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The Problem isé 

ÁCracking 

ïAlthough there are 

many causesétraffic 

conditions, pavement 

structure, poor drainage, 

climate 

ïFocus is on how 

recycled materials are 

used 

ÅReclaimed asphalt 

pavement (RAP) 

ÅRecycled asphalt 

shingles (RAS) 
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RAP and RAS 

ÁBenefits 

ïEconomics 

ïReduced rutting 

ïEnvironment 

ïSource of aggregate 
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ÁDisadvantages 

ïStiffens mix 

ïDry mixtures 

ïMixes may be more 

prone to cracking 

 

 

 

 

 



RAP and RAS PG Grade Determination 

5 Courtesy of Fujie Zhou, TTI 



Recycled Materials Usage Statewide 

 

 

ïNo recycle 

Å6 districts 

ïNo RAS 

Å16 districts 

ïAdditional 2 districts 
without RAS 
producers,  1 only 1 
contractor uses                  

ïAllow RAP 

Å19 districts 

ïAllow RAP and RAS 

Å9 districts 
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     Disallowing RAP and RAS 

     Disallowing RAS only 

     Allowing RAP and RAS 

   

Notes: 

LBB does not allow RAP in SMA which is their primary surface mix 

YKM most producers donôt use RAS 

ELP no RAS producers 

ODA no RAS producers 

 

ÁWhat is the latest on recycled 
materials in surface mixtures? 

 

 

  



Methods to Address Cracking 

ÁLimit the quantity of RAP/RAS 

ïMaximum recycled binder ratio 

ÁDiscount the effective asphalt content of RAP/RAS 

ïTxDOT currently uses 100% effective for designing with RAP and RAS 

ÁUse Superpave mix design procedure to allow more asphalt 

ïTxDOT shift is towards using Superpave gyratory compactor 

ÁUse softer virgin binders  

ïPG 58-28 

ïConsider lower temperature grade binders (e.g. PG XX-28, PG XX-34) 

ÁUse a balanced mix design approach 

ïOverlay test (cracking) 

ïHamburg wheel tracking test (rutting) 

ÁAdd rejuvenators to the mix 
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Rejuvenator Types  

ÁBio-based  

ïArizona Chemical, Green Asphalt 

Technologies, Ingevity, Cargil, 

Collabortive Aggregates, 

Sonneborn, Roadscience 

ÁAromatic extracts 

ïHollyFrontier, Reclamite 

ÁRe-refined waste materials 

ïRe-refined engine oil bottoms 

(REOB) 

ïRe-refined waste fast food 

vegetable oil 
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Rejuvenator Function  

ÁAsphalt composition 

ïAsphaltenes (insoluble, brittle, 

not affected by oxidation) 

ïMaltenes (oily, flexible, affected 

by oxidation) 

ïAging unbalances the ratio of 

asphaltenes to maltenes 
 

ÁRole of rejuvenators 

ïRe-balance the ratio of 

asphaltenes to maltenes 

ïRheological effect: 

ÅLowers high temp. PG grade (DSR) 

ÅSoftens aged binders (BBR creep 

stiffness, S)  

ÅImproves relaxation (BBR m-value) 
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Maltene

s 



Rejuvenator Effectiveness 

ÁVirgin Binder PG 64-22 

10 

Bio-rejuvenators 

REOB 

Aromatic 

extract 

Replacement of Asphalt 



Rejuvenator Effectiveness  

11 

ÁVirgin Binder PG 64-22 

REO

B 

Aromatic 

extract 

Bio-rejuvenators 

Replacement of Asphalt 



Bio-Based, Aromatic Extract, and REOB vs. ǂTc 

12 

Bio-rejuvenators 

REOB 

Aromatic 

extract 

Replacement of Asphalt 



Four Step Design Process  

ÁStep 1 ð Select rejuvenator  

ÁStep 2 ð Select rejuvenator dosage range (binder testing) 

ÁStep 3 ð Obtain balanced mix design data (mix testing) 

ÁStep 4 ð Select dosage based on engineering judgement 
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Step 1 ð Select Rejuvenator  

ÁArizona Chemical/Kraton 

ÁManchester Pavement Solutions 

ÁIngevity 

ÁCargill  

ÁCollabortive Aggregates 

ÁSonneborn 

ÁRoadscience 

ÁTexas Road Recyclers 

ÁHollyFrontier 

ÁReclamite 
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Step 2 ð Select Rejuvenator Dosage Range 

ÁThree aspects:  

ïRheological properties: 

ÅPG high grade requirement 

ÅPG low grade requirement 

ïBinder quality requirement  

ÅǂTc requirement  

ïAging characteristics of the blended binder 

ÅSimilar (or even better) aging characteristics of virgin binder 

 

ÁExample: FM468 

ïA new construction in Laredo District, Texas; 

ïVery heavy oil truck traffic 

ïHot weather all year long 
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Step 2 ð Select Rejuvenator Dosage Range 

ÁExample :  Original Binder Specified = PG 70-22 

ÁProposed:  30% RAP (PG 94 -10) and PG 64-22 

ïExtract and combine asphalt from RAP with virgin binder at proposed binder ratios 

according to the mix design 

ÁAdd rejuvenator until DSR high temperature grade and BBR low 

temperature grade match original specified binder: PG 70-22 

ïDosage range = 1.1% ð 3.7% 
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Step 2 ð Select Rejuvenator Dosage Range 

ÁBinder quality requirement: ╣╬  Ј╒  

ïMinimum rejuvenator dosage: 1.4% 
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Step 2 ð Select Rejuvenator Dosage Range  

ÁCheck aging characteristics 

ïGlover-Rowe parameter 

ïGoal is to match aging characteristics of virgin binder 
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Step 2 ð Select Rejuvenator Dosage Range  

ÁSummary table for rejuvenator dosage range: binder testing 

ïR1: 1.8-3.7% 

ïR2: 1.7-4.8% 

ïR3: 2.6-3.6% 
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Blend Rejuvenator 

Maximum Minimum 

PG 

High =70 

PG 

Low =-22 
ȹTc=-5 

Damage 

Onset for 

PG70-22 

Significant 

Damage for 

PG70-22 

Overall 

70%PG64-22  

+  

30%PG94-10 

RAP 

R1 3.7% 1.1% 1.4% 0.7% 1.8% 1.8% 

R2 4.8% 1.7% 1.4% 1.0% 1.7% 1.7% 

R3 3.6% 0.7% 1.6% 0.8% 2.6% 2.6% 



Step 3 ð Obtain Data from Balanced Mix Design 

ÁPerform Hamburg wheel tracking tests and Overlay tests on mix 

produced in the laboratory 

ïOverlay requirements are determined by Overlay program (TxACOL) 

ïNew constructions are determined by TxME pavement design 

ïCracking resistance index is project specific (traffic, climate, pavement 

structure, etc.) 
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Step 4 ð Select Rejuvenator Dosage  

ÁUse data gathered from Steps 1-3 to select rejuvenator dosage 

ïUse engineering judgement to decide actual dosage 

ÅHigher rejuvenator dosage in areas more prone to cracking 

ÅLower rejuvenator dosage in areas less prone to cracking 

 

ïFactors include:  

ÅTraffic conditions 

ïInterstate/high traffic levels 

»May consider lower rejuvenator dosage 

ïFM roads with less traffic levels 

»May consider higher rejuvenator dosage 

ÅPavement structure 

ÅClimate 
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Test Sections 

ÁTest sections 

ïTyler District, SH31, included 5 test sections, 6/14/2014 

ïLaredo District, FM468, included 5 test sections, 9/15/2015 

ïHouston District, FM1463, included 4 test sections, 7/16/2016 

ïSan Angelo, US67, included 5 test sections, 4/12/2017 
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Tyler District ð SH31 

ÁDense Grade Type C Mix Designs: 
ïVirgin mix, PG 70-22, AC = 4.5% 

ï10% RAP, 5% RAS, PG 64-22, AC = 4.6% 

ï10% RAP, 5% RAS, PG 64-22, 2.6% R01, AC = 4.5% 

ï10% RAP, 5% RAS, PG 64-22, 3.7% R02, AC = 4.7% 

ï10% RAP, 5% RAS, PG 64-22, 2.0% R03, AC = 4.9% 

ÁReflective cracking was observed on all sections 

ÁAfter 2.5 years, cracking was similar with all sections 
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Tyler District ð SH31 

ÁLessons learned 

ïDosage of rejuvenators may have been too conservative 

ïTwo lift overlay was constructed over jointed concrete pavement 

ÅCrack attenuating mix (CAM) was placed before winter and had 

previously cracked prior to placing  test sections 

ÅSolution ð Construct both sections at the same time 
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Laredo District ð FM468 

ÁSuperpave Type C Mix Designs 
ïVirgin mix, PG 70-22, AC =6.1% 

ï30% RAP, PG 64-22, AC = 6.3% 

ï30% RAP, PG 64-22, 3.0% R1, total AC = 6.3% 

ï30% RAP, PG 64-22, 3.2% R2, total AC = 6.3% (accidentally removed) 

ï30% RAP, PG 64-22, 2.2% R3, total AC = 6.3% 

ÁNo cracking; no visible rutting, although heavy trucks 
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Oct. 9, 2017 



Houston District ð FM1463 

ÁDense Grade Type D Mix Designs 

ï17% RAP, 3% RAS, PG 64-22, AC = 5.2% 

ï17% RAP, 3% RAS, PG 64-22, 3.5% RR1, AC = 5.2% 

ï17% RAP, 3% RAS, PG 64-22, 4.0% RR2, AC = 5.2% 

ï17% RAP, 3% RAS, PG 64-22, 7.5% RR3, AC = 5.2% 

ÁOverall good: No rutting but a few fine longitudinal  

cracks were spotted on Jan. 8, 2018. 
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San Angelo District ð US67 

ÁDense Grade Type C Mix Designs 
ï13% RAP, PG 64-22, AC = 5.3% 

ï21% RAP, PG 64-22, AC = 5.3% 

ï21% RAP, PG 64-22, 3.0% RRR1, AC = 5.3% 

ï21% RAP, PG 64-22, 3.0% RRR1, AC = 5.3% 

ï21% RAP, PG 64-22, 11.0% RRR1, AC = 5.3% 

ÁNo rutting; no cracking 

 

 

 

 

 

 

 
27 

July 3, 2017 



Conclusions 

ÁRejuvenators have been shown to improve cracking resistance 

of RAP/RAS mixes in the laboratory 

ÁUse of rejuvenators may impact lab molded density and 

compaction effort in the field 

ïConsider changing lab molded density requirements/decrease number of 

gyrations 

ïRoller patterns will need to be adjusted (less compaction effort) 

ÁToo early to determine their effectiveness in the field 

ïNo problems were encountered with meeting air void requirements 

ïDifficult to know cost savings  

ÅPerformance based (more service life) 

ÅWill allow use of more recycled materials 

ÁContinuation of monitoring field test sections is needed 

28 
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29 



GAINING PERFORMANCE WITH 
RECYCLING AGENTS 

March 12, 2018 

Grant Wollenhaupt 

Vice President of Strategy & Innovation 

Superior Bowen 



Benchmarking 

[ŜǘΩǎ {Ŝǘ {ƻƳŜ wŜŀƭƛǎǘƛŎ 9ȄǇŜŎǘŀǘƛƻƴǎ IŜǊŜ 



Less Like 



More Like 



Objective 

TO LEARN THE BASICS or JUST ENOUGH TO ASK QUESTIONS 



Oil 

¢ƻǘŀƭƭȅ ƴƻǘ ŀ ǇƻƭƛǘƛŎŀƭƭȅ ƭƻŀŘŜŘ ǿƻǊŘΧ 



Oil 



Oil 



Oil 



Oil 



Oil? 



Oil 



Oil 



Oil 



Asphalt 



.ƛƴŘŜǊ ƛǎ 5ƛŦŦŜǊŜƴǘΧ 

ÅPerformance Grading: 64-22, 58-28 

ÅThink of it more 64        -22 

ÅExpanding the PG range: 64-28, 70-22, 58-34  

Å¢ƘŀǘΩǎ ƳƻŘƛŦƛŎŀǘƛƻƴ 



Modifiers 

To accent or augment performance  

 

Cost savers 



Why We Modify 

ÅPerformance 

ÅStripping (TSR, Hamburg) 

ÅRutting (Hamburg) 

ÅCracking (SCB, DCT, TSRST) 

ÅAging  

ÅCost 

ÅEnvironmental Benefit 



Types of Modification 

Å Stripping 

ÅHydrated Lime 

ÅLiquid Anti-Strips 

Å Rutting 

ÅSBS 

ÅGTR 

Å Recycled Materials 

ÅRAP 

ÅRAS 

 



Recycling Agents 

ÅPig Sh*t  

ÅPlant-Based 

ÅTall Oil 

ÅVegetable Oil 

ÅPetroleum Based 

ÅFlux 

ÅFuel Oils 

ÅREOB 

 

 



We May Have a Problem 

T5RC with 0% RAP    PG78-20 
T5RC with 27%RAP/3% RAS PG90-12 

 



Evaluation 

¸ƻǳ /ŀƴΩǘ Wǳǎǘ {ǿƛǇŜ [ŜŦǘ ƻǊ wƛƎƘǘ ŦƻǊ [ƻƻƪǎ 

 

 

 ¢ƘŀǘΩǎ ŀ ¢ƛƴŘŜǊ WƻƪŜΣ Cƻƭƪǎ 



What to Look For 

ÅSafety 

ÅEnvironmental  

ÅEase of Use 

ÅPerformance 

ÅCost 

 



Your Nose Knows 



Nobody Likes Melting 



Devastatingly Deadly to Aquatic Life 


