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WHATTARE THE EEFECIS OF |ININOVATHVE
TECHNOLOGIESTAND RECYECINING

1 Standard plans and specifications
LS

(e.g., 10 yr design life)
Eﬂzﬂuild VMT,BAU Vehicle Miles Traveled (VMT)
Built As Usual (BAU)

Potentially large reductions in GHGs
from materials, reduced construction delays,

Innovations in plans and specifications and improvements in pavement smoothness

(e.g., 20/30 yr design life)

CO2;,1d vmT, BAU

cnz{Build VMT, Innovation)

Target CO2

Innovation reduces emissions In Construction an(/j aintenance




ENERGY, EMISSIONS & RECYECINING ORPPORITUNNIES
FOR SUSTAINABLEE ASPHALNFROADS
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RESEARCHONRARATFUNIB©

pavements.

The aim Is to evaluate
the positive properties
conferred to the mixture
by using

Courtesy of Dr. Martins Zaumanis



RESEARCHONRARATFUNIB©

sStarting frem the a el
scale WaSs Constructed, to evaluate the
development of the mechanical and phys'//a//

properties of the proposed CRM, when compared
to a
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RESEARCHONRARATFUNIB©
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RESEARCH ONIRARAIFUNIE©

IHE EXPERIMENTALTPROGRANMSVWAS DIVIDEDSINSIVO

CONSECUTIVE PHASES:

A laboratory study ir) vri]
designs  and the r)m/ssi
mechanical properties of
mixtures were defined:

open to
heavy quarry traffic. In situ tests
and samples collection we
planned at regular intervals, for
evaluation of the develop
the mechanical characteristics of
each mixture.




VIAFERIAES

nree matenals were used iortherecyclea mixtines
Reclaimed Asphalt Pavement (RAP), Cement (C) and
Bituminous Emulsion (EM).

A small amoeunt off water was added te control the
Wworkability and aim to the maximum dry density.

| Uit | RAP20/D | RAP 10120 | RAP O/

nit
% Binder % 3.77 3.82 6.19
Penetration @ 25°C dmm 9 8 7
Soft. Point °C 74.7 76.1 79.7

Dynamic Visc. @ 60°C =8 52265 58051 95219

Heptane insolubles % 41.5 40.3 38.7

RAP (motorway) was divided an to

coarse RAP 20/40 (20-40 mm), coarse RAP 10/20 (10-20
mm) and fine RAP 0/10 (0-10 mm).



VIATIE r“%J\ S)

."Urrl*'md Cement 325 MINOUS
pItUMen centent) with ) PEN SBS modified 9

Characteristics of the cationic emulsion
Characteristics Unit Result Standard
Water content % 39 EN 1428

pH value ° 4 EN 12850
Settling tendency @ 7 days % 6 EN 12847

Characteristics of the extracted bitumen
Penetration dmm 55 EN 1426
Softening point °C 62 EN 1427
Fraass breaking point °C -16 EN 12593

Elastic recovery @ 25 °C % > 50 EN 13398

For HMA mixture, a traditional 50/ 70 pen
bitumen was used according to a dosage ...
of 4.3 % by the weight of aggregates. '
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C SIgNed on the PasIS Ol the ChaliaCLENSUES Ol
the available RAP fractions:

, Densit . 100
Material Yy Mixture % CRM
g/cms3
—+HMA

RAP 20-40 2.62 14.0 % 80
RAP 10-20 2.62 25.0 % Zg
RAP 0-10 2.63 55.0 % 0
Filler 2.66 4.0 % 40
Cement 2.95 2.0 % 30
Bltumgn 1.04o (at 4.0 % 20
Emulsion (EM) 25°C) 10
Additional 099 (at 0.9%

Water

Percentage passing (%)

1
Sieve size (mm)




COMPACITHONFANDBDANVORKABILEHNSEVALTUATIOIN

where %pem IS the % of maximum densification, &' IS the: slope: ol

the compaction cunve, X Is the number ol revelutions and Bris th
Intercept of the regression curve.
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Percentage of p_, (%)

10
Number of Gyrations, Log

Air voids (EN 12697-8) are In Iine//vith those recommended for base
all

layers. Compactabillity I1s genefally one of the weakest points for
CRM, If compared to the traditional hot mixing technigue.



INDIRECHF TENSILE STIRENGIFFANBDINS RIANALLYSIS

IS essential When  sticying

asphalt recycled mixtures, SInce this propery. Is directly.
related to the behaviour and durability: of these materia%

B CRM CRM wet

' 77 |

50 oo o2 e .ﬁ%é | el
.40 ﬁ\“:§'“ 77 o83 '
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The ITS for CRM is higher than ITSAImit (0.35 MPa) imposed by some
Italian technical specifications for CMA for base layer. Notice: these
limits are related to mixtures made with less than 30 % of RAP.




INDIRECHF TENSILE STIRENGIFFANBDINS RIANALLYSIS

N the reduction e IS afterwet
conditioning, between the twoe compared mixtures
’ B CRM B CRM wet
U HHMA B HMA wet /

0.51

— o U0 ()
- - - - - - - - -

The presence of a very large amount of RAP seems not
to affect the water susceptibility of the base mixture.




NDIRECIF TENSIEE SHHEENESS VIODUIEUSIRESUINIS

Ihe stiffness medulus wWas evaluated'according terthe EN
12697-26 standard; In the Indirect tensile configuration /

20000 7 /
5 ; r

¥y
o
o
o

I log(S)=-0.168T+4.013 1 [

ITSM (MPa)

I
A HMA avg
: CRM --- : |
4 HMA > ‘
0 20 30 4
Temperature (°C) /

: 7 .
The HMA Is made of 4.3 % Zf(bl/tumen on the weight of
aggregates. For CRM, only 24 % is new binder. However,

the ITSM values for CRM aréin line with the limit imposed
by the technical standard taken as a reference.




TRIALTEIESD RPHRASE
A trialt section was built en -1y exnsting road made of

Al-alaCcoding to
AASHTO! M 145 standard; S e Y/ lead traffic due

s

to the proximity of a g ugrr\/,

A 60 cm thick layer, characteris y a

considered as foundation for the trial road section.

The foundation was very well compacted by local heavy
dumpers traffic.



TRIALEEIEINDIRPHASE

*lngl 4" Cim of Weanng
Ji concrete.

The road pavement to
promote and accelerate thébeginning and development
of damage under the heavy quarry traffic load.



ITRIALEIEINDACONSTIRUEHH OIN

-

(= e)tilie e Standard methods

During paving, C/ at the paver
screed and immediately compacted with the gyratory

compactor available in the quarry laboratory.



TRIALTEIEINDFANAIRYSIS

N Sitll test and samples collectuon Were plannedin el
dates, correspondin g ico 0, 60, 180 and 365 days o
cumulative heavy traffic. A total of approximately: 5000
passes of 42 tons dumpers was measured.

A e W
......
&



TRIALEIEIDRRRAS

Tri= workability and volumetric charactenst S IWEre
an_J @cJ q\/ Mea r ' Of the c*omp':lcnon CUVES and the

Of the' air velds content (EN12697-8): Ihe
vgJumeTrfL Al ':_:J/ S WaS SO SUPPOrEA RY the (17 (5 (AN
12697-23) at 25 - C, Ihe development of the e chapical
characteristic of the two different mixtures for basgias/er
was evaluated by means of the ', - (ENJ2697-26)
At 2 arried o




TRIAL EIELCDRPRASE

3 compacted samples e each leese mixtire Were
prepared by

95
-=~Model CRM lab

--Model HMA lab
—+—Model CRM t.f.
- Model HMA t.f.

O
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y =3.309 - log (x) + 75.998
y=3.261"-log (x) + 76.714
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Number of Gyrations, Log

No substantial difference
curves of the

between the compaction



ITRIALEIEIDIPHASIE

L

3 COres were taken frem each section. e alr VeIlds
contentwas calculated aceording te ENFL2697=6:

Air voids content is in line with the
LURICIC)N  compaction curve results: even if

there Is no significant dissimilarity

Mixture

CRM 1 71 between the ftwo mixtures, HMA
CRM 2 6.3 has a lower air voids content.
CRM 3 6.3 — 1

o
Avg. CRM =Y

HMA 1
HMA 2
HMA 3

Avg. HMA

6.6
5.8
6.3
6.0

6.0 [ / .
If compared to the volum?'vganalysis made during the
laboratory phase, it can bé observed that




TRIAL EIELCDRPRASE

ONn the same Ceres: Ihe figure
shews ITS values and the comparnsen hbetween the Vallues
obtained phase.

BCRMIlab ECRM t.f.
B HMAlab BHMALtf.

+22 %
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The histogram shows higher ITS for cores than laboratory
specimens (+90 %). The > are very high
considering this type of AC and are similar to those usually
obtained from common bituminous mixtures.




DEVELOPMENIFOE SIIEENESSIVIODBDUITUS

Ihe Of the tWe miXxtires tunder
traffic&weather was assessed at: 0, 60, 180/& 365 day/s
g 8500 N

For both mixtures a gradual incrz;{?iﬁ stiffness from day
0 to 60 was followed by a reductig " end until day 365

pos

due to the combined effect of traffic and climate.



TRIALEEIEIDIPHASE

Cores data’ - (-1« «1- -l With theserobtainedidunngrthe
lalberatory phase on gyratoeny compacted samples:

Indirect Tensile Stiffness Modulus (MPa) @ 20 °C
Lab analysis 0 60 days 180 days 365 days
CRM1 4486 CRMO0.1 4998 CRM1l.1 5795 CRM21 4689 CRM3.1 4002
CRM2 4320 CRMO0.2 5158 CRM1.2 5935 CRM22 4587 CRM3.2 3987
CRM3 4288 CRMO0.3 5369 CRM13 58388 CRM23 4487 CRM3.3 3901
CRM 4 4698

Avqg. Avqg. Avqg. Avqg. Avg.

CRM 4448 CRM 5175 CRM 5873 CRM 4588 CRM
HMA1 9898 HMAO0.1 9788 HMA1l.1 10780 HMA21 9802 HMA3.1 8512
HMA2 10083 HMAO0.2 9801 HMA1l.2 10089 HMAZ22 9471 HMA3.2 8019
HMA3 9425 HMAO03 9925 HMA1l3 10945 HMA23 9678 HMA3.3 8308
HMA 4 9645

AvqQ.
HMA

100% RAP CRM mix design Is rducible In_the plant.
The values of stiffness for every core sample taken right

3963

Avg.
HMA

Avqg.
HMA

Avqg.
HMA

Avg.

9763 HMA

9838 10605 9650 8280

after the paving process, are



CONCIUSIONSH: 72

PWErk Was ter evalliatertin

Perties off a CRVII mad OJ

=
IS emulsion and RPertland cem em'fr,
A for base layer, was taken as a reference

- The 100 % RAP In the mix does not seem to walsen the
of the bituminous mixture. /
aI density

- There Is N term

and air voids content between the two

-Even 1f CRM shows lower valuesZits

than the limits imposed by most Mnon ltalian technical
specification for Cold Mixes made of up to 30 % of RAP

- The high amount RAP
of the mixture If compared to HMA



CONCIEUSIONSH /2

esulb oI the' thial field phase Wererveny/  UsefuliNierthe
atic

for of in= feasibility of CRM in a cold mix plant.

gyratory curnves confirm the laboratony phase: Inere
o evident differences between the volumetric
Ne WO mixtures. s =ipElAls el ciaYolels
content of the core samples Proves the s sl 815610« o113

774

Al e
he trends of
A are the same
ence of RAP does
In stiffness after 365

- The In situ mechanical properties of CR

development of stiffness for CRM an
for the whole period of analysis. Th
not determine an excessive redu
days of dumpers and trucks tr

Further work 1s needed to study the



Sustainable, Aceessible, Saie,
Resilient, and Smart Urban RPavements

te SAFERUP!

Thinking Beyond the Pavement

This project has received funding from the European Union’s Horizon
2020 research and innovation programme under the Marie E' K
Sktodowska-Curie grant agreement No 765057.
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CALL NOW OPEN UNTIL JULY 9th 2018
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