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PROJECT OBJECTIVES 

This project is a continuation of PPRC Project 4.64, Continued Development of Guidelines for 
Determining Binder Replacement in High RAP/RAS Content Mixes. The objective of this project, 
PPRC Project 4.79, Guidance, Tests, and Specifications for High Recycled Asphalt Pavement/Recycled 
Asphalt Shingle Contents in Hot Mix Asphalt (HMA) and Rubberized Hot Mix Asphalt (RHMA) Mixes, 
is to develop guidelines for determining binder replacement rates in high RAP/RAS content mixes 
without the need for binder extraction and performance-related tests for use in routine mix design 
and construction quality control/quality assurance. This will be achieved through the following tasks: 

• Task 1: Update literature review to include recently completed research. 

• Task 2: Complete testing of high recycled asphalt pavement (RAP) and RAP/RAS mixes to 
determine their performance properties. 

• Task 3: Complete testing of extracted and recovered RAP, RAP/RAS, and RAP/RAS/virgin binder 
blends to assess the effectiveness of different recycling agents. 

• Task 4: Complete investigation into the use of fine aggregate matrix mix testing to assess the 
fatigue performance of mixes and to predict binder properties. 

• Task 5: Investigate the long-term aging effects of high RAP and RAP/RAS mixes using different 
laboratory-aging protocols. 

• Task 6: Monitor the field performance of high RAP and RAP/RAS mixes and use the results to 
evaluate laboratory-aging protocols. 

• Task 7: Prepare a research report with recommendations for the use of RAP and RAP/RAS as a 
binder replacement, and, if applicable, recommendations for accelerated wheel-load testing. 

The results presented in this technical memorandum contribute to Task 6 by presenting the results of 
visual surface distress surveys conducted on three pilot projects about three years after construction. 

This technical memorandum is being completed under PPRC Project 4.92, Continued Support for 
Implementation of Performance Related Tests and Specifications for Balanced Mix Design, Increased 
Recycling of Asphalt Mixes, and Integration of Mix Design and Structural Design. PPRC 4.92 is Task 
Order 5 of Agreement 65A1056.
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(Revised April 2021)
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1 INTRODUCTION 

1.1 Background of Study 

The California Department of Transportation (Caltrans) is interested in finding, developing, and 
implementing approaches to reduce life cycle cost and improve life cycle environmental 
performance. Two approaches under investigation that offer the potential to advance these goals are 
the use of increased amounts of recycled asphalt pavement (RAP) and the use of recycled asphalt 
shingles (RAS) in hot mix asphalt (HMA) materials. Caltrans is investigating the performance of high 
RAP content mixes—mixes containing more than 25% RAP binder replacement—with and without the 
use of recycling agents (RA). The University of California Pavement Research Center (UCPRC) has 
been investigating the use of higher percentages of RAP in HMA through laboratory testing of 
laboratory-prepared and field-sampled materials, observations of construction, and mechanistic-
empirical simulations based on the performance-related test properties for the mixes. 

Previous and ongoing research at the UCPRC, working with Caltrans and industry, has identified 
potential concerns regarding the use of highly aged, stiff RAP. Research is underway at the UCPRC to 
study the impact of different RAP sources, varying RAP content, and the addition of recycling agents to 
restore the properties of highly aged RAP on the performance-related properties of binders and mixes. 
Limited work had been done on binder replacement from RAS in California by the UCPRC, Caltrans, 
and industry prior to the pilot study presented in this technical memorandum. Limited previous work 
by the UCPRC indicated poor results because of the lack of blending of the RAS and virgin binders due 
to the very heavy oxidation of the RAS source used (1). 

This technical memorandum presents observations and data from condition surveys conducted by the 
UCPRC on three high RAP/RAS pilot projects on State Route 49 in El Dorado County (ED 49), paved in 
November 2021; State Route 215 in San Bernardino County (SBD 215), paved in August 2022; and State 
Route 26 in San Joaquin County (SJ 26), paved in September 2022. Additional information regarding 
the construction of these pilot projects and laboratory testing of these mixes can be found in the 
following technical memoranda: 

• RAP and RAS in HMA Pilot Project on ED 49: Material Testing, Observations, and Findings 
(Technical Memorandum: UCPRC-TM-2022-04) (2) 

• RAP and RAS in HMA Pilot Project on SBD 215: Material Testing, Observations, and Findings 
(Technical Memorandum: UCPRC-TM-2023-02) (3) 

• RAP and RAS in HMA Pilot Project on SJ 26: Material Testing, Observations, and Findings 
(Technical Memorandum: UCPRC-TM-2023-03) (4) 

1.2 Report Structure 

This technical memorandum includes the following chapters: 

• Chapter 2 details the pilot project locations, site descriptions, test section layouts, and paving dates. 

• Chapter 3 presents the field surface condition survey results. 

• Chapter 4 provides a summary of this initial review.
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2 SITE INFORMATION 

This chapter reviews the pilot project and subsection locations and mix types provided in the project 
specifications. Included in this section are notes from previous reports regarding paving dates, the 
pavement condition before construction, and, where possible, the surface condition immediately after 
construction. Figure 2.1 shows a map of California with the locations of the three pilot projects in El 
Dorado, San Joaquin, and San Bernardino counties. 

 

Figure 2.1. Map of California with three pilot projects. 

2.1 El Dorado 49 (ED 49) 

The first high RAP pilot project, ED 49-PM9.6/14.2, was paved in November 2021 under Expenditure 
Authorization (EA) 03-2G1004. The existing pavement structure of ED 49 at the time of construction 
consisted of variable thickness HMA, ranging from 0.20 to 1.4 ft. thick, above an unknown thickness of 
aggregate base. State Route 49 includes sections that were originally stagecoach and wagon roads and 

San Bernardino 215 

El Dorado 49 

San Joaquin 26 
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then county roads before becoming designated as part of the state highway system in 1921. Many parts 
have varying “non-engineered” underlying structures from their original construction and from 
realignments, cross-slope, and other changes since then. The ED 49 test sections are in the Sierra 
Nevada foothills south of Placerville, an area with some steep grades and sharp horizontal curves. At 
postmile (PM) 12.8, ED 49 crosses Weber Creek at an elevation of about 1,650 ft. and climbs to 2,000 ft. 
by PM 13.8, an average grade of 6.6%. This project involved milling the existing surface to remove 
0.15 ft. of pavement surface and repaving the same thickness with new HMA. 

The pilot project included four mixes: a control mix with no RAP or RAS, a mix with a typical amount 
of RAP, a mix with RAS, and a mix with a typical amount of RAP and RAS. Table 2.1 provides the 
subsection locations and paving dates. The control mix with no RAP or RAS has a PG 64-16 binder. 

Table 2.1. ED 49 Pilot Project Test Section Mix Types, Postmiles, Lanes, and Paving Dates 

ED 49 Test Subsectionsa 
Postmile Limits 

Lane Number Lane Direction Paving Date 
Begin End 

0% RAP and RAS 13.100 13.289 1 NB and SB Nov 2, 2021 
3% RAS 13.289 13.478 1 NB and SB Nov 3, 2021 

10% RAPb 13.478 13.668 1 NB and SB Nov 2, 2021 
10% RAP and 3% RAS 13.668 13.857 1 NB and SB Nov 3, 2021 

a Percentages of RAP and RAS are by weight of aggregate. 
b The 10% RAP mix was used throughout the rest of the project, between PM 9.6 and PM 14.2. 

The ED 49 construction report states that, before construction, the pavement had load-related fatigue 
cracking in the wheelpaths and age-related transverse and block cracking. Some of the damage had 
been addressed through crack sealing and digout patching. As described in a previous technical 
memorandum, “the sections were milled prior to placement of the test section material. It could be 
seen after milling that the existing asphalt varied in thickness. In some locations near the edges of the 
traveled way, the pre-overlay milling removed all the asphalt and left granular material and subgrade 
visible. In other locations, remnants of full-depth digouts remained with thicker asphalt than the area 
outside of the wheelpaths…Extensive cracking remained in the milled asphalt, indicating that the 
cracks had been full-depth and there is a likelihood of reflective cracking occurring in the new 
overlays placed as part of this project.” (2) 

2.2 San Bernardino 215 (SBD 215) 

The second high RAP pilot project on SBD 215 was paved in late July and early August 2022 under 
EA 08-1M1104. The existing thickness of HMA ranged from 0.93 to 1.09 ft. and was supported by 0.65 
ft. of cement-treated base. The other two pilot projects have aggregate bases, which is more 
common under HMA surfaces. SBD 215 test sections are about three miles south of the Interstate 
15/Interstate 215 merge before climbing the mountain grade toward the Cajon Pass. From the south, 
the sections start after the University Parkway overcrossing at PM 11.7, just before the Devil Creek 
Diversion Channel at PM 12.8, and end just after the Little League overcrossing at PM 14.9 in the city 
of San Bernardino. At PM 12.8, SBD 215 crosses the Devil Creek Diversion Channel at an elevation of 
about 1,500 ft. and climbs to 1,800 ft. by PM 15.0, an average grade of 2.6%. This project involved 
milling the existing surface to remove 0.2 ft. of pavement surface and repaving the same thickness 
with new HMA. 
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The pilot project included six mixes: a control mix with no RAP, a mix with a currently typical amount 
of RAP, and four mixes with increasing RAP aggregate contents intended to meet binder replacement 
rates of 25%, 30%, 35%, and 40%. Table 2.2 shows the subsection locations and their paving dates. The 
control mix with no RAP or RAS has a PG 64-28M binder. 

Table 2.2. SBD 215 Pilot Project Test Section Mix Types, Location Lane and Postmiles, and Paving Dates 

SBD 215 Test Subsectionsa 
Postmile Limits 

Lane Number Lane Direction Paving Date 
Begin End 

23% RAPb 12.6 13.0 1 NB and SB Jul 29, 2022 
0% RAP 13.0 13.4 1 NB and SB Aug 8, 2022 

25% RAP 13.4 13.8 1 NB and SB Aug 8, 2022 
30% RAP 13.8 14.2 1 NB and SB Aug 9, 2022 
35% RAP 14.2 14.6 1 NB and SB Aug 10, 2022 
40% RAP 14.6 15.0 1 NB and SB Aug 11, 2022 

a Percentages of RAP and RAS are by weight of aggregate. 
b The 23% RAP mix was used throughout the rest of the project, between PM 10.0 and PM 17.2. 

The SBD 215 construction report states that before construction, Lane 1 in both directions exhibited 
negligible cracking distress but had rut depths up to 1/2 in. where the test sections were placed, based 
on the automated pavement condition survey (APCS) data. As described in a previous technical 
memorandum, “the existing pavement had nearly zero cracking distress in Lane 1 in both directions 
prior to placement of the overlay but had rut depths of 10 to 12 mm in Lane 1 in both directions where 
the test sections were placed and nearly 20 mm in Lane 2 in both directions…Nearly 25% of the Lane 2 
wheel path was cracked in the southbound direction as well” (3). 

2.3 San Joaquin 26 (SJ 26) 

The third high RAP pilot project on SJ 26-PM8.0/17.8 was paved in September 2022 under EA 10-1J2004. 
The existing pavement structure of SJ 26 at the time of construction consisted of 0.20 ft. of RAC atop 
0.74 ft. of AC above 1.90 ft. of aggregate base. The SJ 26 test sections are in the central valley town of 
Linden, east of Stockton, an area with little to no grade change throughout the project. The elevation 
of Linden along State Route 26 around the test sections ranged between 80 and 90 ft., rising eastward 
toward the foothills. This project involved milling the existing surface to remove 0.20 ft. of pavement 
surface and repaving the same thickness with new HMA. 

The pilot project included seven mixes: a control mix with no RAS or RAP, a mix with 25% RAP, a mix 
with 30% RAP, a mix with 35% RAP, a mix with 40% RAP, a mix with 25% RAP and 3% RAS, and a mix 
with 12% RAP, which was the nominal mix used to pave the overall project.  

Table 2.3 provides the subsection locations and their paving dates. The control mix with no RAP or 
RAS has a PG 64-28M binder. 
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Table 2.3. SJ 26 Pilot Project Test Section Mix Types, Location Lane and Postmiles, and Paving Dates 

SJ 26 Test Subsectionsa 
Postmile Limits 

Lane Number Lane Direction Paving 
Date Begin End 

25% RAP 8.0 8.2 1 EB Sep 27, 2022 
30% RAP 8.2 8.4 1 EB Sep 27, 2022 
35% RAP 8.4 8.6 1 EB Sep 28, 2022 
40% RAP 8.6 8.8 1 EB Sep 29, 2022 

25% RAP and 3% RAS 8.8 9.0 1 EB Sep 29, 2022 
0% RAP and RAS 9.0 9.2 1 EB Sep 29, 2022 

12% RAPb 9.2 9.4 1 EB Sep 26, 2022 
a Percentages of RAP and RAS are by weight of aggregate. 
b The 12% RAP mix was used throughout the rest of the project, between PM 8.0 and PM 17.8. 

The SJ 26 construction report states that before construction, the pavement had rutting and load-related 
fatigue cracking in the wheelpaths and age-related transverse and block cracking. Some of the rutting 
damage had been addressed through micro milling. As described in a previous technical memorandum, 
“automated pavement condition survey (APCS) data for fatigue cracking (alligator A + B)…show that the 
previous treatment in 2014 had reduced fatigue cracking from approximately 50% of the wheelpath, but 
by the time of construction in 2022 it had reached more than 10% again. The previous treatment was a 
0.1 ft. (30 mm) thin overlay, which indicates that the wheelpath cracking present in 2022 was reflective 
cracking (4). 

APCS data shows that more than 10% of the wheelpath had rutting greater than 1/4 in. (6 mm) in 2018 
and approximately 5% of the wheelpaths had rutting greater than 1/4 in. (6 mm) in 2022. This finding 
indicates that the rutting had been reduced by district maintenance forces using micromilling, and it 
was not allowed to reach 1/2 in. (12.5 mm). 
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3 CONDITION SURVEYS 

This chapter presents the condition surveys collected after about three years after construction. The 
precise time between construction and the date of the condition survey is provided. Before the pilot 
projects were constructed, these pavements sections exhibited varying levels of load-related fatigue 
cracking in the wheelpaths as well as age-related cracking, with ED 49 and SJ 26 exhibiting amounts of 
cracking that warranted rehabilitation. SBD 215 did not exhibit significant cracking but exhibited 
rutting; SJ 26 also had rutting. All the pilot projects included milling of the existing surface to remove 
0.15 ft. or 0.20 ft. of pavement surface and repaving of the same thickness with new asphalt concrete. 

Overlays atop cracked material should retard reflective cracking and delay the need for more 
intensive interventions. The visual assessment of the pavement after three years is expected to show a 
surface with little to no distresses at this early stage of life. 

3.1 Methodology 

3.1.1 FHWA Distress Identification Manual 

The Federal Highway Administration Distress Identification Manual for the Long-Term Pavement 
Performance Program was used to conduct visual condition surveys on the pavement surfaces (5). As 
shown in Appendix A, a worksheet was developed to collect data regarding the major distresses in 
asphalt pavement, including rutting and cracking, pumping, drainage, and patching. 

The types of cracking are divided into alligator, longitudinal, transverse, thermal, and block cracking. 
Only alligator cracking originates specifically from traffic loading. The other cracking types are not 
load-related. In the following figures the cracking is separated into two categories: (1) alligator 
cracking and (2) other cracking. Other cracking in this review includes longitudinal and transverse 
cracking combined. Thermal and block cracking would have been included with the other non-load-
related cracks type, but there was no thermal or block cracking observed in these surveys. 

Cracking is defined by its length and severity. The length is measured, and the severity is rated by 
width. Crack widths less than 1/4 in. are low severity, indicated by a 1 on the worksheet. Widths 
between 1/4 in. and 3/4 in. are moderate severity, indicated by a 2. Widths greater than 3/4 in. are high 
severity, indicated by a 3. An 8 ft. long crack that is 1/2 in. in width would be labeled as “8/2.” 

The comments note minor imperfections not covered by the distress manual, such as pieces of wood 
in the pavement surface or the effects of falling equipment from vehicles such as gouges and burn 
scars. 

3.1.2 Traffic Closure and Survey 

The condition surveys were conducted under a full lane closure with traffic control administered by 
the local Caltrans maintenance facility. The condition surveys for ED 49 and SJ 26 were each 
conducted in one day, and the condition survey for SBD 215 required one day for each direction. 

With traffic control established, the sections were driven at about 20 mph with a video camera 
collecting images of the pavement surface. After collecting videos, the sections were surveyed by foot. 
The survey data for each pilot project is provided in Appendix B, Appendix C, and Appendix D. 
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3.2 El Dorado 49 (ED 49) 

The ED 49 pilot project was paved on November 2 and 3, 2021, and the condition survey was conducted 
on December 19, 2024, 3.1 years after construction. Appendix B includes the survey data from each 
test section. Table 3.1 presents the summary of the condition surveys for each test section of ED 49. 
Figure 3.1 shows the cracking on each test section separated by alligator cracking and all other 
cracking combined. With a section length of 1,000 ft. and 2,000 ft. of wheelpath length, 20 ft. of 
cracking represents 1% wheelpath cracking. 

Overall, the sections exhibited mild pumping coming through low-severity cracking, mostly load-
related alligator cracking, shown in Figure 3.2, with some longitudinal and transverse cracking. Each 
mix exhibited at least some alligator cracking in one direction or the other. The 3% RAS mix in the 
northbound direction, going uphill, showed the most cracking and was the only section to suffer from 
rutting. 

The 3% RAS mix between PM 13.289 and PM 13.478 exhibited the most cracking in this pilot project, 
with 124 ft., or 6% of the wheelpath length, of alligator cracking. Although slight, the 3% RAS mix was 
the only section to have rutting over a couple of feet in length, at approximately PM 13.35 southbound. 
The 3% RAS mix cracking and rutting are shown in Figure 3.3. 

The 3% RAS and 10% RAP mix between PM 13.668 and PM 13.857 had the least alligator cracking, only 
16 ft., or 0.8% of the wheelpath, but it had the most other cracking with 10 ft. of longitudinal cracking 
and 3.5 ft. of transverse cracking. 

The 10% RAP mix between PM 13.478 and PM 13.668 had 42 ft., or about 2%, of wheelpath alligator 
cracking. The 0% RAP mix between PM 13.100 and PM 13.289 had about 23 ft., or 1%, of wheelpath 
alligator cracking. 
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Table 3.1. Condition Survey Summary of ED 49 
Mix Type 

and 
Direction 

Postmile Rutting Cracking: Length (ft.) or Area (ft2) and Severity (1-3) Pumping: 
Extent 

Drainage: 
Inadequate 

Patching: 
Extent Comments 

Start End Depth Length Alligator Longitudinal Transverse Thermal Block 

0% RAP, NB PM 13.100 PM 13.289           No distress  

0% RAP, SB PM 13.289 PM 13.100   20/1, 3.3/2  2/1   mild     

3% RAS, NB PM 13.289 PM 13.478   118/1  1.6/1   mild   
Mild 

pumping 
from small 

cracks 

3% RAS, SB PM 13.478 PM 13.289 1/4” 1.6 5.6/1 1/1 1.6/1   mild   
Mild 

pumping 
from small 

cracks 

10% RAP, NB PM 13.478 PM 13.668        very mild   
Mild 

pumping in 
RWP 

10% RAP, SB PM 13.668 PM 13.478   42/1  0.7/1   mild   
Distress 

primarily in 
LWP 

3% RAS 10% 
RAP, NB PM 13.668 PM 13.857    6.6/1 0.8/1   mild   In both WPs 

3% RAS 10% 
RAP, SB PM 13.857 PM 13.668   16/1 3.3/1 2.6/1   mild   

Mild 
pumping 

from small 
cracks 
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Figure 3.1. Alligator cracking and other cracking on ED 49. 

  

Figure 3.2. Alligator cracking with mild pumping (evident throughout project). 
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(a)  (b) 

Figure 3.3. (a) Cracking and (b) rutting within the 3% RAS mix. 

3.3 San Bernardino 215 (SBD 215) 

The SBD 215 high RAP pilot project was paved between August 8 and 11, 2022, and the condition 
surveys were conducted on June 20 and 25, 2025, 2.9 years after construction. Appendix C includes the 
survey data from each test section. Table 3.2 presents the summary of the condition surveys for each 
test section of SBD 215. Figure 3.4 shows the cracking on each test section separated by alligator 
cracking and all other cracking combined. With a section length of 2,110 ft. and 4,220 ft. of wheelpath 
length, 42 ft. of cracking represents 1% wheelpath cracking. 

The SBD 215 sections exhibited no load-related alligator cracking. It has some low-severity 
longitudinal and transverse cracking. These test sections were in very good condition, perhaps aided 
by the cement-treated base (CTB) which would be expected to limit alligator cracking if the CTB is in 
good condition. Only the 30% RAP mix between PM 13.8 and PM 14.2 exhibited over 100 ft. of total 
cracking. In the northbound direction, approximately between PM 14.08 and PM 14.17, the 30% RAP 
mix had three low-severity longitudinal cracks totaling 110 ft. 

The 40% RAP mix had three low-severity transverse cracks between PM 15.00 and PM 14.99, shown in 
Figure 3.5 and Figure 3.6. Of transverse cracks in the 40% RAP mix, 25 ft. of the 26 ft. are in the 
northbound direction. The 40% RAP mix was the only mix with cracking in both directions.  

The 35% RAP mix, shown in Figure 3.7, looked very good with only 8 ft. of low-severity longitudinal 
and transverse cracks in the northbound direction and some slight aggregate loss and pumping, 
shown in Figure 3.8. The 23% RAP mix is also performing well, with only 8 ft. of low-severity 
transverse cracking. 

Both the 0% RAP mix between PM 13.0 and PM 13.4 and the 25% RAP mix between PM 13.4 and 
PM 13.8 had no cracking and, in general, no distresses. Two recurring surface irregularities were 
wood pieces in the surface and burn lines, shown in Figure 3.9 and Figure 3.10.  
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Table 3.2. Condition Survey Summary of SBD 215 

Mix Type and 
Direction 

Postmile Rutting Cracking: Length (ft.) or Area (ft2) and Severity (1-3) Pumping: 
Extent 

Drainage: 
Inadequate 

Patching: 
Extent Comments 

Start End Depth Length Alligator Longitudinal Transverse Thermal Block 

23% RAP, NB PM 12.6 PM 13.0           Very good 
condition 

23% RAP, SB PM 13.0 PM 12.6     8/1      
Very small 
transverse 

cracks 

0% RAP, NB PM 13.0 PM 13.4           
Small pieces 
of wood in 

surface 

0% RAP, SB PM 13.4 PM 13.0           
Couple of 

gouges and 
pre-cracks 

25% RAP, NB PM 13.4 PM 13.8           Some minor 
gouges 

25% RAP, SB PM 13.8 PM 13.4           Very good 
condition 

30% RAP, NB PM 13.8 PM 14.2    110/1    < 0.1   Longitudinal 
cracks 

30% RAP, SB PM 14.2 PM 13.8           Very good 
condition 

35% RAP, NB PM 14.2 PM 14.6    3.3/1 5/1      Very small 
cracks 

35% RAP, SB PM 14.6 PM 14.2        0.1   
Slight 

raveling, 
good 

condition 

40% RAP, NB PM 14.6 PM 15.0     25/1      
Few small 
transverse 

cracks 

40% RAP, SB PM 15.0 PM 14.6     1/1      Good 
condition 
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Figure 3.4. Alligator cracking and other cracking on SBD 215. 

 

Figure 3.5. Transverse crack near SBD 215 northbound at PM 14.99.  
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Figure 3.6. Transverse crack near SBD 215 northbound at PM 15.00. 

 

Figure 3.7. SBD 215 northbound at PM 14.20 (start of the 35% RAP mix). 



 

TECHNICAL MEMORANDUM 14 UCPRC-TM-2025-04 

  

Figure 3.8. Slight aggregate loss at PM 14.21 and pumping at PM 14.40 in the 35% RAP mix southbound. 

 

Figure 3.9. Small pieces of wood on the surface in various locations. 
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Figure 3.10. Burn marks on surface in southbound direction between PM 14.0 and PM 15.0. 

3.4 San Joaquin 26 (SJ 26) 

The SJ 26 pilot project was paved between September 26 and 29, 2022, and the condition survey was 
conducted on April 16, 2025, 2.6 years after construction. Appendix D includes the survey data from 
each test section. Table 3.3 presents the summary of the condition surveys for each test section of 
SJ 26. Figure 3.11 shows the cracking on each test section separated by alligator cracking and all other 
cracking combined. With a section length of 1,055 ft. and 2,110 ft. of wheelpath length, 21 ft. of 
alligator cracking represents 1% wheelpath cracking.  

The SJ 26 sections exhibited load-related alligator cracking, longitudinal cracking, and transverse 
cracking. These test sections were in fair condition as most of the cracking was low severity, though 
there was some moderate severity transverse cracking in the sections with 35% RAP mix and 40% RAP 
mix.  

The 25% RAP mix between PM 8.0 and PM 8.2 exhibited the least total cracking, with the least 
transverse cracking, 2 ft., only 7 ft. of longitudinal cracking, and 18 ft., or 1%, of alligator cracking in 
the wheelpaths. Figure 3.12 shows the beginning of the eastbound test sections and the transverse cold 
joint at PM 8.0.  

Figure 3.13 provides an example of both a clean and dusty pavement surface that existed throughout 
the SJ 26 test sections. The dust on the pavement surface likely comes from farmland adjacent to the 
highway. Figure 3.14 provides an example of transverse cracking in the 40% RAP mix, and Figure 3.15 
shows low-severity alligator cracking with low-severity pumping.  
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The 12% RAP mix, 30% RAP mix and 35% RAP mix all had between 55 ft. and 71 ft. of total cracking. 
The 35% RAP mix contained all three crack types found, with 7 ft., or 0.3% of the wheelpaths, with 
alligator cracking, 34 ft. of longitudinal cracking, and 13 ft. of transverse cracking. The 30% RAP mix 
had 33 ft. of both longitudinal and transverse cracking, and the 12% RAP mix had 71 ft. of transverse 
cracking only. 

The 40% RAP mix, the 25% RAP 3% RAS mix, and the 0% RAP mix were the three mixes that exhibited 
hundreds of feet of total cracking—198 ft., 289 ft., and 341 ft., respectively. 

Two mixes, the 25% RAP 3% RAS mix and the 0% RAP mix, were worse than the 40% RAP mix in terms 
of alligator cracking, with 44 ft., or 2%. Two different mixes, the 30% RAP mix and the 35% RAP mix, 
were worse than the 40% RAP mix in terms of longitudinal cracking. However, the 40% RAP mix was 
only second to the 0% RAP mix in terms of the most transverse cracking, with 118 ft. (versus 279 ft.). 

The 25% RAP 3% RAS mix exhibited the most alligator cracking among the test sections, with 161 ft., 
or 7.6% of the wheelpath. 

The 0% RAP mix contains the most total cracking with 341 ft. and the most transverse cracking with 
279 ft. However, it had only 62 ft., or 3% of the wheelpath, with alligator cracking and no longitudinal 
cracking. Interestingly, the 0% RAP mix had more cracking than either the 40% RAP mix or the 
25% RAP 3% RAS mix.  

Transverse (and possibly reflective) cracks were seen outside the high RAP test section, in the 12% 
RAP mix used throughout the rest of the project. The level of cracking after 2.5 years may suggest a 
structural deficiency.  
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Table 3.3. Condition Survey Summary of SJ 26 

Mix Type and 
Direction 

Postmile Rutting Cracking: Length (ft.) or Area (ft2) and Severity (1-3) Pumping: 
Extent 

Drainage: 
Inadequate 

Patching: 
Extent  

Comments 
Start End Depth Length Alligator Longitudinal Transverse Thermal Block 

25% RAP, EB PM 8.0 PM 8.2 0.2" 46' 18/1 7/1 2/1   mild   
Mild 

pumping in 
LWP cracks, 

mild rut 

30% RAP, EB PM 8.2 PM 8.4    33/1 33/1   mild   

Transverse 
cracks, mild 

pumping, 
mild LWP 

segregation 

35% RAP, EB PM 8.4 PM 8.6   7/1 34/1 5.3/1 & 
8.2/2 

  mild/mod.   

Some 
cracking, 

transverse 
and 

longitudinal 

40% RAP, EB PM 8.6 PM 8.8   44/1 30/1 79/1 & 46/2   mild   

Alligator 
and 

transverse 
cracking, 
pumping 

25% RAP 3% 
RAS, EB PM 8.8 PM 9.0   161/1 10/1 118/1      

Significant 
low-severity 
alligator and 

transverse 
cracking 

0% RAP, EB PM 9.0 PM 9.2   62/1  279/1      
Significant 
transverse 
cracking, 
alligator 

12% RAP, EB PM 9.2 PM 9.4     71/1      Transverse 
cracking 
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Figure 3.11. Alligator and other cracking on SJ 26. 

 

Figure 3.12. Transverse cold joint at beginning of SJ 26 test sections eastbound at PM 8.0. 
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 (a) (b) 

Figure 3.13. Examples of clean (a) and dusty (b) pavement surfaces on SJ 26. 

 

Figure 3.14. Example of transverse cracking in the 40% RAP mix at PM 8.78.  
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 (a) (b) 

Figure 3.15. Examples of low-severity alligator cracking with mild pumping in  
(a) the 40% RAP mix and (b) the 25% RAP 3% RAS mix.
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4 SUMMARY AND CONCLUSIONS 

4.1 Summary  

Caltrans is investigating the performance of high RAP content mixes, with mixes containing 25% to 40% 
RAP. The UCPRC has been investigating the use of higher percentages of RAP in HMA through 
laboratory testing of laboratory-prepared and plant-sampled materials, observations of construction, 
and mechanistic-empirical simulations using the performance-related test properties for the mixes. 
Previous and ongoing research has identified potential concerns regarding using highly aged, stiff RAP.  

This technical memorandum presented the condition survey observations conducted by the UCPRC 
from three pilot projects on State Route 49 in El Dorado County (ED 49), State Route 215 in San 
Bernardino County (SBD 215), and State Route 26 in San Joaquin County (SJ 26). The pilot projects were 
constructed in 2021 and 2022 and surveyed in 2024 and 2025, about three years after construction.  

4.2 Conclusions 

ED 49 is located in the Sierra foothills, in the Low Mountain pavement climate region, at an elevation 
where snow can occur. This project was the only pilot project removing and replacing 0.15 ft. of 
surface material, the other two removed and replaced 0.20 ft. The construction report indicated that 
reflective cracking should be expected, but it is still too early to suggest reflective cracking is 
imminent for all the mixes. However, the 3% RAS mix already has 6% wheelpath alligator cracking. 
Although it is low severity, evidence of pumping suggests that structural damage may accelerate with 
the material loss from unbound layers. 

The 3% RAS 10% RAP mix has very low levels of alligator, longitudinal, and transverse cracking. 
Compared with the 10% RAP mix with no RAS, the 3% RAS 10% RAP mix exhibited less than half the 
alligator cracking and less total cracking. The 0% RAP mix had the least cracking among the four 
mixes constructed, including the others with RAP and/or RAS. The 0% RAP and 0% RAS control 
section mix has a PG 64-16 binder. 

SBD 215 is located in the Inland Empire, in the Inland Valley pavement climate region. These test 
sections were the only ones with a cement-treated base. According to the construction report, the 
pavement surface exhibited little cracking distress, but rutting was a problem. The SBD 215 mixes do 
not include RAS, only varying levels of RAP. These test sections are in very good condition, with no 
alligator cracking and a few longitudinal and transverse cracks. The section with the most cracking 
was the 30% RAP mix northbound, with 110 ft. of longitudinal cracking over the 2,100 ft. long section. 
The 23% RAP mix, 35% RAP mix, and 40% RAP mix all had a few low-severity transverse cracks; the 
most was 25 ft. of transverse cracking in the 40% RAP mix. The 0% RAP and 0% RAS control section 
mix has a PG 64-28M binder. 

SJ 26 lies in the central valley, in the Inland Valley pavement climate region. According to the construction 
report, the pavement had rutting and load-related fatigue cracking in the wheelpaths and age-related 
transverse and block cracking. Some rutting damage had been addressed through micro milling. The test 
sections exhibited load-related alligator, longitudinal, and transverse cracking. However, the test sections 
were in fair condition as most of the cracking was low severity. Some moderate severity transverse 
cracking was present in the sections with the 35% RAP mix and 40% RAP mix. 
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Interestingly, the 0% RAP mix on the SJ 26 project had more total cracking than either the 40% RAP 
mix or the 25% RAP 3% RAS mix. The 25% RAP 3% RAS mix exhibited the most alligator cracking 
among the test sections, with 161 ft., equating to 7.6% wheelpath cracking. The 0% RAP and 0% RAS 
control section mix has a PG 64-28M binder. 

After three years in service, some of these high RAP mixes and the control mixes now exhibit levels of 
distress that suggest that future maintenance may be required in the next several years. This distress 
will be assessed in the 2026 condition survey.  

4.3 Future Work 

Two additional high RAP pilot projects have been paved, one near Ojai, CA, on Ventura 150 
(PM 13.3/19.0 [EA 07-3237U4]) in September 2024 and the other near Pittsburg, CA, on Contra Costa 4 
(PM R14.3/24.3 [04-2K7204]) in April 2025. All five pilot projects plan to be visually assessed in 2026. 
Another round of condition surveys plans to be conducted on these three pilot projects in a few more 
years after the 2026 survey. 

For these high RAP projects, with varying amounts of RAP and RAS, we can study the aging properties 
of these binders after some time. This would require one day traffic control for each site to conduct 
material sampling and some weeks to complete the binder analysis.  
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APPENDIX A BLANK FIELD SURVEY WORKSHEET 

The following is a blank worksheet used to conduct the field condition surveys. The following 
appendices present the digitized version of the field worksheets collected for the three pilot projects.  
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APPENDIX B FIELD WORKSHEETS FROM ED 49 

Appendix B contains the worksheets from field condition surveys on ED 49. The first four worksheets 
are for the northbound direction, shown with increasing postmiles, and the second four worksheets 
are for the southbound direction, shown with decreasing postmiles. These data are collected in metric 
units and converted to US standard units for presentation in this technical memorandum.  
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APPENDIX C FIELD WORKSHEETS FROM SBD 215 

Appendix C contains the worksheets from field condition surveys on SBD 215. The first six worksheets 
are for the northbound direction, and the following six worksheets are for the southbound direction. 
For both surveys, the visual survey was conducted walking against traffic and so the longitudinal 
locations increase as the postmiles decrease and vice versa. These data are collected in metric units 
and converted to US standard units for presentation in this technical memorandum. 
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APPENDIX D FIELD WORKSHEETS FROM SJ 26 

Appendix D contains the worksheets from field condition surveys on SJ 26. The seven worksheets are 
for the northbound direction. These data were collected in metric units and converted to US standard 
units for presentation in this technical memorandum. 

 

 

  

        
  

           



  

  

  

 

 

 

 







      





 



 

TECHNICAL MEMORANDUM 38 UCPRC-TM-2025-04 

 

 

  

        
  

           









 

 

  

 



 



 



 

 

 



      





 



 

TECHNICAL MEMORANDUM 39 UCPRC-TM-2025-04 

 

 

  

        
  

           











 



 







 



 



 



 







     





 



 

TECHNICAL MEMORANDUM 40 UCPRC-TM-2025-04 

 

 

  

        
  

           







 



 

 

  



 

 

 

 

 

 

 

 

 



 

 





 

 

 

 

 

 



 

 

  

 



    





 



 

TECHNICAL MEMORANDUM 41 UCPRC-TM-2025-04 

 

 

  

        
  

           



 

 

 

 

  

 



 

 

 

  

  

 













  

 

 

 

 

 

 

 

 

 

 

 





     





 



 

TECHNICAL MEMORANDUM 42 UCPRC-TM-2025-04 
 

 

  

        
  

           



 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





  





 



 

TECHNICAL MEMORANDUM 43 UCPRC-TM-2025-04 

 

 

  

        
  

           









 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 





 



 





 




	PROJECT OBJECTIVES
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF ABBREVIATIONS
	CONVERSION FACTORS
	1 INTRODUCTION
	1.1 Background of Study
	1.2 Report Structure

	2 SITE INFORMATION
	2.1 El Dorado 49 (ED 49)
	2.2 San Bernardino 215 (SBD 215)
	2.3 San Joaquin 26 (SJ 26)

	3 CONDITION SURVEYS
	3.1 Methodology
	3.1.1 FHWA Distress Identification Manual
	3.1.2 Traffic Closure and Survey

	3.2 El Dorado 49 (ED 49)
	3.3 San Bernardino 215 (SBD 215)
	3.4 San Joaquin 26 (SJ 26)

	4 SUMMARY AND CONCLUSIONS
	4.1 Summary
	4.2 Conclusions
	4.3 Future Work

	REFERENCES
	APPENDIX A BLANK FIELD SURVEY WORKSHEET
	APPENDIX B FIELD WORKSHEETS FROM ED 49
	APPENDIX C FIELD WORKSHEETS FROM SBD 215
	APPENDIX D FIELD WORKSHEETS FROM SJ 26




Checkpoint Passed Warned Failed


Basic Requirements


PDF Syntax 2 127 0 0


Fonts 20 0 0


Content 172 578 0 0


Embedded Files 0 0 0


Natural Language 35 230 0 0


Logical Structure


Structure Elements 296 0 0


Structure Tree 2 010 0 0


Role Mapping 2 084 0 0


Alternative Descriptions 4 030 0 0


Metadata and Settings


Metadata 3 0 0


Document settings 16 0 0


PAC Test Report


5 MB542015EN-US


SizePagesTagsLanguage


Stage 6_4.92 (TO-005)_High RAP Pilot Review_UCPRC-TM-2025-04.pdf


Filename


2025 Condition Survey of High RAP Pilot Projects on El Dorado 49, San Bernardino 215, and San Joaquin 26


Title


PAC Version StandardDate/Time


2026-06-03 14:09 3.0.6.0 PDF/UA


The PDF/UA requirements checked by PAC are fulfilled.


Check


PDF Document


Result


PAC is a free checking tool of the foundation «Access for all»: www.access-for-all.ch


PDF Accessibility Checker (PAC) evaluates the accessibility of PDF files according to ISO-/DIN-Standard 
14289-1 (PDF/UA) by using the Matterhorn Protocol. It checks 107 criteria than can be checked automatical-
ly.


Copyright © 2017 Foundation «Access for all»



https://www.iso.org/standard/64599.html

https://www.pdfa.org/publication/the-matterhorn-protocol-1-02/

http://www.access-for-all.ch

https://www.iso.org/standard/64599.html



		PAC Test Report

		Check

		PDF Document

		Result












Date/Time Standard


2026-06-03 14:08 PDF/UA-1


CHECKPOINT PASSED WARNED FAILED


Basic Requirements
PDF Syntax 2127 - -


Fonts 20 - -


Content 192577 - -


Embedded Files - - -


Natural language 55285 - -


Logical structure
Structure elements 412 - -


Structure tree 2015 - -


Role mapping 2084 - -


Alternative Descriptions 151 - -


Metadata and Settings
Metadata 3 - -


Document settings 16 - -


RESULT


Title


2025 Condition Survey of High RAP Pilot Pro…uin 26


Filename


Stage 6_4.92 (TO-005)_High RAP Pilot Re…025-04.pdf


Language Tags Pages Size


EN-US 2015 54 5 MB


DOCUMENT


PAC Test Report


Version: 26.0.0.0


OS: Windows


ABOUT PAC


The PDF/UA requirements checked by PAC are fulfilled.


PDF Accessibility Checker (PAC) evaluates the accessibility of PDF files, for machine checkable criteria, according to 
ISO 14289-1 (PDF/UA) by using the Matterhorn Protocol.


PAC is a free tool developed by axes4. Copyright © 2024 axes4 GmbH.



https://www.axes4.com/PAC24/About/axes4

https://www.pdfa.org/resource/the-matterhorn-protocol/

https://pdfa.org/resource/iso-14289-pdfua/



		PAC Test Report

		DOCUMENT

		RESULT

		ABOUT PAC







