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What is the different between:

Tar

Bitumen

Asphalt

Asphalt binder
Asphalt concrete
Asphalt pavement

Hot Mix Asphalt?
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SHRP
(Strategic Highway Research Program)
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SUPERPAVE
(SUPER PERFORMING ASPHALT PAVEMENT)
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Rolling Thin Film Oven (RTFO)
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Pressure Aging Vessel (PAV)
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Rotational Viscometer (RV)
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Dynamic Shear Rheometer (DSR)
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Bending Beam Rheometer (BBR)
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Direct Tensile Tester (DTT)
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Rolling Thin Film Oven (ASTM D-2872;AASHTO T-240)
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Pressure Aging Vessel (ASTM D-6521 ; AASHTO R-28)
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Rotational Viscometer (ASTM D-4402 ; AASHTO T-316)
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sampl

spindle
sample

chamber —a

Sampie Chambar
in Pouring Rack

between the components. Therefore, it can be used to test modified asphalts containing larger particles,
which could plug up a capillary viscometer tube. Another advantage of the rotational viscometer is that
the shear stress versus shear rate characteristics of a test binder can be characterized over a wide range
of stress or strain levels.

For Superpave binder specification purpose, the rotational viscosity test is to be run on the original
binder at 135°C. The maximum allowable viscosity at this condition is 3 Pa-s.




Bending Beam Rheometer (ASTM D-6648 | AASHTO T-313)
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plastic strips

Deflection

O(t) = L

simulates stiffness
after 2 hours at
10 C lower temp

60

Time, sec

>

Log Creep
Stiffness, S(t)

A slope = m-value

IS

120

Log Loading Time, t (sec)

—5

aluminum mold
Rubber O-rings /

-

P Air Bearing

I Load Cell
e Asphalt Beam ] / /Flund Bath
12.7 mm \ ] o

N Loading

|_ " Frame
M // Support
.

Control and
Data Acquisition

Deflection
! / Transducer

127 mm

asphalt beam ~

6.35 mm Thermometer ———— I
_ dlogS"(H)] _
pr3 im0 = 5] = B+ 2CHog(1)

5(t) =
4bh3§(t> 10gS’(t) = A + B[log(t)] + C[log(t)]?

a maximum stiffness value at the minimum pavement temperature plus 10°C after 60
seconds of loading time which, by time-temperature superposition, is equivalent to
the stiffness at the minimum pavement temperature at 2 hours’ loading time. The

specified maximum creep stiffness value at 60 seconds is 300 MPa.

a minimum value for the slope (m) of the relationship between log stiffness and log
time after 60 second loading time at the minimum pavement temperature plus 10°C,
The specified minimum m-value is 0.30.




Direct Tension Test (AASHTO T-314 ; ASTM D-6723)

ol S 5wl j0 pd Cooglio (g S0l idun

= ES

- - ]
.'-':

= -

2

ol BBR s oo pubitons 1S 9050 -

WS el Yo e Mpa 3l adl #e o BBR Qsﬁﬂ i S liew (g5lwg,y Glasuie oobwl -

D oo oolitnl 2835 e b b gl 4 paitane IdS CunSls 15,5 by asb Yo —fee Mpa e 855 e ST-

P
P
| | ' 0 Stress (o) = A
E °l 4lo
%_ O i Strain (&) x 100
— T = .
£ < ~
§ 4 Oy T
Y 3
=
v)
— >




| Dynamic Sheer Rheometer
| ASTM D4402
} AASHTO M320-10
| AASHTO T315-12
AASHTO M332-14
| AASHTO T350-14
AASHTO TP 70
ASTM D7405-10a
ASTM D7175-08

ASTM D4402 M
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Let's work through this:
In (b) the material is perfectly elastic -
strain is experienced immediately after load

J Is applied and similarly the deformation is

[ Time (, (A Time {,
(@ ) completely gone after removal of the load

Load
Strain

In (d) the material is viscous (syrup), the
deformation is not instantaneous upon
application of the load, and moreover there
Is no “recovery” of the deformation after the

to,  Time ¢ te,  Time load is removed

Strain
Strain

Viscoelastic materials display both elastic
and viscous behavior

www.explainthatstuff.com




Storage & Loss Modulus

* Rheology language tends to use a combined form of complex modulus and
phase angle

» Storage (elastic) modulus G’

» Loss (viscous) modulus G”

. If...

» G’ > G”, phase angle less than 45° - SOLID LIKE

» G” > G’, phase angle greater than 45° - LIQUID LIKE

Strain Strain

Stress Stress

100% Elastic Behavior 100% Viscous Behavior
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Water bath level

/

Oscillating disc \ =
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Bitumen
4+

B A

Fixed disc



Position of

Applied Stress o
Osclllating Plate .

~

Osclllating
Plate

<

Fixed Plate

Asphalt




Torque (T)
Rotation angle (6)

rl"d\' Z
/'ma.\'
B
Bitumen
sample A A
A Loading time (t)
|
B | e ~

! A Strain

! Phase angle () C

K : Stress

Radius (r) !
|

+ T max
:
Applied : -
chear : ] v
ciress Il time
g
i
|
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+ '}‘ max
Resulting -
chear "
strain time




torque (T) where
deflection angle (©) T= 2:; G* = the complex shear stiffness modulus, kPa, 0 Para“e| Plate
T T, = maximum shear stress (peak to peak, figure 2-7), kPa, and
height (h) Or Y, = maximum shear strain (peak to peak, figure 2-7).
Y=
h
The shear stress (1) is calculated using the following equation:
G* = tmax
radius (1) Ymax 2T
T =
Elastic: 8 =0 deg Viscous: 8 =90 deg nr’ ' "~
Tmax me
Applied | [
Shear [ [
Stress \/ — time  where
Yo ) L time lag = t/4 T = apl?lied torque
Resulting | time lag = 0 <L r = radius of the plate.
Shear | i
Strain = time  The shear strain (y) is calculated using the following equation: At
' \/ ' \ & = 360=, degrees
| i _ or
Yonax y = - t

Viscoelastic: 0<8<90°

tmax

Applied or
Shear I

Stress \/t e where 0 = deflection or angle of rotation. At '
Gr = 8 = 2rn—_, radians
Vmax t
Y At 5=At x360°
Resulting o r Tt X
Shear

Strain \/ time

Dynamic Shear Rheometer

a) principle of operation.

b) relationship of shear stress and shear strain for elastic (6 = 0°) and
viscous (5 = 90°) materials.

¢) relationship of shear stress and shear strain for viscoelastic (0° <8 <
90°) materials.

where

At = time shift
"t = cycle time.




To minimize rutting, the stiffness value, G*/sind, of the binder after the RTFOT
must be greater than 2.2 kPa at the maximum 7-day average pavement design
temperature. To control possible tenderness, if aging does not occur during
construction, the stiffness value G*/sin 9, of the tank or original unaged asphalt
must be greater than 1 kPa at the same pavement temperature.

To control fatigue, the stiffness value, G* sind, of the binder after the RTFOT and
PAV aging must be less than 5,000 kPa at the approximate average (termed
“intermediate”) pavement temperature. Since the average temperature will decrease
as the maximum pavement temperature decreases, this requirement may cause a
given asphalt binder which satisfies a PG 58- criteria to fail the PG 52- criteria
because of the intermediate temperature requirements, though not the high
temperature requirements.




Viscous - G"

Elastic - G'

Sin § =6 Fatigue Cracking
G* :
Viscous Behavior Superpave DSR test requirements: * G* (sin §) on RTFO and PAV aged asphalt
¢ G4 G*/sin & on unaged (original) asphalt binder > 1.00 kPa binder
L'}
both viscous ang  07/sin & on RTFO aged asphalt binder > 2.20 kPa * The parameter addresses the later part of the
elastic behavior fatigue life
w2 f,,}:ii * Value must be < 5,000 kPa
We want a stiff, elastic asphalt binder
> 5o to resist rutting (for the early part of the We want a soft elastic asphalt binder to
51y - service life) sustain many loads without cracking
B E2 (By decreasing G* or decreasing 9)

Elzstic Behavior (By increasing G* or decreasing 9)






- Superpave specification attempts to measure

properties that are directly related to pavement
field performance

PERFORMANCE PROPERTY

Rotational Viscometer Handling — Flow
Pump

y 4
Permanent — Rutting

Deformation
Dynamic Shear Rheometer y 4

Fatigue — Structural Cracking

TEST EQUIPMENT

Cracking
A
Bending Beam Rheometer Thermal — Low Temp Cracking

Direct Tension Tester Cracking



Superpave Binder Equipment

Low Temp

Fatigue
’ Cracking

Construction Rutting Cracking

! t } em!
B—l-
n [RV] ﬁ [DSR]W [BBR] g

Pavement Age
= RTFO - aging >
<-—— No aging —»

<-——PAV - aging —
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Superpave Binder Equipment

BBR

- 20

DSR

¥ =

20 60
Pavement Temperature, C

RV
=

135




Average /-day Max Pavement Design,

Temperature. *C =45 <52 <58 < B4 <70 <76 < B2

Mm 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|10 [-16 (-22 | -28 |-34 [ 40| -10 |16 | -22 | -28 | -34 | -10|-16 |-22 | -28] -34

ORIGINAL BINDER

Flash Point Temp T4%, Mm °C 230

Viscosity, ASTM D 4402: Max 3 Pa's, 135

Test Temp. °C

Dynanuc Shear, TP 5 Min, 1Epa G*/sin8

Tedt Temp @ 10 rad/s.°C 48 52 58 64 70 78 82
ROLLING THIN FILM OVEN RESIDUE (T 240)

Mass loss Max, percent 1.00

Dynamuie Shear, TP 5 Min 2. 20 Kpa

G*/5ing Test Temp @ 10 rad’s.*C 46 52 58 64 70 76 B2
PRESSURE AGING VESSEL RESIDUE (PP 1)

PAV Aging Temperature °C ah a0 100 100 100 {110 100 (110) 100 (1103

Dvnamic Shear, TP 5 hin 5000 Epa i il

G*/sing Tedt Temp @ 10 rad/s.*C 0] 7| 4 [25]22 |19 (1613|110 7 |25 |22 [ 19|16 |13 [ 31|28 |25 22|19 |16 34 (31 |28 | 25|22 |19 37 (34|31 (28| 25|40|37 (34|31 28

Fhysical Hardenmg Report

Creep Stiffness, TP 1 Determime the

crifical cracking temperature as -24|-30|-36| O | 6 |-12|-18]|-24|-30|-36| € |-12|-18]|-24|-30( O | 6 |-12|-18|-24|-30| O | 6 |-12|-18|-24|-30( O | 6 |-12|-18|-24| O | € [-12]|-18]-24

described m PP 42

Dhrect Tension, TP 3 Determine the

critical cracking temperature as -24|-30|-36| D | 6 |-12|-18]|-24|-30(-36| -6 |-12|-18|-24|-30( O | -6 |-12|-18|-24|-30| O | -6 |-12|-18|-24|-30( O | -6 |-12|-18|-24| O | 6 [-12|-18]-24

described in PP 42




PG Binder Specifications A

asphalt institute

The PG grading system is based on Climate

Meets all
Performance requirements down

Grade to this temperature
Meets all e

requirements up to

this temperature
("C)

avg Spec Requirement vG S vG &4 vi e G 76 vG
1 Remains Constant P % % % %) ) Y I O O o [ =

ea = 230°C
u <3 Pa-sg 135°C

g > 1.00 kPa| !
4% &

2 7 76 2
RO 0 00
% >2.20kPa O
4% 2 7 76 2
20 Hours, 2.07 100(1 100 (110) 110(110)
o Test Temperature [~ =0
<
ﬁ- Changes CTEEEEL EEEEERY!
S <300 MPa m > 0307 TBending Beam e ter) BBR “s* “m"-value
Report Value {Bending Beam RAheometer) BBR physical g
>1.00% (Direct Tension) DT
o p==f o> T T T B R EEE A L I T EREL L

1119 3 0
Avg 7-day Max, °C | PG 6 PG 52 PGS PG 64 PG 70 PG 76, PG §:
1-day Min, °C TREEEE 30N ENNEEEEEEEEEEERE TP
OR
es > 230°C (Flash poiny FP
<3 Pa's 2135 °( (Rotational Viscosity) RV
% >1.00 kPa| (Dynamic shear Rheometer) DSR Gsins
s “ 2 s [ 0 s s:
RTFO 00
g > 2.20kPa oter) DSR Gvsina
o 6 ) [ 5
20 Hours, 2.07 MP4 100 (110) 100 (110) 110 (110)
lh DSRG' sina

i Eeaded o OODDEEEREENERNNA2

s<muvaf m 20,300 fomet ss & “m"- value
EERL 3330k NEE] BB

ReportValue (Bending Beam Rheometer) BBR  physic:
>T.00% (Oirect Tension) DT
[0 pmf oJe> [T

Avg 7-day Max, °C
1-day Min, °C

€a = 230°C
u <3 Pas@135°

(Aash Point) FP

{Rotational Viscosity) RV

(Dynamic Shear Rheometer) DSR Gsing

100 (110)

110(110)

PAV Aged







