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cold recycled asphait
base layers

* Definition of materials
 Laboratory performance

* Quality condition of CR-Pavements
 Estimated durability

- Pavement design
 LCA-comparison

 Research Sources:
- CRABforOERE (CEDR 2017 project) - (2018-2020):

(https://www.cedr.eu/peb-new-materials-and-techniques)

 FE 07.0239 (2019-2021) (funded by German
federal ministry of Transportation)




Cold Recycled asphalt Mixtures
(CRM)

* Composed of:
* > 75 % Reclaimed asphalt
* Some natural aggregates
* Bitumen emulsion
* Mineral/hydraulic binder (e.g. cement)
* Water

* Produced and layed at
ambient temperature

* Material properties similar
* to unbound layers during construction
* to asphalt layers in long-term
* To lean concrete at high cement contents




Range of CRM materials
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Range of CRM materials
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Assessment of existing
pavements with CRM bases

* 15 sections in Europe (FR, GE, IT, SE, UK) were assessed

* Evaluation of applied mix design, pavement design, traffic
and climatic loading and surface condition

* Common pavement design results
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Range of CRM materials
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CRM materials in analysed
pavements
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Surface condition assessment

3,0 4,0

95 % quality value
worst section

Daily

Mean quality value
heavy

Condition
assessment

Con-
struction

Country |Section

traffic rutting  cracking  rutting  cracking
GER Pavements with high pis > 3900
GER traffic loading show 60
GER good condition
SWE Rvgs 2014 2019
SWE Pavement showed 019

FR K shrinkage cracking 219
FR K (in early life)
ITA 5538 2007

ITA
ITA
ITA 19
UK A46 2006 2018

UK A21 2002 2018




Assessment of national pavement
design procedures for CRM and HMA

* Translation of national Pavement 2: Medium traffic loading, low
pavement design bearing capacity
procedures in english

* Application for low and
medium trafficked ,mode[®
pavements

* When CRM is applied,
thickness surplus for base
layer thickness is observed
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Assessment of mechanical
properties of CRM bases

* 10 sections including CRM base layer
* Low - high traffic
* Age between 5 and 17 years
* Different bitumen-cement ratio

* Coring samples and laboratory-
prepared specimens

 Stiffness modulus tests
* Fatigue tests

* Application of mechanistic-
empirical pavement design




CRM materials in analysed
pavements
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CRM materials in analysed
pavements
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Evaluation of
core samples h‘"’

* Cyclix Indirect Tensile Stress tests (CIDT): ‘ ‘

* Stiffness tests (EN 12697-26)
* Fatigue tests (EN 12697-24)




Stiffness modulus
(cored samples)

HMA design reference
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Fatigue performance
(cored samples)
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Results of back-calculated MEPD
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CRM materials in analysed
pavements
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CRM materials, prepared in
Laboratory
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Laboratory-assessment of CRM
performance

* Preparation of CRM mixtures with common bitumen
emulsion and mix granulate with varied binder contents:
* RA-content: 70 %
* Bitumen emulsion: 3,5 % (resulting added bitumen): 2,1 %
* Hydraulic road binder: 2,0 % and 4,0 %

» Compaction of slab specimens and coring of cylindrical
specimens

* Curing (20 °C, 5o % r.h., 28 and 180 days)

» Stiffness and fatigue testing
* Application of MEPD




Stiffness and Fatigue
characteristics of CRM samples
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Proposed Pavement design for
CRM

e Results of CRABforOERE-
Project:
* Pavements with CRM bases have

similar durability properties as
~pure* HMA bases

* Empirical pavement designs result
in design thickness factor of 1,5 in
maximum

* Results of FE 04.0239:

- Base layer thick for HMA and
» CRM layers with low cement content B¢ 1ayer thickness x [em] for HMA an

show asphalt-like behaviour, ADT 900 | 9o 30 5
however less temperature- (heavy veh.)
dependency than HMA

* Whem HMA-MEPDG is applied on
CRM pavements,

design thickness factor of between [
and is derived sub-base

HMA base CRM base

with
sub-base




Life-cycle assessment (Cradle-to-
gate) CRM vs. HMA

* Comparison of applied CRAB pavement with ,standard"
HMA pavement for 2 road sections

Germany, 2006

Standard: HMA (base layer)
* 96,5 % aggregates

e 3,5 % bitumen

CRM:

92 % Reclaimed Asphalt
* 4% bitumen (emulsion)

e 4% cement

Standard: HMA (base layer)
94,5 % aggregates

55 % bitumen

CRM:

« 88,8 % Reclaimed Asphalt
5% aggregates

e 4,5 % bitumen (emulsion)
e 2% cement



Change in environmental impact by
using CRM instead of HMA base layer

M San Marino (in-plant)

m Germany (In-situ)

climate change [kg CO2 eq.]
Acidification freshwater [kg P eq.]

Eutrophication freshwater [kg P eq.]

Photochemical ozone - human health [kg
NMVOC eq.]

Ressource use, fossil energy [MJ]

Energy use [MJ]

Change of environmental impact
by the production of CRAB
compared to conventional HMA [%]
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Combining CO.,-reduction to
pavement design

* Compared to HMA production,
CRM inhibits less than
60 % of CO_eq.

* However, pavement designs
indicate, that higher layer thickness
is required and results in more
material consumption

* Resulting LC-benefit by using CRM
will be reached, when thickness
surplus is less than +67 %
(Thickness factor less than 1, 6)
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* Pavement designs indicate, that
lower thickness surplus is required




Thank you very much
for your Attention!
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