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Introduction 

 Findings on effects of RAP on performance of mixes 

from previous studies are mixed, such as  effect of RAP 

on fatigue cracking 

 Based on only end product of mixes produced in lab or plant 

without looking into production process 

 Plant production condition affects the performance of 

RAP mixes. (Mogawer et al. 2012) 

 Plant type, RAP percentage, RAP moisture, RAP binder 

properties, mixing time, production temperature, discharge 

temperature, storage temperature, et.al. 
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Introduction 

 Example of production process: Astec Drum Plant 
(http://www.astecinc.com/products/drying-mixing/sequential-mixing.html) 
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Asphalt coating aggregate surface 

Asphalt redistribution between aggregates and 

blended with RAP binder 

Virgin asphalt spray 

RAP binder redistribution between RAP and VA 

RAP addition 

Heat conduction between RAP and virgin 

aggregate (VA) 

Superheated dry aggregate 

Example Production Process of HMA/WMA 

with RAP in Counter Flow Drum Plant 

Asphalt mixture with RAP 

Virgin aggregate dried and heated in drum 

dryer 
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Introduction 

 RAP content and RAP moisture could affect 

production condition 

6 (After Brock and Richmond 2005) 



Introduction 

 Three fundamental blending mechanisms between RAP 

binder and virgin binder according to production process 

 RAP binder mobilization and transfer to virgin aggregate（
step2） 

 Mechanical blending between RAP binder and virgin binder by 

mixing paddle (Step3) 

 Diffusion between RAP binder and virgin binder(step3+long 

term effect)  

7 (After Astec Website) (After Rad 2013) 



Introduction 
 Previous laboratory study for RAP binder transfer 

 Huang et.al (2005) 

 Superheated aggregate of 190ºC 

 Mixing  coarse virgin aggregate with fine RAP 

 RAP binder content reduced from 6.8% to 6.0% 

 11% of RAP binder transferred 

 Mehta et.al (2012) 

 Superheated aggregate of 177ºC 

 RAP: 10%, 25% and 40% 

 Mixing time: 1 min, 2 min, and 3 min 

 Johnson et.al (2013) 

 30s for batch plant 

 Laboratory drum mixer could not duplicate  

    plant mixing 
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Introduction 

 Study Objectives 

 Effect of RAP content, RAP moisture, mixing time, and virgin 

aggregate temperature on temperature evolution of RAP and 

superheated aggregate, and the evolution of RAP binder transfer 

during production 

 Comingling of RAP and virgin binder 
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Laboratory Experiment & Simulation Method  

 Mixing behavior between virgin aggregate and RAP 

 Video camera 
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Laboratory Experiment & Simulation Method  

 Temperature evolution 

 Infrared camera 

 

 RAP binder transfer 

 Binder content of virgin 

     aggregate after mixing 

 AASHTO T164 
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Simulation Method & Laboratory Experiment 

 Simulation set up 
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30° 

Particle density (kg/m3) for virgin aggregate and RAP 

materials 
2200 

Particle diameter of virgin aggregate (mm) 10 

Particle diameter of RAP (mm) 4.8 

RAP percentage (%) 10, 30, 50 

RAP binder content (%) 4.5 

Particle Young’s modulus (N/m2) 1.38e7* 

Particle Poisson’s ratio 0.25* 

Coefficient of restitution 0.40 

Coefficient of sliding friction 0.80 

Coefficient of rolling friction 0.70 

Particle specific thermal capacity (J/kg·K) 800 

Particle thermal conductivity (J/K·s·m) 7 

Initial virgin aggregate temperature (F) 320, 356, 374 

Initial RAP particle temperature (F) 68 

DEM time step (s) 0.00003 

Drum rotational speed (RPM) 50 

Total simulation time (s) 300 



Laboratory Experiment & Simulation Method  

 Discrete element method (DEM) 

 Simulate mixing process 

 Newton’s second law 

 

 

 

 

 Platform is based on open source software “LIGGGHTS”  
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Laboratory Experiment & Simulation Method  

 Heat conduction theory 

 Studying temperature evolution between superheated virgin 

aggregate and RAP aggregate 
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Q pi−pj = hc,i−j∆Tpi−pj  

hc,i−j =
4KpiKpj

Kpi + Kpj
 (Acontant ,i−j) 

mpcp
dTp,i

dt
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Temperature 

difference 

Heat conduction 
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Laboratory Experiment & Simulation Method  

 Modified liquid bridge theory (Shi and McCarthy 2008) 

 Define minimum transfer activation temperature 

 Assume to equal critical high temperature PG, 80.6ºC for 

the RAP in this study 
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(After Shi and McCarthy 2008) 
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Results and Discussion 

 Mixing behavior (Experiment and Simulation) 

 Similar mixing behavior of virgin aggregate and RAP between 

experiment and DEM simulation 

 Identify segregation of coarse virgin aggregate and fine RAP 

for both experiment and simulation without flights 
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Results and Discussion 

 Temperature evolution study (Simulation)  
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Results and Discussion 

 Temperature evolution study (Experiment and 

Simulation) 

 Effects of RAP percentage and virgin aggregate temperature 
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Results and Discussion 

 Mixture temperature vs. mixing time based on DEM 

Simulation 

 Peak temperature during mixing, 90-120s for lab mixer 

  Uniformity of mixture: coefficient of variation (CV=μ/σ) 
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Results and Discussion 

 Temperature Evolution Study (Experiment) 

 RAP moisture effect 
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Preliminary simulation of RAP Moisture Effect 

 Consider moisture transfer between particles 

 Consider energy balance during evaporation  
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Simulation of RAP Moisture Effect 

 RAP moisture effect on the temperature evolution 

 Moisture evolution 
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Results and Discussion 

 RAP binder transfer study (Experiment  

    and Simulation) 
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Results and Discussion 

 RAP binder transfer vs. time from DEM Simulation 

 Consistent status of binder transfer 
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Preliminary Blending/Comingling Simulation 

 Consider binder as droplet 

 Include droplets of RAP binder and virgin binder 

 Define different cohesive (binder-binder) and adhesive (binder-

aggregate) force 
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Conclusions 

 DEM simulations constitute a promising approach to 

simulate the mixing process 

 Mixing behavior, temperature evolution, RAP binder 

transfer 

 Temperature evolution study 

 High RAP percentage and high RAP moisture lead to fast 

drop of virgin aggregate temperature 

 High RAP moisture needs for higher virgin aggregate 

temperature 

 Longer mixing time is needed for high percentage RAP  
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Conclusions 

 RAP binder transfer 

 RAP binder transfer increased as virgin aggregate 

temperature increased 

 RAP binder transfer decreased as RAP moisture increased 

 Longer mixing time is needed to reach binder transfer 

consistency when RAP percentage increased or virgin 

aggregate temperature decreased 

 Production conditions greatly affect the temperature 

evolution and RAP binder transfer 
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Thank you! 

Questions & Suggestions? 


