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Objetivos

Indicadores de desempenho de ligantes aplicados a frio e a quente

J Aplicados a quente é a meta do TED 680/2020
J Aplicados a frio




Avaliacao dos ligantes aplicados a quente




Visao da COPPE — escolha de parametros reologicos

* Distincao dos ligantes modificados e nao modificados;

* Permitir escolha adequada de materiais - MeDiNa;

* Correlagoes dos resultados de ensaios de ligantes e de misturas asfalticas para
escolha dos parametros de especificacao de ligantes;

* Verificagao do enquadramento dos resultados de analises dos ligante quanto as
especificacdoes americanas e quanto a proposta de especificacao da Petrobras;

* Analise dos ligantes quanto a parametros reolégicos relacionados a trincamento por
fadiga e deformacao permanente;




Materiais estudados

Coadigo Tipo

Al 5070
A2 50/70
A3 5070
A4 30/45
Ad 5070
AB 30/45
AT 50170
A8 5070
A9 5070
A10 30/45
A 5070
A12 50170

Quantidade

Codigo Tipo

B1 AB-8
B2 AB-8
B3 AB-8
B4 AB-22
BS AB-8
B6 AB-22
BY AB-8
B8 AB-8
B9 AB-8

Tipo
AB-8

Quantidade

Coadigo Tipo

CA 76-28
c2 55/75
C3 60/85
Cc4 BE/TS
C5 HilviA
cs 65/90 :
c7 60/85 3 tipos de agregados
Cc8 55/75
ce 60/85 _ o
c10 = 30 misturas asfalticas
C1 60/85
C12 60/85
C13 65/90
G14 60/85
C15 60/85
C16 60/85
Quantidade




Avaliacao dos ligantes aplicados a quente

Avaliacao dos ligantes asfalticos quanto ao enquadramento das
especificacoes SUPERPAVE




Viscosidade Brookfield a 1352eC, SP21, 20 RPM

9000
Tipo A Tipo B Tipo C : :
o ) i Vlsco.5|dade
S rotacional a
o 7000 135°C, cP < 3000
N
6000 AB -22 SP21, 20
3 RPM
8 5000
.; O
(<)
< 4000
S O O0of
v ual
8 3000 ____________________________________________ O ________________________________________________________ Q _______________ 3 elilcoidal
- Spindle (DHS)
= 2000 ©le) ©) © Brookfield
O OOO O 0 sc27
1000 Og ©© O
000000600CH0
0 4 8 12 16 20 24 28 32 36 40
Amostras
AB necessita de ensaio apropriado

Lo Presti




Are we correctly measuring the rotational viscosity of rubberized bituminous binder?
Conference Paper - October 2020

Distribuicao das particulas de GTR dentro da camara
usando diferentes geometrias

a) standard spindle Sc-27,

b) dual helical impeller (DHI),

c¢) dual helical ribbon (DHR).




PG continuo alta — virgem & RTFOT

PG alta virgem IG*l/send = 1,0 kPa, (°C)
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PG baixa
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MSCR - resisténcia a deformacao permanente
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G*.send -resisténcia a trincas por fadiga
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Faixa SUPERPAVE PG versus 922 (asfalto superior)

Faixa de PG AB e AMP
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Ensaios plus com limites - DOT americanos

Retorno elastico (4 ou 252C)  Recuperacao elastica MSCR

= Orunnc - v
w Bitumen Characterisation \

oo DSR - MSCR
s monmin
Cumming in rar ﬂ | ' | I | ‘ i i

=t =t ! I
| H A -\ HI

:E States following the Standard Specification for Performance-Graded Asphalt Binder (AASHTO M320), including those that
still use M320 exclusively and those that apply MSCR Recovery only as a PG-Plus test.

[ ] States that specify AASHTO M332 for certain grades while maintaining AASHTO M320 for others, including those that
permit the substitution of M332 for M320 grades.

- States adopting the Standard Specification for Performance-Graded Asphalt Binder using the MSCR test, including those
that have fully implemented AASHTO M332 for all grades and those that retain M320 nomenclature while applying M332 criteria.
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Africa do Sul

[ ~ [
Consideragcoes importantes Tt Popety EEE EE Eﬂﬂ
. . ® o .
* Viscosidade a 165°C alto cisalhamento; Max pavement design temperate (0) () 58 5 n oM oR oW
Minimum grading temperature ("Q) (T -2 -2 -n -anl- -6 =16 -0 -0
G*and & at [T, + Tl 2441°C Compulsory report only - see detall description of report only Rem ASTM D775
n, = constant (ZSV)
¢ GY¥sné@lorad/s (Pl @ T=T,,,, -
n,=fN Report G* and & separately Repart only ASTM D7
Viscosity at 165°C (Pas) » 30 sec’ <09 ASTM Da402
S
2 Storage stabiity at 180°C .
K 1,, = constant (Newtonian) medffnGatT, ) <15 ASTMD7175
= m 4 Flash Point ('C) 22% ASTM Dszb
k] Intermediate shear rate range
-— > — After RTFO Ageing STM D2872/ TG1 MB3
Low shear rate range High shear rate range
G*and & at [{Tomgy + T/ 244]C Compulsory report only - see detall description of report only Rem ASTM D7175
Mass change (% m/m) <03 <10 <03 <10 <03 <10 ASTM D2872 / TG MB3
- S 3t Ty (kP2 ) <45 <20 <10 <05 <45 <20 <10 <05 <45 <20 <10 <05 ASTM D7405
HaRmaHpnl) Ageing 1atio [G*grse/ Q'ghni <30 ASTM D7175
Figure 8 Schematic representation of viscosity ranges for bitumen After RTFO plus PAV Ageing _
G*and & &t [{T,,, + T 244]C Compulsory report only - see detall description of report only tem ASTM D775
* Delta Tc; S—
.- ° Maximum creep stiffness tested at
* Estabilidade a estocagem a 180°C; tempesature -12¢C -6¢ e
(T +1070) , MPa, [S (60s) < 300 MPa] ASTM Des4s
e Parametro d lheci to G*env/G*vira T int diari =
darametro de envelihecimento env Vira | Intermediaria Minimom m-value tested at tempesatuse = - =
o ’ . (r .m'o [m (60s) > 0300] s E
(temperatura de 20 a 30°C) com indices semelhantes aos usados
f[n. ILS' om *=5 ASIVDI’&"]

. . o
no passado para viscosidade a 602C. AGENG 310 G/ P <60 ASM D773




Conclusdes — Superpave

O que pode ser melhorado

« Africa do Sul emprega viscosidade a
altas taxas de cisalhamento e alta
temperatura para AMP;

* Necessidade de incluir ensaio de
envelhecimento ( Tint ou T alta) ?

* Inclusao de ensaio de estabilidade a
estocagem;

* Incluir angulo de fase para distingcao de
modificados dos nao modificados;

* Inclusao de ensaios empiricos (DOT) ?
. AB necessita de desenvolvimento de ensaio
de viscosidade com spindle helicoidal ?;

Enquadramento das amostras

e Superpave diferencia ligantes no MSCR e no PG
de alta temperatura, mas nao diferencia na
resisténcia a fadiga;

e Alguns ligantes AMP nao sao vistos como
modificados, segundo a faixa de PG 92;




Proposta Petrobras

Avaliacao dos ligantes asfalticos quanto ao
enquadramento das especificagcdoes propostas pela Petrobras




Proposta Petrobras

. . Limites
Caracteristica Unidade CAPS I CAP 10 I CAP 25 I CAP 40
Ligante virgem
‘ |G*|/sen(5) a 64°C e 1,59 kPa 0,5 < |G*/sen(o) < 1,0 £ |G¥/sen(s) < 2,5<|G*/sen(o) < 4,0 £ |G¥/sen(s) <
Hz 1,0 2,5 4,0 6,0

Viscosidade rotacional a

135°C, SP21, 20 RPM cP < 3000
Viscosidade rotacional a
150°C, SP21, 50 RPM cP <2000
Viscosidade rotacional a
<
177°C, SP21, 100 RPM cP < 1000
Ponto de fulgor °C > 235
Solubilidade em % massa = 99,5 (apenas para ligantes ndo modificados)

tricloroetileno

Ensaio de separacao de

fases Rioporundo 0,7 = Rigpormundo < 1,4 (apenas para ligantes modificados)

Ligante apés RTFOT
MSCR - J,, 3000 @ 64°C 1/kPa <9,25 | < 4,80 | <2,50 | <1,25

‘ Se %Jee @ 64°C 2 29,371 X [J 5500 @ 64°C102533 - E
MSCR - %7;«95 a 640C % Se ‘yo%,eC a 64°C < 29‘371 X [Jn’3200 a 640C]'0'2633 _ M

(apenas para ligantes modificados)

log nimero de

LAS — FFLpge a 19°C ) >1,318 21,22
ciclos
LAS — |G*,,C a 19°C MPa < 25,00 < 40,00 | < 55,00 | < 75,00
Variacdo de massa % massa < 1,00
Classificagdo / denominacg&o por desempenho
Hgantes convencionals CAP 5-D-F CAP 10-D-F CAP 25-D-F CAP 40-D-F
(ndo modificados)
Ligantes modificados CAP 5-D-F-M CAP 10-D-F-M CAP 25-D-F-M CAP 40-D-F-M
Sendo:

D = Classe de deformagdo permanente (tabela IX)

F = Classe de fadiga (tabela VIII)

M = Designacéo utilizada quando o ligante tiver qualquer tipo de modificagédo: E ou M
conforme %y,.. a 64°C




Vantagens do Ensaio LAS

- Ser realizado fora da zona LVE, onde ocorre o dano;

- Correlacao com ensaios de misturas asfalticas segundo experiencia brasileira ;

- Ensaio simples e rapido

- NCHRP - R e GRP (2022) sao parametros LVE, sendo que R se correlaciona com LAS — FFL (PSE);

Failure N=number of loading cycles
& =strain amplitude




LAS FFL

LAS / RTFOT & PAV
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LAS, MSCR e R%
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Figure 4.10 - Performance classification of asphalt binders based on Petrobras A ok o A e L el A

2022 specification proposal for FFBpsg at 19°C and Jur3.2 at 64°C




DNIT coreE (5
.. UFRJ ges . usr

Estabilidade a estocagem

2,50 :
A Calibrago y=0,0556x + 1,0032
2,00 O Validagao R?=10,8355
----- Limite PA = 5°C A
, L0 | - Limite PA = 10°C 128 e .‘""'t
* Rs para asfaltos polimeros ~ ~( 7~ | e s
. AR :
seriam de 0,72 ¢ 1,28 P 1,00 0o ,...D..§ L
. 045 Ll i i
* Literatura (0,80-1,20) 050 A s A B ;
* Proposta Petrobras de 0,7 a 1,4. o0 | | | | §
] o
Asfalto borracha entre 0.4 ¢ 1,6 - g i g g
’ -20,00 -15,00 -10,00 -5,00 0,00 5,00 10,00 15,00 20,00
APA, °C
(1G*|/s end), 64°C
RS -

— (IG*|/s end),




Correlacoes de indices de trincamento de CAP - LAS

R (BBR) x LAS

2,4

-"
2,3 '
2,2
10
2 2.1 ° o
fg 8 3 2 3 . . y = 1,3625x
27 o - e R2=0,9976
_g = 1,9
S 6
§ . 1,8 o
o 4 1,7 )
g 3
(& 1,6
2
1 1 1 'S 1’5
-5 ] 5 10 15 1 1,2 1,4 1,6 1,8

Reduced Frequency, rad/s LAS FFL PSE




Correlacoes de indices de trincamento de AB — LAS

LAS x GRP
2,05
2y =-1E-07x2 + 0,0007x + 1,0671 ® e
R2=0,7141
LAS 195 L
1,9 o..‘.,_..
°
1,85 [ 3
1,8 ..
2,5
1,75 .
1,7 2
0 500 1000 1500 2000 2500 3000 -
GRP .
R (BBR)
0,5
0

LAS X R
¢ [ ]
. ............................. .-.
................. " GG
[ ]
y =1,2282x
R?=0,9958




Correlacoes de indices de trincamento de AMP - LAS

R (BBR) x LAS AMP

3,5

3
2,5

2 y =1,2734x . o« ® o0

R*=0,9977 .. '.. °

1,56

1

1 1,2 1,4 1,6 1,8
LAS FFL PSE

Sem o AMP russo, apenas amostras ABEDA




Classificacao proposta Petrobras

DEF PERM| FADIGA
Al 50/70 1 3

A2 50/70 2 3

A3 50/70 2 5

A4 30/45 3 3 CAP

A5 50/70 2 5 Nenhum com desempenho XX
A6 30/45 3 3 4-4 nem XX 5-5, classe 3 para
A7 50/70 2 3 baixo

A8 50/70 2 3

A9 50/70 2 2

A10 30/45 3 2

A1l 50/70 1 3

A12 50/70 2 5




Classificacao proposta Petrobras

DEF PERM | FADIGA
DEF PERM| FADIGA =
B1 C3
B2 C4
B3 =
B4 C7
B5 C8
C9
B6 C10
B7 C11
- e
B9 C14
C15
C16
AB AMP
todos com desempenho entre XX 4-4 e XX 5-5 A maioria com desempenho entre XX 4-4 e XX

5-5, apenas 6 amostras com 3 na resisténcia a
fadiga




Conclus0Oes - Proposta Petrobras

* Ha diferenciacao de asfaltos modificados e nao modificados por meio do FFL-
PSE

* Nao tem parametro de envelhecimento;

» Diferencia asfalto elastomérico por meio da recuperacao elastica;

* Inclui estabilidade a estocagem;

* Segundo a especificacao, CAP podem ser classe 1, ou 2, ou 3, enquanto AB
podem ser classe 4, ou 5 e AMP podem ser classe 3, ou 4 ou 5;

 Também foi verificado que determinados AMP tem desempenho semelhante
ao CAP quanto a fadiga.




Avaliacao dos ligantes asfalticos quanto aos
indices reologicos




Alemanha

Test parameters

%
30 2 M6 B A0 2 M A6 48 50 52 5 % 58 60 K 666 68 0

Temperatur Tymy [*C]

x5 e e vt a
S

rbriba S s e 53 Pa 2

e e n sy

= Experience of softening
point R&B can be
maintained

DNIT corpe (5

DEPARTAMENTO NACIONAL DE U F RJ EEsc Usp

INFRAESTRUTURA DE TRANSPORTES

Binder-Fast-
Characterization-Test 10.000,0 ¢ T r 90 |383m
———
(BTSV) T
Test geomelry: 25 mm g ’7 bors=826° | European Standards ey
parallel-plate with a gap of = 1.000.0 ¢ 1 [ - 70 p IagRschney
1 mm (4] : 60 =
= Test temperature: Starting é 100,0 1 g 5 P 3 . i . >
B 8 | Bk Graphical visualization of the required values according to ARS 08/2019 in Germany
temperature rate 1.2 K/min £ G*=15kPa \’ PR
=  Frequency: 1.59 Hz 2 100 Fo======= : L L u\ | | E
=  Shear stress: 500 Pa P 30 @
(oscillation) 5 % 2 90
= Characteristic values: 3 1.0 5 -k i i T i g
Temperature T(BTSV) at [ N TGN _ ° 10
G* = 15 kPa and associated § oy . Sohomoddl | Tarsy = 55!3_ T " -85 4 id &
phaseangle 6(BSY) " 20 30 40 50 60 70 80 90 &
= Test time including pre- 7y
tempering: 1.5 h Temperatur [°C] E 80
|
£
o » §275° plain
- -
Ises [ ' asphalt binder
BTSV = Binder Fast Characterization Test T N renachmety ‘
0 1601220
Binder characterization 670 4 pr—
]
Tersy: Indicator for material hardness i ’ [ 70100 6 - 75 -) pOIymer
Sgroy: Indicator for - i
_— ) i
" st hord degree of modification 9 i5 4 5070 Y ¥ v modified ‘aspl’lalt
|20 .
51 o Unmodified a “30145 binder
]
R R 80
<l - 3Y1 a2s555
o, s g & .} e104065A
6L camia e il Bitumentypisierung 15 4
. . iohl = Simple identification of
p o g | inder type and race 40110065 A
st = Effect of polymer 5() it iy PRI R U ST VP VRP ST URY T Y TPV A
e Lo modification illustrated T T T T T T T T T T T T T T T T T T T

30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70

Temperature T(G* = 15 kPa) [°C]

St BT - At Bt 98 5343

T Spaaer | BTV~ Acstaaach Beaallen | V0 Wl 2004 | 11




Reologia nas especificacdoes como Ensaios Plus com limites

Requirements of the regulations

Entwurf der TL Bitumen-StB, vom 15.09.2023
= Plain binder

Tabelle 1a: Zusitziiche an die g von
Sorten
Merkmal oder Einheit | Pritm
— ' i s T A Lt et
ur-Schermodutempantut . - .
TE0"=15 kPuybel 1.50 He c - 55 bis 63 52 bis 60 46 bis 54 43vi S B s dd 306 38
Phasennirkel {G=15 kPa) S8 Tel 2
= zn n zT 2T zr
bed 158 He :n:- | s 28 | ] ] (]
Bestandigkad gegan Verhiftung Untsc E influss von Wilima una Luft nach DN EN 126071 bes 163 °C
Zunahme der Agui-
Schermoduter TiG=15 c ] 8 11} s s
i perair T(G ™ Bau 8 ] i
SBT3 -
Autall des Phasenminkels . .
el I l 56 £ 56 56 56
Bewarighot pugon Veranung urter Erfluss von Wasme und Luf nach DIN EN 12807] 89/ 163 '(r bes.ceuigior LangaBiiorung Ragh DI EN 14752 o 100 'C
Zunahme der Acui-
Schumoddn TG 15 c 18 518 518 = 18 =18 %18
;;,.‘ O TP Blumen. l
Acfal des Phrassnainess A
&Gwi8 kPa) 5 12 | 12 512 12 512 512
Verhaben te teten
Temperaturan im Z 12 s
Begabalker e etar c TP Brumen- $:3 | g4 5 e 519 Ex18
T(E=300 1Pa StB Tei 4
N . e
m(5=300 MPs] - L) @ ) [} A A
IA = 122 anzugeten. Fur die Exgerachaf ist vom Herstalier on Werteboraich zu deklaneren
T gt | 5TV - Acatnence et 54, 3534 | 43
-
FGSV

TL Bitumen-StB 25

1B 2

Institut fur Strafenwesen
TU Braunschwelg

Fresh binder

Short-term
aged binder

long-term
aged binder

DNIT corpe (5

DEPARTAMENTO NACIONAL DE U F RJ EEsc ’Usp

INFRAESTRUTURA DE TRANSPORTES

Temperatura e angulo de fase equivalentes a 15Pa,
medidos no ligante virgem, apos RTFOT a apds RTFO+ PAV

IsBS ] 2

Institut fur Straflonwesen
TU Braunschwelg

Requirements of the regulations

Entwurf der TL Bitumen-StB, vom 15.09.2023

- Polymer modifed binder
Tabelle 2a: Zusitzliche Anforderungen an die rheologischen Eigenschaften von Elastomermodifizierten Bitumen (PmB A)

Merkmal oder Eigenschaft Einheit| Prifmethode Sores
10/40-65 A 25/56-55 A 45/80-50 A 45/80-65 A 65/105-70 A | 120/200-40 A
= ———————————————
Agul-Schermodultemperatuf . ﬁ
T(G"=15 kPa) bet 1,99 Hz C 1P Bit 518 56 bis 68 48 bis 62 44 bis 56 43 bis 58 43 bis 53 36 bis 48 Fresh
HG =1 T
Phasenwinkel 5G*=15 kPa) -} [ ] s75 <75 <75 <70 s70 s75 binder
bst 1,59 Hz
Bastandigheit gegen Verhdrtung unter Einfluss won Wéme und Lult nach D_!I_EN 12607-1 bel 163 °C Short-
Zunahme der Aqui- o
Scl odultemperatur T(G"=15 kPa) e e g,:r;.-.:..sg =8 %8 58 %8 8 8 term
Ablall des Phasenwinkels ((G*=15 kPa) . P 56 =6 Z6 %6 %6 %6 aged
Bastandigkait gegen Verhartung unter Einfluss von Wame und Luft nach DIN EN 126071 bel 183 °C ind beschiglinigner it-Aharung nach DIN EN 14768 bai 100 °C binder
Zunahme der Aqui- = 1 <4
Schermaodultemperatur T(G*=15 kPa) c | a‘_‘r""l"‘;”'s‘a 518 <8 e a1 =18 s18 long'
[
Ablall des Phasenwinkels 5(G"=15 kPa) | * %12 518 £ 12 212 12 £12 term
Verhalten bel befen Temperaturen im > . = i 2 R .
Blegebalkenrheometer T(5=300 MPa) cd i B‘;W?:’\-SIB s-9 $-12 s-48 £-15 §-18 s-18 aged
m(S=300 MPa) 2 - 1A m 1A A A A binder

1A = Ist anzugeben Fur die Eigenschaft ist vom Hersteller ein \Wertebereich 2u deklaneren

T Sigaeth | STOV - Acstmmch Drsatien | 5 Vsl 3034 | 14




BTSV

Instituto Alberto Luiz Coimbra de U FRJ Os 37 Iigantes do prOjetO DNIT

Pos-Graduagao e Pesquisa de Engenharia

» Parametro de alta temperatura intermediaria — especificado na Alemanha

90 T
_ 70/100 F 90.0
85 1 160/220 S 30/45 ¢ PEN
5 m 20/30 85.0 O X RMA
g0 & N = O % A PMA
- " " 80.0 XY @ - - - - Limits
B 75 | D & O
L;E S 120/200-40 o] 25/55-55 ot D rmcammiani e <>‘ """"""""""
3 - asisofso|  © = A
e a 7, 700 &
= 2
$ 65 10/40-65 e 65.0 X/_\% : A
E ® < A : %
60 40/100-65 60.0 @ %
R X
sk 55.0
50 : ....................................... 50'0 L/-\) russo
o 50.0 55.0 60.0 65.0 70.0

Temperatur Ty [°C) Temperature BISV RT (°C)




Vyp) y C 0 E
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Instituto Alberto Luiz Coimbra de U F RJ
Pos-Graduagao e Pesquisa de Engenharia

»Parametro de temperatura intermediaria em estudo

) o Linha de boa resisténcia a fadiga em angulo de fase de 552
BTSV CAP - temp intermediaria
70
o 65 > ° BTSV AMP Temperatura intermediaria
g 60 oq o ° BTSV AB Temperatura intermediaria 20
©
v 55 ® 70 65
© o1
250 o_ 65 ® AB 08 3 60
. 45 ®50-70 LAS mais alto % 60 e AB 22 8 o Q' ® ® 60-85
<§: qu-J 55 % ° 8 ° e 55-75
40 63045 s ° © 50 .
35 2 es o E 65-90
& 45 » 245
5 10 15 20 25 £ 10 ‘< 40 Hima
Temperatura,2C 35 35 ° russo © PG 76-28
5 10 15 20 25 5 10 15 20 25
Temperatura,2C Temperatura, 2C

Acima de 552 s3o os piores valores de LASFFL,
menor que 1,5 para AMP 55-75 e alguns 60-85




Indices reolégicos dos EUA - FADIGA
NCHRP 09-59 (2022) - R e GRP com limites

1 ‘I S ‘| Res U lta d OS d O B B R PG de baixa temperatura temperaturas deoensaio
‘ og‘ E l‘ ” propo:tsas( C)

109(2)—3—- Limites de 1,5 a 2,5 ( 20h w -
log\1=m} PAV) 5 1
-28 22
-22 25
1 -16 27
-10 29

0 requisito |G*| send deve ser substituido pelo parametro Glover-Rowe (GRP = |G¥| cos2

0/sen 0), devendo ser determinado na frequéncia de 10 fad's. O valor maximo para GRP
apos envelhecimento no RTFOT seguido do PAV 20 horas deve ser 5.000 kPa.

Complex Modulus, Pa
- N W A OO N O © O

-5 6 5 10 15
Reduced Frequency, rad/s




GRP e R (NCHRP 9-59) - 2022

IG*] (cos &)? / send (kPa)

6000

5000

4000

3000

2000

1000

X

12

16

20
Amostras

24

28

32 36 40

3,50

3,00

2,50

2,00

1,50

1,00

0,50

0,00

Tipo A TipoB |2 Tipo C
russo
A A
A A
) A A A JAVAN A
Ap 4 AR A BpL A ABAAAN
AL A ALL
4 8 12 16 20 24 28 32 36 40
Amostras




Delta Tc — indice de trincamento

60 T|pPLOT OF CHANGE IN ATc WITH AGING FOR MNROAD BINDERS
(T, — T,) * (Log 300 — Log S,) o
T¢'5=T1+( — (SgL < 4 T
og S, — Log$, e DeltaTc= -50u-2,5
T o dependente do tempo de PAV
-8.0
(T, = T,) * (0.300 — m,) 20 1 | i | >y
Tc'm - 1 + - 10 e UNAGED ) RTFO : 20 HR. PAV . 40 HR. PAV 60 HR. PAV
ml . mz —.—MNROADTESTSEC’NONPGSB-lS-.—MN‘;OdeisTSEC?IO&PGSB-M .
where, » Unmodified, Polymer-modified, ReOB-modified, 3
Sy = creep stiffness at Ty, MPa, . , Biophalt, Oxidized, Airblown, Visbroken.
S, = creep stiffness at T, MPa, i 26222017, 1414
= o 1,41 I03
mj =creep rate at T, 50 1 TN TR _0_300”5' I
T T
T =temperature at which S and m passes, °C | 40 = "33_3‘9}0:_0 4'5|
T, =temperature at which S and m fails, °C. i S8
herefore, the equation f . -
*TEIATEEI L4 ETIEETTEE%d T

ATc=Tes-Tem-

Figure 11. AT, (PAV20) of Various Binders from NCHRP 9-60 Research Project Database (4)




Delta Tc

Tipo A Tipo B Tipo C
rUsso

ATc

) || ST B . L ‘QO‘ N I R R L Minimo requerido

0 4 8 12 16 20 24 28 32 36 40
Amostras




Parametros espanhois —
fadiga e deformacao
permanente

isocrona @10rad/s 5, ©

- 90
_ | & El ensayo DSR descrito en la norma EN 14770, se
G*=5MPa ] 7 ' basa en aplicar un esfuerzo cortante constante
. 5 @T gocsos | O oscilatorio a una muestra de ligante colocada entre
Y ‘ > 60 dos platos metalicos paralelos. El ensayo se realiza a
G*=50kPa = ) _ 5p temperaturas de 102C a 802C) a frecuencias entre 0,1
-  — e - Hz y 10 Hz. Las temperaturas a las cuales G*= 5 MPa
. y G*= 50 kPa se obtienen mediante interpolacion
[ = logaritmica en la isdcrona a una frecuencia de 1,59
- 20 Hz, de G* vs T. Los angulos de fase correspondientes
+ 1§ - 10 se obtienen por interpolacién lineal de las
T ge=smea T g*=s0kpa 0 temperaturas obtenidas en la curva de d vs. T a dicha

0 20 40 60 30 frecuencia.

Temperatura, 2C




[
D (o)) ~ ~ (0] (o] Yo}
o (92} o (2} o (a1 o

Angulode fase apds RT,
(03]
Ul

~

45

40

40

Parametros espanhois CAP
deformacao permanente

Parametro espanhol - deformag¢ao permanente

d °
°
e ® g %
° °
® 50-70
55/75
® 30-45
AMP
AB
45 50 55 60

Temperatura apods RT, 2C

Temperatura (2C)

w & © b @

-12
-16
-20
-24

os espanhois

@ T G*=50kPa

- 233
@ 21,1 = 195 @TG‘=5MP3
= 180 D 175
- 140
-9,5 {-D
-11.7
15 & 134 128 =
“Q -15,8 =248 D ;s @ T 0,300
- 198 _'2%,:‘_:,'8 T s-300mpa

35/50 50/70




G*a15°C a 10Hz

TABLE 9/8: (0sn%) Binder Characteristics to be Reported

forEME2[ Ag STA | LTA
[775=300 MPa, medida por el Brookfield Viscosity EN 13302 °¢ TBR A
BBR(2) EN 14771 T 200cP
T 2000cP °C TBR A
Tm=0,3, medida por el BBR(a) °C EN 14771 TBR T5000cP °C THE A
‘ G* and Phase Angle BS EN 14770 Pa, degrees TBR A A A
0 ‘:Tidm!:%?:(g;“‘d" MPa EN 14770 TBR e e Ll Bl Il B
TG*/send =1 kPaa1,6 Hz g‘::;\‘wh?mc c: g : : ::
' 3 P curves to 3
medido mediante DSR(b i S0 1L 0°C Graphical P
a BBR = Redmetro de Flexion ' . PG TR 17 00 o P RO A A A
b DSR = Redmetro de corte dindmico (Dynamic Shear Rheometer) o cualquier otro redmetro capaz de medir un médulo complejo. T 300 s by BBR BS EN 14771 °C TBR A A A
T o3, by BBR °C TBR A A A
Pendulum Cohesion, min BS EN 13588 Jem? TBR A A A
Fraass breaking point, min EN 12593 °C TBR A
Notes:
AS=As Supplied;  STA=Afler EN 12607-1 (RTFOT)*  LTA=After PAV8S *
* An ageing profile determined in accordance with clause 953 is an acceptable alternative to STA and PAVSS.
Al]teststobecamedoutonsub—samplescfamglehﬂksampleoﬂnndﬁ
imum test frequency : A= Aaqually.
P ro posta es p an h ol Binder for EME2 FPC frequency (Indicated frequencies apply only if product is in regular supply.)
Characteristic Test method Unit AS STA |LTA
i Brookfield viscosity T200cP *C TBR A
e Inglesa BS T2000cP BS EN 13302 s TBR A
T5000cP © TBR A
G* and phase angle BS EN 14770 Pa, degrees TBR A A A
VET temperature, G’=G"’, at see ‘C TBR A A A
04Hz Clause 956
G* at the VET temperature Graphical output | Pa TBR A A A
G’ and G*” mastercurves 80°C Graphical TBR A A A
to 0°C output
G’ and phase angle at 15°C, Pa, degree TBR A A A
10Hz and 20°C, 1Hz
Ts=300MPa by BBR BSEN 14771 |°C TBR AQ). [ AQ) [ AWQ)
Tm=0.3, by BBR C TBR A(Q) [AQ | A(Q




G* a 15°C

B

&%O
>t,4<

%@%@

0 A OO %/45

W W e
D OO O o

S°C, 10 Hz RT (°)

1
‘s
4

at

o 32
0.E+00 5.E+07 1.E+08

IG*| at 15°C, 10 Hz RT (°C)

¢ PEN X RMA 4 PMA




Curva mestre

Varredura de frequéncia

1E-08 1E-04 1E+00 1E+04
Frequency, rad/sec

Phase (deg)

</

-’

w -7
VARREDURA DE FREQUENCIA

Q
E [ Resposta do material ao aumento de
3 frequencia é monitorado a amplitude
o constante (tensdo ou deformacdo) e
.g temperatura.
?. Tempo
=

0UsOs

0 Propriedades = modulos a carregamentos curtos e longos
1 Extens@io do tempo ou faixa de frequencia com TTS = superposi¢do de
tempo e temperatura o




AF a 65°C, 1Hz apo6s RT x G* a 65°C, 10 Hz apos RT

o at 65°C, 1 Hz RT (°)

20
85
80
75
70
65
60
55
50
45

A russo T

0.E+00 S E+03
IG*| at 65°C, 10 Hz RT (°C)

1. E+04

¢ PEN X RMA 4 PMA




Conclusdes - Ensaios reologicos

Indices que distinguem ligantes modificados dos n3o modificados

e BTSV,

e AFa65°C,1Hzapds RT XG* a65°Ca 10 Hz apds RT;

Parametro espanhol AF e Temperatura apos RT ( 50 KPa);
 Asfalto russo é sempre visto como outlier;

e G*al5°Cal0Hz

* R, GRP e delta Tc nao parecem ser interessantes de ser explorados




Outros ensaios para misturas quentes




Especificacao australiana — parametro de resisténcia a deformag¢ao permanente
Asfalto modificado 2020

EpE Table 8.2:  Properties of Polymer Modified Binders for Asphalt Applications
Counterweight cable
Test method Class A35P A25E A20E A15E A10E
Displacement transducer Binder pmpeny
Drive motor Q ASINZS Viscosity at 165 °C (Pa.s) max.(" 0.6 06 06 09 1.1
Counterweight 2341 4 or
— AGPT/T1111
f:;':‘e""eigh‘ AGPT/T122 Torsional recovery at 25 °C, 30 s (%) 6-21 17-30 38-70 55-80 60-86
AGPT/T131 Softening point (°C) 62-74 52-62 65-95 82-105 88-110
Pull rod collar Outotrangs LED
~ al . AGPT/T125 Stress ratio at 10 °C min. TBR® TBR TBR TBR TBR
Initial clearance gap
Load cell ‘ AGPT/T121 Consistency 6% at 60 °C (Pa.s) min.®» 1000 400 500 900 1000
Pull rod inner cylinder AGPT/T121 Stiffness at 25 °C (kPa) max. 120 45 35 30 30
coupled to drive
[El] ——— AGPT/T108  Segregation (%) max. 8 8 8 8 8
Outer cylinder
Annular aftached to AGPT/T112 Flash point (°C) min. 250 250 250 250 250
sample sample holder
AGPT/T103 Loss on heating (% mass) max. 0.6 0.6 06 0.6 06




Especificacdao australiana — parametro de resisténcia a fadiga - taxa de tensao a 10°C
Asfalto modificado 2020

Razao de tensao= Tensao (10 def.) /Tensao (3 def.)

SRS ERRACHEe S Table 8.2:  Properties of Polymer Modified Binders for Asphalt Applications
Test method Class A35P A25E A20E A15E A10E
Binder property
ASINZS Viscosity at 165 °C (Pa.s) max.(" 06 06 06 09 11
23414 or
AGPT/T1110

AGPT/T122 Torsional recovery at 25 °C, 30 s (%) 6-21 17-30 38-70 55-80 60-86

AGPT/T131 Softening point (°C) 62-74 52-62 65-95 82-105 88-110
AGPTIT125 Stress ratio at 10 °C min. TBR®@ TBR TBR TBR TBR
AGPT/T121 Consistency 6% at 60 °C (Pa.s) min.®» 1000 400 500 900 1000
AGPT/T121 Stiffness at 25 °C (kPa) max. 120 45 35 30 30
AGPT/T108 Segregation (%) max. 8 8 8 8 8
AGPT/T112 Flash point (°C) min. 250 250 250 250 250

AGPT/T103 Loss on heating (% mass) max.




Dutilidade Pocker chip — parametro de resisténcia a fadiga - TEXAS

Ductility (%)

200

100

o Circle Size — ESALs (since construction)
(Range: 0.1M, smallest to 5M, largest)
Color — Asphalt Content (%)
(5] (Cirlces without color do not have data)
@
I - N [ ——. (—————— N——
Q
o
0 o
o
O
g o
o]
®) °
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Fatigue Cracking (%)

6.4

6.2

58
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454

15.2

Tensile Stress (kPa)
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© RAP
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400 ESERRNR08 08 8 o
200 T Bogg
0 el
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300 T T r
o
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DOT Texas - e DSR ao invés de BBR com placa 8mm

Low TEMPERATURE DYNAMIC SHEAR RHEOMETER TESTING OF ASPHALT BINDER TxDOT DESIGNATION: TEX-554-C

Test Procedure for

LOW TEMPERATURE DYNAMIC SHEAR RHEOMETER =&
TESTING OF ASPHALT BINDER y A%

TxDOT Designation: Tex-554-C
Effective Date: October 2024

» Condicionar amostra a PG +10°C) for 2100 s;
» Testar amostra em placa 8mm com taxa de deformacao de 1% na frequéncia angular de 10 c/s;
» Reportar a média G* e & nos ultimos 5 ciclos.




DENT — AASHTO 425-23 — parametro de fadiga

a = vanable
40 mm

(a) Ligament definition

@y

H
“
L 4
]
]

£

H
¢ = o w - -
asiacamert pren)

(b) Test samples and ductility instrument (c) Typical DENT test rest
Figure 10. FHWA DENT Test (28).

Displacement (mm)
()




Parametros de desempenho para mistura a frio




Emulsoes — PG (NCHRP) Inicialmente NCU

- Residue . Fresh Emulsion
r- : |
_—
DSR Temperature- Mi %SCRT n
Frequency Sweep inJ. (Tw RV

G™* at Critical phase angle

Low Temperature
Aggregate Loss (Chip
Seals) &
Thermal Cracking
(Microsurfacing)

Bleeding (Chip Seals) &
Rutting (Microsurfacing)

Figure 2.1.

for emulsions.

Sprayability,
mixability, drain-
out, storage
stability
(Supplier Spec)

Workability & Stability

Recommended EPG specification tests




NCHRP 09-63: A Calibrated and Validated National Performance
Related Specification for Emulsified Asphalt Binder

Field Projects 2020-22

Projetos de campo: 2019-2020

TABLE 12. Field Experiment Projects

PROJECT INFO
Actual
Project # Route/Street City/Town State Agency Type Construction
Date
1 Rt. 80 Sherburne NY NYSDOT Chip Seal w/Fog and Sand 9/6/2019
I g R R 3z i 2 RT. 11 Homer NY NYSDOT Chip Seal w/Fog and Sand 7/17/2020
FIGURE 1. Location of NCHRP 09-63 Field Projects (shaded) 3 PadgettRd. | Union Mills NC Rutherford Co. Double Chip Seal 7/22/2020
4 Rt 98 Rouses Point NY NYSDOT Double Microsurfacing 8/10/2020
5 SR 117 Belle Center OH OHDOT Microsurfacing 8/20/2020
6 CR 2 Colgan ND Divide Co. Micros urfacing 8/27/2020
7 US 85 Fortuna ND NDDOT Chip Seal w/Fog 8/28/2020
8 Norris Peak Rd Rapid City sD Pennington Co. Chip Seal w/Fog 9/1/2020
9 US 6 Dyer NV NVDOT Chip Seal w/Fog and Sand 9/10/2020 n-
10 SW Gage Blvd Topeka KS Mis sion Township Chip Seal 9/17/2020
11 CR 660 Farmville VA Cumberland Co Double Chip Seal 9/21/2020 |
12 Beulah Road Vienna VA VDOT Micros urfacing 9/22/2020
13 Amants Road North East MD Cecil Co. Slurry Seal 9/25/2020 J




Classificacao da emulsao - EPG

B Examples of chip seals EPG

Classification of L Residue high and
emulsified asphalt Workability index of low temperature
performance emulsified asphalt index
Proposed EPG Grade I Fresh Emulsion Tests [ Residual Binder Tests I
Pass &
Existing Grade or
Emulsion Fall at Test
Name Temp/
P 7 9 Traffic Level
CRS-EPG67-
CRS-2 (NC) L
Fail
| Fail
Low 6.75 Pass at Low 14 Pass at Low CRS-:;LGG?-
CRS-2L (F) - _— Med 1.1 Pass 1.0 Pass 180 Pass 350 Pass 6.75 Fail ot Med 18 Pass ot Med Fail
High 6.75 Fail at High 14 Fail at High Fail
Low 2.5 Pass at Low 4 Pass at Low CRS'IE:LGH—
CRS-2P (A) Med 0.3 Pass 1.0Pass 80 Pass 450 Pass 2.5 Pass at Med 4 Pass at Med CRS;;P:E»‘I-
High 2.5 Pass at High 4PassatH from NM7

Emulsao catidnica ruptura rapida
Temperatura pavimento 67-19
Baixo trafego




EUA e Africa do Sul - requisitos de desempenho preliminares
EUA

Property

Africa do Sul

Engi 2
Property

Tests on Fresh Emulsion Properties (Constructability)

Test Mcthod Test Mcthod Parameter(s) Mcasured

| Paramecteri{s) Mecasured

Modified ASTM D6930 — A Rotational viscosity, n

Storage Stability”

B 24-hour separation ratio (Rs)

Storage [\)'6':’;3“1 g L - EO:L:";E::— :cl;:::::mq e e C 24-hour stability ratio (Rd) »
Sesbiliey e = C-24-hour Seability . = Modified AASHTO TP 48 - N , DETERMINATION
s Ratio (Re) nrayabhility Rotational Viscometer Rotational viscosity, n, @ high shear rate < OF VISCOSITY OF
Modified AASHTO = Rotational Viscosity, 1 — ASPHALT BY
Sprayability I,':"“ f B — = il sl i 0 Drainout® MOdjf,‘Ed AASHTO TP 48 - Rotational viscosity, n, @ low shearrate ROTATIONAL
soomcter 1/sec) Rotational Viscometer n VISCOMETER
Modaficd AASHTO = Rotational Viscosity, n =
Dirain-Out I-PJE\'-Rntauonal - (@ lo_\\ shear rate (XX Mixability‘ M()d!flPd AASHTO TP 4R - Rotational viscosity, n, @ S rpm
moometer 1/sec) Rotational Viscometer A

Resastance to

AASHTO TP 91-11

A-Minmmum Pull-Out

Early : Tensile Strength (POS) . o Modified ASTM D3121 - Rolling Rolling distance, time to 25 an rolling
Batumen Bond s =
N a—— Strength (BBS) @ XX brs. of Curing Cuding Tiene Ball Test distance
Curmg Timc
Residoe Recovery Method: ASTM D7497 Method B

Rosastance to

Blccding and : ;:rl::.:\- Scnsstrvity

Flushmg 2 i = Performance Characteristic Test Method Parameter(s) Measured
Bstumen Bond * Wet and Dry Pull-off : i Multiple Stress ep and Non-recoverable Creep
Serength Test Bond Strength Rutting at High-temperature EPG - g

Resistance (AASHTO TP-91) = Moisture Damagc ratio cover) st Compliance, J,,

Raveling

DSR-Lmncar
Amplitudc Test

Stramn at maxanum
Stross

Early Fatigue

S LAS)
ccp Test | 1

Number of Cycles to
faslure (N at specificd
%% Strain

Thermal Cracking at Low-
temperature EPG

Dynamic Shear Rheometer
Frequency Sweep Test

Dynamic Shear Modulus (G*)

v A
At Ueritical

Polymer
Identificr

Elastsc Recovery
DSR

e recovery

Tests on PAV Aged (AASHTO R2S) Materials

Late Fatiguc

T—

Swe Tost (LAS)

Cycles to faslure (N at
specified %6 Stram
Agmg Susceptibality

Resaistancc to
Thermal
Cracking

DSR Froequency
Swoop to cstimatc
BEBR propcrtics.

Estmmatod S{(60). m{60)




Trabalhabilidade

Simulacao do processo de aplicacao

Testes na emulsao virgem - propriedades de trabalhabilidade

Propriedade Método Parametro medido
Pulverizabilidade viscosidade rotacional
150 rpm
Drenagem TS AASHTO TP 48 viscosidade rotacional
modificado > rpm
Mixabilidade
Micro viscosidade rotacional

srpm

1800

1600 1
1400 -
1200 { o<
1000 4

Viscosiity (cP)
oD
S

o 8 8B

Pumping and Spraying: High Drain-out Low
Handling : Low Shear rate= Shearrate= 4 65 4%
Shearrate=d4 654 140 ¢

2

L S LY TS e
"‘H.o..1 —s—CRS-L
—+—HFRS-2
] LO‘-..;-;H“QO ;&.0;0¢l“¢.’c11 —.—CRS:P l}';
Mg
; L =
Time (min) from NCHRPS37

Sparayabiity ~ Drainout
Mixability

Etapa 1 — Emulsao no tanque — manuseio e bombeamento - 5 rpm
Etapa 2 — Pulverizacao da emulsao (TS) — 150 rpm
Etapa 3 — Drenagem (TS) e Mixabilidade (Micro)na superficie do pavimento- 5rpm




Trabalhabilidade

Testes na emulsao virgem - propriedades de trabalhabilidade

Propriedades

Método

Parametro medido

Estabilidade a
estocagem

ASTM D 6930/19
modificado
Amostra estocada
sedimentacao

viscosidade rotacional

B - 24 horas razao de
separacao (Rs)
(ntopo/ nfundo)

C-24 horasrazao de
estabilidade
n Antes / n Depois
condicionamento (Rd)

Resisténcia a cura
precoce

A - minimo resisténcia

AASHTO TP 91-11 BBS atracao POS
Resistencia a adesao
do ligante XX 'h de tempo de cura

——

ol A N

al (AT ) |a

b b N \—/ | A A
N\ A

Qu

_ 4
-
L Rate Control !
| F-TRN
P JANTUM GOLD




NCHRP 09-63 Draft EAPG Specification (V1): Chip Seals

i1 1

Emulsion Performance EPG 55 EPG 61 EPG 67

Grade 19| 25| 31| 37| 43|13 ] 19 -5 31| a7 13 19 -25] 31
Surface design high «% <81 «8?
temperature’ 'C
Surface design low el | »o28 | »30 | 23T | 83| 2ol | 2odF | 228 | »e30 | »o37 | 22 | 2e08 | 228 | »-M2
temperature’, 'C
Tests on Recovered Residue (AASHTO R78, Procadure B)
High Temperature Parameter
G*fsin§20.65kPy, 10rad/s @ 58 6l 67
Test Temperature, *C*
Low Terrperature Parameter
G* 2t &, MPa’
Low Traffic*
G* £30MPa @ 6, degrees , , i A
HU'-Tnﬂk ot B 48 | 45 | 42 | 39| 6 | SL | 8| &5 | 4 39| S1 | 48| 45 | @2
G* $15 MPa @ 8. dogreas

OPTIONAL Polymar Presence Indicator

Max. § at T, degrees’ | nfa |nfalnfa| 84 ] 80 | nfa]nfa]na| 8] 8 |[na|na| 84| 80

NOTES:

1 Determined at the pavement surface to represent the high and low design temperature for the EPG. Temperatures may be determined
from experience or may be estimated wsing equations LTPPBind Online, modified to represent the expected surface temperature. High
surface temperatures are generally 3°C to 4°C greater than those determined for PG asphalt binders used for paving.

1 AASHTO T315 is used to determing the G°/sin & value of the EPG asphalt binder.

3 G" 914, s determined using temperature-fréquency Sweep testing at 5 and 15°C following the research test procedure descnbed in
NCHRP Report 837.

4 Low traffic is defined as having an AADT of 1,000 vehicles or less

§ High wraffic is defined as having an AADT greater than 1,000 but less than 20,000 vehidles

6 Phase angle (6) is determined 2t the continuous high temperature grade = T, = where G*/sin § = 0.5 kPa. Two temperatures are
needed - one where G*/sin § < 0.65 kPa and one where G*/sin § > 0,65 kPa - 50 that the phase angle can be interpolatad at the
temperature where G*/sin § = 0.65 kPa




Obtencao do residuo da emulsao

ASTM D7944-15 Standard Practice for
Recovery of Emulsified Asphalt Residue
Using a Vacuum Oven

Estufa a 70°C e vacuo de 90mBar por 2
horas

07944. | 24 horas a temperatura ambiente seguido
por 24 horas em estufa de ar forcada a
60°C




Resistencia a deformacao permanente

EPG 55 EPG 61 EPG 67

Computer

Grau de desempenho da emulsao -19 -25 -31-37 -43-13 -19 -25-31-43 -13 -19-25 -31
Temperatura baixa do pavimento, °C 55 61 67

Temperatura alta do pavimento, °C ~ -19 -25 -31-37 -43-19 -25 -31-37 -43 -13 -19-25 -31
Testes no residuo da emulsao

Ensaio 25 mm Plates 8 mm Plates

G*/send> 0,65kPa, 10 rad/s na Upper Upper
~- Lower -, Lower

temperatura teste 55 61 67 ,« i; ' I \




Resistencia a trincamento

Computer

Grau de desempenho da emulsao EPG 55 EPG 61 EPG 67

-19| -25/-31]-37|-43|-13| -19| -25|-31|-43| -13| -19]-25| -31

Temperatura baixa do pavimento, °C 55 61 67

Temperatura alta do pavimento, °C | -19| -25/-31|-37|-43|-19|-25| -31|-37|-43| -13| -19-25| -31

o

Testes no residuo da emulsa

25 mm Plates 8 mm Plates

G* adc, MPa Upper Upper
- Lower -~ Lower

’Qﬁ* 0 \

Baixo trafego

G <30Mpaabdc, ° 48 | 4542|3936 |51/48|45|42|39|51 |48 (45|42

Alto trafego

G<15Mpaadc, °




Especificacao australiana — parametro de resisténcia a deformag¢ao permanente
Emulsao modificada 2020

TABLE 511.4 PROPERTIES OF PMB FOR SPRAYED SEALING

Balance wheel Binder Class
i Counterweight cable
S45R
. S10E S20E S25E S35E
Displacement transducer Binder Property Test Method (Note 2)
: hsﬂt.’e.ss ratio &t 10 °C AG:PTIT125 Repot | Repot | Report | Report | Report
. inimum
Drive motor g
1 Counterweight ;
Consistency 6% at 60°C AG:PTIT121 s
N | ‘ (Pa.s) Minimum (Note 1) 300 = — - aae
Counterweight Stiffness at 15°C (kPa) AG:-PTIT121 140 N/A N/A 180 Report
cable Maximum ’ e
Stiffness at 25°C (kPa) :
Pull rod collar i Out of range LED i gl AG:PTIT121 N/A 35 30 N/A N/A
Initial clearance gap 9
Compressive Limit at ; 2
Load cell n 70°C, 2kg mm (minimum) AG:PTIT132 N/A N/A N/A N/A 0.2
Pull rod = Inner cylinder \F; . - .
p Viscosity at 165°C (Pa.s) AG:PTIM111 or
led to d i J A . 4 4.
ﬁ o e Maximum (Note 3) ASINZS 23414 | O5° 08 09 03 >
Outer cylinder Flash Point (°C) Minimum | AG:PT/T112 250 250 250 250 250
Annular attached to
sample sample holder Loss on Heating (% mass)
it AG:PT/T103 06 06 06 0.6 0.6




Especificacdao australiana — parametro de resisténcia a fadiga - taxa de tensao a 10°C
Emulsao modificada 2020

Razao de tensao a 10°C

TABLE 511.4 PROPERTIES OF PMB FOR SPRAYED SEALING

Binder Class
S45R
Binder Property Test Method | [ | e )
Stress ratio at 10 °C ;
Minkrnan AG:PTIT125 Report Report Report Report Report
Consistency 6% at 60°C AG:PT/T121 ”
(Pa.s) Minimum (Note 1) %00 =00 900 250 800
Figure 9.1: Distressed binder after testing
Stifiness at 15°C (kPa) AG:PTIT121 140 N/A N/A 180 Report
Maximum
Stifiness at 25°C (kPa) AG:PTIT121 N/A 35 30 N/A N/A
Maximum
Compressive Limit at AG:PT/T132 N/A N/A N/A N/A 0.2
70°C, 2kg mm (minimum)
Viscosity at 165°C (Pa.s) AG:PT/T111 0or
Maximum (Note 3) AS/NZS 23414 e - as s e
Flash Point (°C) Minimum | AG:PT/T112 250 250 250 250 250
Loss on Heating (% mass) :
Sk AG:PT/T103 0.6 06 06 06 0.6




Conclusdes — Ensaios reoldgicos EPG

* Ensaios de trabalhabilidade devem ajudar na aplicacao;

* Ensaios reoldgicos no residuo da emulsao podem vir a garantir a sele¢ao do ligante
de acordo com clima e trafego;

* Mais testes em campo nos estados americanos irao melhorar ainda mais a escolha

dos ensaios e dos limites;
A concepc¢ao da especificacdo australiana esta relacionada apenas ao AMP usado na

emulsao, ainda leva em conta alguns ensaios empiricos;
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