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4.4 Specifying asphalt binder and checking
their quality

Laboratory tests and properties of asphalt

GENERAL
U The purpose of the laboratory tests performed on asphalt is to

» Define its characteristic properties, so as to ascertain its suitability and predict its
behaviour during the service life of the pavement.

U The term characteristic properties include all properties, such as
» Technological

«» Technological properties are those defined by empirical and not fundamental tests, unlike the
mechanical and rheological properties

» Mechanical
» Rheological
» Physical
» Chemical




Laboratory tests and properties of asphalt

Testing Standards

O ASTM

» Stand for the American
Society for Testing and
Materials

Q0 AASHTO

» Stand for American
Association of State
Highway and Transportation
Officials

Standard Test Method for
Penetration of Bituminous Materials’

L. Scope

1.1 This test method covers determination of the penctration
of semi-solid and solid bituminous materials.

1.2 The needles, containers and other conditions described
in this test method provide for the determinations of penetra-
tions up 1o 500.

ulsion residue

Nore |1—For guidance in preparing and testin
f f Test Method

for this test method, please refer 1o Section 33

1.3 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents; therefore, each
system shall be used independently of the other. Combining
values from the two systems may result in nonconformance
with the standard

14 This standard does not purport 1o address ail of the
safery concerns, if anmy, associated with its use. It is the
responsibility of the user of this standard 1o establish appro-
priate safery and health practices and determine the applica-
biliry of regulatory limitations prior to use.

E2251 Specification for Liquidein-Glass ASTM Thermor-
cters with Low-Hazard Precision Liquids

2.2 ANSI Standard:

B46.1 Surface Texture’

2.3 ISO Standard:

ISO Standard 468 Surface Roughness—Parameters, Their
Values and General Rules for Specifying Requirements®

3. Terminology
3.1 Definitions:
301y istency of a bi material
expressed as the distance in tenths of a millimetre that a
standard needle vertically penetrates a sample of the material
under known conditions of loading, time, and temperature.

4. Summary of Test Method

4.1 The sample is melted (if starting ai ambient tempera-
ture) and cooled under controlled conditions. The penetration
is measured with a penetrometer by means of which a standard
needle is applied to the sample under specific conditions.

Laboratory tests and properties of asphalt

[ Consistency tests

% Penetration test (ASTM D5)
% Softening point (ASTM D36)
Ductility test (ASTM D113)

% Absolute (dynamic) viscosity (ASTM D2171,
D4402)

% Kinematic viscosity (ASTM D445 and D2170)

o%

o%

®
°n

o%

o%

Durability tests

* Thin Film Oven test (ASTM D 1754 )

% Rolling Thin Film Oven Test (ASTM D 2872 )
% Distillation of Cutback Asphalt (ASTM D402)
% Loss on heating (ASTM D6 )

D3

RS

RS

RS

O Purity tests

«»* Solubility in Trichloroethylene (ASTM D2042 )
*»* Presence of water (ASTM D95 )
« Water content (ASTM D95)

O Safety tests

*»* Flash and fire point test (ASTM D1310 )

[ Other tests

«» Specific Gravity (5.G) (ASTM D70 )
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1.12: ASTM D36 :Softening point

Softening point test

ASTM D36

O ASTM D36
» Standard Test Method for Softening Point of asphalt (Ring-and-Ball Apparatus)
O Scope

> This test method covers the determination of the softening point of asphalt in the range from 30 to 157 °C
using the ring-and-ball apparatus immersed in

++ Distilled water (30 to 80°C)
«»  USP glycerin (above 80 to 157 °C)
O Significance and use
» To determine the temperature at which a phase change occurs in the asphalt cement

> It is used to measure the consistency of asphalt at elevated temperature empirically




Softening point test
ASTM D36

U Softening point test is defined as

» The temperature at which material under
standardized test conditions attains a
specific consistency

»> It is the temperature at which an asphalt
cement cannot support the weight of a
steel ball and starts flowing

Softening point test =
ASTM D36 M

O Summary of Test Method

» The softening point is the mean of the temperatures at
which the two discs soften enough to allow each ball,
enveloped in bituminous binder, to fall a distance of
25.0 mm




Softening point test

ASTM D36
. 8

ASTM D5: Penetration test

Test Idea

Medium :

Extra Hard

10

10




Pavement Materials & Design

Asphalt __I\/laterlals

Penetration test

ASTM D5 :Standard Test Method for Penetration of Bituminous Materials
O Scope

> This test method covers determination of the penetration of semi-solid and solid bituminous materials

O Penetration is defined as

» Consistency of a bituminous material expressed as the distance in tenths of a millimeter that a standard
needle vertically penetrates a sample of the material under known conditions of loading, time, and
temperature

O Significance and Use

» The penetration test is used as a measure of consistency at intermediate service temperature

» At 25°C, there is not simple method to measure the consistency of asphalt binder

«+ This temperature a approximates the average service temperature of the HMA pavements

®,

% Thus, the penetration test is used to measure the consistency of asphalt binder at this temperature
empirically

» Higher values of penetration indicate softer consistency.

BEFORE AFTER 5 SECONDS 12

12



Penetration test
ASTM D5

U Penetration measurement

» The standardized needle first touches the
surface of the asphalt binder specimen and
then is allowed to penetrate into the mass
of the specimen under the influence of its

own weight and an additional mass so that
the totalload 15 1000.1 g, or o period of 5

S.

» After loading, the penetration depth of 100 g PENETRATIUNT

the needle is measured in 0.1 mm or e e
decimillimetres (dmm). 100 g

< For example, if the needle penetrates 8
mm, the penetration of asphalt cement is
80

» This unit is also called ‘pen’

ASPHALT.

% 1pen=0.1mm CEMENT

BEFORE AFTER 5 SECONDS
13

13

ur the melt into the container to a
mm in e s of the expected
om ( and allow
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1.14: ASTM D946 :Penetration Grading system

Penetration Grading system
ASTM D946

U Binder are classified based on penetration test results
U Five penetration grades are specified

Penetration

Grade min. max.

40=50 40 a0
GO=70 G0 TO
B5=—100 (i) 100
120=150 120 150
Z00=-300 200 300

16
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ASTM D5: Penetration test
Test Idea
Medium
Hard Extra Hard
Hard
Penetration

Grade min. max.

40=50 40 50

Gil=T0 B0 70

B5=100 B5 100

120=150 120 150

00— 200 300 AFTER 5 SECONDS

17

Penetration Grading system
ASTM D946

U The selection of the most suitable grade is based on

» The climatic

» And traffic conditions encountered.

U The softest grade (200-300) is used in cold climate, while the hardest grade (40-50) is used
in hot areas (WHY)

U The system also add specification for:
» Flash point test
» Ductility
» Solubility
» Thin film oven aging

% Penetration

K3

< Ductility

18
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Requirements for Penetration Graded Asphalt Cement

ASTM D946

Penetration Grade
40-50 60-70 85-100 120-150 200-300

Min Max Min Max Min Max Min Max Min Max
Penetration at 25°C [77°F], 100 g, 5 s 40 50 60 70 85 100 120 150 200 300
Softening Point, °C [°F] 49 [120] 46 [115] 42 [108] 38 [100] 32 [90]
Flash point, °C [°F], (Cleveland open cup) 230 [450] 230 [450] 230 [450] 220 [425] 175 [350]
Ductility at 25°C [77°F], 5 cm/min, cm 100 100 100 100 100%
Solubility in trichloroethylene, % 99.0 99.0 99.0 99.0 99.0
Retained penetration after thin-film oven test, % 55 + 52 + 47 + 42 + 37 +
Ductility at 25°C [77°F], 5 cm/min, cm after thin-film 50 75 100 100

oven test test

AIf ductility at 25°C [77°F] is less than 100 cm, material will be accepted if ductility at 15°C [60°F] is 100 cm minimum at the pull rate of 5 cm/min.

19
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JORDAN PETROLEUM REFINERY CO. LTD
Specifications of Asphalt 60-70

S.N | Characteristics Test Method Control Limits
1 | Ductility @ 25 °C, 5cm / min. | em | ASTMD113 |  Min.100 |
2 | Flash Point | € |  AstMD92 | mMmin.232 |
3 | Penetration @ 25 °C, 100g, 5 sec. | 0imm | AstMDs | 60-70 |
4 | Solubility in Trichloroethylene | Mass % | ASTM D2042 | Min. 99.0 |
5 | Performance after Thin-film Oven Test_ ASTM D1754 |
51 | Retained Penetration. | % | AstMbps | Min. 52+ |
52 | Ductility at 25°C, 5 cm/min. | em | AsTMD113 |  Min.50 |

! This specification is based on Jordanian Technical Regulation # JS 612:1989, and ASTM D946/D946M-15 for Asphalt- Penetration Graded Asphalt
Cement for Use in Pavement Construction.
The asphalt binder shall be homogeneous, free from water and foreign matter, and shall not foam when heated to 175°C.

21

21

JORDAN PETROLEUM REFINERY CO. LTD
Specifications of Asphalt 85-100

S.N | Characteristics Test Method Control Limits
1 | Ductility @ 25 °C, 5cm / min. | cm | ASTM D-113 | Min. 100 |
2 | Penetration @ 25 °C, 100g, 5sec. | 01mm | ASTM D-5 | 85 - 100 |
3 | softening point | °c | ASTM D-36 | Min. 42 |
4 I Solubility in Trichloroethylene | Mass % I ASTM D-2042 I Min. 99 |

" This specification is based on ASTM D — 946/946M — 15 Standard Specification for Penetration-Graded Asphalt Cement for Use in Pavement
Construction

22

22
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What do you think
(V) |] dwdawd llalsd! | | Olgias duaks B aolxs

&

CONCLﬁSlO

Maximizing All properties is Impossible

r\m%to make’ A COMPROMISE

https://www.youtube.com/watch?v=rnyVkmspfsw&t=3243s

24
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CONCLUSION

Maximizing All properties is Impossible

We have to make A COMPROMISE

https://www.youtube.com/watch?v=rnyVkmspfsw&t=3243s 26
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1.16: Asphalt Viscosity

13



Asphalt Consistency

Viscosity definition and type

33

33

Viscosity
Definition

O Viscosity is

» The measure of a fluid's resistance to

flow
» A fundamental characteristic property f)

of asphalt ‘
% Since it determines the way, it will —

behave in a specific temperature or
at a range of temperatures

high viscosity low viscosity

34

34




Viscosity pefinition and types

35

35

Viscosity
Definition and t
NEWTON'S LAW OF VISCOSITY
M
V —_— —
,\ P
dynamic viscosity kinematic viscosity
36
36
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Viscosity
Units

centipoise

)

P Raies=— 1.cP

0.000001m?- s ' = 1¢St

/

centistokes

0.000lm?-s ! = 1St

37

37

Relation between Kinematic and absolute viscosity

Units' derivation

38

38
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centipoise

Viscosity \

O

ENGINE 0IL

] Rags=— 1 cP

0.000001m?- s = 1¢St

/

centistokes

500 10,000
CENTIPOISE CENTIPOISE CENTIPOISE

39

39

. . centipoise
Viscosity \
@ @ 2 © o o N
0.000001m?- s™! = 1c¢St
Press the play button to drop the balls into the beakers ]
centistokes
[ ] .‘—/{ ‘\_/. o i j
Bitumen: Peanut Butter: Ketchup: Maple Syrup: Olive 0Oil: Coffee Cream:
6,000,000 cP 800,000 cP 80,000 cP 6,000 cP 100 cP 10cP

40

40
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Why asphalt viscosity is important ?

What do you think ?

Why asphalt viscosity is
important ?

42
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Why asphalt viscosity is important ?

O Asphalt Processing

1. Storage and Handling

Mixing

2
3. Compaction
4. Application (for liquid asphalt )

elastic
solid

viscous
fluid

43

43

Why asphalt viscosity is important ?

19



Why asphalt viscosity is important ?
Laboratory Mix Compaction

45

45

Why asphalt viscosity is important ?
Field Mix Compaction

46
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Conventional flexible pavement layers
Application ( for liquid asphalt ) + Mix Compaction

APPLYING PRIME COAT

47

47
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State Qven dry Air dry Saturated, Damp or wet

surface dry
A
I\\__,/ j S
Total None Less than Equalto  Greater than

potential potential absorption
absorption absorption

Moisture

Moisture conditions of aggregates

Oven dry Air dry Saturated, Damp or wet
surface dry

Granite aggregate at various moisture conditions

53

53
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1.18: ASTM D3381:Asphalt Viscosity Grading system
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Viscosity Grading system based on original asphalt cement
(AC system)

ASTM D3381

U This specification covers asphalt cements graded by viscosity of original sphalt cement at
60 °C for use in pavement construction.

O Six penetration grades are specified

Grade Dynamic Viscosity, 60°C , Pas
AC-2.5 25+5
AC-5 50 + 10
AC-10 100 + 20
AC-20 200 + 40
AC-30 300 + 60
AC-40 400 + 80

66

66
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ASTM D1754:Thin Film Oven test (TFO)




Thin Film Oven test (TFO)
ASTM D1754:

O TFO test measures the combined effects of heat and air
on a film of asphalt or bituminous binder

» Which simulate hardening (durability) characteristic
of asphalt binder during mix production and
construction (Short-term ageing )

O The consistency of the material is determined before
and after the TFO procedure using either the penetration
test or a viscosity test to estimate the amount of
hardening that will take place in the material when used
to produce plant hot-mix asphalt.

O The specimen shall have a
» minimum percentage retained penetration

» or maximum viscosity

Asphalt cement (original)

NS

Short-term aging

NS

Consistency tests (Asphalt residue )

Viscosity Penetration Ductility

76

76

ASTM
D1754

26



Thin Film Oven test (TFO)
ASTM D1754

Pan

Rotating
Shelf

Outside of Oven

hermometer

78

78

U Consistency tests Q

«»* Absolute (dynamic) viscosity (ASTM D2171,
D4402)

* Kinematic viscosity (ASTM D445 and D2170)
* Penetration test (ASTM D5)
* Softening point (ASTM D36) D
%+ Ductility test (ASTM D113)
ad

O Durability tests

* Thin Film Oven test (ASTM D 1754 )

* Rolling Thin Film Oven Test (ASTM D 2872 )

» Distillation of Cutback Asphalt (ASTM D402)
» Loss on heating (ASTM D6 )

B3

*,

DR

”oe

D3

*,

DR

D3

Laboratory tests and properties of asphalt

Purity tests

«»* Solubility in Trichloroethylene (ASTM D2042 )
*»* Presence of water (ASTM D95 )

« Water content (ASTM D95)

Safety tests

*»* Flash and fire point test (ASTM D1310 )

Other tests
«» Specific Gravity (5.G) (ASTM D70 )

79

79
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Rolling Thin Film Oven Test

ASTM
D2872

80

[ Consistency tests

«»* Absolute (dynamic) viscosity (ASTM D2171,
D4402)

% Kinematic viscosity (ASTM D445 and D2170)
% Penetration test (ASTM D5)

«»* Softening point (ASTM D36)

% Ductility test (ASTM D113)

>

o,

>

Durability tests

Thin Film Oven test (ASTM D 1754 )

* Rolling Thin Film Oven Test (ASTM D 2872 )

» Distillation of Cutback Asphalt (ASTM D402)
» Loss on heating (ASTM D6 )

KD
£

D3

D3

D3

Laboratory tests and properties of asphalt

O Purity tests
«»* Solubility in Trichloroethylene (ASTM D2042 )

*»* Presence of water (ASTM D95 )
« Water content (ASTM D95)

O Safety tests
** Flash and fire point test (ASTM D1310 )

O Other tests
«» Specific Gravity (5.G) (ASTM D70 )

81

81
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Flash and fire point test

ASTM D1310

0 ASTM D1310
» Standard Test Method for Flash and Fire Points by Cleveland Open Cup Tester
O Scope

> This test method describes the determination of the flash point and fire point of petroleum products by a
manual Cleveland open cup apparatus or an automated Cleveland open cup apparatus.

O Flash point is defined as

> The lowest temperature corrected to a barometric pressure of 101.3 kPa ,at which application of an
ignition source causes the vapors of a specimen of the sample to ignite under specified conditions of test

O Fire point is defined as

> The lowest temperature corrected to a barometric pressure of 101.3 kPa at which application of an
ignition source causes the vapors of a test specimen of the sample to ignite and sustain burning for a
minimum of 5 seconds under specified conditions of test.

82

82

Flash and fire point test
Why it is Necessary?

U Explosion of
asphalt tanks
due to excessive
temperature

https://www.youtube.com/watch?v=y-vm0ZopQoc 85

85
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1.19: ASTM D70:Specific Gravity (S.G)

Specific Gravity (S.G)
ASTM D70

U ASTM D70

» Standard Test Method for Density of Semi-Solid Bituminous Materials (Pycnometer
Method

U Scope

» This test method covers the determination of the relative density and density of semi-
solid bituminous materials, asphalt cements, and soft tar pitches by use of a pycnometer

QO Significance and Use

» The asphalt cement expands on heating, therefore, a specific gravity determination is
useful for

KD

< Making temperature-volume corrections

+» Determining the weight per unit volume of asphalt cement heated to its application temperature.

91

91
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Specific Gravity (S.G)

ASTM D70
Q Specific gravity is defined as specific
> The ratio of the mass of the material at a given Gravity =
temperature to the mass of an equal volume of
water at the same temperature.

O The specific gravity of pure bitumen is in the
range of 0.97 to 1.02.

O The specific gravity of tar is approximately
1.20.

Iron rich
sail

lighter e heavier = »

92

92

Specific Gravity (S.G)
ASTM D70

O Calculate the S.G. as indicated in the following equ:

(c-)
> 5.6 =—<8
-6 = i@n-w-o]

< Where

- A =mass of pycnometer (plus stopper),
- B =mass of pycnometer filled with water,
- C=mass of pycnometer partially filled with asphalt
- D = mass of pycnometer plus asphalt plus water.
» Density =5.G Xy, , Where
% yw = density of water at the test temperature (At 25°C, ¥, = 997.0 kg/m?3)

U The results reported the S.G at a given temperature for both asphalt and water
» Forexample, S.G of 1.02 at 15.6 C/15.6

» Means that the asphalt cement specific gravity is 1.02 when both the asphalt and water has temperature
of 15.6 °C

94

94
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Binder Grading
V/s. Binder verification
Vs. Binder Selection

Binder Grading

Goal: To grade unknown binder

Barrow Island

96
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Binder Verification
Goal: To verify the grade of binder

BITUMEN

GRADE 60/70

Penetration = 60-70

Refinery, Storage Tank

Penetration = ?7??7?7

97
97
Binder Selection &
Goal: To select satiable binder for specific project T
( byl tigad i n gt il 5 2023 0% )
Which binder should be selected for this project ?
98

98
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Asphalt Grading Systems

Asphalt binder grading systems

Available systems

U Grading By Chewing

U Penetration Grading system (ASTM D946)

O Viscosity Grading system based on original asphalt cement (AC system)
U Viscosity Grading system based on aged asphalt cement (AR system)
U Superpave Performance Grade (PG) system (AASHTO M320)

O (PG) plus tests

100

100



Penetration Grading system
ASTM D946

U Binder are classified based on penetration test results
U Five penetration grades are specified

Penetration
Grade min. max.
A=510 40 50
Gil=70 G0 F0
B5=100 #5 100
120=150 120 150
200=300 200 300

101

101

Viscosity Grading system based on
original asphalt cement (AC system)

ASTM D3381

U This specification covers asphalt cements graded by viscosity of original sphalt
cement at 60 °C for use in pavement construction.

U Six penetration grades are specified

Grade Viscosity, 60°C, Pas
AC-2.5 25+5
AC-5 50 + 10
AC-10 100 + 20
AC-20 200 + 40
AC-30 300 + 60
AC-40 400 + 80
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Viscosity Grading system based on aged asphalt

cement (AR system)
ASTM D3381

U This specification covers asphalt cements graded by viscosity of aged asphalt
cement at 60 °C for use in pavement construction.

» Tests are performed on Residue from Rolling Thin-Film Oven

U Six penetration grades are specified

Grade Viscosity, 60°C, Pas
AR-1000 100 + 25
AR-2000 200 + 50
AR-4000 400 + 100
AR-8000 200 + 40
AR-16000 1600 + 400

111
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Relation between different grading systems

Penetration Grades
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Relation between different grading systems

1000
Hard
E

100

g =)

10 -+

Penetration,

mPa-s

Soft
-50 0 50 100 150

Temperature, °C
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How Asphalt Behaves
Temperature Dependency

Stiffness (Response to Load)

elastic

*  Viscous behavior

* In hot conditions (e.g., desert
climate)

* under sustained loads (e.g.,
slow moving trucks)A

viscou
elastic fluid

solid

viscous : :

55

-30 25 60
/ Temperature, "C
* Elastic behavior

* Incold climates (e.g., winter days)
* Under rapid loading (e.g., fast moving trucks)

118

118

What laboratory
performance
assessment tests are
missing ?

WHAT DO
YOU THINK ?

119
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Temperature susceptibility

Stiffness (Pen)

65 | : *-.\
]
b i
My
e
¢
Tempearaturae C
ggggggggggggggggg 20
120
Temperature Susceptibility
o e Mg
O Defined as the rate of Tomp. D mmer Compaction

change of viscosity (or
other measure of
asphalt consistency)
with temperature

Log Log Viscosity (Stiffness)

25C (77F)

60C (140F)
Log Temperature

135C (275F)
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Temperature Susceptibility

hard

soft

Temperature, 2 C

vis 4

-15 25 60 135

Consistency
varies with
temperature

@ >

The penetration and viscosity asphalt specifications can classify different asphalts with the same grading,
when in fact these asphalts may have very different temperature and performance characteristics

Image source: https://rheofalt.com/ pen-corrector/empiical-pavement-design

123

123

Evolution of
rheological test
methods

in South Africa

Level of sophistication

Ageing

_____________________________________________________________ Damage indices
AT, GR
' MSCR deformation
""""""""""""""""""""""""""""""" ) @ H
o o !
"""""""""""""""""" ""'"""—
(y / i
@‘J i i
Asphalt
1900 1960 1990 2010
PenTest R&B Viscosity DSR BBR
Test Test
Short term Long term
PAV

http://www.scielo.org.za/scielo.php?script=sci_arttext&pid=$1021-2019201900030000:

124

40
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Asphalt I\/Iaterlals
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SuperPave Physical Tests For Asphalt Binders

125

SuperPave: The Future of Asphalt

U SuperPave is an acronym for Superior Performing Asphalt Pavements

U SuperPave is a new, comprehensive asphalt mix design and analysis system, a product of
the Strategic Highway Research Program.

O Congress established SHRP in 1987 as a five-year, $150 million research program to

improve the performance and durability of United States roads and to make those roads
safer for both motorists and highway workers.

> S50 million of the SHRP research funds were used for the development of performance-based asphalt
material specifications to relate laboratory analysis with field performance

126

126
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for a particular test became obsolete.

» adesired property parameter was set

O This was a fundamental change in binder testing philosophy.

> It allowed asphalt to be graded for the expected environmental conditions.
U Tests were incorporated in the PG system to reflect

» High temperature (rutting) behaviors

» Low temperature (thermal cracking) behaviors

» Binder aging (fatigue) behaviors

Performance Graded(PG) system philosophy

O Rather than specifying a test temperature for a physical property,

» the temperature that achieved this desired value was then determined via the prescribed test method.

O With the advent of the Performance Graded (PG) system, specifying a single temperature

128

128

SuperPave: The Future of Asphalt
SuperPave binder property measurements

Test Equipment

Performance Property

Rotational Viscometer

Dynamic Shear Rheometer

Bending Beam Rheometer
Direct Tension Tester —— |

Flow

Rutting

Structural
Cracking

Low Temp
Cracking

129
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SuperPave: The Future of Asphalt
SuperPave binder property measurements

Vo

Low temperature Intermediate temperature High temperature
properties properties properties
DTT DSR RV

< =

BBR FC:F B h
= g

-20

20 60
Hot-Mix Asphalt Temperature, °C

130

130

SuperPave: The Future of Asphalt
SuperPave binder property measurements

Fatigue léow I{?mp
Construction Rutting Cracking racking

| [
[V g %’ il

135 -20

Pavement Temperature, °C

131

131
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SuperPave: The Future of Asphalt

SuperPave binder property measurements

Fatigue léow L?me
. . ; rac
Construction Ruttmg Cracking /, o
[ [ [DTT]
==
R
n [RV] [DSR] [BBR] .
Pavement Age )
- RTFO - aging
No aging
PAYV - aging
132
132
SU]:l Equipment Purpose Performance Parameter
Su Rolling Thin Film Oven (RTFO) Simulate binder aging (hardening) during  Resistance to aging (durabiliry ) during
i HMA production and construction construction
Pressure ﬁgtﬁg Vessel (PAV) Simulate binder aging (hardening) during  Resistance to aging (durability) during
. ! HMA service life service life
Rotational \"iismmetcr (RV) Measure binder properties at high con- Handling and pumping
| struction temperatures
Dynamic Shear Rheometer (DSR) Measure binder properties at high and Resistance to permanent deformation
intermediate service temperatures (rueting) and fatigue cracking
Bending Beam Rheometer .{BBR] Measure binder properties at low service  Resistance to thermal cracking
temperatures
Direct Tensian Tester (DTT) Measure binder properties at low service  Resistance to thermal cracking
temperatures
133

133
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Superpave: The Future of Asphalt
Superpave binder property measurements

Equipment Purpose Performance Parameter

Rolling Thin Film Oven (RTFO) Simulate binder aging (hardening) during  Resistance to aging (durability ) during

; HMA production and construction construction

Pressure Aging Vessel (PAV) Simulate binder aging (hardening) during  Resistance to aging (durability) during
! HMA service life _ service life

Rotational Viismmﬂl.c: (RV) Measure binder properties at high con- Handling and pumping

| SUTUCTion temperatures

134

134

Superpave: The Future of Asphalt
Superpave binder property measurements

Dynamic Sh]:u Rheometer (DSR) ~ Measure binder properties at high and Resistance to permanent deformation
intermediate service temperatures (rutting) and fatigue cracking

Bending Beam Rheometer (BBR) Measure binder properties at low service  Resistance to thermal cracking
temperatures

Direct Tension Tester (DTT) Measure binder properties at low service  Resistance to thermal cracking
temperatures

135

135
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Pressure Ageing vessel

136

136

Rotational viscosity
ASTM D4402

U Used to determine of
the asphalt binder

» To ensure that the asphalt is fluid enough to be
pumped and handled at the hot mix facility

U Measured on the original asphalt binder
U Test temperature at 135 C

O Maximum viscosity 3 Pa.s

137
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Absolute (dynamic) viscosity test

ASTM
D4402

138
138
Rolling Thin Film Oven Test e
| VENT
O Scope 17
» It has the same purpose as the TFO,but the test setup e ] [ N
was modified to achieved several advantages over the | 5= | nemoueren
TFO including | (o0 O —tum=
% Less testing time [
«»  Ability to test large number of samples
U The differences between the TFOT and the
RTFOT methods are
< Type of oven used
¢ The quantity of the asphalt sample
% The type of containers
¢ The duration of rotation and the absence of applying
airflow on the samples
Figure : Rolling Thin-Film Oven Test (F‘i:'r‘:i95=:eT’_F:’gE5nﬂg"":"E;e o
center - before aging in the RTFO,
right - empty sample jar)
139

139
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Dynamic Shear Rheometer (DS

AASHTO T 315

U DSR test evaluates the effect of loading
time and temperature to characterize
both elastic and viscous behavior

O Intermediate to high temperatures
O Specimen types:

» Original binder

» RTFO residues

» PAV residues

140

140

Dynamic Shear Rheometer (DSR)
AASHTO T 315

https://www.youtube.com/watch?v=Rv6eA_p9Mpw

141

141
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Dynamic Shear Rheometer (DSR) 1
AASHTO T 315 -

Z
[ e

Applied Stress
or Strain

Position of
Oscillating Plate
Oscillating
Plate Fixed Plate
A

w
gy

Asphalt

i

Rotation speed = 10 rad/sec

142

Dynamic Shear Rheometer (DSR)
AASHTO T |

Lecture 23
Asphalt Binders and Asphalt
Mixtures (3)

Congrui Grace Jin
Apr 22,2020

Rotation speed = 10 rad/sec
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Applied Stress

or Strain Position of
Oscillating Plate B
Oscillating
Plate

Fixed Plate

Asphalt A o
sphal >
" A Time
C
. 1 cycle
o —

Rotating Phasor

Tmax - TT‘,’!,

G*=

‘Ymax - ‘YTIn 5

At=timelag — &

Vectorrotation

e AR R

0F 240°  300°  360°
210° | Zf0® | 330°,

307 60° 90° 120° 150°
- -

-Am

Sinusocidal Waveform in
the Time Domain
L

144

AASHTO T 315

O The DSR measures a specimen’s complex shear modulus
(G*) and phase angle ().

O The complex shear modulus (G*)

» can be considered the sample’s total resistance to
deformation when repeatedly sheared

O  while the phase angle (),

> s the lag between the applied shear stress and the
resulting shear strain.

» The larger the phase angle (8), the more viscous the
material.

> indicates the relative amounts of recoverable and non-
recoverable deformation

U Phase angle (6) limiting values are:
» Purely elastic material: 6 = 0 degrees

» Purely viscous material: § = 90 degrees

Dynamic Shear Rheometer (DSR)

Viscoelastic: 0 < 8 < 90°

tmax
Applied |
Shear ;
Stress \/ time
‘cmln
At
Ym
Resulting
Shear -
Strain \/ time
len
G* - Imax ‘—Trl\lﬁ

Ymax - ‘YTIn 5

At=tmelag — &
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For a dynamic shear rheometer (DSR) test on a RTFO-aged asphalt binder at temperature of
64°C, the test results are shown in Figure below.

Peak stress Peak strain 0.2 second
=0 116 kPa =0.099
/\ | /\

(1) Determine the complex modulus (G*) and phase angle (6) of this RTFO-aged asphalt binder.
(2) Determine the rutting parameter and the fatigue parameter of this asphalt binder.

Tmax - T:T','!,

Ymax - ‘YTIQ 5

G*=

At=timelag — &

Applied Stress
or Strain

<

Fixed Plate

Position of
Oscillating Plate B

Oscillating
Plate

Asphalt

@1

146
146

Viscous Axis 4'
)
]
4 Total Complex 1
Shear Modulus (G*) E
| E—— ———— i
]
: :
. '
Viscous b | A
Portion | :
l ]
Phase Angle | E
- 1 P Elastic Axis :
3 J :
N :
Elastic Portion -

» G*:measures the total resistance of the asphalt to deformation

» ¢ indicates the relative amounts of recoverable and non-recoverable deformation

0 G*and 3 components

»  Elastic component (recoverable deformation)

» Viscous component (non-recoverable deformation

148

148
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V'Scois Behaior Viscoelasticity

G:li Rheology
Science of deformation & flow of liquids & soft matter

Greater Viscosity Greater Elasticity

CCLLLLE OO0

G* Newtonian ~ Non-Newtonian Hookean

2 Viscous | Viscoelastic | Elastic
Liquids Liquids Solids Solids
'F Tr‘ar.\s

cendfit

S

All E dissipated All E' stored

Elastic Behavior

150

150

Viscous Behavior
G*
V1 (¢ 1
both viscous and
elastic behavior
G*
V2 / 2
82 sn::f'.:f:.:'f.ﬂ?é-)
81 N | !
B E2 - |
Elastic Behavior v | A
‘ Elastic Portion ’
151
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Dynamic Shear Rheometer (DSR)
AASHTO T 315

Rutting Parameter: |G*|/sind

Rutting is basically a cyclic loading phenomenon. To minimize rutting,
the amount of work dissipated per loading cycle should be minimized.

i s : Permanent Deformation
The work dissipated per loading cycle at a constant stress can be

(Rutting)

expressed as: « G*/sin § at test
1 temperature > 1.00
W, = 7% ar— kPa original binder
sin §
To minimize the work dissipated per loading cycle, the parameter « G*/sin & at test
| G*|/sind should be maximized. Therefore, minimum values for the temperature > 2.20
rutting parameter are specified in the performance grading system. kPa RTFOT binder

152

152

Dynamic Shear Rheometer (DSR)
AASHTO T 315

Fatigue Parameter: |G*|sind

Since fatigue cracking is more prevalent in thin pavements, the
parameter of most concern for fatigue resistance can be considered a
strain-controlled one. The work dissipated per loading cycle at a

: Fatigue Crackin
constant strain can be expressed as: g g

G* (sin §) at test
temperature < 5000

To minimize the work dissipated per loading cycle, the parameter
| G*[sind should be minimized. Therefore, maximum values for the
fatigue parameter are specified in the performance grading system.

153
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Dynamic Shear Rheometer (DSR)
AASHTO T 315

O Permanent Deformation (Rutting)

» G*/sin O at test temperature > 1.00 kPa Vi
original binder

» G*/sin O at test temperature > 2.20 kPa
RTFOT binder

U Fatigue Cracking

» G*(sin o) at test temperature < 5000 kPa
PAV binder

V2

SuperPave asphalt binder specification Viscous Behavior

A

both viscous and
elastic behavior

G*

/2

5 ‘\'62

E1 E2
Elastic Behavior

L
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Bending Beam Rheometer (BBR)
AASHTO T 321

U Measures low temperature properties of asphalt that are
too stiff to be measured by the DSR

U BBR measures deflection or creep under a constant load and
temperature

O BBR (stiffness) used in conjunction with the Direct Tension
Test (strength and stretching ability before breaking)

Deflection
/ Transducer
Cotrol an _a— Air Bearing

b
Data Acquisition 1 r Load Cell
/ / Fluid Bath

Asphalt Beam

| Loading
i Frame
Supports

Thermometer —==

Constant (Creep) Load

deflection

Lol Deeflection
A

Time Time

156

156
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Bending Beam Rheometer (BBR) Deﬂekction
AASHTO T 321 5(t)

O Low temperature cracking

| L3 S(t) = creep stiffness (MPa) attime, t,

| P = applied constant load, N,

| S(t) = L = distance between beam supports, 102 mm,
@ 4 bh” 3 (1) b = beam width, 12.5 mm,

h = beam thickness, 6.25 mm, and

‘ 3(t) = deflection (mm) at time, t.

» Creep Stiffness (S) @ 60s < = 300 Mpa / simulates sifiness
10 C lower temp
» S is between 300 to 600 MPa the Direct Tension 80 -
test may be used in lieu of the creep stiffness Time, sec
requirement
»m-value (m) @ 60s > =3 Log Creep
Stiffness, S(t)
,, . where, ﬁ\ slope = m-value

8 15 30 60 120 240

Log Loading Time, t (sec)

157

v

Bending Beam R
AASHTO T 321

https://www.youtube.com/watch?v=7XIZ4xArIMO
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Direct Tension Test
AASHTO T 314

Direct Tesion Tester

U Strong relationship between stiffness of asphalt binders and -
the amount of stretching they undergo before breaking |-
. . S8
O Ductile Asphalts g === =R
|
» Asphalts that undergo considerable stretching before failure [ §
i Sample _ 0o
U Brittle Asphalts Molds
» Asphalts those that break without much stretching
O Typically,
»  Stiffer asphalts are more brittle
»  Softer asphalts more ductile
O Itisimportant that asphalts be capable of a minimal amount
of elongation
U Creep stiffness as measured by the BBR is not adequate
enough to completely characterize the capacity of asphalts to
stretch before breaking
159
159

Direct Tension Test

160

AASHTO T 314 Load 4 4L -
L Figure 3.19
@ Some asphalts exhibit high creep stiffness but can also —f ! Direct Tension Test
stretch farther before breaking LI
» therefore, SHRP specifications recognize these stiff but E
ductile binders
Load
U These asphalts are allowed to have high creep stiffness _ _ chafits 1h [6hgth (AL)
(300 to 600 Mpa) if they can also display reasonable i Sl —
ductile behavior at low temperatures
O Specification —— stress
Area of tion (A)
» if creep stiffness < 300 Mpa the direct tension test is not S semme
required
. Stress = 0= % [‘
U PAV asphalt binder i
» test measures the performance characteristics of binders as if 1
they had been exposed to hot mixing and some in-service aging strain &
160
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Superpave: The Future of Asphalt

Superpave binder property measurements

Table 5.5
Summary of the Superpave Test and Requirements

Construction  Permanent Deformation  Fatigue

Requirement <3Pas (= 1.0kPa) (= 2.2 kPa) (< 5000 kPa)

(Rutting) Cracking Low-Temperature Cracking
Test RV DSR DSR DSR BBR DT
Aging
Condition None None RTFO RTFO + PAV RTFO + PAV
Test 135°C Seven-day Seven-day 0.5 x (seven- Minimum Pavement Minimum
Temperature average average day average Temperature + 10°C  Pavement
maximum maximum maximum Temperature
pavement pavement pavement +10°C
temperature temperature temperature +
minimum
pavement
temperature) + 4
(Example: For (64°C) (64°C) (25 °C) (—=12°C) (-=12°C)
PG 64-22)
Parameter Viscosity  |G*|/sins |G*|/sins |G*| x siné S{t=60 m(t=60 &

sec) sec)
< 300 MPa = 0.3 > 1.0%

161

161

SuperPave Performance Grading
Grading system

requirements up to
this temperature
(°C)

The PG grading system is based on Climate

Meets all
Performance requirements down
Grade to this temperature
Meets all *06)

162

162
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SuperPave Performance Grading
Grading system

Grading System

PG 64-22
|

Performance  Average 7-day  Min pavement
Grade max pavement design temp
design temp

mmmmmmmmmm 163

SuperPave Performance Grading
Grading system

TABLE 9.2 Binder Grades in the Performance Grade
Specifications

High Temperature Low Temperature

Grades (°C) Grades (°C)

PG 46 —34, —40, —46

PG 52 =10, —16, —22, —28, —34, —40, —46
PG 58 =16;—22;—28; —34,;—4{)

PG 64 =10, =16, —22, —28, —34,—H)
PG 70 -10, —16, —22, —28, —34, —40
PG 76 =10, —16,—22, —28, —34

PG 82 =10}, —16,—22, —28, —34

164

164



SuperPave Performance Grading
Grading system

High Temp erature, °C
52 58 64 70 76

16 52-16 58-16 64-16 70-16 76-16

22 52-22 58-22 64-22 70-22 76-22

28 52-28 58-28 64-28 70-28 76-28

34 52-34 58-34 64-34 70-34 76-34

Low Temperature, °C

40 52-40 58-40 64-40 70-40 76-40

: = Crude OIl
[ = High Quality Crude Oil
[ ] = Modifier Required

165

165

Pavement I\/Iaterlals & De5|gn

Aspha_lt _I\/Iaterlals
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ASTM D946

Penetration Grading system

U Five penetration grades are specified

U Binder are classified based on penetration test results

Penetration
Grade min. max.
40=50 40 50
G0=70 G0 70
G5=100 H5 100
120=150 120 150
200=300 200 300
167
167
Superpave: The Future of Asphalt
Superpave binder property measurements
Table 5.5
Summary of the Superpave Test and Requirements
Construction Permanent Deformation Fatigue
(Rutting) Cracking Low-Temperature Cracking
Test RV DSR DSR DSR BBR DT
Aging
Condition None None RTFO RTFO + PAV RTFO + PAV
Test 135°C Seven-day Seven-day 0.5 x (seven- Minimum Pavement  Minimum
Temperature average average day average Temperature + 10°C  Pavement
maximum maximum maximum Temperature
pavement pavement pavement + 10°C
temperature temperature temperature +
minimum
pavement
temperature) + 4
(Example: For (64°C) (64°C) (25 °C) (=12 :C) (—=12°C)
PG 64-22)
Parameter Viscosity  |G*|/sina |G*|/sins |G*| x siné Sit=60 m(t=60 &
sec) sec)
Reguirement <3Pas (= 1.0kPa) (= 2.2 kPa) (< 5000 kPa) <300 MPa =0.3 >1.0%

168
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SuperPave Performance Grading

Performance Grade PG-52 PG-38
0162228 34 [0 [ 46 [-16 [22] 28]
Average 7-day Maximum Pavement
iDesign Temp. C <52 <38
PMinimum Pavement
[Design Temperature. C >-10 |>~]6 L-Zl >-28 l>-34 L-JO >-46 |>-16 [>-22 |>-ZS
Original Binder
[Flash Point Temp. T48: Minimum. C 230
Viscosity, ASTM D 4402: ©
Maximum, 3 Pa-s (3000 cP) 135
Test Temp., C
[Dynamic Shear, TPS: ©
G*/sin &, Minimum, 1.00 kPa 52 58
Test Temp @ 10 rad/sec. C \ a4

\

Spec Requirement
Remains Constant

Test Temperature
Changes

Figure 4.1

Superpave Binder Specification Format

CI 579 6 169
169
SUpPCEIrFave Ferorimdrnce aradirig
Avg 7-day Max, °C
1-day Min, °C
) > 230 °C (Flash Point) FP
u <3 Pas@135° (Rotational Viscosity) RV
(Dynamic Shear Rheometer) DSR G*/sins
>1.00 kPa
(ROLLING THIN FILM OVEN) RTFO Mass Loss < 1.00%
% >2.20 kPa (Dynamic Shear Rheometer) DSR G*/sins
52 58 64
(PRESSURE AGING VESSEL) PAV
20 Hours, 2.07 MP4 100 (110) 100 (110) 110 (110)
%E 5000 kP4 (Dynamic Shear Rheometer) DSR c*sins
NENEEEEREEEE YN AN NN EEEEEEEEERERERNAD
S <300 MPa ? m >0.300 ( Bending Beam ) BBR «s” & “m”-value
m il EEEPEEEEEE23N 00N EDEEEEER R EIAAAAE
Report Value (Bending Beam Rheometer) BBR Physical Hardening
>1.00 % (Direct Tension) DT
[0 Jpmm( o]=> :
170
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SuperPave Performance Grading

PG 46 PG 52 PG 58 PG 64
34 | 40 [ 46 [ 10 [ 16 [ 22 [ 28 [ 34 [ a0 [ 46 | 16 [ 22 [ 28 [ 34 [ 40 | 10 [ 16 | 22 [ 28 [ 34 [ 40

Performance Grade

Average 7-day max pavement design

temp, °C* <46 <52 <58 <64

Min pavement design temperature, °C* | >=34 [ >=40 [ >=46 [ >-10 [>-16 [>-22 [>-28 [>-34 [>-40 [>-46 |[>-16 [>22 [>-28 [>-34 [>-40 |>-10 [>=16 [>-22 [>-28 [>-34 |>-40
Original Binder

Flash point temp, T 48, min °C 230

Viscosity, T 316 135

max 3 Pas, test temp, °C

Dynamic shear, T 315:
G*/sin3,”min 1.00 kPa 46 52 58 64
test temp @ 10 rad’s, °C

Rolling Thin-Film Oven Residue (T 240)
Mass change,” max, percent 1.00

Dynamic shear, T 315:
G*/sind, " min 2.20 kPa 46 52 58 64
test temp @ 10 rad/s, °C

Pressurized Aging Vessel Residue (R 28)
PAV aging temperature, °C’ 90 90 100 100

Dynamic shear, T 315:
G* sing,” max 5000 kPa
test temp @ 10 radss, °C 10 7 4 25 | 22 19 16 13 10 7 25 22 19 16 13 31 28 25 22 19 16

Creep stiffness, T 313:#
S, max 300 MPa
m-value, min 0.300
test temp @ 605, °C -24 | -30 | -36 0 -6 -12 | -18 | -24 | 30 -36 -6 -12 -18 -24 -30 0 -6 -12 -18 -24 -30

Direct tension, T 314:¥
Failure strain, min 1.0% -24 | -30 | -36 0 -6 -12 | -18 | -24 | 30 -36 -6 -12 -18 24 -30 0 -6 -12 -18 -24 -30
test temp @ 1.0 mm/min, °C

171
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SuperPave Performance Grading

PG 46 PG 52 PG 58 PG 64

Performance Grade

34 | 40 [ 46 | 10 [ 16 [ 22 [ 28 [ 34 [ a0 [ 46 | 16 | 22 [ 28 [ 34 [ 40 | 10 [ 16 | 22 [ 28 [ 34 [ 40

Average 7-day max pavement design

temp, °C* <46 <52 <58 <B4

Min pavement design oc' [>-34[>-40 [>-46 [>-10 [>=16 [>-22 [>-28 [>-34 [ >-40 [>-46 [>-16 [>22 [>-28 [>-34 [>-40 |>-10 [>-16 [>-22 | >-28 [>-34 | >-40
Original Binder

Flash point temp, T 48, min °C 230

Viscasity, T 316 195

max 3 Pa's, test temp, °C
Dynamic shear, T 315:

G*/sin5.” min 1.00 kPa 46 52 58 64

test temp @ 10 rad/s, °C

Rolling Thin-Film Oven Residue (T 240)

Mass change,” max, percent 1.00

Dynamic shear, T 315:
G*/sin3,“ min 2.20 kPa 46 52 58 64
test temp @ 10 rad/s, °C

Pressurized Aging Vessel Residue (R 28)

PAV aging temperature, °C’ 0 90 100 100

Dynamic shear, T 315:
G* sing,” max 5000 kPa
test temp @ 10 radss, °C 10 7 4 25 22 19 16 13 10 7 25 22 19 16 13 31 28 25 22 19 16

Creep stiffness, T 313:%
S, max 300 MPa
m-value, min 0.300
test temp @ 60 s, °C -24 | 30 | -36 0 —6 -12 | -18 | -24 | 30 -36 6 -12 -18 24 -30 0 -6 -12 -18 24 -30

Direct tension, T 314:#
Failure strain, min 1.0% -24 -30 -36 0 -6 -2 -18 24 -30 -36 -6 -12 -18 24 -30 0 -6 -12 -18 -24 -30
test temp @ 1.0 mm/min, °C
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SuperPave Performance Grading

- PG 70 PG 76 PG 82
Performance Grade
10 [ 16 [ 22 [ 28 [ 3¢ | 40 10 [ 16 [ 22 | 28 [ 34 10 [ 16 22 | 28 34
Average 7-day max pavement
design temperature, °C* <70 <76 <82
Min pavement design b0 | 16 | 22 | 528 | >34 | >0 | >-10 | »16 | >22 | o8 i 8t | 10 | 16 | o2z | 28 | s
temperature, °C
Original Binder
Flash point temp, T 48, min °C 230
Viscosity, T 316:”
max ISyl’a's. test temp, °C 135
Dynamic shear, T 315:°
G*/sing’, min 1.00 kPa 70 78 82
test temp @ 10 rad/s, °C
Rolling Thin-Film Oven Residue (T 240)
Mass change, max, percent 1.00
Dynamic shear, T 315:
G*/sind", min 2.20 kPa 70 76 82
test temp @ 10 rad/s, °C
Pressurized Aging Vessel Residue (R 28)
PAV aging temperature, °C’ 100 (110) 100 (110) 100 (110)
Dynamic shear, T 315:
G* sind?, max 5000 kPa 34 31 28 25 22 19 37 34 31 28 25 40 37 34 31 28
test temp @ 10 rad/s, °C
Critical low cracking temp, R 49:%
Critical cracking temp determined 0 -6 -12 -18 -24 -30 0 -6 -12 -18 -24 0 -6 -12 -18 -24
by R 49, test temp, °C
173
173
Superpave testing results for 2 binders are shown in the table below, Give
the PG grade for both binders
s Temperature ; ;
Material type Test ]JD C *| Parameter Binder 1 Binder 2
Rotational - Viscosity.
135 iy, 0.1 0.2
Viscometer Pa*s
Original
58 . 2.1 4.0
DSR @ 10 = G*/ sind, O =
rad/sec t Kpa = =
70 © ¥ 0.6 1.05
58 4.5 7.0
DSR @ 10 G*/ sind,
RTFO i df(s:ec 64 Kita 2.3 4.0
70 : L5 2.1
DSR @ 10 19 G* * sind 6000 4000
rad/sec 22 Kpa 3500 2250
-18 200 140
PAV S, Mpa
BBR -24 350 290
=54 -18 0.31 33
- m : :
24 .2l 176
176
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aterial type Test Tempf TAe, | parameter Binder 1
Rotational < Viscosity,
Viscometer B3 Pas 01
Original
58 P &1
DSR @ 10 G*/ sing,
radisec L Kpa L1
5+ 0.6
w0 | DSR@10 gi —— ;; PG 52 PG 58 PG 64
radisec = Kpa i 10 [ 16 [ 22 [ 28 [34 40 [ 46| 16 [ 22 [ 28 [ 34 40 [ 10 ] 16 22 [ 28] 34 [ 40
DSR@ 10 1o GHEsing gl €000 <52 <58 <61
rad/sec 22 Kpa 3500
B 18 T 200 |6 > 10 [>16 [>22[>28[> 34 [>40 [> 46 [> 16 [>22 [> 28 [> 34 [> 40 [> 10 [>-16 [>22 [>28 [>34 [>40
-24 = 350 Original Binder
SBK, 18 " 031 il
24 028 230

Viscosity, T 316:"
max 3 Pa's, test temp, °C
Dynamic shear, T 315:°
G*/sing.” min 1.00 kPa 16 52 58 64
test temp @ 10 radss, °C

135

Rolling Thin-Film Oven Residue (T 240)
Mass change,” max, percent 1.00

Dynamic shear, T 315:
G*/sind, min 2.20 kPa 16 52 58 64
test temp @ 10 rad’s, °C

Pressurized Aging Vessel Residue (R 28)
PAV aging °c! 920 90 100 100

Dynamic shear, T 315:
G* sind.” max 5000 kPa
test temp @ 10 radss, °C 10 7 4 25 | 22 19 16 13 10 T 25 22 19 16 13 31 28 25 22 19 16

Creep stiffness, T 313:#
S, max 300 MPa
m-value, min 0.300
test temp @ 60's, °C -24 | -30 | -36 0 -6 -12 | -18 | -24 | -30 -36 -5 -12 -18 -24 -30 0 -6 -12 -18 -24 -30

Direct tension, T 314:¥
Failure strain, min 1.0% -24 -30 -36 0 -6 -12 -18 -24 -30 -36 -6 -12 -18 -24 -30 0 -6 -12 -18 -24 -30
test temp @ 1.0 mm/min, °C

177

Pavement Materials & Design

Asphalt __I\/laterlals




e

15 |

=

Binder Selection

Penetration grade system
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Which binder should be selected for this project ?
179
179
Pavement temperature contour Maps
Max. pavement Min. air
City/location temp. (°C) temp. (°C)
Irbid 58.9 - 1.7
Mafraq 61.6 -6.0 e -
Amman airport 61.3 -26 Jraniadd (21 =2
Queen A. airport 62.5 —43 sl Alliall Y es fA Ll -
Ghor Safi 66.0 -04 o N N
Maan 61.8 -72 o B gl kel Y o RS
H-4 lrwais'hed 64.8 -52 (bl il Ji a st il g i 2303 2 )
H-5 Safawi 65.3 —-45 =
Aqaba 66.5 22
Source K ricaton of e 142, 116124, 00K 10 1080/ 10298436.2011.650697 180
180
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Binder Selection

SuperPave binder selection process
Steps
1. Climate analysis
2. Reliability analysis
3. Select the suitable Base PG grade
O PG grade bumping (Fine-tuning)

181

181

SuperPave binder selection process

1. Climate analysis

182

182
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SuperPave binder selection process

1. Climate analysis :
U Determine the following temperatures
» 7-day maximum annual pavement temperature
» 1-day minimum annual pavement temperature
U Methods
1. By Pavement Temperature
2. By Air Temperature
3. By Geographic Area

183

183

1. Climate analysis :
By Pavement Temperature:

U The designer would need to know design pavement

temperature.
. . Max. Pavement Temp. at Min. Pavement
Unit of Time
i 20mm Temp.
Daily (Five Years) 52.2 -0

184

184
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1. Climate analysis :
By Air Temperature:

U The designer determines design air temperatures,

> which are converted to design pavement temperatures

U The low pavement design temperature at the pavement surface
» is defined as the lowest air temperature

U Highest pavement design temperature is determined using the
following model

= - 2+ + 2
T20mm ( Tair 0.00618 Lat< + 0.2289 Lat + 42.2 ) (0.9545) - 17.78
where T20mm = high pavement design temperature at a depth of 20 mm
Tair = seven-day average high air temperature
Lat = the geographical latitude of the project in degrees.
185
185
Air temperature data
Table 3. Maximum and minimum air temperatures for different weather stations in Jordan.
Max. air
temp. Min. air temp.

City/location Latitude (°) Longitude (°) Mean SD Max. 7-day air temp. Mean SD Min. temp.
Irbid 32.54 35.85 39.5 1.5 37.0 — 11 1.2 —-4.0
Mafraq 32.36 36.25 40.1 1.7 399 —4.2 24 -9.0
Amman airport 31.98 35.98 39.7 1.7 394 — 1.6 15 -50
Queen A. airport 31.71 35.96 40.7 1.7 40.7 —3.7 1.7 -70
Ghor Safi 31.03 35.46 454 1.7 442 2.0 24 —-24
Maan 30.16 35.78 40.0 1.5 398 —46 21 —104
H-4 Irwaished 325 38.2 424 L7 433 —44 1.9 —8.0
H-5 Safawi 322 37.13 424 1.3 438 —33 1.8 =2
Aqaba 29.55 35.01 447 15 446 1.9 1.6 0.6

Source: KnaliaA. Aknateet rtcationof inJordan, nemationalJoumal o Pavement & 142, 116124, 001 10.1080/10298436.2011 650697 186

186
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Table 3. Maximum and minimum air temperatures for different weather stations in Jordan.

Max. air
temp. Min. air temp.

City/location Latitude (°) Longitude (°) Mean SD Max. 7-day air temp. Mean SD Min. temp.

Irbid 3254 35.85 395 IS 370 = 1.2 —-4.0

Mafraq 32.36 36.25 40.1 L7 399 —42 24 -9.0

Amman airport 31.98 3598 39.7 L7 394 —-1.6 L5 -=5.0

Queen A. airport 3171 3596 40.7 L7 40.7 —-3.7 1.7 -7.0

Ghor Safi 31.03 3546 454 L7 442 2.0 2.4 —24

Maan 30.16 35.78 40.0 L5 39.8 —46 2.1 =104

H-4 Irwaished 325 382 424 LT 433 —4.4 1.9 —8.0

H-5 Safawi 322 37.13 424 1.3 438 —3:3 1.8 -72

Agaba 29.55 35.01 447 L5 44.6 1.9 1.6 0.6
Table 4. Calculated pavement temperatures using SHRP algorithms.

50% Reliability 98% Reliability
Max. pavement Min. air Max. pavement Min. air

City/location temp. (°C) temp. (°C) PG selection temp. (°C) temp. (°C) PG selection
Irbid 58.9 —1.7F 64-10 58.9 =17 64-10
Mafraq 61.6 —6.0 64-10 61.6 —6.0 64-10
Amman airport 61.3 —-26 64-10 61.3 —2.6 64-10
Queen A. airport 62.5 —43 64-10 62.5 —43 64-10
Ghor Safi 66.0 —04 70-10 66.0 —04 70-10
Maan 61.8 —-72 64-10 61.8 —T7.2 64-10
H-4 Trwaished 64.8 —52 70-10 64.8 —-32 70-10
H-5 Safawi 65.3 —45 70-10 65.3 —45 70-10
Agaba 66.5 22 70-10 66.5 22 70-10

Source: Khalid A, Ghuzlan &

187

Pavement temperature contour Maps

Minimum pavement temperature Maximum pavement temperature

Source: KnaliaA. — wrfatont in Jordan, nemaionsl foumal o Pavement 14:2, 116124, 001 10.1080/102084362011.650697 188
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1. Climate analysis :
By Geographic Area

O An Agency would develop a map showing binder grade to be used by
the designer based on weather and/or policy decisions

34

33 ‘ruwsusmeciin]

§ %'y‘ i) é
- S‘:‘f P¢70-10

32 5
G %AT‘T;M- 0
[
it

s p, N *PG64-10

29

Safaw \
PG 70-10

34 35 36 37 38 39 40

189

189

Base Binder selection

Application in
Saudi Arabia

190

190



Asphalt Binder Selection in Jordan

ruwaishied {H4)
Wafrag : .
; Safaw
Qued g1 = [\ pmman . PG 70-10
(il asigall (8 (o stlaall i) £ g5 2325 2% )
PG 64-10
O The two main types of original asphalt
binders produced by the JPR are classified as Maan
. L]

» PG 64-16 for the 60/70 penetration grade

asphalt
> . Agaba

PG 58-16 for the 85/100 penetration grade ] PG 70-10

asphalt binder 4 - )

Sourc verfcation of fonal Jounal of Pavement Eng,neenng,jA‘?, 116-124, DO 10.1080/10298436.2011,650697 191
191
SuperPave binder selection process
2. Reliability analysis
192
192
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O The SuperPave system allows the designers

to use reliability measurements to assign a
degree of design risk to the high and low
pavement temperatures used in selecting
the binder grade.

Reliability is defined as

.

» The percent probability in a single year that
the actual temperature (one-day low or
seven-day average high) will not exceed the
design temperatures.

SuperPave binder selection is very flexible
in that a different level of reliability can be
assigned to high and low temperature
grades.

70

60

50

40

SuperPave binder selection process
Reliability analysis

Christmas Day Low Temperatures in Memphis (°F)

., oo x . e ~ ®,  Average=33

30

Temperature (°F)

20

10

1860

1890

1920 1950 1980 2010 2040
Year

193

193

Reliability analysis

U The assumption we can make about

the data that follows a normal curve
is

W

» that the area under the curve is relative to
how many standard deviations () we are
away from the mean.

U The area between plus and minus

» Average contains 50% of the data

» Average #* 1 standard deviation from the
mean contains 68% of the data.

» Average + 2 standard deviations contains
95.5% of the data

» Average + 3 standard deviations contains
99.7% of data.

-3SD

A68.3% of data‘

= =

— 95.5% of data—

— 99.7% of data —

-2SD

T
-1SD MEAN +1SD +2SD +3SD

194

194
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5 i . 5ot
5[} - ‘o - . L. 2 - 99.7% of data
g 40 .. & ’ =% s " . > “*"*
E E : . -'o & ‘- i e -:. Average = 33
g- 30 - ... .' . .- I. - =) . ...' '- . "I L] . o
12 - : § .' . . o..' .
20 L] L] L] a8 il .,
10 . %
0 .
1860 1830 1920 1950 1980 2010 2040
Year 195
195
2. Reliability analysis
Importance
Min. air temp.
City/location Mean SD Min. temp.
Irbid - 1.1 12 —-40
Mafraq —-42 24 -9.0
Amman airport - 1.6 1.5 =30
Queen A. airport  —3.7 1.7 -7.0
Ghor Safi 20 24 —-24
Maan —-4.6 2.1 -104
H-4 Irwaished —44 1.9 -8.0
H-5 Safawi -3.3 1.8 -T2
Aqaba 1.9 1.6 0.6
Soure ricaton of % 65069 196
196
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Reliability analysis
U Example

» Consider summer air temperatures in
Topeka, Kansas, which has a mean
seven-day maximum of 36 °C and a
standard deviation of 2°C.

“* In an average year there is a 50
percent chance the seven day
maximum air temperature will
exceed 36°C.

« However, only a two percent
chance exists that the temperature
will exceed 40°C; hence, a design
air temperature of 40 °C will
provide 99.7 percent reliability

SuperPave binder selection process

68.3% of data

95.5% of

50% reliability

98% reliability

99.7% of data

. ” T~ 7-Day Maximum Air Temperature
+
28D -1SD MEAN +1SD +2SD  +3SD Topeka, Kansas

Normal Distribution Calculator

Mean = 36

|
|
|
|
|
1

$tyndard Deviation =

Mean =

—3S.D. =30

197

Example

U What base PG asphalt binder
grade should be selected under
the following conditions:

» The seven-day maximum pavement
temperature has a
* Mean of 57 °C
++ Standard deviation of 2 °C.
» The minimum pavement
temperature has a
%  mean of -6°C

«» Standard deviation of 3°C.

> Reliability is 99.7%

SuperPave binder selection process

High Temperature Low Temperature

Grades (°C) Grades (°C)

PG 46 —34, —40, —46

PG 52 —10, —16, —22, —28, —34, —40, —46
PG 58 —16, —22, —28, —34, —40

PG 64 —10, —16, —22, —28, —34, —40

PG 70 —10, —16, —22, —28, —34, —40

PG 76 —10, —16, —22, —28, —34

PG 82 -10, —16, —22, —28, —34

198

198
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SuperPave binder selection process

Solution
U High-temperature grade >= 57 + (2 X 2)....>= 61 °C
U Low-temperature grade =< -6 - (2 X 3).... =< -12 °C

High Temperature Low Temperature
The closest standard PG Grades (°C) Grades (°C)
asphalt binder grade that —_— —34, —40, —46
satisfies the two temperature PG 52 —10, —16, —22, —28, —34, —40, —46
grades is PG 64-16 PG 58 —-16, —22, —28, —34, —40
PG 64 -10, —16, —22, —28, —34, —40
PG 70 —10, —16, —22, —28, —34, —40
PG 76 -10, —16, —22, —28, —34
PG 82 -10, —16, —22, —28, —34

199

199

SuperPave binder selection process

3. Base PG grade selection

200

200



SuperPave binder selection process

3. Base PG grade selection
U Select the suitable Base PG grade based on the determined
1. Determine the 7-day maximum pavement temperature
2. 1-day minimum pavement temperature

3. Desired level of reliability (50% vs 98%)

201

201

Example : Select the base grade

Given the following information select a base PG grade

In a normal summer,

» the average seven-day maximum
air temperature is 36°C with

> a standard deviation of 2°C.
36

40

O In a normal winter,

» the average coldest air Air Temperatures,
temperature is -23°C.

» standard deviation of 4°C

» very cold winter the temperature -31 -23
-31°C

O Desired level of reliability
> 50% vs 98%

202
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Example : Select the base grade

Solution

U Convert Air to Pavement Temperature

36

Air Temperatures, 40

Toomm = ( Tair0-00818 Lat? + 0.2289 Lat + 42.2) (0.9545) - 17.78
31 23 where T20mm = high pavement design temperature at a depth of 20 mm
TaIr = seven-day average high air temperature
Lat = the geographical latitude of the project in degrees.
4_)/\\L |
! fl l ' L L l L ] L J | IV Il Il L . 60
rrrrrrrrr Tt T T T T T T "T"1T"T" ) T
40 -30 20 -10 0 10 20 30 40 50 60 avement Temperatures
-31 -23
I ] 1 Y 1 Il Il 1 ! 1 1 1 1 1 1] 1 N Il ]
rrrrrrrrrrrrrr T T T T T "T"T"T"
40 -30 -20 -10 O 10 20 30 40 50 60 70

203

Example : Select the base grade
Reliability analysis for 50 % reliability

U High-PG >= 56....>= 56 °C

U Low-PG =< -23 ....=< -23°C

High Temperature Low Temperature
56 Grades (°C) Grades (°C)
P PG 46 —34, —40, —46
Pavement Temperatures, PG 52 10, —16, —22, —28, —34, —40, —46

31 -23 PG 58 -16, —22, —28, —34, —40

PG 64 —10, —16, —22, —28, —34, —40

PG 70 —10; —18, =22, —28, —34, =40

PG 76 —10;—18; =22, —28, —34

PG 82 -10, —16, —22, —28, —34

The closest standard PG asphalt binder grade
that satisfies the two temperature grades is PG
58-28

204

204
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Example : Select the base grade
Reliability analysis for 98 % reliability

O High-PG >= 56 + (2 X 2).... >= 61°C

O Low-PG =< -23-(2 X 4)...=< -31°C

High Temperature Low Temperature
56 Grades (°C) Grades (°C)
60
PG 46 —34, —40, —46
Pavement Temperatures,
PG 52 —10, —16, —22, —28, —34, —40, —46
31 -23 PG 58 —16, —22, —28, —34, —40
PG 64 =10, —18, —22, —28, —34, —40)
PG 70 —10, —16, —22, —28, —34, —40
PG 76 —10;—186, =22, —28, —34
PG 82 -10, —16, —22, —28, —34

The closest standard PG asphalt binder grade
that satisfies the two temperature grades is PG
64-34

205

205

Example : Select the base grade
Reliability analysis for 98 % reliability

< — = >
PG 64-34 (98% minimum reliability)

PG 58-28 (50% minimum reliability)

Asphalt Binder Grades,

206
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Table 3.

Maximum and minimum air temperatures for different weather stations in Jordan.

Max. air
temp. Min. air temp.
City/location Latitude (°) Longitude (°) Mean SD Max. 7-day air temp. Mean SD Min. temp.
Irbid 32.54 35.85 395 L5 37.0 —1:1 1.2 —4.0
Mafraq 32.36 36.25 40.1 1.7 39.9 —42 24 —=9.0
Amman airport 31.98 3598 39.7 L7 394 —-1.6 L5 -=5.0
Queen A. airport 3171 35.96 40.7 1.7 40.7 —3.7 1.7 =7.0
Ghor Safi 31.03 3546 454 L7 442 2.0 24 —24
Maan 30.16 35.78 40.0 L5 39.8 —46 2.1 =104
H-4 Irwaished 325 382 424 1.7 433 —44 1.9 —80
H-5 Safawi 322 37.13 424 1.3 438 —33 1.8 =72
Aqaba 29.55 35.01 44.7 L5 44.6 1.9 1.6 0.6
Table 4. Calculated pavement temperatures using SHRP algorithms.
50% Reliability 98% Reliability
Max. pavement Min. air Max. pavement Min. air
City/location temp. (°C) temp. (°C) PG selection temp. (°C) temp. (°C) PG selection
Irbid 58.9 -17 64-10 58.9 =17 64-10
Mafraq 61.6 —6.0 64-10 61.6 —6.0 64-10
Amman airport 61.3 —-26 64-10 61.3 —2.6 64-10
Queen A. airport 62.5 —43 64-10 62.5 —43 64-10
Ghor Safi 66.0 —-04 70-10 66.0 —-04 70-10
Maan 61.8 =2 64-10 61.8 -72 64-10
H-4 Trwaished 64.8 —52 70-10 64.8 =52 70-10
H-5 Safawi 65.3 —45 70-10 65.3 —45 70-10
Agaba 66.5 22 70-10 66.5 2.2 70-10
208
SuperPave binder selection process
4. PG grade bumping
®
Texas
Department
of Transportation
Superpave Binder Materials Selection
Procedures
April 2023
Asphalt Binder Branch, Materials and Tests Division
210
210
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PG grade bumping
U The Superpave BASE PG binder is selected

» Fast-loading rate, or fast-moving traffic

assuming the following conditions are met :

» The binder for a surface layer (i.e., 20 mm below the

SuperPave binder selection process

surface)
O PG grade bumping : Adjust the binder
grade to consider the effect of
1. Traffic speed
2. Traffic volume
3. Layer location
4

Using Recycled materials

211

PG grade bumping

Traffic Volume
U Low-PG

» In theory, traffic volume has no affect on
low temperature binder performance

O High-PG

High Temp PG Grade

[ setect starting Grade From ciimate map |

Low Temp PG Grade

64, 70 — — l — | 22 28, 341

< 10M ESALS
10M to 30M ESAL's
>30M ESAL's

Traffic Volume

I 1 should be considered in select
cold climates north of IH 40

» If the design life of the pavement will see
between 10 million and 30 million ESALs,

KD

«»  consider increasing the high temperature
designation by one grade,

s eco |

+1
+2
‘

Traffic Speed

> If the design life of the pavement will see
more than 30 million ESALs,

RD

Sub-Surface o

[

Pavement Layer

Sub-Surface

< increase the high temperature

[

1
|

t

o]

+1

1

|

designation by minimum one grade.

KD

u > 15% binder ratio

—

o]

| c=mm| B e

< However, you may consider a two-grade
increase in such cases.

Adjust up to 2 grades no
higher than a PG 76 or
lower than PG 64

-

Adjust 1 grade no lower
than a PG -34 or higher
than a PG -22

212
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PG grade bumping

Traffic speed factor
U Low-PG

» In theory, slow traffic has no affect on
low temperature binder performance
(resistance to thermal cracking)

U High-PG

» Slow moving traffic (longer loading
times)

.

< may warrant an increase of one
temperature grade on the high side.

» Standing traffic (higher loading times)

R

$  may warrant increasing the high
temperature grade by two increments
over the base climate grade

[ setect starting Grade From ciimate map |

High Temp PG Grade Low Temp PG Grade
64, 70 — — l — | 22 28, 341

| I 1 should be considered in select

cold climates north of IH 40

< 10M ESALS

10M to 30M ESAL's Traffic Volume

> 30M ESALs

Traffic Speed

[
I
|
T
Surface n

F Pavement Layer
Sub-Surface - +1 Sub-Surface

-1
| > 15% binder ratio

Adjust up to 2 grades no
higher than a PG 76 or
lower than PG 64

pm— + v

|

I

> 10% binder ratio

Adjust 1 grade no lower
than a PG -34 or higher
than a PG -22

Recycled Material -

]

1
|
—+—
BN 3

[ =

213

PG grade bumping

Layer location

O The base PG selection process,
assumes you are selecting the binder
for a surface layer

U Deeper in the pavement structure the
binder is not exposed to the same
temperature extremes as the surface
> therefore, multi-layer paving projects can

use less demanding binder grades in lower
layers

Select Starting Grade From C

fop———1—

< 10M ESALS
10M to 30M ESAL's
>30M ESAL's

Traffic Volume 3

Traffic Speed

|
!

H — — —

Sub-Surface

Surface

|
F Pavement Layer
Sub-Surfact A +1

|

I

| > 15% binder ratio

Adjust 1 grade no lower
than a PG -34 or higher
than a PG -22

Recycled Material EN > 10% binder ratio ‘
[ Rooccanaieras S 1 R L
Adjust up to 2 grades no
higher than a PG 76 or
lower than PG 64

[

214
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PG grade bumping

Layer location on High PG
U High-PG
» Generally, do not need bump-ups for the high
temperature grade

» the further from the surface they are, they
can use lower high temperature grade
binders than the standard selection process
indicates

U For example:

> If you were building three layers and PG 64-
22 is indicated as the standard climate grade
and you are on high volume facility,

» one might use
< PG 76- 22 for the surface

% PG 64-22 for the middle and the lowest
layers

[ setect starting Grade From ciimate map |

High Temp PG Grade Low Temp PG Grade
64, 70 —— l —— p 22

34t

I 1 should be considered in select
cold climates north of IH 40

< 10M ESALS
10M to 30M ESAL's
>30M ESAL's

Traffic Volume

Sub-Surface +1 Sub-Surface
. |
|

[
|
> 15% binder ratio [—— Recycled Material | -1 e > 10% binder ratio |

Adjust up to 2 grades no Adjust 1 grade no lower
higher than a PG 76 or than a PG -34 or higher
lower than PG 64 than a PG -22

L
1
:
|

|

o]
Pavement Layer

[

215

PG grade bumping

Layer location on Low PG
O Low-PG

» Less pavement support means more
deflection under traffic.

» One possibility to address this is to “bump”
the low temperature grade down,

O Forinstance, from a -22 to - 28.

«+  This gives more cracking protection from
temperature extremes but also makes the
binder more fatigue resistant

[ setect starting Grade From ciimate map |

High Temp PG Grade Low Temp PG Grade
-l

I 1 should be considered in select
cold climates north of IH 40

< 10M ESALS

10M to 30M ESAL's +1

> 30M ESAL's
L

Emm. o
I
.

2
[ J v oo

Traffic Speed

[suoe | | o]
Pavement Layer

Sub-Surfac +1 Sub-Surface
: |
|

(]
|
> 15% binder ratio [—— Recycled Material | -1 e > 10% binder ratio |
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PG grade bumping

Recycled Materials usage

| Composite RAP is reprocessed (i.e.
crushed, screened, stockpiled and
QC tested)
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PG grade bumping

Engineering Judgment

U Use judgment in the number of high-
temperature grade “bump-ups.”

O One could come up with a scenario in which a
base climate grade of PG 64-22 is bumped
three or four times resulting in a PG 82-22 to
be specified for a project.

» This would probably be overkill and would result
in a very expensive binder,

> which also may be difficult to place.

W Therefore, limits should be used

» A maximum two-grade increase

» to no higher than a PG 76 is usually sufficient in
all but the most extreme conditions.
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Table 3. Maximum and minimum air temperatures for different weather stations in Jordan.
Max. air
temp. Min. air temp.
City/location Latitude (°) Longitude (°) Mean SD Max. 7-day air temp. Mean SD Min. temp.
Irbid 32.54 35.85 395 L5 37.0 —1:1 1.2 —4.0
Mafraq 32.36 36.25 40.1 1.7 39.9 —42 24 —=9.0
Amman airport 31.98 3598 39.7 L7 394 —1.6 1.5 =50
Queen A. airport 3171 35.96 40.7 1.7 40.7 —3.7 1.7 =7.0
Ghor Safi 31.03 3546 454 L7 442 2.0 24 —24
Maan 30.16 35.78 40.0 L5 39.8 —46 2.1 =104
H-4 Irwaished 325 382 424 1.7 433 —44 1.9 —80
H-5 Safawi 322 37.13 424 1.3 438 —33 1.8 =72
Aqaba 29.55 35.01 44.7 L5 44.6 1.9 1.6 0.6
Table 4. Calculated pavement temperatures using SHRP algorithms.
50% Reliability 98% Reliability
Max. pavement Min. air Max. pavement Min. air
City/location temp. (°C) temp. (°C) PG selection temp. (°C) temp. (°C) PG selection
Irbid 58.9 —1.7F 64-10 58.9 =17 64-10
Mafraq 61.6 —6.0 64-10 61.6 —6.0 64-10
Amman airport 61.3 —-26 64-10 61.3 —2.6 64-10
Queen A. airport 62.5 —43 64-10 62.5 —43 64-10
Ghor Safi 66.0 —04 70-10 66.0 —04 70-10
Maan 61.8 —-72 64-10 61.8 —T7.2 64-10
H-4 Trwaished 64.8 —52 70-10 64.8 —-32 70-10
H-5 Safawi 65.3 —45 70-10 65.3 —45 70-10
Agaba 66.5 22 70-10 66.5 22 70-10
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Grades (°C) Grades (°C) : .
[ |———o | o]
PG 45 ~34, 40, ~46 .
PG 52 10, ~16, —22, —28, —34, 40, 46 = [3uburtoce|
PG 58 —16, —22, —28, —34, —40 |
PG 64 ~10, 216, =22, ~28, 34,280 ___||[> e orer o | [reoneamorcio | 1 ] - 106 bocer o |
PG 70 —10, —16, —22, —28, —34, —40 : » :
_ = . i _ Adjust up to 2 grades no Adjust 1 grade no lower
PG 76 10, =16, —22, —28, —34 higher than a PG 76 or than a PG -34 or higher
PG 82 -10, —16, —22, —28, —34 lower than PG 64 than a PG 22
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Superpave Performance Grading
Evolution of Asphalt Specifications
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https://www.ndltap.org/events/asphalt/downloads/2019-binder-selection-process.pdf 224
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SuperPave + Performance Grading ( PG +)

Multiple-Stress Creep-Recovery (MSCR) Grading for Traffic Levels
U Standard (S)
» Softer binder with lower truck traffic roads
» PG 64S-22 (lower traffic levels and truck loads) "A"
O High (H)
» Slightly harder binder for use with more trucks
» PG 64H-22 (moderate traffic levels and truck loads) “
O Very (H)
»  Stiffer binder for use with heavy loads
U Extremely High (E)
» Stiffest binder for use with extremely heavy truck traffic
» PG 64E-22 (high traffic levels and truck loads) "E" Requires polymer modification
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