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P t ti O tliPresentation Outlines

 Historical background
 Experimental approaches Experimental approaches
 Experimental results and discussion

C l i Conclusions
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13,000,000 Tons  

3 %97 %3 % 97 % 
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Good Environmental Conscience
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RECYCLING
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What to do ?

7



2004 CTAA Conference Montreal

Asphalt Shingle (AS)Asphalt Shingle (AS)

10 to 15%

55 to 65%Fibres 

Filler & 0-6 mm

25 to 30%
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25 to 30%
Asphalt Binder
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Asphalt Mixed ModifiedAsphalt Mixed ModifiedAsphalt Mixed Modified Asphalt Mixed Modified 
with Asphalt Shingleswith Asphalt Shingles

AggregatesAggregates BinderBinder Asphalt ShinglesAsphalt Shingles
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In order to be incorporated in the AC mixesIn order to be incorporated in the AC mixes

Asphalt Shingles need to be Asphalt Shingles need to be 
shredded and grindedshredded and grindedshredded and grinded shredded and grinded 

(Max. 12.5 mm) (Max. 12.5 mm) 
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EXPERIMENTAL STUDY

Objective of this researchObjective of this researchObjective  of this researchObjective  of this research

T t ib t t th d t di f thTo contribute to the understanding of the 
behaviour of Asphalt Mixes incorporating 

Particles of Recycled Asphalt Shingles
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EXPERIMENTAL STUDY

Objecti e of this researchObjecti e of this researchObjective  of this researchObjective  of this research

Evaluate the 
resistance toresistance to 

cracking at low 
temperaturetemperature
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EXPERIMENTAL STUDY

Objecti e of this researchObjecti e of this researchObjective  of this researchObjective  of this research

Study the rheologicalStudy the rheological 
behaviour of the 

different materialsdifferent materials
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EXPERIMENTAL STUDY

Objecti e of this researchObjecti e of this research

E l h

Objective  of this researchObjective  of this research

Evaluate the 
effectiveness of 
th tthe components 

of Recycled 
Shi l i thShingles in the 

Asphalt Mix
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EXPERIMENTAL STUDY
It is the necessary toIt is the necessary to

Establish an adequate testing program

Select appropriate experimental approaches 
and scientific methodsand scientific methods

Conduct the experimental program Co duct t e e pe e ta p og a
rigorously
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EXPERIMENTAL STUDY
Rheological 
behaviour

Low temperature 
resistance

Complex ModulusTSRST
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Thermal Stress Restrained 
Specimen TestSpecimen Test

AASHTO TP10-93AASHTO TP10 93
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Low temperature Cracking
Tension stresses build up  

in the longitudinal 

p g

g
direction of the pavement
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Low temperature cracking (TSRST)
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COMPLEX MODULUS

27
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Complex modulus concept
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Complex modulus concept
Perfect Elastic Behavior

Strain 
Visco-Elastic BehaviorTime

St a

Strain 
in-phase

Perfect Viscous Behavior Time
Strain 

in-phase
 = 0o Stress

Strain 
Lags Stress
90o >  > 0o

Strain 
out-of-phase


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Complex Modulus concept

The Complex 
ModulusModulus

is a VECTOR

E2
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Complex Modulus concept

E2

||EE**| and | and 
are measured for a given T and Fr
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||EE**||||EE ||


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E
Predict the behaviour under 

different conditions
Identify and distinguish 

the materials

E2

different conditionsthe materials

Global RheologicalGlobal Rheological
behaviourbehaviour

32E1
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Complex Modulus 
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Complex Modulus - Master Curve
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TESTING PROGRAM
11 

mixes 
Type EB10-S

2Virgin Binders 
PG52 34 d PG58 28

4 different AC contents % 
4 80% 4 55% 4 30% and 4 05%

PG52-34 and PG58-28

4.80%, 4.55%, 4.30% and 4.05%
5 different levels of Asphalt Shingles 

modification 0 0% 2 0% 4 0% 6 0% and 8 0%modification 0.0%, 2.0%, 4.0%, 6.0% and 8.0%
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TESTING PROGRAM

Control mix

Series ISeries I Series IISeries IISeries ISeries I
Asphalt 

Shingles as

Series IISeries II
Asphalt 

Shingles asShingles as
ADDITIVE

Shingles as 
MODIFIER

Special mix
36

Special mix
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TESTING PROGRAM
Control mix

4.8 kg

95.2 % 4.80 % 
95 2kg95.2kg

TOTAL 100kg
Virgin 

Aggregates
Virgin Binder

PG58-38 or 

37

TOTAL 100kg 0-10mm PG52-34
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TESTING PROGRAM

Control mix

Series ISeries I Series IISeries IISeries ISeries I
Asphalt 

Shingles as

Series IISeries II
Asphalt 

Shingles asShingles as
ADDITIVE

Shingles as 
MODIFIER

Special mix
38

Special mix
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TESTING PROGRAM
SERIES ISERIES I

Asphalt Shingles added as ADDITIVE
PG52-34

4.80 % AC
PG52-34

95.2%
4.80 % AC

2% AS
4.80 % AC

4% AS
4.80 % AC

6% AS

4.80 % AC

8% AS95.2% 
AGG 93.2%

AGG
91.2% 
AGG

89.2%
AGG 87.2%

AGG
2%AS 2%AS –– 4%AS 4%AS –– 6%AS 6%AS –– 8%AS 8%AS ––

AGG

39

Control mix
4.80%AC4.80%AC 4.8%AC4.8%AC 4.8%AC4.8%AC 4.8%AC4.8%AC
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TESTING PROGRAM

Control mix

Series ISeries I Series IISeries IISeries ISeries I
Asphalt 

Shingles as

Series IISeries II
Asphalt 

Shingles asShingles as
ADDITIVE

Shingles as 
MODIFIER

Special mix
40

Special mix
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SERIES IISERIES II
TEST PROGRAM

SERIES IISERIES II
Asphalt Shingles added as MODIFIER

PG52-34
4.80 % AC

4.80 % AC 4.55 % AC 4.30 % AC 4.05 % AC
4% AS

95.2% 
91 2% 91 45% 91 7% 91 95%

4% AS 4% AS 4% AS 4% AS

AGG 91.2%
AGG

91.45% 
AGG

91.7%
AGG

91.95%
AGG

C t l i

4%AS 4%AS ––

4.80%AC4.80%AC

4%AS 4%AS ––

4.55%AC4.55%AC

4%AS 4%AS ––

4.30%AC4.30%AC

4%AS 4%AS ––

4.05%AC4.05%AC

41

Control mixFrom 
series I 
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TESTING PROGRAM

Control mix

Series ISeries I Series IISeries IISeries ISeries I
Asphalt 

Shingles as

Series IISeries II
Asphalt 

Shingles asShingles as
ADDITIVE

Shingles as 
MODIFIER

Special mix
42

Special mix
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TESTING PROGRAM
Special Mix

The idea is to add the components of 
Asphalt Shingles separately

25 % Particles of  
Grinded Asphalt

Recovered AC 
binder

Grinded Asphalt 
Shingles 

100 % 

75 % 

R d

43

Recovered 
aggregates and 

fibres
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TESTED MATERIALS
P i f i d iPreparation of a reconstituted mix

PG52-34

4.80 % AC

3% AS–AGG
1% AS–BIT

4.80 % AC

4% AS

91.2% 91.2% 
AGGAGG

4%AS4%AS–– 4%AS4%AS––
4 30%AC4 30%AC

44

4.80%AC4.80%AC 4.30%AC 4.30%AC 
(REC)(REC)
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Mi d ith th i i bi d
TEST PROGRAM

Mixes prepared with the virgin binder
PG58-28

4.80 % AC
4 80 % AC 4.30 % AC

95 2%

4.80 % AC
4% AS

4.30 % AC
4% AS

95.2% 
AGG 91.2% 
AGG

91.7%
AGG

45
Control mix



2004 CTAA Conference Montreal

46



2004 CTAA Conference Montreal

Thermal Stress Restrained 
Specimen Test

47
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TSRST Results – Graphical presentation
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SERIES ISERIES I
Asphalt Shingles added as ADDITIVE
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Mix 4.8%AC 4.8%AC 4.8%AC
(REC) 4.8%AC 4.8%AC

VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434



2004 CTAA Conference Montreal

SERIES ISERIES I
Asphalt Shingles added as ADDITIVE

3.3 3.3
3.4 3.23.23.5

4.0 failure (MPa )
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Mix 4.8%AC 4.8%AC 4.8%AC
(REC) 4.8%AC 4.8%AC

VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434
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SERIES IISERIES II
Asphalt Shingles added as MODIFIER
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Control 
Mix

4% AS -
4.8%AC

4% AS -
4.55%AC

4% AS -
4.30%AC

4% AS -
4.05%AC

VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434
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SERIES IISERIES II
Asphalt Shingles added as MODIFIER
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Control 
Mix

4% AS -
4.8%AC

4% AS -
4.55%AC

4% AS -
4.30%AC

4% AS -
4.05%AC

VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434
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VIRGIN BINDER PG 58VIRGIN BINDER PG 58--2828
-34.0

-32 0
Tfailure (°C )

VIRGIN BINDER PG 58VIRGIN BINDER PG 58--2828

-28.5
-29.8 -29.6

-32.0

-30.0

-28.028.0

-26.0

-24.0
4.80 % AC

4% AS
4.80 % AC 4.30 % AC

4% AS

-22.0

-20.0

91.2% 
AGG

91.2% 
AGG

91.7% 
AGG

-18.0

-16.0 Control 4% AS - 4% AS -

53

Mix
4% AS 
4.8%AC

% S
4.30%AC
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VIRGIN BINDER PG 58VIRGIN BINDER PG 58--2828
3.2 3.1

3.5 failure (MPa)

VIRGIN BINDER PG 58VIRGIN BINDER PG 58--2828
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1 5
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4% AS

4.80 % AC 4.30 % AC
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91.2% 
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91.7% 
AGG

3
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Control 4% AS - 4% AS -

3 
Tests
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Mix
4% AS 
4.8%AC

% S
4.30%AC
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HIGHLIGHTSHIGHLIGHTS
1) The repeatability of TSRST  Satisfactory

2) Identical low temperature resistance for2) Identical low temperature resistance for  
both mixes

4 80 % AC4 80 % AC 4.80 % AC

3% AS–AGG

91 2%

1% AS–BIT
4.80 % AC

4% AS

91 2% 91.2% 
AGG

91.2% 
AGG

3) Incorporation of AS do not influence the 
low cracking TSRST temperatures

55

low cracking TSRST temperatures 
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COMPLEX MODULUSCOMPLEX MODULUS 
MEASUREMENTS

 Exploration the influence of Recycled Asphalt
Shingles on the behaviour

 Evaluation of effectiveness of Asphalt Shingles
components in the Asphalt Mix

 High temperature behaviour

 Fatigue behaviour

 Pavement design based on Complex Modulus values

56
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30003000
VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434
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3000
VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434
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HIGHLIGHTSHIGHLIGHTS
 Asphalt Shingles particles modify clearly
the Global Rheological Behaviour ofthe Global Rheological Behaviour of
Asphalt Mixes  AsphaltAsphalt ShinglesShingles dodo notnot
behavebehave asas BLACKBLACK ROCKROCKbehavebehave asas BLACKBLACK ROCKROCK

 Incorporation of Asphalt Shingles as
particles or as separate components leads
to IdenticalIdentical RhelogicalRhelogical BehaviourBehaviour in both
cases

61
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RESISTANCE TO RUTTINGRESISTANCE TO RUTTING

Dissipated Energy concept forComple Mod l s al esDissipated Energy concept for 
binders adopted by SHRP

Complex Modulus values 

@ (60°C – 1Hz)

|E* | / Sin 

ResistanceResistance 

to Rutting
62

to Rutting
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VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434

1063
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493600
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4.80 % AC

6% AS

89.2% 
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4.80 % AC

8% AS

87.2%
AGG

0
Control Mix 2% AS - 4.8%AC 4% AS - 4.8%AC 6% AS - 4.8%AC 8% AS - 4.8%AC

SERIES ISERIES I

87.2%
AG 
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SERIES ISERIES I
Asphalt Shingles added as ADDITIVE
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VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434
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(MPa)
6060°°C C –– 1Hz1Hz
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Control 
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4.8%AC

4% AS –
4.8%AC

6% AS –
4.8%AC
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87.2%
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SERIES ISERIES I
Asphalt Shingles added as ADDITIVE
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VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434
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4% AS –
4.05%AC

AGG4.8 % AC

95.2%

AGG
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Control 
Mix

4.8%AC
SERIES IISERIES II

Asphalt Shingles added as MODIFIER
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VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434
6060°°C C –– 1Hz1Hz

702
800 |E*|/Sin 

(MPa)
557

592

453500
600
700 (MPa)

303

453

300
400
500

100
200

4.80 % AC

91.2%
AGG 

4% AS
4.30 % AC

91.7%
AGG

4% AS
4.05 % AC

91.95%

AGG

4% AS
4.8 % AC

95.2%

AGG

4.55 % AC

91.45% 
AGG

4% AS

Control Mix 4% AS –
4.8%AC

4% AS –
4.55%AC

4% AS –
4.30%AC

4% AS –
4.05%AC

0
AGG
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SERIES IISERIES II
Asphalt Shingles added as MODIFIER
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HIGHLIGHTSHIGHLIGHTS

According to SHRP concepts for rutting

TheThe useuse ofof recycledrecycled AsphaltAsphalt ShinglesShingles asas
ADDITIVEADDITIVE oror asas MODIFIERMODIFIER enhancesenhances thethe
ruttingrutting resistanceresistance

4.30 % AC
4% AS

91.7%

4% AS
Higher  
rutting 

AGG resistance
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This conclusion lies well with the literature
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RESISTANCE TO FATIGUERESISTANCE TO FATIGUE

Dissipated Energy concept forComplex Modulus valuesDissipated Energy concept for 
binders adopted by SHRP

Complex Modulus values 

@ (0°C – 10Hz)

|E* | . Sin 

ResistanceResistance 

to Fatigue
68

to Fatigue
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VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434

26602800
|E*|. Sin  (MPa) 00°°C C –– 10Hz10Hz

2294 2190

1807

2285

2000

2400

1200

1600

400

800
4.8 % AC

95.2%

AGG

4.8 % AC
2% AS

93.2%
AGG

4.8 % AC

4% AS

91.2% 
AGG 87.2%

4.8 % AC

6% AS

89.2% 
AGG

4.8 % AC

8% AS

87.2%
AGG

Control 
Mix

8% AS –
4 8%AC

0

400

6% AS –
4 8%AC

4% AS –
4 8%AC

2% AS –
4 8%AC

87.2%
AG 
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Mix 4.8%AC4.8%AC4.8%AC4.8%AC
SERIES IISERIES II

Asphalt Shingles added as MODIFIER
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VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434

3200
|E*|. Sin  (MPa) 00°°C C –– 10Hz10Hz

2660

2294

1938 1968
21442400

1938 1968

1600

800
4.80 % AC

91.2%
AGG

4% AS
4.30 % AC

91.7%
AGG

4% AS
4.05 % AC

91.95%

4% AS
4.8 % AC

95.2%

AGG

4.55 % AC

91.45% 
AGG

4% AS

0
Control 4% AS –4% AS –4% AS –4% AS –

AGG AGG
AGG

AGG AGG
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Mix 4.05%AC4.30%AC4.55%AC4.80%AC
SERIES IISERIES II

Asphalt Shingles added as MODIFIER
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HIGHLIGHTSHIGHLIGHTS
According to SHRP concepts for fatigue

The use of recycled Asphalt Shingles asThe use of recycled Asphalt Shingles asThe use of recycled Asphalt Shingles as The use of recycled Asphalt Shingles as 
ADDITIVE or as MODIFIER enhances the ADDITIVE or as MODIFIER enhances the 

fatigue resistancefatigue resistancefatigue resistancefatigue resistance
4.30 % AC

4% AS
4.55 % AC

91 7%

4% AS

91.45%

4% AS

Higher 
fatigue91.7%

AGG
91.45% 
AGG fatigue 

resistance
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Asphalt Pavement Design Asphalt Pavement Design -- Layer ThicknessLayer Thickness

The AASHTO method for determining the thickness of flexible pavement 
layers 

SN = DSN = D aa + D+ D aa mm + D+ D aa mmSN = DSN = D11aa11 + D+ D22aa22mm22+ D+ D33aa33mm33

aa11 is the structural coefficient or strength coefficient of the AC layer is the structural coefficient or strength coefficient of the AC layer 

BaseAC layer D1

Base D2

Sub-base D3

72

Subgrade
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Asphalt Pavement Design Asphalt Pavement Design -- Layer ThicknessLayer Thickness

aa11 DD11

aa11 = 0.414*LOG( 145.04*M= 0.414*LOG( 145.04*MR R ))--1.8961.896
MTQ ModelMTQ Model

AC l D

QQ
We considered values of E* at 20We considered values of E* at 20°°C (68C (68°°F) and 30 HzF) and 30 Hz

Base

AC layer D1

D2

Sub-base D3
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Subgrade
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VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434

0.50

0.60 Structural 
Coefficient (a1)

0 47 0.48 0 46
0.42

0.40

0.50 0.47 0.46
0.43

0 20

0.30

4.8 % AC 4.8 % AC
2% AS

4.8 % AC 4.8 % AC 4.8 % AC

0.10

0.20
95.2%

AGG

2% AS

93.2%
AGG

4% AS

91.2% 
AGG 87.2%

AG 

6% AS

89.2% 
AGG

8% AS

87.2%
AGG

0.00
Control

Mix
2% AS –
4.8%AC

4% AS –
4.8%AC

6% AS –
4.8%AC

8% AS –
4.8%AC
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SERIES ISERIES I
Asphalt Shingles added as ADDITIVE
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VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434

150

160
Thickness of AC 

layer (mm)

134 135

145
150

140

150

131

120

130

4.8 % AC 4.8 % AC
2% AS

4.8 % AC 4.8 % AC 4.8 % AC

100

110
95.2%

AGG

2% AS

93.2%
AGG

4% AS

91.2% 
AGG 87.2%

AG 

6% AS

89.2% 
AGG

8% AS

87.2%
AGG

100
Control

Mix
2% AS –
4.8%AC

4% AS –
4.8%AC

6% AS –
4.8%AC

8% AS –
4.8%AC
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SERIES ISERIES I
Asphalt Shingles added as ADDITIVE
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VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434

0.48
0.51

0 50

0.60 Structural 
Coefficient (a1)

0.42

0.48
0.45

0.40

0.50

0 20

0.30

4 55 % AC 4 30 % AC 4 05 % AC4 8 % AC

0.10

0.20 4.55 % AC

91.45% 
AGG

4% AS
4.30 % AC

91.7%
AGG 

4% AS
4.05 % AC

91.95%

AGG

4% AS
4.8 % AC

95.2%

AGG

0.00
Control

Mix
4% AS –
4.55%AC

4% AS –
4.30%AC

4% AS –
4.05%AC
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Mix 4.55%AC 4.30%AC 4.05%AC

SERIES IISERIES II
Asphalt Shingles added as MODIFIER
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VIRGIN BINDER PG 52VIRGIN BINDER PG 52--3434

150

160 Thickness of 
AC layer (mm)

139

150

140

150

130
122130

110

120 4.55 % AC

91.45% 
AGG

4% AS
4.30 % AC

91.7%
AGG 

4% AS
4.05 % AC

91.95%

AGG

4% AS
4.8 % AC

95.2%

AGG

100
Control 

Mi
4% AS –
4 55%AC

4% AS –
4 30%AC

4% AS –
4 05%AC

AGG

77

Mix 4.55%AC 4.30%AC 4.05%AC
SERIES IISERIES II

Asphalt Shingles added as MODIFIER
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HIGHLIGHTSHIGHLIGHTS

AASHTO PAVEMNENT DESIGN METHOD

The use of recycled Asphalt Shingles as The use of recycled Asphalt Shingles as 
ADDITIVE or as MODIFIER permits to ADDITIVE or as MODIFIER permits to pp
consider the use of thinner Asphalt consider the use of thinner Asphalt 

Concrete layersConcrete layersyy
4.30 % AC

4% AS
Better mix 

91.7%
AGG

for pavement 
design
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CONCLUSION 1CONCLUSION 1CONCLUSION 1CONCLUSION 1

RECYCLED ASPHALT RECYCLED ASPHALT 
SHINGLESSHINGLES


BLACK ROCKBLACK ROCKBLACK ROCKBLACK ROCK
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CONCLUSION 2CONCLUSION 2

COMPONENTS OF RECYCLEDCOMPONENTS OF RECYCLED
CONCLUSION 2CONCLUSION 2

COMPONENTS OF RECYCLED COMPONENTS OF RECYCLED 
ASPHALT SHINGLES            ASPHALT SHINGLES            

(AC BINDER (AC BINDER –– AGGREGATES AGGREGATES –– FIBRES)FIBRES)

PARTICIPATE ACTIVELY IN THEPARTICIPATE ACTIVELY IN THEPARTICIPATE ACTIVELY IN THE PARTICIPATE ACTIVELY IN THE 
BEHAVIOUR OF THE MIXBEHAVIOUR OF THE MIXBEHAVIOUR OF THE MIX BEHAVIOUR OF THE MIX 

WHATEVER THE WHATEVER THE 
INCORPORATION PROCESSINCORPORATION PROCESS
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INCORPORATION PROCESSINCORPORATION PROCESS
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CONCLUSION 3CONCLUSION 3CONCLUSION 3CONCLUSION 3
ASPHALT SHINGLES AS ASPHALT SHINGLES AS 

ADDITIVEADDITIVE


GOOD RESISTANCE TO GOOD RESISTANCE TO 
LOW TEMPERATURE LOW TEMPERATURE 

CRACKINGCRACKING
82

CRACKINGCRACKING
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CONCLUSION 4CONCLUSION 4CONCLUSION 4CONCLUSION 4

ASPHALT SHINGLES ASASPHALT SHINGLES ASASPHALT SHINGLES AS ASPHALT SHINGLES AS 

MODIFIERMODIFIERMODIFIERMODIFIER


GOOD RESISTANCE TO GOOD RESISTANCE TO 
LOW TEMPERATURE LOW TEMPERATURE 

CRACKINGCRACKING
83

CRACKINGCRACKING
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CONCLUSION 5CONCLUSION 5CONCLUSION 5CONCLUSION 5

SHRP FATIGUE ANDSHRP FATIGUE ANDSHRP FATIGUE AND SHRP FATIGUE AND 
RUTTING PREDICTIONRUTTING PREDICTION


HIGHER RESISTANCEHIGHER RESISTANCEHIGHER RESISTANCEHIGHER RESISTANCE

4% ASPHALT SHINGLES AS 4% ASPHALT SHINGLES AS 
MODIFIER MODIFIER 
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CONCLUSION 6CONCLUSION 6CONCLUSION 6CONCLUSION 6

AASHTO PAVEMENTAASHTO PAVEMENTAASHTO PAVEMENT AASHTO PAVEMENT 
DESIGNDESIGN


HIGHER STRUCTURALHIGHER STRUCTURALHIGHER STRUCTURALHIGHER STRUCTURAL
VALUEVALUEVALUEVALUE

4% ASPHALT SHINGLES AS 4% ASPHALT SHINGLES AS 
MODIFIERMODIFIER
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MODIFIER MODIFIER 
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FINAL CONCLUSIONFINAL CONCLUSIONFINAL CONCLUSIONFINAL CONCLUSION
Modified Asphalt Mixes withModified Asphalt Mixes with
Recycled Asphalt Roofing Recycled Asphalt Roofing 

ShinglesShinglesShingles Shingles 
ECOLOGICALECOLOGICAL

ECONOMICALECONOMICAL

PERFORMANTPERFORMANT
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PERFORMANTPERFORMANT
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