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Abstract 

Thermodynamic and heat transfer principles are used to predict and verify the temperature necessary to 

dry and heat virgin aggregates and reclaimed asphalt pavement/recycled asphalt shingles (RAP/RAS) for 

a given hot-mix asphalt (HMA) mix. Materials from an HMA plant were collected and moisture content 

was determined for virgin aggregates, RAP, and RAS. The moisture content of virgin aggregates ranged 

from 2% to 7%; for RAP, it ranged from 5% to 7%; and for RAS, the range was from 7% to 10%. Next, 

thermodynamic and heat transfer principles were applied to predict virgin aggregate temperatures 

necessary to dry and heat RAP for various HMA mix proportions (consisting of 90% to 50% virgin 

aggregates and 10% to 50% RAP) and moisture contents (1% to 5%). Among the many results, it was 

found that for a mix consisting of 50% virgin aggregates with 3% moisture content and 50% RAP with 

5% moisture content, the temperature required to raise virgin aggregate temperature was 608°C 

(1127°F) to dry and heat virgin aggregates and RAP. As a final step, virgin aggregates temperature is 

recorded at a drum plant facility, and thermodynamic equations are used to validate the virgin aggregate 

temperatures. It has been observed that for a given HMA mix (virgin aggregates, RAP, and RAS), the 

temperature predicted for larger-size virgin aggregates shows good agreement with the recorded value. It 
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is theorized that superheated virgin aggregates could burn the virgin binder and aged binder coating of 

RAP/RAS and produce an inferior-quality HMA mix.  
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