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Historical Overview of Crumb 
Rubber in Asphalt

1960s Charles McDonald 
Experiments w/AR

1970s AR Field City of 
Phoenix and ADOT Chip 
Seal Coat(SAM)

1978  Several AR patents

1985-88 AR Gap Graded 
& Open Graded Mixes

1993 ISTEA controversy 
1994 ASTM Specification   
1995 Patents expire

1997 RPA Formed

2000-2009 Three 
International  AR Conf.

Charlie (center) at First National A-R Conf. 1980

Others: Dr. J. Love FHWA, Dr. J. Epps Tex A&M, 
Dr. B. Galloway TTI, Gene Morris ATRC



History of Crumb Rubber-Asphalt 

1920-1950’s Pre-Rubber Asphalt
1960’s Early Development
1970’s Chip Seal Coats
1980’s Gap Graded & Open Graded Mixes
1990’s Politics & Starting Over
2000’s Performance, Research, Environment, 
Costs
2010+ Market Changes, International 
Asphalt-Rubber PG Binder Grading, WMA



1920-1950’s Need 
For All Weather Pavements

Get the Roadway
Out of the mud

Weather proof and
Water proof the roadway

Develop a pavement surface
That is weather proof and
Water proof 

Pavement stand up to wet 
Weather, poor soil mud,
And heavy truck traffic



Arizona Roadways 
1920’s-1950’s 



Arizona



Modern 
Pavements 



•1950’s Used asphalt to patch 
cracked roof of trailer when 
travelling with US Bureau of 
Public Roads (now FHWA).

•Mixed in ground tire rubber 
while heated to increase 
flexibility.

•Created pot-hole “band aid” 
for City of Phoenix 1960s

1960’s Charles H. McDonald
Early Rubber in Asphalt Development



Phoenix, Arizona failed streets in the 1960’s.
McDonalds goal to maintain failed streets until reconstruction.



Charles McDonald
Inventor of

Asphalt Rubber McDonald
Applying

AR Band Aid
Patch

Circa 1966

Asphalt 
Rubber

Band Aid 
Patch

Circa 1966



1970’s AR Chip Sealing 

Early AR Mixing for Chip Sealing 



Early Chip Seal Spreader 
Truck Technology Mid 

1970s



Early Hot Mix Application Placed 1975 Through Mid 1980’s

Arizona AR SAM
Belgium AR 
Open Graded  

South Africa AR SAM





Crack Energy
Dissipated  by
AR Membrane



Asphalt-Rubber Binder Application SAM/SAMI



1980’s Marshall Mix Gradation for HMA
And Gap Graded Asphalt Rubber Mixes



1980’s Open Graded Mix Gradations



Example Dense-Graded HMA vs. AR Open Graded 
Course

Dense Graded

Open Graded 
w/Asphalt Rubber



AR-OGFC

AR-AC

HMA 
Base 
Mix

1 Inch AR-OGFC

Asphalt-Rubber Mixes



HMA Dense Graded Average 
Overlay Thickness 

140 mm – 5.5 Inches

Asphalt Rubber
Hot Mixes

Average Overlay
Thickness

45 mm – 1.7 Inches

HMA % of Miles
With Fatigue Cracking

20 %

Asphalt Rubber % Of Miles
With Fatigue Cracking

2 %



1990’s Politics and Starting Over

1993 ISTEA controversy/ARPG 

1994 ASTM Specification   

1995 Patents expire

1997 RPA Formed to replace ARPG

RPA Dedicated to research and 
technology transfer



1994 ASTM AR Definition & 
Specification

“Asphalt-Rubber is a blend of asphalt cement, 
reclaimed tire rubber and certain additives, in 
which the rubber component is at least 15% 
by weight of the total blend and has reacted

in the hot asphalt cement sufficiently to 
cause swelling of the rubber particles.”

Asphalt-Rubber as defined by ASTM D8, 
Spec. ASTM D6114





Crumb Rubber  related terms 
CRM – Crumb Rubber  Modified Asphalt
GTR – Ground Tire Rubber
RTR – Recycled Tire Rubber





Rubber Particle Interaction

Before After



Quality Control Circa 1982











Binder Designation
Climate Zone

CRA 1
Hot

CRA 2
Mild

CRA 3
Cold

Grade of base asphalt 
cement
PG recommended; Pen 
suggested
Grade

PG 64-16
Pen 60/70

PG 58-22
Pen 85/110

PG 52-28
Pen 120/200

Rotational Viscosity; 350
F (C) Spindle 3, 20 RPM, 
Pa·s, [cp] ASTMD2196

1.5-4.0
[1500-5000]

1.5-4.0
[1500-5000]

1.5-4.0
[1500-5000]

Penetration; 77 F (C), , 60 
sec. (ASTM D 5) Min 10 15 25

Softening Point; 
(AASHTO T-53 or ASTM 
D 36) C  or F

Min  57
[135]

54
[130]

52
[125]

Resilience 77 F (C) ASTM 
D 5329
%, min.

Min 30 25 15



 Minutes of Reaction Specified 
Test Performed 60 90 240 360 1440 Limits 

Viscosity, Haake at 177°C, Pa-s 
                    Centipoise cP 

2.7 
2700 

2.8 
2800 

2.8 
2800 

2.8 
2800 

2.0 
2000 

1.5-4.0 
1500-4000 

Resilience at 25°C, % Rebound 
(ASTM D3407) 

34  36  32 30 Minimum 

Ring & Ball Softening Point, °F 
(ASTM D36) 

150.0 150.5 152.5 154.5 145.0 135 Minimum 

Needle Penetration at 4°C, 200g, 60 
sec., 1/10mm (ASTM D5) 

22  24  26 10 Minimum 
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TAB ASTM Activities
Standards Developed

ASTM 6114 Asphalt‐Rubber Specification
ASTM 6932 Open‐Graded Friction Course 
Design & Construction
ASTM 7064 Open‐Graded Friction Course 
Mix Design
ASTM 7584 Asphalt‐Rubber Cape Seal
Newly developed Standard
ASTM 7741 Test Method for Measurement
of Apparent Viscosity of Asphalt‐Rubber or
Other Asphalt Binders by Using a Rotational
Hand Held Viscometer



2000’s  Performance, 
Research, Environment & Costs
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Binder Type Original Original RTFO RTFO
A VTS A VTS

PG 58-22 base 
asphalt

11.164 -3.764 11.076 -3.722

PG 58-22 after 
rubber added 
(AR)

8.3595 -2.726 8.0475 -2.598

AR binder 
equivalent A VTS 
like a PG 70-40

8.129 -2.648 8.129 -2.648

PG 64-16 base 
asphalt

11.163 -3.755 11.116 -3.728

PG 64-16 after 
rubber added 
(AR)

8.39 -2.738 8.543 -2.781

AR binder 
equivalent A VTS 
like a PG 76-34

8.532 -2.785 8.532 -2.785





Asphalt 
Rubber 
Friction 
Course
ARFC

Asphalt Rubber Open Graded
Quietest Surface













Asphalt 

Asphalt-Rubber

A 20% scrap tire rubber content is very 
attractive with the high cost of asphalt.

When in 2008 asphalt passed $300/ton, the 
raw material cost for A-R became less.  



2010+ Market Changes, International 

• Cost of Asphalt 
• Cost of Polymer
• Availability of Polymer
• Tighter Highway Funding Budgets
• Pavement Preservation Needs
• Thinner Pavements and/or Surface  Treatments
• Reasons to Consider Rubberized Asphalt with GTR

$ $ $ $ $ $ $ $ $ $ $ $



Asphalt-Rubber PG Binder Grading
Example satate PG grading asphalt with 
crumb rubber - Louisiana – PG 82-22rm







Asphalt-Rubber PG Binder Grading

AASHTO States balloting on PG
grading asphalt with crumb rubber,

2 mm DSR gap

In addition Binder ETG developing a
new DSR Geometry for AR Testing



Asphalt-Rubber PG Binder Grading
New DSR Geometry for AR Cup and Bob





4 mm Gap Trial



Objective

• Identify suitable testing methods for GTR 
under the Superpave procedures
– Using smooth parallel plates for testing

• Concerns
– Large gap requirements due to large particle size
– Trimming of parallel plates
– Sedimentation of particulates
– Deformation of Asphalt at geometry surface, rather 

than entire volume of GTR sample



Geometries Used

• Parallel Plate 
– Plate Diameter: 12.5 mm
– Gap: 1 mm

• Couette Set (Cup and Bob)
– Cup Diameter: 27.5 mm
– Bob Diameter: 14 mm
– Effective Gap: 6.75 mm

• Vane 14mm Set (Cup and Vane)
– Cup Diameter: 27.5 mm
– Vane Diameter: 14 mm
– Effective Gap: 6.75 mm



Parallel Plate



Cup & Bob

Top View



New Geometry Evaluation

• Preliminary testing indicates that new 
geometry may give similar results.

• More extensive evaluation is needed to fully 
validate geometries.
– Multiple grade binders 
– Full PG grading and MSCR



Rubber Grading Experiment for Cup 
and Bob 

Binders
64-22, 76-22, 70-22PPA
Full PG grading and MSCR; PP1, PP2, CB
64-22, 30 mesh rubber 10%, 15%
Full PG grading and MSCR; PP2, CB
64-22, 20 mesh rubber 15%, 20%
Full PG grading and MSCR, CB
64-22 60 mesh rubber 10%, 15%
Full PG grading and MSCR, PP1, PP2, CB
ALF AC rubber
Full PG grading and MSCR, CB
ALF Terminal blend
Full PG grading and MSCR, PP1, CB



How to handle larger CRM
• 60 mesh material is easily handled in 1 mm 

gap.
• 30 mesh material handled in 2 mm gap.
• 20 mesh material may require 4 mm gaps.
• What is the limit of gap size?
• Are other geometries available to test larger 

particles?

Asphalt-Rubber PG Binder Grading



Future Rubberized Asphalt PG Grading
PG  grade all recycled tire rubber (RTR) asphalt binders;

Percentage (5%) to percentage (22%)

Hybrid – RTR and polymer

RTR in all mixes, Dense graded, Gap Graded, SMA and 
Open Graded

Greater use of RTR in seal coats

Recognition that RTR in asphalt is a green product 
that saves energy and is good for the environment and

very cost competitive















Arizona Asphalt Rubber Benefits

Less Reflective Cracking
Less Maintenance/More Durable
Less Raveling
Good Rut Resistance
Good Skid Resistance
Smooth Ride
Good in hot & cold climates
Less Splash & Spray Better Drainage
Less Noise
Cost Effective
Engineering Use for Old Tires

Environmentally
Friendly





Asphalt Rubber a New Direction



Thank You!
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