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German protocol for rejuvenators (H Re WA) 2021

1) Rejuvenator optimization by binder-scale tests
II) Dosage and performance confirmation by mixture-scale tests

For a mixture containing 50% Reclaimed asphalt

The tests include DSR and BBR Reclaimed asphalt shall be produced according to TU Braunschweig

- i h : - performance criterion test procedures test specification
geforderter oberer Grenzwert oberer Grenzwert - - .
Ergebnisbereich fir T(G*-15 kPa) fiir T(G*-15 kPa) fiir adhesion behavior Water sensitivity of asphalt TP Asphalt-StB, Part 12
Stufe B3 Stufe B4.1 Stufe B4.2 .
— . ’ | : specimens (ITSR)
I o
3 80 : Stufe BO : : cold properties Uniaxial tensile test and cooling TP Asphalt-StB, Part 46 A
o |
€ | Stufe B1.1, i test
= : | :
;'!;; Stute B2¢ = : - fatigue behavior splitting tensile swelling test TP Asphalt-StB, Part 24
1
5 75 é) Stute B2b : i at 20 °C
e ]
a
= Stute B3 H_L_/'B Stufe B2a | Stufe B1.2 - or uniaxial tensile stress test at 20, TP Asphalt-StB, Part 46 B
: . ; i
z (hdspoNar i : i 10,0, and 10 °C
w 1 ]
ﬁ 70 : : ; resistance to permanent Uniaxial pressure-wavelength TP Asphalt-StB, Part 25 B 1
o ! 1 )
“““ P : : deformation such
smf.;g.u ; @/Ir Stufe B4.2 or Dynamic Stamp Penetration Test TP Asphalt-StB, Part 25 A 2
I :
65 . .
45 50 55 60 65 70 3

Temperatur T(G"=15 KPa) [*C]
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Materials: the tested rejuvenator

Unaged Aged Bitumen  Rejuvenator  Flux oil
Property Unit Value/aspect Bitumen effect effect
Colour - Black
Viscosity @25°C cP 750 - 950
Flash point °C =215
Density @25°C g/cm3 0.90-1.00
1.00E+08
1.00E+07 \
1.00E+06 \

1.00E+05

(Pa)

1.00E+04

G

1.00E+03

« PAV Bit. + 2% Recycling Ag. No. 7
1.00E+02 & pAV Bit. + 4% Recycling Ag. No. 7
* PAV Bit. + 6% Recycling Ag. No. 7
1.00E+01 © Virgin 50/70 Bit.
PAV 50/70 Bit.

1.00E+00
20 40 60 80 100 120

Temperature (C) 4
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Results according to the German protocol

Material Test parameter
Test Step* . T °C T °C T °C
Bitumen 50/70 Source | Phase angle
(G* = 15 kPa) (S = 300 MPa) (m =0.3)
BO Virgin state 49 82.1 -16.5 -18.7
B1.1. Short-term aged 54.5 80.0 -
B1.2. Long-term aged 65 75.6 -14.3 - 13.9
B2a Long-term aged + 5.5 % Rej. 52 79.9 -
B2b/c Long-term aged + 7.0 % Rej. 49 79.0 -23.1 -22.3
B3 7.0 % is selected
B4.1. Shor-term aged B 2b/c* 52.5 76.7 -
B4.1. Long-term aged B 2b/c* 65.5 73.5 -19.3 -15.4
*According to H Rejuv WA, 2022. See figure 1 5
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Results according to the traditional tests

: Test parameter
" Material : : : : :
Test Step Bitumen 50/70 Source | Penetration Softening point Viscosity @ 135 °C

(dmm) 9 (c.P)
BO Virgin state 55.5 51.7 653
B1.1. Short-term aged 35.2 57.8 990
B1.2. Long-term aged 19.3 67.4 1996
B2a Long-term aged + 5.5 % Rej. 46.6 54.3 1151
B2b/c Long-term aged + 7.0 % Rej. 54.1 52.7 821

B3 7.0 % is selected
B4.1. Shor-term aged B 2b/c 33.6 54.9 1038
B4.1. Long-term aged B 2b/c 22.1 67.7 2250

*According to H Rejuv WA, 2022. See figure 1




2\

o5 CONFERENCE ASPHALT PAVEMENTS 2025

Mixture scale validation: Volumetric analysis

Test parameter Standard Unit Virgin mix (reference) (50% F;rifirg'é% Rej.
Virgin bitumen added - % 5.8 3.33
Aged bitumen within RAP - % 0.0 2.30
Rejuvenator content - % 0.0 0.15
Bulk density* 12697-8 g/cm3 2.526 2.534
Air void content* 12697-8 % 2.0 1.8
*Marshall hammer compacted specimens — 50 blows each face of the specimens
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Mixture scale validation: Mechanical tests

Indirect Tensile Strength Ration (ITSR) EN 12697-12
Thermal Stress Restrained Specimen Test (TSRST) EN 12697-46
" Virgin mix (reference) ETest mix (50% RA) + 6.5 % Rej. . e
" Virgin mix (reference) Virgin mix (reference) - Cr. Stress
M Test mix (50% RA) + 6.5 % Rej. BTest mix (50% RA) + 6.5 % Rej. - Cr. Stress
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Test results control: point of difference!

Test parameter
Extracted Binder T at G*= 15 kPa phase angle TatS=300MPa | Tatm=0.3
9 at G*=15 kPa (°C) (°C)
Virgin mix (reference) 50.8 77.3 -26.4 -24.4
Test mix 45.8 77.8 29 31
(50% RA) + 6.5 % Rej. ' '




2\

o5 CONFERENCE ASPHALT PAVEMENTS 2025

8-year-old project in Czech Republic

Location: Sifem , BlSany, close to 2218 Rd. 50°13'58.7"N 13°30'25.5"E

Construction date: 2017 oy s e P
Chomutoy - sl Machuv kraj IZ’J‘ )
Type of road: Local access Rd. 2 ;. a = nad Lacerm Bolosay
: el Louny Méinik o
Type of mixture: AC 11mm i S g @
. ' ITem = £ ,\,P,,d,l?;:(” Neratovice [ £05 | L
Type of layer: Surface course srond o
46 : 17 Boleslay <
Paving bitumen: PEN 50/70 3 g ? Rakour = 5
53 SNl Hostivice Praga Gesky Brod
Level of recycling: 50% - ‘ hrsinnaioblasty | O 8
Kralovice AL AR S VA AN A : . Ricany a
m . geroun Jesence 2
Rejuvenator: ITERLENE ACF 2000 o) RV =Y
.‘:’c bod Brcy
Dosage : 3.75% (on the weight of aged binder) Jenoind - AR
g Plzen Hokycany

Location of the laid asphalt pavement 10
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Pavement condition in 2025 after 8 years in service

No visible surface distress after 8 years of harsh winters Optimum surface texture after 8 years of harsh winters
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Summary of post-production tests’ results

RECYKLACE ZA HORKA S VYSOKYM PODILEM R-MATERIALU:

Recyc I e d mix: ifi i PRIPADOVE STUDIE VE SPANELSKU A V CESKE REPUBLICE
Test Standard Unit y 50% RA Spe(_:lfl_catlon HOT ASPHALT RECYCLING WITH HIGH RECLAIMED ASPHALT

. CONTENT: THE CASE STUDIES IN SPAIN AND IN CZECH REPUBLIC
50% RA + ReJ . Ilmlts Shahin — Senior F 1 imica S.p.A., ltaly

Augusto Ciarlitti, Technical D|lec1°l & Laboratory Manager, lterchimica S.p.A., ltaly
augustn clarhltl@ltemhlmca |t

and L y Technici imica S.p.A,, ltaly

Binder content - % 5.50 5.30 - ::f"‘“i““,"?f e o et ot et s

i vyroby
technika neZ racykdace horkého asfaitu. Diky némym prinasim, jako jsou mensi dopady na Suofni prostredi,
mensi spotfeba surovin & nésledné mensi spotfebs energie a emisi,je tato technika 4dinnd = mnoha hiedisek.
V)«zkurrme prace ném ukazuji, fe vyhody recykisce horkého asfan‘u}souopmnaramvany kayZ se pouZije vySSi

- mnozs?w R-maferiaiu {RA). V fomito élanku jsou pi dva projekty v Gecké republice a ve
Penetration EN 1426 dmm 41 25 30 - 55 St b ki poy Sy e b - e 2%

FPro fento projekt bw vprvnr faai pousity R- {{RA] & dale vhodné
rejuvenatoru zaruéujici frvanlivost smési. Zatimeo uobouprr.yeddu byly smési odebirany ze stavenisté béhem
pokiddky = nésiedns testovny v Iaboratof, u projekfu ve Spanélsku byls nékterd jédra odebiréna i dodatedné.

Softening point EN 1427 °C 54 60 48 - 60 o oy sy o oo T

Among the and practiced for the of . road , perhaps,
there is no more proven fechnique than hot asphalt recycling. Well-known benefits such as less gmmmmenfaf
impacts, less raw material and less energy and made the

Alr VOIdS EN 12697_8 0/ 5 2 3 1 2_6* technique efiicient from different perspectives. However, the research warks show thaf the benefits of hot

0 " . asphalf recyeling are optimized when higher quantities of Reclaimed Asphalt (RA) are used. Thiz paper
introduces two prajects in Czech Republic and Spain, where two rejuvenators have been used successfully
for a 50% RA-containing semi-dense-graded curface and @ semi-dense-graded binder courss, respectively.

. B Even though the two rejuvensiors were nof the same, fhey were both bio-based vegetable oils with similar
2_ po I nt ben d I ng origin. For thic target in the first phase, the used RA was characterized and the appropriste dosage of the
was 1 the durability of the mixture. While for both projectz the mixfures
EN 12697 26 MP *% were taken from the job sites during he laying and then used in the lab, for the project in Spain, some cores
- a 9440 10606 7000 were alzo taken addii . All of the and cores were tested according fo the
Ewupean sfandard festing mehods Owverall, acconding to the tests, the obfained resultz comphed with the

stiffness modulus e

Keywords:

LOW_te m p ] C rac kl n g Hot asphalt recycling; Reclaimed Asphalt (RA); Rejuvenators; Bio-based vegstable oil
[e] 1. Introduction
E N l 2 6 9 7 = 4 6 C = 1 9 . 4 = 1 7 . 9 = Decades after the first real-scale project where Reclaimed Asphalt Pavement (RA) was used in a new asphalt

- layer, nowadays re-using/re-cycling RA in new asphalt layers has become a common practice. But this is not
fal I u re tem the end. Since erwironmental ofises have become mere apparent to decision-makers, the principles of
. sustainability are getling more attention. As a consequence, given its proven emvironmental impacts, the

asphalt industry has focused more on recycling and/or re-using RA. However, considering Life Cycle Analysis
(LCA). producing durable high RA-content asphalt mixture is not ahways straightforward. Orxidative aging in
asphalt materials leads to an increase in both stifiness and britleness [1,2] that affects pavement performance.
* . = r . - 0 The increased stiffiness is beneficial in the short term against rutting, but in the long term can induce cracking
Accordmg to the new Spec|f|cat|ons the range is 2-6% i oo Wi g mies 541 10 veroome s Mo Sefsenses. evers o) ouens

] including recyding agents have been infroduced to the industry ie.. many petroleum and bio-based additives

have been proposed as a recyciing agent. Recycling agents, depending on the kind {either a softener or

rejuvenator), can be used in recycied mixtures to mitigate the technical specifications and reduce the induced

**|t is not declared within specs. However, it is commonly considered technically

S. Eskandarsefat et.al. 2023. Hot Asphalt Recycling With High
Reclaimed Asphalt Content: Case Studies in Spain and in
Czech Republic. AV 23, Ceske Budéjovice, CZ 12
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Conclusions:

v' The dosage determined according to the binder-scale test of the German instruction was higher than
the dosage required based on the applied mixture-scale tests.

v' Both conventional methods (penetration, softening point, viscosity) and DSR analysis showed similar
results in optimizing the dosage of the binder-scale rejuvenator. However, in both cases the

determined dosages were higher than those required based on the mixture tests.

v' This difference is attributed to | ) the different level of binder and mixture ageing during the
production of artificial binder and RAP, respectively, and Il ) the absence of short-term mixture
aging during the production of the recycled mixture specimens for the mixture-scale tests.

v' Based on the condition monitoring of the pavement constructed in the Czech Republic with 50%

Reclaimed Asphalt (RA), no rutting or cracking was observed after 8 years in service, demonstrating

the effectiveness and proper dosage of the applied rejuvenator.
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