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1. SCOPE

1.1. This test method covers how to determine asphattdis’ resistance to damage by means of
cyclic loading employing linearly increasing loat@litudes. The amplitude sweep is conducted
using the Dynamic Shear Rheometer at the interrteege@vement temperature determined from
the performance grade (PG) of the asphalt bindssrding to M 320. The test method can be used
with binder aged using T 240 (RTFOT) and R 28 (PAd/3imulate the estimated aging for in-
service asphalt pavements.

1.2. The values stated in Sl units are to be regardéideastandard.

1.3. This standard does not purport to address all efshfety problems, if any, associated with its
use. It is the responsibility of the user of thanslard to establish appropriate safety and health
practices and determine the applicability of regata limitations prior to use

2. REFERENCED DOCUMENTS

2.1. AASHTO Standards
m M 320, Performance-Graded Asphalt Binder
B R 28, Accelerated Aging of Asphalt Binder Usingrad3urized Aging Vessel (PAV)

B T 240, Effect of Heat and Air on a Moving Film ofphalt Binder (Rolling Thin-Film Oven
Test)

m T 315, Determining the Rheological Properties gbiedt Binder Using a Dynamic Shear
Rheometer (DSR)

2.2. ASTM Standards
m D 8, Standard Terminology Relating to MaterialsRmrads and Pavements

3. TERMINOLOGY

3.1. Definitions

3.1.1. Definitions of terms used in this practice may berfd in ASTM D 8, determined from common
English usage, or combinations of both.

4. SUMMARY OF TEST METHOD

4.1. Asphalt binder is first aged using T 240 (RTFOT}apresent short-term aging of asphalt
pavements. The binder may be further aged using pridr to testing in order to simulate long-
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term aging of asphalt pavements. A sample is pezbaonsistent with T 315 (DSR) using the
8-mm parallel plate geometry with a 2-mm gap sgttirhe sample is tested in shear using a
frequency sweep to determine rheological propertibe sample is then tested using a series of
oscillatory load cycles at linearly increasing aityjgles at a constant frequency to cause
accelerated fatigue damage. The continuum damageagh is used to calculate the fatigue
resistance from rheological properties and ampditsmeep results.

5.1.

SIGNIFICANCE AND USE

This method is intended to evaluate the abilitgofasphalt binder to resist damage by employing
cyclic loading at increasing amplitudes in ordeattelerate damage. The characteristics of the
rate of damage accumulation in the material candeel to indicate the fatigue performance of the
asphalt binder given pavement structural conditemd/or expected amount of traffic loading
using predictive modeling techniques.

6.1.

APPARATUS

Use the apparatus as specified in T 315.

7.1.

7.2.

7.2.1.

7.3.

7.3.1.

7.3.1.1.

PROCEDURE

Condition the asphalt binder in accordance witd0 gRTFOT) for short-term performance, or
condition the asphalt binder in accordance wittd gRTFOT) followed by R 28 (PAV) for long-
term performance.

Sample preparatior-The sample for the Amplitude Sweep is prepareldfohg T 315 for 8-mm
plates. The temperature control also follows tH&l% requirements.

Note 1: In accordance to AASHTO T 315 provisiohss suggested that spindle
and plate temperature be raised to 64°C or higbfere insertion of the asphalt
sample to ensure sufficient adhesion is achievagake@ally for highly modified
and/or aged asphalt binders. Such provisions haga bhown to prevent
delamination in the majority of binders tested.

This test may be performed on the same samplevidmpreviously used to determine the
rheological properties in the DSR on PAV residusgecified in M 320.

Test protocol-Two types of testing are performed in successitw. first test, a frequency
sweep, is designed to obtain information on theldgical properties, and the second test, an
amplitude sweep, is intended to measure the dactagacteristics of the material.

Determination of “alpha” parameter-In order to perform the damage analysis, infororati
regarding the undamaged material properties (repted by the parametaj must be
determined. The frequency sweep procedure outlim&ction 7.3.1.1 is used to determine the
alpha parameter.

Frequency sweepFrequency sweep test data is used to determingatinage analysis “alpha”
parameter. The frequency sweep test is performtdteatelected temperature and applies
oscillatory shear loading at constant amplituder @aeange of loading frequencies. For this test
method, the frequency sweep test is selected fnrenDSR manufacturer’s controller software,
employing an applied load of 0.1 percent strairr @/eange of frequencies from 0.2-30 Hz. Data
is sampled at the following 12 unique frequencakif Hz):

0.2 0.4 0.6 0.8 1.0 2.0 4.0 6.0 8.0 10 20 30
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Complex shear modulus [|G*|, Pa] and phase aRglécgrees] are recorded at each frequency, as
shown in Figure 1.
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Figure 1—Example Output from Frequency Sweep Test

7.3.2.
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Amplitude sweep-The second test is run at the selected temperasimg oscillatory shear in
strain-control mode at a frequency of 10 Hz. Tteellng scheme consists of a continuous
oscillatory strain sweep. Loading is increaseddihefrom zero to 30% over the course of 3,100
cycles of loading. Peak shear strain and peak stiesss are recorded every 10 load cycles (1
sec), along with phase ang fegrees] and dynamic shear modulus [|G*|, Pa].
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Figure 2—Loading Scheme for Amplitude Sweep Test

8.
8.1.

8.1.1.

CALCULATION AND INTERPRETATION OF RESULTS
VECD Analysis:

In order to determine the parametefrom frequency sweep test data, the following glaltons
are performed:
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8.1.2.

8.1.3.

8.1.4.

8.1.4.1.

8.1.5.

8.1.6.

8.1.7.

First, data for the dynamic modulus [|@3|[ and phase angl®(w)] for each frequency is
converted to storage modulus(@):

G'(w) = |G*|(w) x coso(w)

A best-fit straight line is applied to a plot withg w on the horizontal axis and lod(@) on the
vertical axis using the form:

log G(w) =m(log w) +b

The value obtained fan is recorded and the value @fis obtained by performing the following
transformation:

a=1m

For the results of the amplitude sweep test, tha idaanalyzed as follows:
Note—The following damage calculation method is adafitech Kim, et al. (see Section 11.1).

The damage accumulation in the specimen is catiiasing the following summation:

N
a 1
D@® = Y [ (Coor = COIHa(E — by )THa
i=1
where:

C)= % which is |G*| at time, t divided by the initialfdamaged” value of |G¥}
= applied strain for a given data point, percent

|G*| = Complex shear modulus, MPa

o = value reported in Section 8.1.4

t = testing time, second

Note 2: The initial “undamaged” value of |G*| ithecond data point, as the first point
after change of material condition from rest dgfénom the undamaged modulus of
material at the target loading frequency.

Summation of damage accumulation begins with tis¢ diata point. The incremental valueDxgf)
at each subsequent point is added to the val@€tpfrom the previous point. This is performed
up until the final data point from the test at 3¥qent applied strain.

For each data point at a given timealues ofC(t) andD(t) are recorded (it is assumed thatat
D(0) is equal to one, arfd(0) = 0). The relationship betweé€{t) andD(t) can then be fit to the
following power law:

Cy=Co—C (D)

where:
Co = 1, the initial value o C; andC, = curve-fit coefficients derived through

linearization of the power law adapted
from Hintz, et al., in the form shown below:

log(Co — C(8)) = log(Cy) + C; - log(D(1))

Using the above equatio@; is calculated as the anti-log of the intercept @né calculated as
the slope of line formed as Idgf— C(t)) versus lod§(t)). For calculation of botk; andC,, data
corresponding to damages less than 10 are ignored.
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8.1.8. The value oD(t) at failure,Dy, is defined as thB(t) which corresponds to the reduction in initial
|G*| at the peak shear stress. The calculatios felbbws:

C, — C at Peak Stress Ye,
by = ( C )
1

8.1.9. The following parameter\(andB) for the binder fatigue performance model can hew
calculated and recorded as follows:

_ fop*
k(mCCy)*
where:
f loading frequency (10 Hz),
k 1+ (1 -Cya, and
B =20

8.1.10. The binder fatigue performance paramédecan now be calculated as follows:
N; = A(ymax)_B

where:

VYmax = the maximum expected binder strain for a gipamement structure, percent

9. REPORT

9.1. Report the following

9.1.1. Sample identification,

9.1.2. PG grade,

9.1.3. Test temperature, nearest 0.1°C,

9.1.4. Fatigue model parametefsandB, four significant figures, and
9.1.5. Binder fatigue performance paramelgrnearest whole number.
10. PRECISION AND BIAS

10.1. To be determined upon results of interlaboratosyirteg.

11. KEYWORDS

11.1. asphalt binder; continuum damage; DSR; fatiguefoperance grading.
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APPENDIX

(Nonmandatory Information)

X1. SAMPLE CALCULATIONS

X1.1. Example data from the amplitude sweep test is ginérable X1.1.

Table X1.1—Example Data Output From Amplitude Sweep Test

Testing Time, Shear Stress, Shear Strain, Phase Angle, |G*],
second MPa percent degree MPa
34 0.212 1.996 49.18 8.057
35 0.212 2.001 49.22 8.041
36 0.212 2.003 49.26 8.028
37 0.211 2.003 49.29 8.016
38 0.211 2.004 49.32 8.005
39 0.211 2.003 49.34 7.995
40 0.210 2.003 49.37 7.987
X1.2. The following values have already been assumed
D(33) = 10.77
a =258

|G*| 0= 8.345 MPa
|G*| - 33= 8.075 MPa

X1.3. Sample calculations
X1.3.1. To calculate the accumulation of damage fiton33 sec td = 34 sec:

D(34) = D(33) + [my2(Coy — COITFE(t; — t,_)TH

2.58

D(34) = D(33) + [(1.996)%(8.075 — 8.057)/(8.345)]Tr258(34 — 33)T7258

D(34) = 10.84

X1.3.2. This procedure is repeated, giving the followingules shown in Table X1.2.
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Table X1.2—Example Data Output and Damage Calculation fronphtode Sweep Test

Testing Time, Shear Stress, Shear Strain, Phase Angle, |G*,
second MPa percent degree MPa D(t)
34 0.212 1.996 49.18 8.057 10.84
35 0.212 2.001 49.22 8.041 10.91
36 0.212 2.003 49.26 8.028 10.97
37 0.211 2.003 49.29 8.016 11.03
38 0.211 2.004 49.32 8.005 11.08
39 0.211 2.003 49.34 7.995 11.13
40 0.210 2.003 49.37 7.987 11.17
X2. EXAMPLE PLOTS
X2.1. The following example plots may be useful in vigirad the results
14.0
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Figure X2.1—Example |G*| * sid versus Damage Plot with Curve-Fit from Section 7.2
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Figure X2.2—PIot of Fatigue Parametdk (Normalized to 1 million ESALS) versus
Applied Binder Shear Strain on a Log-Log Scale ¢hble fatigue life can be
determined for given strain amplitudes, as showthkyarrows.)

TS-2b TP 101-7 AASHTO



