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TxDOT Study 6614

Year 1

�RAS process and management

�RAS variability and Binder characterization

�Do existing stockpiles meet TxDOT requirements

Year 2  Mix Design and Construct Field test sections

�Balanced RAS mix design



Shingle Manufacturer

Capability to process
asphalt shingles

20+ RAS Processors

Ardmore, OK

Little rock, AK



RAS: Process, Management, Variability, & 

Binder Characterization

� Year 1 Work Plan: 

� Visit RAS processors including contractors and independent 

recyclers (processors) (DOCUMENT Best Practices)

� Sample processed RAS materials  (7 processors)

� Conducted laboratory tests

� Dry sieve analysis

� Ignition oven test

� RAS binder extraction and recovery tests

� Determined RAS variability: gradation and asphalt content

� Began RAS binder characterization



RAS Processing

Step 1: Sorting Step 2: Grinding

Step 4: Stockpiling Step 3: Screening

This step can give you 

whatever size you need for better mix.



Ignition Oven Test and Results

• Gradation

• Asphalt Content (AC)



Wet Sieve Analysis Results after Ignition Test

Shingle  B-Manufacture waste

Sieve 

size
#1 #2 #3 #4 #5 #6 #7 Average

Standard 

deviation

1/2" 100 100 100 100 100 100 100 100 0.0

3/8" 100 100 100 100 100 100 100 100 0.0

#4 100 100 100 100 99 98 99 99 0.5

#8 99 98 99 99 98 95 97 98 1.5

#16 85 83 85 86 83 80 83 83 2.0

#30 66 63 64 65 63 59 61 63 2.1

#50 57 53 54 55 52 50 51 53 2.3

#100 45 42 42 43 37 37 37 40 3.1

#200 33 30 30 32 27 27 28 30 2.2

AC 21 19 21 19 20 20 19 20 0.7



Wet Sieve Analysis Results after Ignition Test

Shingle  G Tear Offs

Sieve 

size
#1 #2 #3 #4 #5 #6 #7 Average

Standard 

deviation

1/2" 100 100 100 100 100 100 100 100 0.0

3/8" 100 100 100 100 100 100 100 100 0.0

#4 99 99 99 99 99 99 99 97 1.5

#8 96 97 97 97 97 97 98 94 2.5

#16 72 79 80 71 75 76 74 75 3.1

#30 52 58 50 54 54 54 55 54 2.6

#50 45 52 52 44 47 49 49 48 2.7

#100 36 44 44 37 40 41 41 40 2.7

#200 25 33 32 27 29 30 31 30 2.4

AC 22 24 22 23 23 23 24 24 0.7



Asphalt Binder Extraction and Recovery 

Test and Results

• Gradation

• Asphalt Content (AC)

• RAS Binder PG Grade



Comparison between Ignition and Extraction

Sieve size

Shingle B-

manufacture waste

Shingle C-manufacture 

waste

Shingle E-

Tear-off  (3 replicates)

Ignition Extraction Ignition Extraction Ignition Extraction

1/2" 100 100 100 100 100 98

3/8" 100 100 100 100 100 97

#4 99 98 99 97 96 94

#8 98 97 98 96 92 92

#16 83 83 81 81 72 74

#30 63 63 62 63 50 52

#50 53 54 56 57 44 46

#100 40 41 47 47 37 39

#200 30 29 36 36 27 28

AC 20 20 22 21 26 23



Summary 

� All processed RAS met TxDOT gradation requirement of 
95% passing 3/8 in sieve

� Tear Off have higher binder content 23 to 28%,  MFW 
consistent at 20%

� RAS variability low for both

� Ignition oven yields slightly higher binder content, but 
acceptable  for binder content and aggregate gradation

� RAS binders are very stiff – cause for concern in mix 
design



Early Pavement Cracking ConcernsEarly Pavement Cracking Concerns



Study 6614  RAS Binder Characterization
Typical Virgin asphalt Binder  PG 64 - 22

� Shingle C-manufacture waste

� High temperature PG grade
� Original: PG139

� Low temperature PG grade
� PAV: PG+8

High temp. DSR (-10C-200C)



PG Grading of Texas RAS    

� RAS-B  (MW)                    PG 146 + 8         (295 + 46 oF)       

� RAS-C  (MW)                   PG 134 + 2

� RAS-E  (TO)                      PG 164 + 18

� RAS-F  (TO)                      PG  200 + 25       (392 + 77 oF)

PG 64-22
High End   Road Temps Average of 7 hottest days expected for site   64C   147F
Low end    Road temps coldest day                               -22C     -7F



Effect of RAS Content on Final PG GradeEffect of RAS Content on Final PG Grade

RAP

PG 64-22

RAS

PG GradeBinder AC %

5.0

5.2 (4.0)

24.0 (1.2)

87

67

96 5.0

% in Mix

Combined Grade73.7



Summary Recommendations 

(R Williammee, TxDOT Fort 

Worth)

Summary Recommendations 

(R Williammee, TxDOT Fort 

Worth)
Ways to mitigate RAP/RAS concerns:

� increase the target lab density to get more

total asphalt binder into the mix

� start with a lower base asphalt grade to

lessen cracking

� utilize a crack measurement test such as the 

Overlay Tester to establish an objective

cracking criteria

� use WMA to improve mixing and compaction



Balanced Mix Design Concepts
Meeting Rutting and Cracking Requirements

• Hamburg Wheel 

Tracking test

• Overlay Tester

Rutting test Reflection Cracking testStandard prep
<   12. 5 rut after 20,000 passes Minimum number of cycles 

to cracking failure



The Overlay Tester (OT)

� Overlay Tester (OT)

� Room temp 25 C0.025 

inch (0.635 mm)

� 10 s/cycle

� In Texas OT ≥ 300, 750,  

@ 93%
 Displacement 

Time (s) 
10 20 

Fixed steel plate 
Movable steel plate  

2 mm Ram direction 

Aluminum plates 

specimen 

Measures load, number of 

cycles, time, etc

click here to see Video of Old OT



Balanced Mix Design Concept
B alanc ing  R u tting  and  C rack ing
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Most Performance Mixes Pass with ease



Impact of RAP and RAS on Lab Tests
Type D Mix  Paris District

RAP 

%

RAS 

%

Hamburg 

Test
(< 12.5 mm)

Overlay 

Test

IDT 

(> 200 

psi)

0 0 4.3 123 145

15 0 3.9 70 155

0 5 3.0 20 141

15 5 1.5 5 214

Binder $ Ton

64-22 575

70-22 684

76-22 727

64-28 684

Work underway with softer binders especially xx-28 and xx-34
Overlay Tester results from MnRoad Mixes encouraging

Challenges                                    Opportunities

Add binder
Change Binder



We Are Looking for RAS 

Field Test Sections

We’d like to work with any districts, contractors, recyclers 

to better use RAS in asphalt mixes.

Contact  Robert Lee

Fujie Zhou



Amarillo RAP test sections

RAP improves rutting test 
results makes cracking results 
worse

Experimental test sections on 
IH40:

•0% RAP section: Control section

•20% RAP section: TTI designed

•35% RAP section: TTI designed 



Summary of RAP mix design

Section RAP 
(%)

Virgin 
binder

Designer Mix 
design 
approach

AC 
(%)

Hamburg  
rut depth 
@20000

OT cycles

0 20 PG64-28 Contractor Item 340-
Type C

5.0 3.72 10

1 0 PG64-28 Contractor Item 340-
Type C

4.8 4.38 50

2 35 AC-10 
(PG58-28)

TTI Balanced 
mix design

5.5 8 mm 200

3 20 PG64-28 TTI Balanced 
mix design

5.3 7.4 mm 125



IH 40 RAP Test sections

Summer 2009

Type C  Texas Gyratory Design

Fractionated RAP



September 8, 2010

April 5, 2011



Reflection Cracking Rate (%) (reflected/total 

existing cracks)
Sections 8/11/2009 4/22/2010 9/8/2010 4/5/2011 OT cycles

20% RAP-contractor 0 0 34 87 10

0% RAP-contractor 0 0 18 55 50

35% RAP-TTI 0 0 0 27 200

20% RAP-TTI 0 0 4 54 125

0

20

40

60

80

100

0 100 200 300 400

R
e

fl
e

ct
iv

e
 C

ra
ck

in
g 

R
at

e 
(%

)

OT Cycles

IH40 RAP Sections: OT vs. Reflective Cracking 

4/5/2011 9/8/2010



y = -0.2678x + 81.501

R² = 0.84
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Another validation of 300 cycles


