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Advantages

Fuel saving
Less binder aging
Paving benefits
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B Ability to pave in cooler temperatures and still obtain
density

W Ability to haul the mix longer distances and still have
workability to place and compact

B Ability to compact mixture with less effort (assuming
typical conditions, not cold weather or long haul

B Ability to incorporate higher percentages of RAP

W Ability to place thick lifts and open to trafficin a

Less emissions - reduce workers exposure

French, German, and lalian data were presented that

Direct comparisons of measurements of fumes and
aerosols are difficult since different testing protocols
and sampling periods are used in different countries.
It should be noted that all of the exposure data for
HMA were below the acceptable exposare limits. Tests
for asphalt aerosols/fumes and polyoycic aromatic
hydrocarbons (PAHs) indicated significant reductions
compared to HMA. Data presented by the Bitumen
Forum appear to tesult in a 30to 50 percent reduc-
tion.® Preliminary daa from a forthcoming Itzlian
study indicate even larger reductions.

indicated reduced worker exposure when placing WhA)

Reduced Fuel and Energy Usage

Reports indicated that burner fuel savings with WA
typically range from 20 to 35 percent. These levels
could be higher it burner muning was completed to
allow the burner to run at lower settings. Fuel savings
could be higher L'L‘lc::-s-s-i]:uh' 50 percent or more ) with
nergy asphalt concrete [ LEAR)

processes such as low-
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(or a portio n of the aggregates) are not heated abowve

the boiling point of water. It does not appear that any
change in electrical usage to mix and mowve the material
through the plant has been considered in the analysis of
potential fuel savings. No specihc study was referenced
for the suggested fuel savings.
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Table 4. Reported reductions in plant emissions
(percent) with WMAR L1

Emission Norway [ltaly  Netherlands France
CO; 3l.5 3040 15-30 23
50, MNA 35 NA 18
VOC NA 50 NA 19
CO 28.5 10-30 NA MA
MO, 61.5 &0-70 NA 1 8"
Dust 4.0 25-55 NA NA

Source: FHWA 2008

*Reported as NC,
MNA—not availabl




Concerns

e Ru’r‘ring | Binder Grade Selection

® Moisture susceptibility e o &
® Workability - how to measure e A e LongTerm T
| Fatigue life if the application e for ey |

Rutting

»"_causes high voids

Workability Summary
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* Gyratory Compaction
— Does not appear to be sensitive
* Torque » Lower production

— Promising at low temperatures temperatures benefits
e Force — Lower emissions

— Fuel savings
« May cause issues with
moisture susceptibility

— Aggregates may not dry
enough

— In progress

UMass Workability Device
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concerns

| Eequllrea Performance ‘es!llng

e Moisture Sensitivity
— AASHTO T283

e Rutting Resistance
— Flow Number
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“Ersglnusiring Sursicas for i Aspit nduary™

Rey Blllerences Uolume!nc BGSIgn

Item HMA AASHTO | WMA Proposed
R35
Mixing & Viscosity Coating
Compaction Workability
Temperatures Compactability
Specimen Standard Process specific
Preparation Short-term aging
Optimum AASHTO M323 | AASHTO M323
Binder Content | Volumetrics Volumetrics
Moisture AASHTO T283 AASHTO T283
Sensitivity
Rutting None Flow Number Test
Resistance

Advanced Asphalt Technologies, LLC

Survices for the Asp

Some researchers recommend to use:

® Hard bitumen against rutting
® Hydrated Lime to improve moisture sensitivity problems




PETROBRAS Technologies of warm mixes

ﬂ Warm Mix Asphalt Processes

« Organic, Wax-like additives
— Sasobit® — Sasol International
— Asphaltan B = Romanta
— Fatty Acid Amides — Licomont S 100

M (U.S. marketing by [ e
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Additive

Foaming technologies
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Additives and others
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Academic studies in Brazil

Zeolites

®  UFC 2007

Mechanical characterization of bituminous mixtures by addition of zeolite
ISBRUFSC 2009

ﬂﬂuq‘rion of fatigue life and complex modulus of warm mixes using zeolite
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_wl : Due its high melting point
il Sasobit increase one PG
1 grade in bitumen
“1 —[O—softening point 120 z
paraffin content [%emim]
Bitumen 1 Bitumen 2 Bitumen 3
Sasobit content,% 4 4 4
Mix temperature reduction (°C) 71a10,3 26a36 16 a 15,1
Compaction temperature reduction (°C) 179a 139 6,7ab5,4 12,3a13,6
o




Petrobras studies

. . Vida de fadiga - Def. Controlada
Mix Temperature reduction effects on 1
conventional mixes:
® Workability loss =
- = Compaction S
e
* Voids content increase
< Pavement permeability increase 1000 |
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PETROBRAS Petrobras experimental track

Aggregates: Max Nominal Size: 12, 5mm - granite;
Gyratory compactor mix design; Asphalt binder: Pen 50/70 (PG 64-22);
ASAT additive - Petrobras technology

Compaction:

 145°C - conventional x 110°C warm (ASAT additive in the mix)
;.'.'.— x 110°C without additive
i x 110°C with zeolite

{ mver'sn‘y City

E_RIO de Janeiro
%




Fuel consumption:
30% less

Consumo, m3/min

T » a o
o o o o o

i
o

o
o

Consumo de Gas - Usina

165°C |

-30%

* 130°C

o

3 4 5 6
Seqdtiéncia




Some results

® ASAT additive did not
decrease indirect tension e

® ASAT additive cause voids

~ reduction s I
Warm mix without additive

resented high voids content

and increase indirect tension Resistencia & Tragao

8, ASAT and zeolite showed 119

similar behavior ;oo I I I




Petrobras technology - warm mixes

LT

- One month equivalent to ten years traffic loading:
- Evaluation of damages: rutting, fatigue cracking, etc ...
ults:
| cracks, no rutting, performance similar to conventional asphalt




Conclusions

® Implementation of warm mixes requires laboratory -
rutting, fatigue, water susceptibility and workability
tests and field studies;

* Durability and efficiency should be equal or superior
"’Jto conventional mixes;

S/ Sustainable pavements should be well done
< A Cos’rs comparison:
~ Zeolite increase about 8% per ton mix;

or superior than polymers;
WAM Foam requires mix plant changes;

No Brasil: licitagdo exigindo techologia especifica de
A\istura Morna com aditivo quimico.

E The price of Sasobit and organic additives are similar




Future works

Modified binders have better performance

More fatigue life and better rutting resistance
adhesion improved

- Warm mixes with modified asphalt binders that have mix
emperature higher than conventional binders will result less
el consumption, less emissions and more durability

Vida de Fadiga

1000000

Experimental test will be done
AR - MR = 3700MPa :
wow| N~ next December with crumb
rubber terminal blend asphalt

oo CAP 50/70 - MR = 5000MPa  VOC and particulates will be
measured in the workers

1000 : : : : :
100 200 300 400 500 600 700

Deformacéo, ms







