
 
 

ABSTRACT 

 

WMA is a rapidly growing innovative technology that allows the mixing and 

compaction of asphalt mixtures at lower production temperatures compared to 

conventional HMA. The existing WMA additives can be divided into three broad 

categories depending on their working mechanism. These are organic, chemical, and 

foaming-based technologies. Although the working mechanism of these technologies 

may be different, the primary aim is to lower the production temperatures of asphalt 

mixtures. Several concerns have been raised regarding the determination of mixing and 

compaction temperatures (also termed as production temperatures) for WMA mixtures. 

Thus, more exploration is required in this direction for developing a rational approach 

to evaluate the production temperatures of asphalt mixtures, and to assess the impact of 

production temperatures on the performance of WMA.  

Two base asphalt binders, viz. viscosity graded (VG), VG30, and polymer modified 

binder (PMB), PMB40, were taken in the present study. Two different aggregate 

sources (granite and dolomite) were incorporated to assess the effect of aggregate 

mineralogy on the behaviour of WMA technologies. Five different WMA additives, 

including two organic-based (Sasobit and Sasobit Redux), two chemical-based (Rediset 

and Cecabase) additives, and one foaming-based technology (Aspha-min) were 

incorporated to understand the influence of different WMA technologies.  

This study revolved around the determination of production temperatures and their 

impact on the behavior of asphalt mixtures. Six objectives were defined in this 

direction. These objectives along with the obtained results are briefly discussed in the 

following paragraphs. 



 
 

xxxvi 

Objective 1 

The first objective focused on the effect of WMA technologies on the morphological, 

chemical, and physical properties of asphalt binders. Scanning electron microscopy 

(SEM), Fourier transform infrared spectroscopy (FTIR), and a series of empirical and 

fundamental tests were carried out for the characterization. SEM and FTIR confirmed 

that the adopted blending technique is appropriate for obtaining uniform/homogeneous 

blend with pure physical interaction between WMA additives and asphalt binders. All 

the WMA binders, prepared either using VG30 or PMB40, displayed similar to better 

physical characteristics than the base asphalt binders. 

Objective 2 

Though a considerable amount of researches have been done on assessing the 

performance of WMA technologies, no standard approach is available for estimating 

their appropriate production temperatures. The EQ method was found to be suitable 

only for VG30. The second objective involved the development of a novel workability-

based prototype that can evaluate the workability of asphalt mixtures. A new procedure, 

based on workability, was proposed and validated for rational evaluation of production 

temperatures. Additionally, coating ability and compactability tests were carried out to 

validate the obtained mixing and compaction temperatures, respectively. Further, the 

optimum dosage of WMA additives, pertaining to different technologies, were assessed 

based on the coating and compactability checks. About 5 °C-25 °C and 5 °C-37 °C 

reduction in mixing and compaction temperatures, respectively, were obtained for 

different WMA technologies. Despite being produced at lower production 

temperatures, WMA showed a consistent aggregate coating and density range as 

conventional HMA mixtures. It was found that the optimum dosage of WMA additives 

varies with the change in aggregate source and base asphalt binder. 
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Objective 3 

The third objective envisioned to compare the performance of WMA binders (prepared 

at the optimum dosage) with their respective conventional asphalt binders (with no 

additives, i.e., VG30 and PMB40). The comparison was made based on the laboratory 

results concerning ageing, rutting, fatigue, and moisture characteristics at the binder 

level.  

Carbonyl (C=O) and Sulfoxide (S=O) indices, determined through FTIR spectrums, 

were used to explicate the ageing behavior of WMA binders. Among different WMA 

additives, Chemical agents displayed lower values of IC=O and IS=O, regardless of ageing 

condition.  

A series of experiments were carried out using DSR to assess the rutting and fatigue 

performance. These test methods included the traditional Superpave rutting and fatigue 

parameters determined through frequency sweep (FS), multiple stress creep and 

recovery (MSCR) for rutting, and linear amplitude sweep test (LAST) for fatigue. 

MSCR test was performed at four different temperatures (40-70°C) and four different 

stress levels (0.1, 3.2, 5, and 10 kPa). A rutting parameter based on the Arrhenius 

equation (activation energy concept) was used in the present study to conceptualize the 

effect of multiple stresses and test temperatures. On the other hand, LAST was 

conducted at three temperatures ranging from 10-30°C, and the fatigue life of asphalt 

binders was determined. Despite the lower ageing temperature, Sasobit-modified 

asphalt binder exhibited higher rutting resistance in VG30, while its influence was 

found to be insignificant in the case of PMB40. The failure strain obtained by analyzing 

LAST results was found to be under a comparable range i.e. 6-11%, irrespective of the 

base asphalt binder. The fatigue life of WMA binders was comparable with the results 

of base asphalt binders, over a wide range of strain values at all the test temperatures. 
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Chemical-based WMA agents showed higher fatigue life as compared to organic-based 

WMA agents.  

Bond strength (BS) between asphalt binder and aggregates was used to ascertain the 

suitability of WMA binders against moisture damage. Bond strength ratio (BSR) was 

evaluated for assessing the moisture resistance of asphalt mixtures. Chemical-based 

WMA agents exhibited antistripping characteristics that restrict moisture's effect, as 

indicated by higher BSR for Cecabase and Rediset.  

Objective 4 

The performance of HMA and WMA mixtures were evaluated and compared under the 

fourth objective of this study. Possible correlations between the test results of asphalt 

binders and mixtures were analyzed and the limiting values for different performance 

predictors were proposed. All the test parameters, except the mixing and compaction 

temperatures, were kept constant throughout the study for analyzing HMA and WMA 

mixtures. The mixing and compaction temperatures required for the preparation of 

WMA mixtures were obtained based on the proposed workability approach. A series of 

performance-based test methods including the Cyclic compression test (CCT) for 

rutting performance at 60°C and Indirect tensile cracking test (Ideal CT) for fatigue 

performance at 20°C, were carried out. A check against moisture damage was also 

ascertained by evaluating % stripping/coating using a boiling water test (BWT), 

Retained Marshall stability (RMS), and Tensile strength ratio (TSR).  

Creep modulus (CM), determined by analyzing CCT test results, showed slightly lower 

performance of WMA mixtures, particularly for PMB40-based asphalt mixtures. 

Overall, Sasobit, an organic-based WMA additive, displayed higher rutting resistance 

among all the WMA. Fatigue resistance was evaluated using a proposed fatigue index 
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(FI). Based on the FI values, irrespective of base asphalt binder and aggregate source, 

WMA mixtures prepared with chemical agents showed better fatigue performance 

followed by foaming and organic technologies. Despite lower production temperature, 

the application of WMA technology seemed to facilitate moisture repellent 

characteristics, regardless of any test method. Rediset, combined with dolomite 

aggregates, can be considered as a potent combination for preparing moisture-resistant 

asphalt mixtures. The overall results also demonstrated appreciable correlations 

between the performance parameters of asphalt binders and mixtures.  

Objective 5 

The idea behind the fifth objective was to outline the energy-related cost and amount 

of GHG emissions imparted by producing WMA mixtures based on a theoretical 

approach. Different factors such as fuel type and type of WMA additive were varied 

during the analysis. Results displayed a reduction in heat energy with the addition of 

WMA additives ranging from 5-13% relative to conventional HMA mixtures. Rediset 

and Cecabase in VG30 with granite and dolomite aggregates, respectively, resulted in 

the lowest cost reduction, whereas in PMB40, the incorporation of Sasobit with any 

aggregate type, showed the lowest cost savings, irrespective of fuel type. The 

implementation of WMA technologies exhibits a pronounced reduction in GHG 

emissions relative to conventional HMA. 

Objective 6 

In the last objective (sixth), a simple ranking protocol was used to select the best WMA 

additive, relative to other WMA, based on their overall performance. WMA showed 

either similar/improved performance and therefore similar/higher rank than the 

reference HMA. Based on the global average ranking (GAR), Rediset, a chemical-based 

WMA agent, was found to be the best WMA additive.



 
 

 

  


