projects Volume 2 – Interim Performance Monitoring Report November 15, 2005 
Caltrans/CIMWB Partnered Research 

2.0 VENTURA COUNTY, HIGHWAY 150 

2.1 PROJECT INFORMATION 

The Ventura RAC Warranty project (EA No. 07-105484) is primarily a two-lane roadway located along 
State Highway 150 in District 7, Ventura County, in and beyond Ojai, CA.  The project extends from PM 
15.2 (KP24.4 Loma Drive) to PM 24.0 (KP 38.6 near Lion Canyon Creek Bridge) for a total of 8.8 mi 
(14.2 km).   

The overlay for this project was constructed in October 2002 and consisted of a 2.36-in (60-mm) RAC-G 
mixture. Because of localized areas of pavement deterioration, overlay placement was preceeded by the 
removal and replacement, full-depth repair, or partial-depth repair (i.e., mill and fill) operations.  More 
detailed construction information is provided in the Volume 1, Construction Report [Caltrans, 2005].   

Six PESs were identified for this project based upon deflection measurements obtained prior to 
construction. Table 2.1 identifies the starting point and basic deflection level for each of the PESs. 
Figure 2.1 provides a plan view showing the PES locations. 

Table 2.1. Location and description of six PESs selected for Ventura County,
 
Highway 150 RAC Warranty project 


PES ID Begin KP Begin PM Relative Deflection Level 
EB-1 26.738 16.43 Low 
EB-2 31.446 19.35 High 
WB-3 38.480 23.72 Moderate 
WB-4 31.850 19.60 Low 
WB-5 29.436 18.10 High 
WB-6 25.652 15.75 Moderate 

2.2 DATA COLLECTION SUMMARY 

Only one round of post-construction performance monitoring consisting of condition surveys and FWD 
deflection testing was conducted on this project.  The date of this testing, along with the prevailing 
weather conditions, are summarized in Table 2.2. 

Table 2.2. Weather conditions during FWD testing and condition survey evaluation 

Date FWD 
Testing 

Condition 
Survey Weather Conditions 

2/9/05 Yes Yes Mostly sunny with air temperatures in the range of 47 to 75°F 
(8 to 24°C) 

3 




    
   

 
 

RAC Warranty Pilot Projects Volume 2 – Interim Performance Monitoring Report November 15, 2005 
Caltrans/CIMWB Partnered Research 

Figure 2.1. Plan showing location of six PESs along Ventura County, Highway 150 
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2.3 CONDITION SURVEY SUMMARY 

Appendix C.1 provides example photos and summarizes the condition survey results for each of the six 
PESs located along the project.  The overall condition of the pavements in the six PESs was good, with 
generally little distress observed.  However, several embankment failures associated with heavy rains 
were observed adjacent to sections WB-3 and WB-4.  The transverse cracks observed in section WB-3 are 
likely related to the embankment failure.  Section WB-4 exhibited no distress.  A single 3-ft (1-m) long 
transverse crack was observed in section WB-5.  No other significant pavement distress was observed 
throughout the project.  The age of the overlay at the time of the survey was 2.5 years and, although there 
are some early signs of distress, they are related to the instability of the underlying embankment, not to 
the quality of the RAC materials or construction.  Overall, it is expected that the RAC overlay will 
provide good performance over the remainder of the warranty period. 

2.4 FWD TESTING SUMMARY 

Table 2.3 provides a summary of the processed FWD test data obtained from each of the PESs.  The table 
includes surface deflection values (normalized to the standard 9,000-lb [40-kN] deflection load) from the 
outer wheel path for two key sensor locations:   

•	 Sensor 1 – Maximum deflection beneath the load, i.e., at a radial distance (r) equal to zero inches 
(0 mm) from the center of the load plate. The deflection from this sensor is normally used for 
assessment of structural capacity and overlay thickness design. 

•	 Sensor 5 – Deflection at a radial distance (r) equal to 36 in (914 mm) from the center of the load 
plate. The deflection from this sensor is highly correlated with the modulus of the subgrade soil. 

Figure 2.2 provides graphs showing the deflection profiles for each PES.  These graphs are based on the 
normalized deflection data presented in Table 2.3.  Overall, the data within these sections exhibit a wide 
range in both average maximum deflection and within section variability. 

Raw deflection data are stored in a relational database described in Appendix D.  For the first (and only) 
round of deflection testing performed thus far, no mid-lane deflection testing was performed. 

2.5 STRUCTURAL ADEQUACY ASSESSMENT 

A general assessment of the structural adequacy of this project was conducted using the deflection data 
from the first round of testing (after RAC overlay construction) and traffic (TI) data used in the original 
rehabilitation design (provided in the Volume 1 - Construction Report).  This structural adequacy 
assessment is based solely on an evaluation of the six PESs.  Since these sections were selected to cover 
the range of deflections measured along the project, the results of the assessment should reflect a range of 
structural capacity that emphasizes the highs and lows. 

The two key inputs required for the structural adequacy assessment are defined below. 

•	 Traffic Index (TI) = 9 (from Volume 1 - Construction Report) 
•	 Total HMA thickness (including RAC overlay) = 12.0 in (306 mm) 

The tolerable deflection corresponding to these two inputs, as determined using the criteria in the Caltrans 
Flexible Pavement Rehabilitation Manual [Caltrans, 2001], is 14.08 milli-inches (0.358 mm), assuming 
the criteria are also applicable to RAC.  The 80th percentile deflection for each of the six PESs was 
calculated using the deflection values measured in the outside wheel path.   

5 
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Figure 2.3 provides a bar graph that compares these 80th percentile deflections with the tolerable value. 
Those sections that have an 80th percentile deflection less than the tolerable value are considered to be 
structurally adequate for the design conditions.  Those that have an 80th percentile deflection greater than 
the tolerable value are considered structurally inadequate and less likely to survive the 10-year design 
period. 

Inspection of Figure 2.3 indicates that four of the PESs have 80th percentile deflections that exceed the 
tolerable value, while only two exhibit 80th percentile deflections that are less. Of the four PESs that have 
high deflections, section WB-5 is extremely high.  Its 80th percentile deflection is four times that of the 
tolerable deflection and is likely to exhibit structural distress within the first five years of its intended 10­
year design life.  Sections EB-2 and WB-3 are likely to perform satisfactorily for seven to eight years 
before they start to show significant structural distress. 
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Figure 2.3. Structural adequacy assessment  - the Ventura County Highway 150 project 
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3.0 FRESNO COUNTY, HIGHWAY 33 

3.1 PROJECT INFORMATION 

The Fresno RAC Warranty project (EA No. 06-343534) is a two-lane roadway located along State 
Highway 33 in District 6, Fresno County, between Mendota and Firebaugh, CA.  The project extends 
from PM 62.4 (KP 100.4 near Bass Avenue) to PM 69.4 (KP 111.7 near Main Canal Bridge) for a total of 
7.0 mi (11.3 km).   

The overlay for this project was constructed in August 2003 and consisted of a 2.36-in (60-mm) RAC-G 
mixture. More detailed construction information is provided in the Volume 1, Construction Report 
[Caltrans, 2005].   

Six PESs were identified for this project based upon deflection measurements obtained prior to 
construction. Table 3.1 identifies the starting point and basic deflection level for each of the PESs. 
Figure 3.1 provides a plan view showing the PES locations. 

Table 3.1. Location and description of six PESs selected for Fresno County, 

Highway 33 RAC Warranty project 


PES ID Begin KP Begin PM Relative Deflection Level 
NB-1 103.31 64.25 High 
NB-2 106.37 66.15 Low 
NB-3 109.50 68.10 Moderate 
SB-1 110.07 68.45 Low 
SB-2 107.49 66.85 High 
SB-3 105.39 65.54 Moderate 

3.2 DATA COLLECTION SUMMARY 

Three rounds of post-construction performance monitoring were conducted on the project.  FWD testing 
was performed during all three rounds; however, a condition survey was performed only in the last round. 
The dates of the testing, along with the prevailing weather conditions, are summarized in Table 3.2. 

Table 3.2. Dates and conditions of condition survey evaluation 

Date FWD 
Testing 

Condition 
Survey Weather Conditions 

9/15/03 Yes No Air temperature ranged from 81 to 111°F (27 to 44°C) 
9/22/04 Yes No Surface temperature ranged from 62 to 74°F (17 to 23°C) 

2/9/05 Yes Yes Sunny skies with air temperatures ranging from 57 to 72°F 
(14 to 22°C) 
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Figure 3.1. Plan showing location of six PESs along Fresno County, Highway 33 
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3.3 CONDITION SURVEY SUMMARY 

Appendix C.2 provides example photos and summarizes the condition survey results obtained during 
February 2005 for each of the six PESs located along the project.  As can be seen, almost no distress was 
observed in the PESs. Only a very small amount of raveling (less than one square meter) was observed in 
section SB-1. Although the age of the overlay is only 1.5 years, there is no indication that it will not 
provide good performance over the remainder of the warranty period. 

3.4 FWD TESTING SUMMARY 

Tables 3.3 through 3.6 provide a summary of the processed FWD test data obtained from each of the PES 
during the three rounds of testing. The tables include surface deflection values (normalized to the 
standard 9,000-lb [40-kN] deflection load) for two key sensor locations, 1 and 5. 

The data in both Tables 3.3 and 3.4 represent deflection values obtained in the outer wheel path during the 
first two rounds of testing (no mid-lane testing was performed during these rounds).  Tables 3.5 and 3.6 
provide deflection values from the third round of testing for the outside wheel path and mid-lane 
locations, respectively. 

Figures 3.2 through 3.4 provide graphs showing the individual deflection profiles for each PES.  The 
graphs in these figures are based on the normalized deflection data presented in Tables 3.3 to 3.6. Raw 
deflection data are stored in the relational database (Appendix D). 

Overall, the deflection data from these RAC PESs indicate relatively low deflection values, a low range in 
average maximum deflection (between the PESs), and relatively low within section variability.  The 
variation of average maximum deflection between the three time intervals is also generally consistent, 
although two of the PESs (SB-2 and SB-3) reflect a significant, but temporary increase in deflection in 
2004.   

3.5 STRUCTURAL ADEQUACY ASSESSMENT 

A general assessment of the structural adequacy of this project was conducted using the deflection data 
from the first round of testing (after RAC overlay construction) and traffic (TI) data used in the original 
rehabilitation design (provided in the Volume 1 - Construction Report).  This structural adequacy 
assessment is based solely on an evaluation of the six PESs.  Since these sections were selected to cover 
the range of deflections measured along the project, the results of the assessment should reflect a range of 
structural capacity that emphasizes the highs and lows. 

The two key inputs required for the structural adequacy assessment are defined below. 

• Traffic Index (TI) = 9.5 (from Volume 1 - Construction Report) 
• Total HMA thickness (including RAC overlay) = 7.7 in (196 mm) 

The tolerable deflection corresponding to these two inputs, as determined using the criteria in the Caltrans 
Flexible Pavement Rehabilitation Manual [Caltrans, 2001], is 13.04 milli-inches (0.331 mm), assuming 
the criteria are also applicable to RAC.  The 80th percentile deflection for each of the six PESs was 
calculated using the deflection values measured in the outside wheel path.   
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Figure 3.5 provides a bar graph that compares these 80th percentile deflections with the tolerable value. 
Those sections that have an 80th percentile deflection less than the tolerable value are considered to be 
structurally adequate for the design conditions.  Those that have an 80th percentile deflection greater than 
the tolerable value are considered structurally inadequate and less likely to survive the 10-year design 
period. 

Inspection of Figure 3.5 indicates that five of the PESs have 80th percentile deflections that exceed the 
tolerable value, while only one exhibits an 80th percentile deflection that is less.  Of the five PESs that 
have high deflections, only section NB-1 is significantly high.  Its 80th percentile deflection is about 50 
percent higher than that of the tolerable deflection.  Thus, it is likely to exhibit significant structural 
distress during the last four to five years.  The other sections with marginally higher deflections, i.e., NB­
2, NB-3, SB-2, and SB-3 are likely to perform satisfactorily for eight to nine years before they start to 
show the effects of their higher deflections. 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

NB-1 NB-2 NB-3 SB-1 SB-2 SB-3 

PES No. 

80
th

 P
er

ce
nt

ile
 D

ef
le

ct
io

n 
(m

ill
i-i

nc
he

s) Tolerable Deflection = 13.04 mils 

Figure 3.5. Structural adequacy assessment - the Fresno County Highway 33 project  
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4.0 MERCED COUNTY, HIGHWAY 140 

4.1 PROJECT INFORMATION 

The Merced RAC Warranty project (EA No. 10-0A5804) is a two-lane roadway located along State 
Highway 140 in District 10, Fresno County, near Merced, CA.  The project extends from PM 27.0 (KP 
43.4) near McSwain Road to PM 30.2 (KP 48.6), 0.8 mi (1.2 km) east of Applegate Road for a total 3.2 
miles (5.2 km). 

The overlay for this project was constructed in September 2003 and consisted of a 2.36-in (60-mm) RAC-
G mixture.  More detailed construction information is provided in the Volume 1, Construction Report 
[Caltrans, 2005].   

Six PESs were identified for this project based upon deflection measurements obtained prior to 
construction. Table 4.1 identifies the starting point and basic deflection level for each of the PESs. 
Figure 4.1 provides a plan view showing the PES locations. 

Table 4.1. Location and description of six PESs selected for Merced County,
 
Highway 140 RAC Warranty project 


PES ID Begin KP Begin PM Relative Deflection Level 
WB-1 47.737 29.69 High 
WB-2 46.931 29.19 Moderate 
WB-3 44.759 27.84 Low 
EB-1 44.221 27.50 Low 
EB-2 45.258 28.15 High 
EB-3 45.894 28.54 Moderate 

4.2 DATA COLLECTION SUMMARY 

Only one round of post-construction performance monitoring consisting of condition surveys and FWD 
deflection testing was conducted on this project.  The date of this testing along with the prevailing 
weather conditions are shown in Table 4.2. 

Table 4.2. Weather conditions during FWD testing and condition survey evaluation 

Date FWD 
Testing 

Condition 
Survey Weather Conditions 

2/17/05 Yes Yes Mostly sunny with air temperatures ranging from 52 to 57°F (11 
to 14°C) 
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Figure 4.1. Plan showing location of six PESs along Merced County, Highway 140 
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4.3 CONDITION SURVEY SUMMARY 

Appendix C.3 provides example photos and summarizes the condition survey results for each of the six 
PESs located along the project.  None of the PESs exhibit any distress, although some surface grinding to 
improve profile was observed in sections WB-1 and EB-3.  Although the age of the overlay is only 1.5 
years, there is no indication that it will not provide good performance over the remainder of the warranty 
period. 

4.4 FWD TESTING SUMMARY 

Tables 4.3 and 4.4 provide a summary of the processed FWD test data obtained from each of the PES. 
The table includes surface deflection values (normalized to the standard 9,000-lb [40-kN] deflection load) 
from mid-lane and the outer wheel path for two key sensor locations, 1 and 5. 

Figure 4.2 provides graphs showing the deflection profiles for each of the six PESs.  These graphs are 
based on the normalized deflection data presented in Tables 4.3 and 4.4.  The raw deflection data are 
stored in the relational database (Appendix D). 

Overall, the data from the one round of deflection testing indicate that the RAC PESs are in the very low 
to moderate range in terms of average maximum deflection.  PES EB-1 has an average maximum value of 
about 5 milli-inches (0.013 mm) while PES WB-1 has an average maximum value of about 9 milli-inches 
(0.023 mm).   The within section variability for these sections is also in the very low to moderate range. 
PES EB-1 has very low variability while the other sections are more in the moderate range. 

4.5 STRUCTURAL ADEQUACY ASSESSMENT 

A general assessment of the structural adequacy of this project was conducted using the deflection data 
from the first round of testing (after RAC overlay construction) and traffic (TI) data used in the original 
rehabilitation design (provided in the Volume 1 - Construction Report).  This structural adequacy 
assessment is based solely on an evaluation of the six PESs.  Since these sections were selected to cover 
the range of deflections measured along the project, the results of the assessment should reflect a range of 
structural capacity that emphasizes the highs and lows. 

The two key inputs required for the structural adequacy assessment are defined below. 

• Traffic Index (TI) = 9.5 (from Volume 1 - Construction Report) 
• Total HMA thickness (including RAC overlay) = 9.4 in (239 mm) 

The tolerable deflection corresponding to these two inputs, as determined using the criteria in the Caltrans 
Flexible Pavement Rehabilitation Manual, is 13.04 milli-inches (0.331 mm), assuming the criteria are also 
applicable to RAC. The 80th percentile deflection for each of the six PESs was calculated using the 
deflection values measured in the outside wheel path.   
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Figure 4.3 provides a bar graph that compares these 80th percentile deflections with the tolerable value. 
Those sections that have an 80th percentile deflection less than the tolerable value are considered to be 
structurally adequate for the design conditions.  Those that have an 80th percentile deflection greater than 
the tolerable value are considered structurally inadequate and less likely to survive the 10-year design 
period. 

Inspection of Figure 4.3 indicates that all six of the PESs have 80th percentile deflections that (essentially) 
satisfy the tolerable deflection criteria.  Accordingly, all can be expected to provide good structural 
performance over the 10-year design period. 
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Figure 4.3. Structural adequacy assessment - the Merced County Highway 140 project 
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5.0 SAN DIEGO COUNTY, HIGHWAY 75 

5.1 PROJECT INFORMATION 

The San Diego RAC Warranty project (EA No. 11-230104) is located along the two southbound lanes of 
State Highway 75, District 11, San Diego County, between Coronado and Imperial Beach, CA.  The 
project extends from PM 11.0 (KP 17.7) to PM 17.4 (KP 28.0) for a total of 6.4 mi (10.3 km).   

The overlay for this project was constructed in May 2003 and consisted of a 2.36-in (60-mm) RAC-G 
mixture. More detailed construction information is provided in the Volume 1, Construction Report 
[Caltrans, 2005].   

Four PESs were identified within the outside southbound lanes of this project based upon deflection 
measurements obtained after construction.  Unlike the first three RAC projects, it was not possible to 
obtain deflection measurement just prior to overlay construction.  Thus, PES selection was based on 
deflection measurements obtained in February 2005. Table 5.1 identifies the starting point and basic 
deflection level for each of the PESs. Figure 5.1 provides a plan view showing the PES locations. 

Table 5.1. Location and description of four PESs selected for San Diego County, 

Highway 75 RAC Warranty project 


PES ID Begin KP Begin PM Relative Deflection Level 
SB-1 26.50 16.48 Low 
SB-2 23.07 14.35 High 
SB-3 20.48 12.74 Moderate 
SB-4 18.81 11.70 Moderate 

5.2 DATA COLLECTION SUMMARY 

Only one round of post-construction performance monitoring consisting of condition surveys and FWD 
deflection testing was conducted on this project.  The date of this testing along with the prevailing 
weather conditions are shown in Table 5.2. 

Table 5.2. Weather conditions during FWD testing and condition survey evaluation 

Date FWD 
Testing 

Condition 
Survey Weather Conditions 

2/7/05 Yes Yes Clear skies with air temperatures ranging from 52 to 57°F (11 to 
14°C) 
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Figure 5.1. Plan showing location of four PESs along San Diego County, Highway 75 
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5.3 CONDITION SURVEY SUMMARY 

Appendix C.4 provides example photos and summarizes the condition survey results for each of the four 
test sections located along the project.  Based upon the last survey, none of the PESs exhibit any distress. 
Given that the overlay was about 1.7 years old at the time of the survey, there is a good indication that the 
RAC overlay will provide very good performance over the remainder of the 5-year warranty period. 

5.4 FWD TESTING SUMMARY 

Table 5.3 provides a summary of the processed FWD test data obtained from each PES.  The table 
includes surface deflection values (normalized to the standard 9,000-lb [40-kN] deflection load) from the 
outer wheel path for two key sensor locations, 1 and 5. 

Figure 5.2 provides graphs showing the deflection profiles for each of the four PESs.  These graphs are 
based on the normalized deflection data presented in Table 5.3.  Raw deflection data are stored in the 
relational database (Appendix D).  For the first (and only) round of deflection testing performed thus far, 
no mid-lane deflection testing was performed. 

Examination of the deflection data (from Figure 5.2 in particular) indicate that three of the PESs (SB-1, -3 
and -4) exhibit low average maximum deflections while one (PES SB-2) is near the high end. The within 
section variability in deflection is typical, although the variability of PES SB-2 is comparatively high. 
Because of its high relative deflection, it is likely that PES SB-2 will deteriorate faster and require more 
maintenance than the other three PESs. 

5.5 STRUCTURAL ADEQUACY ASSESSMENT 

A general assessment of the structural adequacy of this project was conducted using the deflection data 
from the first round of testing (after RAC overlay construction) and traffic (TI) data used in the original 
rehabilitation design (provided in the Volume 1 - Construction Report).  This structural adequacy 
assessment is based solely on an evaluation of the four PESs.  Since these sections were selected to cover 
the range of deflections measured along the project, the results of the assessment should reflect a range of 
structural capacity that emphasizes the highs and lows. 

The three key inputs required for the structural adequacy assessment are defined below. 

• Traffic Index (TI) = 8.5 (from Volume 1 - Construction Report) 
• Total HMA thickness (including RAC overlay) =  5.8 in (148 mm) 
• Underlying pavement is PCC (and treated as a cement treated base in the analysis) 

The tolerable deflection corresponding to these three inputs, as determined using the criteria in the 
Caltrans Flexible Pavement Rehabilitation Manual, is 12.81 milli-inches (0.325 mm), assuming the 
criteria are also applicable to RAC.  The 80th percentile deflection for each of the four PESs was 
calculated using the deflection values measured in the outside wheel path.   
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Figure 5.3 provides a bar graph that compares these 80th percentile deflections with the tolerable value. 
Those sections that have an 80th percentile deflection less than the tolerable value are considered to be 
structurally adequate for the design conditions.  Those that have an 80th percentile deflection greater than 
the tolerable value are considered structurally inadequate and less likely to survive the 10-year design 
period. 

Inspection of Figure 5.3 indicates that three of the four PESs have 80th percentile deflections that clearly 
satisfy the tolerable deflection criteria and can be expected to provide good structural performance over 
the 10-year design period.  Section EB-2, on the other hand, exhibits an 80th percentile deflection that is 
roughly 60 percent higher than the tolerable deflection.  Thus, this section is likely to exhibit structural 
distress well before the 10-year design life. 

80
th

 P
er

ce
nt

ile
 D

ef
le

ct
io

n 
(m

ill
i-i

nc
he

s)

30 

25 

20 

15 

10 

5 

0 

Tolerable Deflection = 12.81 mils 

EB-1 EB-2 WB-3 WB-4 

PES No. 

Figure 5.3. Structural adequacy assessment - the San Diego County Highway 75 project 
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6.0 LASSEN COUNTY, HIGHWAY 395 

6.1 PROJECT INFORMATION 

The Lassen RAC Warranty project (EA No. 02-258504) is a two-lane roadway located along State 
Highway 395 in District 2, Lassen County, near Doyle, CA.  The project extends from PM 11.8 (KP 19.0) 
to PM 24.8 (KP 39.9) for a total of 13.0 mi (20.9 km).   

The overlay was constructed in August 2004 and consisted of a 2.36-in (60-mm) modified-binder (MB) 
dense-graded asphalt concrete mixture (MB-D) with a nominal ¾-in (19-mm) maximum size coarse 
aggregate. More detailed construction information is provided in the Volume 1, Construction Report 
[Caltrans, 2005].   

Nine PESs were identified within this project based upon deflection measurements obtained after 
construction.  Unlike the first three RAC projects, it was not possible to obtain deflection measurements 
on this project just prior to overlay construction.  Thus, PES selection was based on deflection 
measurements obtained in December 2004.  Table 6.1 identifies the starting point and basic deflection 
level for each of the PESs.  Figure 6.1 provides a plan view showing the PES locations. 

Table 6.1. Location and description of nine PESs selected for Lassen County,
 
Highway 395 RAC Warranty project 


PES ID Begin KP Begin PM Relative Deflection Level 
NB-1 24.89 15.48 Low 
NB-2 27.48 17.09 Moderate 
NB-3 33.91 21.09 High 
NB-4 34.72 21.59 Moderate 
NB-5 35.52 22.09 Low 
NB-6 36.23 22.53 Moderate 
NB-7 37.92 23.58 High 
SB-8 38.06 23.67 High 
SB-9 28.43 17.68 High 

6.2 DATA COLLECTION SUMMARY 

Only one round of post-construction performance monitoring consisting of condition surveys and FWD 
deflection testing was conducted on this project.  The dates of this testing along with the prevailing 
weather conditions are shown in Table 6.2. 

Table 6.2. Weather conditions during FWD testing and condition survey evaluation 

Date FWD 
Testing 

Condition 
Survey Weather Conditions 

12/4/04 Yes No Overcast with temperatures ranging from 34 to 46°F (1 to 8oC). 
2/13/05 No Yes Partly cloudy with temperatures about 50°F (10oC). 
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Figure 6.1. Plan showing location of nine PESs along Lassen County, Highway 395 
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6.3 CONDITION SURVEY SUMMARY 

Appendix C.5 provides example photos and summarizes the condition survey results for each of the nine 
PESs. Based on the survey, none of the sections exhibited any pavement distress.  This is expected since 
the overlay was only 6 months old at the time of the survey.  Overall, all of the PESs are expected to 
provide good performance during the remainder of the 5-year warranty period. 

6.4 FWD TESTING SUMMARY 

Tables 6.3 and 6.4 provide a summary of the processed FWD test data obtained from each PES.  The 
tables include surface deflection values (normalized to the standard 9,000-lb [40-kN] deflection load) 
from the outer wheel path for two key sensor locations, 1 and 5. 

Figure 6.2 provides graphs showing the deflection profiles for each PES.  These graphs are based on the 
normalized deflection data presented in Tables 6.3 and 6.4.  Raw deflection data are stored in the 
relational database (Appendix D).  

The deflection testing for this project was carried out during winter when air temperatures were just above 
freezing. This had a definite effect on the stiffness of the asphalt surface layers and resulted in an overall 
reduction in measured deflection.  Still, the average maximum deflection values for each PES (as depicted 
in Figure 6.2) indicate a range from low, 4 milli-inches (0.010 mm), to moderate, 11 milli-inches (0.028 
mm). PES NB-1 exhibited the lowest overall deflection at one end of the project, while NB-7 and SB-8 
had the highest at the other end.  The average maximum deflection for the remaining six projects is much 
smaller, in the range of 7 to 9 milli-inches (0.018 to 0.023 mm), indicating that some of these sections are 
probably redundant and could be eliminated from the experiment.  The within section deflection 
variability most of these sections is generally low.  Even the sections with the highest deflection 
variability could be considered low by comparison.   

6.5 STRUCTURAL ADEQUACY ASSESSMENT 

A general assessment of the structural adequacy of this project was conducted using the deflection data 
from the first round of testing (after MB-D overlay construction) and traffic (TI) data used in the original 
rehabilitation design (provided in the Volume 1 - Construction Report).  This structural adequacy 
assessment is based solely on an evaluation of the nine PESs.  Since these sections were selected to cover 
the range of deflections measured along the project, the results of the assessment should reflect a range of 
structural capacity that emphasizes the highs and lows. 

The two key inputs required for the structural adequacy assessment are defined below. 

•	 Traffic Index (TI) = 9.5 (from Volume 1 - Construction Report) 
•	 Total HMA thickness (including RAC overlay) information is not available; however, it is 

assumed to be greater than 6 in (152 mm) for purposes of this analysis. 

The tolerable deflection corresponding to these three inputs, as determined using the criteria in the 
Caltrans Flexible Pavement Rehabilitation Manual, is 13.04 milli-inches (0.331 mm), assuming the 
criteria are also applicable to the MB-D mix.  The 80th percentile deflection for each of the nine PESs was 
calculated using the deflection values measured in the outside wheel path. 
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Figure 6.3 provides a bar graph that compares these 80th percentile deflections with the tolerable value. 
Those sections that have an 80th percentile deflection less than the tolerable value are considered to be 
structurally adequate for the design conditions.  Those that have an 80th percentile deflection greater than 
the tolerable value are considered structurally inadequate and less likely to survive the 10-year design 
period. 

Inspection of Figure 6.3 indicates that six of the nine PESs have 80th percentile deflections that clearly 
satisfy the tolerable deflection criteria and can be expected to provide good structural performance over 
the 10-year design period.  Sections NB-7, SB-8, and SB-9, on the other hand, exhibit 80th percentile 
deflection values that exceed the tolerable.  Of these, only section NB-7 and SB-8 exceed the criteria 
enough to have a significantly impact on the 10-year design life.  Thus, these PESs may start showing 
signs of structural distress before the others. 
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Figure 6.3. Structural adequacy assessment - the Lassen County Highway 395 project 
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7.0 SUMMARY AND RECOMMENDATIONS 

7.1 SUMMARY 

The first RAC Warranty project was constructed in October 2002.  After that, four additional projects 
were constructed during the following two years for the purpose of evaluating the performance of RAC 
and MB mixes.  Four of the five projects were constructed using the RAC-G mix. The last, the Lassen 
County project, was constructed using a terminal blended MB mix. All binders contained a minimum of 
15 percent CRM (by total mass of binder).   

Several PESs were identified within each project to provide the basis for a thorough performance 
monitoring.  The primary criteria for monitoring the performance of the PESs within each project include 
distress condition and pavement surface deflection.  This report documents the results of condition 
surveys and deflection testing on each PES within each RAC Warranty project. 

Table 7.1 provides a chart summarizing the status of performance data collection on the five RAC 
Warranty projects within the individual 5-year warranty period for each.  Originally, the plan was to 
collect performance data immediately after construction and at one to two-year intervals thereafter. 
However, the data collection effort was abruptly discontinued in November 2003 because of funding 
constraints related to the state budget crisis.  As can be seen, two of the projects, Fresno County and 
Lassen County, are in good shape based on testing conducted shortly after construction and at the 
regularly scheduled intervals following construction. However, the three other projects, Ventura County, 
Merced County, and San Diego County, lack data from soon after construction that might be helpful in 
future analyses.  Since all of the sections exhibit little or no distress, the lack of older distress survey data 
is not as significant an issue as it is for deflection data. 

For each RAC Warranty project, the average maximum pavement surface deflection (in the outside wheel 
path) was originally used to identify distinctive PESs.  For three projects, Ventura County, Fresno 
County, and Merced County, the PESs were selected using pre-construction deflection data.  For the 
projects in San Diego County and Lassen County, post-construction deflection data were used.  The 
individual PESs were selected to cover a range of low to high average deflections.  To provide a basis for 
re-evaluating the selection, a new matrix was prepared based upon the California climate surrounding the 
RAC Warranty projects and the deflection data obtained during the last round.  This experimental matrix 
is presented in Table 7.2.  As can be seen, many of the experimental cells are empty, while others contain 
as many as four PESs.  Because some of the cells have more replicates than needed, it may be worthwhile 
discarding some of the PESs.  Thus, there are seven candidate PESs that could be eliminated without 
adversely affecting the experiment.  They include: Ventura County WB-4, Fresno County NB-1 and SB­
1, Merced County WB-3, and Lassen County NB-2, NB-4, and NB-5.  These PESs are shown as shaded 
section in Figure 7.2. 

Based upon the last condition of the PESs in each RAC Warranty project, it is expected that the RAC 
overlays in each project would generally perform well over their 5-year warranty period and their 10-year 
design lives. Based upon the assessment of structural adequacy and the deflection variability of several of 
the PESs, however, it is likely that some sections may deteriorate sooner and require more maintenance 
than the others.  In general, the RAC overlays along Highway 33 in Fresno County and Highway 150 in 
Ventura County are likely to experience more deterioration, while the RAC overlay along Highway 140 
in Merced County, Highway 75 in San Diego County, and Highway 395 in Lassen County are likely to 
experience less. 
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7.2 RECOMMENDATIONS 

For a valid assessment of the RAC Warranty projects, it is important that performance data continue to be 
collected. Following are our data collection recommendations: 

•	 Post-Construction Condition Data (for Performance Evaluation) – Condition survey data on the 
PESs should be collected at roughly one-year intervals using the standard forms and procedures 
established as part of this study. 

•	 Future Condition Monitoring (for Warranty Enforcement) – Pavement condition information 
needed for warranty enforcement should also be collected at the time of deflection testing as 
shown in Table 7.3. For consistency, these should be performed through a cooperative effort 
between the local Caltrans District staff and the condition survey team that conducts the PES 
condition surveys. 

•	 Future Deflection Testing (for Performance Evaluation) – Additional deflection testing should be 
carried out on each of the PESs during the remainder of each project’s five-year warranty period. 
The recommended schedule is presented in Table 7.3.  This schedule is designed to gather data 
that can provide an assessment of the seasonal effects as well as overall structural deterioration 
over time. 

Collection of these data will allow a relative performance assessment of RAC overlays in three different 
environments under a range of traffic and pavement surface deflection levels.  Although it will not be 
possible to compare the performance with that of overlays constructed with typical dense-graded mixes or 
to evaluate the overall effect of RAC overlay thickness, the results should demonstrate the overall 
effectiveness of RAC overlays and help identify areas where improvements can be made. 

Table 7.3. Recommended FWD testing schedule for remainder of five-year monitoring schedule 

RAC Warranty Project Recommended Future Testing Date(s) 

Ventura County, Route 150 June 2006 
September 2007 

Fresno County, Route 33 July 2008 

Merced County, Route 140 November 2006 
August 2008 

San Diego County, Route 75 September 2006 
April 2008 

Lassen County, Route 395 October 2006 
July 2009 

Following are several recommendations relative to analyses of the data that can be performed during and 
after field data collection. These analyses should be included in the final report.  These analyses will 
provide some useful information for validating, improving, and/or calibrating the current Caltrans overlay 
design procedure as well as evaluating the performance of RAC overlays.  The results of these analyses 
may also be helpful to developing a mechanistic-empirical (M-E) overlay design procedure to meet 
California environments and Caltrans practices. 
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•	 Compare after overlay deflection measurements with before overlay deflections and other factors 
developed as part of the overlay design process.  Attention should be given to accounting for the 
effect of temperature and environmental effects on measured deflections, so that a valid 
comparison can be made.  These analyses should provide a basis for assessing the structural 
improvement provided by the overlay (in comparison with the overlay design).  They should also 
produce data that could be used to revise the design models and criteria. 

•	 Compare the performance of the PESs in the three different California environments and three 
different traffic levels to determine the relative effect of each.  If significant differences are 
observed, some improvements and/or calibration of the overlay design procedure may be 
required. 

•	 Evaluate the progression of pavement distresses in the different PESs to determine if RAC mixes 
are more effective at deterring one than another.  Using the pre-overlay condition survey data, 
this can help confirm the belief that RAC mixes are more effective at reducing reflective 
cracking. 

•	 Evaluate the key as-constructed material properties of the RAC mixes used within each project to 
confirm that the overlays were built substantially within compliance.   

•	 Perform backcalculation analyses and analyze the state of stress for each of the RAC projects 
using deflection data obtained during each field monitoring.  The results of these analyses will be 
helpful in the development and calibration of an M-E based overlay design procedure. 
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