TODAYS AGENDA

9:00 to 11:30 AM
 ECR (Engineered Crumb Rubber)
¢ Value Engineering Technology — Thickness Reduction

LUNCH Break 11;30 AM
12:30 PM

e Bitumen and Mix QC Test Demonstration
» Asphalt Specification Issues

« DSR, BBR, MSCR etc
* Mix Workability Test

Summary and Discussion

Dinner?
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ROAD
CONSTRUCTION/MAINTENANCE
INDUSTRY MESSAGES

e US State DOTs:
Do more with less money,

* Make roads last longer/reduce life cycle cost of
roads

* Phase angle, m-value and MSCR specifications
* Asphalt Producer Industry:
* Improve product performance

e Cut costs

« How can we do that? - Engineered Crumb Rubber (ECR)
Modified Asphalt



CRUMB RUBBER MODIFIED BINDERS
CHALLENGES

* Meeting performance standards
* Binder (World) - Penetration, Soft. Point, ER

* Binder (USA) - MSCR, Low Temperature BBR m —Value, PG
Grade

* Mixture — Rutting, Fatigue Cracking, Moisture Damage

» For Example — some State DOT CRMB Specifications
« FLDOT -]Jnr(3.2), %Recov(3.2) — Polymer Curve, Separation,
phase angle, m-value
« NYDOT - Jnr(3.2), %Recov(3.2) — Polymer Curve, Solubility, m-

value

* LADOT -]Jnr(3.2), %Recov(3.2) — Polymer Curve, phase angle,

m-value



CRUMB RUBBER MODIFIED BINDERS:
CHALLENGES

* Production Issues
 Need CRM-Polymer hybrid formulation
* Requires blending PMA (1.2 to 1.5% elastomer) and CRM
* CRM consistency and functional polymer content

* Truck tire CRM is required - -30 or -40 mesh

e CRM contains dust which must be contained
e Economics
» Competes with polymer only formulations (higher limit)

* Need lower Cost than comparable polymer only processes

A CRM product to meet above challenges:

 Engineered Crumb Rubber (ECR)
* May be used in “WET” blending or as a “DRY” mix additive



1.

2.

ECR - FOUR QUESTIONS

What is ECR?
1. ECR Types

How is it used?
1. “WET” Blending
2. “DRY” Mix Addition

Does it work? Mix Performance?

. Why bother considering ECR?



WHAT IS ENGINEERED CRUMB
RUBBER (ECR)?

e ASTM minus #30 crumb rubber

 Rubber Coated with Polymer to meet specific performance
criteria:
* MSCR - Jnr and % Recovery, BBR - m-value, DSR - Phase Angle
PG adjustment: upper and lower temperatures
 Penetration, SP, ER, etc.

* Mix Fatigue and Rutting Performance similar to PMB (SBS
modified)



ECR TYPES

* Standard ECR
* 30 mesh, 40 mesh with Elastomer coating

* Typical ECR content 10% or less

* ECR-WMA
* Standard ECR with WMA additive coating

« ECR-MD (moisture damage)
* Standard ECR with Anti-strip coating



ECR TYPES..........

 ECR-PPA
* Standard ECR with PPA coating

« ECR-HM (High Modulus Mix)
 ECR with higher elastomer coating

e DRY MIX method — used with standard
PMA



WHAT IS ENGINEERED CRUMB
RUBBER (ECR)?
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WHAT IS ENGINEERED CRUMB
RUBBER (ECR)?

* Polymer Coated Crumb Rubber with a Patented Coating
Process - -#30 mesh CRM (0.2 to 0.4 mm)

ECR at 180x mag. ECR at 5000x mag




-30 mesh -40 mesh -30 mesh — Dual Polymer

x180 500 um

x500 200 um




HOW IS ECR USED
(WET BLENDING)

* ECR Blended with binder — Hybrid binder
* “Digested” 2.5 hr. at 325F (163C) or higher

 Separation risks are minimized

 Pum

* NO S

ning challenges minimized (<= 10% ECR)

necial blending equipment reqd.



ECR IMPACTS ON
BINDER PG & MIX
PERFORMANCE



GA-DOT PG RESULTS

PG 67-22RBase Binder |

ECR #1

Blend ID B20 B 31

SBS D1101
A63

ECR #2
B 32

B2 |
% Additive 0 |
0

2
Additive Type EC

PG Grade PG 67-22 PG 88-22

True Grade 69.39-25.82| PG 89.65-24.91

Phase Angle @ 76°C 74.6
m-value (-12°C) 0.338 0.317

SCR %Recovat32kPa (64°C] 109 | 513

MSCR Jnr at 3.2 kPa (64°C)

ECR
PG 82-22
PG 85.39-25.32

8
0.321
37.1

SBS D1101
PG 76-22
PG 77.9-23.2

77.1
0.307
41.1

\l

7 5

o
[N

- | SBS D1101
. BendiD | A3 |
| %Additive |
| Additive Type | | SBS D1101 |
 PGGrade | | PG76-22 |
| TreGrade | PG 77.9-23.2]
| PhaseAngle @ 76°C T
| mvale(120) 0307
MSCR 9% Recov at 3.2 kPa (64°C a1
_MSCR Jnr at 3.2 kPa (64°C) _



GA-DOT PG RESULTS

. pG67-22BaseBinder | |
| Base1 | Control | ECR | SBSD1101
| %Rubber | o | 10 | 100 | 3 |
| RubberType | 0 | CRM | ECR | SBSDI101 |
PG 67-22
| moale(a2c) | 033 | o301 | 0313 | 0307




GA-DOT PG RESULTS

PG 64-22 ase Binder

Control ECR SBS D1101
Blend ID B 11 B_2D A63
% Additive 10 10

Additive Type #30 CRM ECR SBS D1101
PG Grade PG 64-22 | PG 76-22 PG 76-22 PG 76-22
True Grade 66.77-26.86| 79.99-22.12 | PG 81.71-25.63| PG 77.9-23.2

Phase Angle @ 76°C 84.7 80.3 77.1
m-value (-12°C) 0.347 0.301 0.307

MSCR % Recov at 3.2 kPa (64°C) 27.3 41.1

MSCR Jnr at 3.2 kPa (64°C) .

o
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LA-DOT PG RESULTS

LA PG 64-22 Base Bi |
LADOT Spec. sBs 1101

Blend ID | - | BV_10ECR | BM_I0ECR
% Rubber | 20%max. | 90 | 105 | 3 |
Rubber Type - | ECR93-30 ECR93-30 | SBSD1101

PG Grade PG 76-22 E PG 82-22 PG 82-22 PG 76-22

True Grade PG 83.28-24.93 | PG 82.42-26.41 | PG 77.9-23.2
Phase Angle @ 76°C min. 75 71 77.1

m-value (-12°C) 0.313 0.307
%R@3.2 > (29.37(Jnr,3.2)"-0.2632) Poly. Curv

% R@3.2 kPa (67°C) meas. >= Poly. Curv

Jnr at 3.2 kPa (67°C)
Jnr % Difference



IMPACT OF CRM TYPE
FUNCTIONAL POLYMER CONTENT

| BendD | - | BVCRM Car | BM CRWcor | BV CRMLTrk | BM CRMLTrk | BV IORR | BMIOEGR | A6
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Dongre Laboratory Services Inc. (DLSI)

DOMGRE An AASHTO Accredited Laboratory
LABORATORY 2821 Q Dorr Avenue
SERVICES (703) 395-8854, Fax: (540) 301-0839

REFORT ON SAMFLE(S) OF FERFORMANCE GRADED EINDER
Consulting and Testing Services in Asphalt Techmology

| New York Binder Specification Tests
|Ma1e a5l Suop! IUnIIzed Refining Company
Supplier Samole | | | PGEd-22
ﬂar\-‘isor Iﬁa] Dongre
Date Tested J5iiz015 |
[New York DOT PG+ Grade PG 64-22
DLS| Intemal ID UNTD_NY-ECR10
| AASHTO Std. | AASHTO Limita
Un-ﬂe_d UH' Elnder Teata:
Flzgh Point. °C T43 232.22 *C min. 325
|Sclubility. TCE T4 99.0 min. 00 620
\Viscos r;-Rma!ic nal. Ps-3 135 C T 216 3.0 max &QD
Clgar Tubes Separation at 162C 43 hours
Softening Point, Top T53 1314
Softening Point, Botiom T53 154 6
Difference Top-Bot, F 15F max dif. 227
Softening Point, Middle 1454
Dynamlc Shear Rheometer T35
Passing Temperature, “C 64
Phass &ngle, degrees 71.3
o gm radisac, kFa 5.58
n deits @10 radisec, kP 1.0 min. 5.0%

RTFO Resldue Testa:

Maszs Loss, % I T 240 | 1.0 max. -01.046
|D'Ena'r|c, Shear Rheomeatar | T 315 |

Fassing Temperature, *C 64

Phase Angle, degrees 588
G- @10 redisec. kFa 126
Golsin delts @210 radisec, ks 2.7 min. 14.8
Multlple Stress Creep Recovery AASHTO TF 70 64

—
mex Inr et 3.2 kFa:

[ nr, 3.2 kF's sverage miax E=p5 026
| Jrur, diff max T5% £3.80

% Recovery, 3.2
SRE 2 = (28.537(nr 3

11
1-0.2633) min 41.87

FAV Resldue Tests: FAV 100

D':na'nc, Shear Rhaom ster | T 315 |
FasslnH Temeemtune_ ' 25
Phass &ngle, degrees 43.9
™ @10 radisac, kFa 4440
"gin delta Q 10 radisec. kFa 5.000.0 max. 2080
— —

E{endlng Beam Rheometer T 313

Fassing Temperature, *C -12
5. 605, Mpa | | 300.0 max. 123
m-valug, Gls | | 0.3 min. 0.338

This sample meets or exceeds the requirements for a PG 64-22 as set forth by New York DOT.




Q12 SECR

Dongre Laboratory Services Inc. (DLSI)

DOMGRE An BASHTO Accredicd Laboratony
LABORATORY ZE210 Dorr Avenus
SERVICES {703} 395-8654, Fax: {540) 301-0839

REPORT ON SAMPLE(S) OF FERFORMANGE GRADED SINDER
Coslting s Testing Servives In Asphall Teshnoogy

1 Florida Superpave PG+ Binder Specification Tests
r Ilsru:
1 SEMC 67-22
Raj Dongre
12152014
| EE
I orida 00T PG+ Gradc PG 76-22
[AASHTO M320 Coatinuos PG Grade PG 58.00-2603 |
DLE1 nsemal IT Q12 SECR
| zasuto s ]
Un-aged 0
Frasn Foirs, | Tam 23222 *C miln. |
-Aotational Fas135C | T35 report | 4.400
igar Cubes Scparation at 163C 48 hoars
|Softianing Paint, Tap T53 1514
Jeatering Paint, Eotiom T53 147.7
Ceerenca Top-Ect F 15F max dif. 137

[orymamic Shear Rhcometor T 315

Paz=ing Temperature, “C

Fhaza fngk, cegrees TS5 max.
&~ @10 @amac. kFa
Griein coma @910 mcison kFa 1.0 min,
Sccond Tempcratare, G
[Fras tnge. meames 1
5 E10 rearsac kee |
Grimin cema 1D ecisec ke 1.0 min. [T
AASHTO M120 ORG. Pass/Fall Temperature. “C BB.3
RTFO Reskdue Tesis:
Miazs Loss, 2 | T 230 | 1.0 max. 0376
Dymamic Shear Rhecmater ] T35 [ —
Passing Temporatare, “C 76
£
0 radisec k2 55T
10 adises, kFa I 2.2 mim. 7.3
d Temperature, “C 82
55.5
G~ &40 adisac kFa | 221
Grisin sema 10 @otser kPa 2.2 mim. 5.08
ARZSHTO MIZ0 RTFD PossEal Tem perstare -C AT
Multiplc Stress Crecp Recovery AASHTO TF T &7
are, 3.2 kFa avarage max max Jorat 32 kFa =180 018
[are, am max 15
% Racowary, 3.2
[£R3z> (25.370nr3 200 2632) max
Dynamic Ehear Rhecmater T35
P&V 100C Passing Temperature, "G 26.5
Frhasa sngk, cegrees 223
5" & 10 maisec, kFa | 3520
Srsin ceva S0 moisec wra 5.000.0 max, Zzan
Bending Beam Rhoometer T313
Passing Temporatare, “C -12

=, Bz, Mea | 300.0 man 113
m-vaius, 50s I 0.3 min. 0.337
I Second Temperature, “C -18
I:. Eds, Mpa | 300.0 max 252
i, 50s - | 0.3 min. o252

Terst 5 =300 -22.33
Tor at m = 0300 -2E.33
EER Ter -26.93
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RUTTING DEPTH FOR VARIOUS
ECR MODIFIED ASPHALTS

RUTTING RESULTS FOR ASPHALT MIXTURES

Rutting Slope * 1E+5, mm/cycle
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MOISTURE DAMAGE

MOISTURE DAMAGE RESULTS - NO STRIPPING SLOPE

T beasorume
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MASTER CURVE

Asphalt Mixture Dynamic Modulus Master Curves

Reference Temperature: 25°C

— Control_CRMB_Wet
PolyOctanamer (TOR)

—SBS_Control Wet
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DYNAMIC MODULUS VERSUS
TEMPERATURE

Asphalt Mixture Dynamic Modulus Vs Temperature

Reference Frequency: 10 Hz
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MIX FATIGUE ANALYSIS

Asphalt Mixture Laboratory Fatigue Results

—a— Untreated CRM - wet
= ECR Dry Mix
===SBS-Basel

—A— SBS-Base2

Log micro Strain, ps




ECR DRY MIX BENEFITS

15 — 40% cheaper than alternatives

No pumping issues with rubber

Composite means no separation issues

The process is on-off: no wasted modified binder
No loss of product/pavement quality

Process can carry other chemicals into production

More economical High Modulus Mixes — ECR-HM + PMA Hybrid



FINAL THOUGHTS
WHY BOTHER WITH ECR?

« FOR US DOTs:

* Reduces LCC of roads: Better pavements
» Allows known performance specs — Hybrid Binders and Mixes
* Reduces production risks — ease of use

e Sustainable roads

« FOR CONTRACTORS
* Drives cost down
» Allows inexpensive, simple on-site modification

» Allows more participation — No specialized plants reqd.



THANK YOU!



