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Introduction

Asphalt mixtures:

• a particulate composites that contain aggregate particles of various sizes and
shapes randomly distributed in a matrix made of asphalt bitumen/binder.

• Asphalt mixture is the main road paving material

• In Europe and north America more than 90% of roads 
are surfaced with asphalt mixture (NAPA & EAPA, 
2011)
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Introduction

53 million tons

70 million tons RAP and 100% reused in the U.S. EAPA 
(Asphalt in Figures, 2019)

More than 98% of the RAP were reused in the EU.
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Introduction
Asphalt bitumen/binders and asphalt mixtures are temperature susceptible

materials. Fatigue and thermal cracking is a significant distress in asphalt
pavements built in cold climates.

Low T
Thermal
Cracking

Intermediate T
Fatigue

Cracking

High T
Permanent

Deformation

After field aged or laboratory aged, the asphalt binders are getting harder and
more stiffness; hence, the low temperature properties of asphalt mixture should be
studied.
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Evaluate the possibility of using

40% re-recycled (double

recycled) RAP together with

Warm Mix Asphalt (WMA)

technology.

Based on experimental works on:

• Asphalt mixtures

• Asphalt binders

Research Objective

Materials

Preparation

Experimental 

Work

And

Analysis

Asphalt mixture testing

 WMA 1: WMA prepared with 40% RAP WMA 2: WMA prepared with 40% re-recycled RAP 
 T-f-sweep1: Temperature frequency sWeep Tcrossover

2: crossover temperature
 LAS3: Linear Amplitude Sweep Test VECD4: Visco-Elastic Continuum Damage  
 BTSV5: Bitumen-Typisierung-Schnell-Verfahren (Binder-Fast-Characterization-Test) 
 binders with * are extracted from the corresponding mixtures            

ConclusionsEvaluation of Results and Discussion

 

Uniaxial Tension 
Compression Test (UTCT)Fatigue

Thermal Stress Restrained 
Speciment Test (TSRST)Low temperature

Asphalt binder testing

LAS3

BTSV5

T-f-sweep1

VECD4 model coefficients 

TBTSV and δBTSV 

 master curve and Tcrossover
2

100% Gabbro+6.3% 50/70

40% RAP + 60% Gabbro 
+4.2% 160/220+0.3% Sasobit

40% re-recycled RAP
+ 60% Gabbro

+3.6% 160/220+0.2% Sasobit

Asphalt bindersAsphalt mixtures

Hot Mix Asphalt (HMA)

Warm Mix Asphalt (WMA-1)

Warm Mix Asphalt (WMA-2)

50/70

160/220

RAP binder*

WMA-1 binder*

Long-term aged WMA-1 binder*

WMA-2 binder*
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Materials and Experimentation

Table 1. Asphalt mixtures
Materials

artificially aged WMA-1 mixture after 35h of PAV aging
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Materials and Experimentation

• Fatigue-Uniaxial Tension Compression Test (UTCT) (Isailović et al., 2016)
• Thermal-Thermal Stress Restrained Specimen Test (TSRST) (EN 12697-46, 2012) 

Experimental work for asphalt mixtures

Isailović, I., Cannone Falchetto, A., Wistuba, M. P. (2016). Energy dissipation in asphalt mixtures observed in different cyclic stress-controlled fatigue tests. In
8th RILEM International Symposium on Testing and Characterization of Sustainable and Innovative Bituminous Materials, 693-703. Springer, Dordrecht.
Farrar, M., Sui, C., Salmans, S., Qin, Q. (2015). Determining the low-temperature rheological properties of asphalt binder using a dynamic shear rheometer
(DSR). Technical white paper FP08. No. DTFH61-07-D-00005, Fundamental Properties of Asphalts and Modified Asphalts, III.

• Rheological properties - Temperature-frequency (t-f) sweep tests (EN 14770-08, 
2012; Farrar et al., 2015)

• Fatigue properties - Linear Amplitude Sweep (LAS) (AASHTO TP101, 2012)
• High temperature properties - Binder-Fast-Characterization-Test (BTSV) (DIN 

52050, 2018)

Experimental work for asphalt binders
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Results and Analysis – mixtures
UTCT results

Overall similar fatigue behavior and 
slightly better thermal cracking 

properties were found in mixtures 
prepared with re-recycled RAP and 

WMA technologies.

TSRST results
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Results and Analysis – binder
Rheological properties

Asphalt binders in both WMA mixtures 
present similar rheological properties 

to the target virgin 50/70 binder.1.E+00
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Results and Analysis – binder
LAS results

RAP binder failed at relative low strain level due to very high stiffness
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Results and Analysis – binder
BTSV results



Wang D, Jafari B, Cannone Falchetto A, Riccardi C, Wistuba MP | Investigation on the performance properties of asphalt mixtures prepared with RAP and WMA additives at binder and mixture levels| June 23-25, 2021 | 14

The possibility of using a re-recycled RAP, up to 40%, in combination with the
Warm Mix Asphalt (WMA) technology for designing surface layer mixture was
experimentally investigated.

Summary and Conclusions

• Aged asphalt binder can be rejuvenated by using a very soft fresh binder,
160/220.

• Similar rheological characteristics, including fatigue and high temperature
properties, can be achieved for the extracted binder in both WMA mixtures
compared with the reference virgin binder.

• Similar fatigue and low temperature behavior were observed for reference
HMA and two WMA mixtures prepared with different generations of RAP.
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Questions?Thank you!
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