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In consideration of both economic and environmental benefits, recycled materials, such as Reclaimed Asphalt 
Pavement (RAP), have been commonly used in pavement construction for decades (Büchler et al., 2018). On one 
hand, a number of research efforts have been conducted to evaluate the possibility of using a high amount of RAP 
in the pavement construction, leading to a wide acceptance on the use of RAP up to 40% in content (Poulikakos 
et al., 2017; Büchler et al., 2018; Wang et al., 2019). On the other hand, only limited studies focused on the 
combined use of RAP with other techniques or materials, for example, the Warm Mix Asphalt (WMA) technology 
for the mixture design and paving. In this study, the possibility of using a high amount of RAP together with WMA 
technologies to achieve similar performance properties compared with the conventional Hot Mix Asphalt (HMA) 
was experimentally investigated. The original idea of this research develops and expands from the interlaboratory 
work proposed by the RILEM technical committee (TC) entitled Asphalt Pavement Recycling 264-RAP-TG2 
(RILEM, 2015). This TC was originally proposed in 2015, its objective is to enhance the fundamental 
understanding of the interactions between recycled asphalt (RA) materials and new fresh materials in asphalt 
paving mixtures, and the combination of RAP with various technologies and sustainable materials.  In this paper, 
the recycled asphalt (RA) mixture, with an NMAS equals to 11.2 mm, provided by the RILEM committee was 
used as reference material. The following steps were conducted to evaluate the possibility of combined use of RAP 
and WMA at both mixture and binder scales. The entire research approach with detailed experimental information 
can be found in Figure 1.  
 

 
Figure 1. Flow chart 

 
 Regarding the asphalt binders, two unmodified asphalt binders, 50/70 and 160/220, were used together with 
the asphalt binder extracted and recovered from the RAP mixture (EN 12697-3, 2013). Next, 40% of RAP binder 
was mixed with 60% binder 160/220, since the mixed materials have similar penetration value with binder 50/70. 
Then, conventional tests, such as penetration (EN 1426, 2015) and softening point (EN 1427, 2015), were 
conducted on these four different asphalt binders. Finally, rheological tests, ‘Binder-Fast-Characterization-Test 
BTSV’ (AL BTSV, 2017), Temperature-frequency sweep tests (T-f sweep) and Linear Amplitude Sweep (LAS) 
(AASHTO TP101, 2012), were also performed with the Dynamic Rheometer (DSR). It should be noticed that no 
WMA technology was used for the asphalt binders. In the case of asphalt mixture, the conventional HMA mixtures 
were first prepared with 50/70 binder and fresh aggregates, this material was used as the reference material. RA 



materials, fresh aggregates, soft unmodified asphalt binder 160/220 and the WMA additives Sasobit were mixed 
and compacted together; 40 % of RAP materials were used in the new component by weight. Since the oxidation 
and aging process in the RAP materials lead to a harder and brittle asphalt binder, which ultimately induced better 
high temperature properties when RAP is used (Poulikakos et al., 2017; Büchler et al., 2018), only the intermediate 
and low temperatures properties were experimentally investigated in this study. At intermediate temperature (20 
C), Tension Compaction Test (EN 12697-24, 2018) was used to evaluate the fatigue properties while at low 
temperature, the Thermal Stress Restrained Specimen Test (TSRST) (EN 12697-46, 2012) was applied to assess 
the thermal properties of these two mixtures.  
 Part of the experimental results is displayed in Figure 2 and Table 1 for asphalt binders and asphalt mixtures, 
respectively. In Figure 2, master curves were generated based on the T-f-sweep test results for all the asphalt 
binders. It can be seen that RAP binder mixed with 160/220 binder have very similar rheological properties with 
the fresh 50/70. The other experimental results based on DSR parameters confirmed this finding. 
 

 
Figure 2. Master curves comparison between different asphalt binders 

 
Table 1. Fatigue and thermal properties between conventional HMA and WMA mixtures. 

Fatigue Properties (Tension-Compaction Tests) Thermal Properties (TSRST) 
Amplitude-sweep HMA WMA Cooling tests HMA WMA 
E-Modulus initial [MPa] 5814 6322 Fracture temperature TF [ºC] -23.3 -25.0 
Loading cycles Nf50 [-] 12397 12684 Fracture stress σF [MPa] 4764 4774 
Nmacro 9830 11675    

 
In Table 1, it can be concluded that mixture prepared with RAP and WMA technology have better fatigue and 
thermal properties compared with the conventional HMA mixture. This is especially true for the low temperature 
properties. This research provides evidence on the possibility of combined using up to 40% of RAP and WMA 
technology for pavement construction. Nevertheless, various RAP materials with different WMA technologies 
need to be evaluated with respect to the general understanding of the reaction between RAP and fresh materials. 
 
References 
AL BTSV (DSR). (2017). Arbeitsanleitung zur Bestimmung des Verformungsverhaltens von Bitumen und 
bitumenhaltigen Bindemitteln im Dynamischen Scherrheometer (DSR) - Durchführung des BTSV (Bitumen-
Typisierungs-Schnell-Verfahren). German Technical Specification. (In German) 
Büchler, S., Cannone Falchetto, A., Walther, A., Riccardi, C., Wang, D., & Wistuba, M. P. (2018). Wearing course 
mixtures prepared with high reclaimed asphalt pavement content modified by rejuvenators. Transportation 
Research Record, 2672(28), 96-106. 
Poulikakos, L. D., Papadaskalopoulou C., Hofko B., Gschösser F., Cannone Falchetto A., Bueno M., Arraigada 
M., Sousa J., Ruiz R., Pettit C., Loizidou, M. and Partl, M. (2017). Harvesting the unexplored potential of European 
waste materials for road construction. Resources, Conservation & Recycling, vol. 116, pp. 32-44, 2017. 
RILEM. (2015). 264-RAP: Asphalt Pavement Recycling. https://www.rilem.net/groupe/264-rap-asphalt-
pavement-recycling-335. Accessed on October 2018. 
Wang, D., Cannone Falchetto, A., Moon, K. H., Riccardi, C., Pei, J., & Wen, Y. (2019). Artificially prepared 
Reclaimed Asphalt Pavement (RAP)—an experimental investigation on re-recycling. Environmental Science and 
Pollution Research, 26(35), 35620-35628. 

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

1.E+06

1.E+07

1.E+08

1.E+09

-6 -4 -2 0 2 4 6 8 10

|G
*|

 [P
a]

log Reduced Frequency [Hz]

Master Curves of Complex Shear Modulus

50-70

160-220

RAP

40% RAP + 60% 160-220


