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Determination of Dynamic Modulus of Thin-Disk-Shaped Asphalt Concrete Specimens
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ABSTRACT

PURPOSES : The objective of this study was to develop an impact resonance (IR) test procedure for thin disk-shaped specimens in order
to determine the |£| and phase angle values of various asphalt mixtures.

METHODS : An IR test procedure was developed for evaluating thin disk-shaped specimens, in order to determine the dynamic modulus
(IE'1) of various asphalt mixtures. The IR test method that was developed to determine the elastic modulus values of Portland cement
concrete was evaluated, which method uses axisymmetric flexural vibration proposed by Leming et al. (1996). The IR tests were performed
on three different mixtures of New York with varying nominal maximum aggregate sizes (NY9.5, NY19, and NY25) at six different
temperatures (10 - 60C). The |£7| values obtained from the IR tests were compared with those determined by the commonly used
AASHTO T342-11 test.

RESULTS AND CONCLUSIONS : The IR test method was employed to determine the |£| values of thin-disk-shaped specimens of
various asphalt mixtures. It was found that the IR test method when used with thin disk-like specimens is a simple, practical, and cheap tool for
determining the |£7| values of field cores. Further, it was found the |£7| values obtained from the IR tests using thin disk-like specimens were
almost similar to those obtained using the AASHTO T342-11 test.
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Modulus)= Eq. (1) ol Z<l€

o= f 7 ( E’, storage modulus)¥} 7H&|H&2 Z;—, &4

= HE& (g7, loss modulus) & U o] xt},
E'=E+E @
where,

E+=complex modulus
FE’ =storage modulus, elastic modulus,

E" =loss modulus, and

[ =V-1.
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where,
|E’| = dynamic modulus,
= peak—to—peak stress amplitude, and
= peak—to—peak strain amplitude.
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2.3. Leming et al. 72| 24
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where,

2, =frequency parameter associated with
the fundamental mode of vibration,

v = Poisson's ratio,

p = mass density of the disk,

f = first natural frequency, and

d = diameter of the disk.
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3.3.2. AASHTO T 342-11 (AASHTO, 2011)
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Fig. 6 Asphalt Mixture Performance Test (AMPT)

Table 1. Summary of Tests Performed in This Study

AASHTO
Test method Impact resonance T 34211
Mixtures NY9.5, NY19, NY25
o 10, 20, 30,
Temp. () 40, 50, 60 5, 20, 40, 54
25,10, 5,
Frequency Table 2 105, 0.1
Sample size
(diameter X height) (mm) 100%25 100150
Testing time 1 days 3 days
Number of samples 4 3
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Table 2. IR Test Results for NY9.5 Mixture

Resonant frequency

Temp.(C) | Sample 1 | Sample 2 | Sample 3 | Sample 4
10 10126 10538 10490 10024
20 9276 9388 9756 8698
30 7938 7986 7070 7958
40 7034 7744 7454 6860
50 5480 6186 5980 5342
60 4202 4394 4924 4682

Damping ratio

Temp.(C) | Sample 1 | Sample 2 | Sample 3 | Sample 4
10 0.05 0.05 0.05 0.06
20 0.08 0.09 0.08 0.07
30 0.10 0.10 0.09 0.10
40 0.15 0.15 0.16 0.16
50 0.22 0.23 0.22 0.21
60 0.34 0.30 0.32 0.29
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where,
fr=reduced frequency,
ar = time—temperature shift factor, and

f = frequency, Hz.
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where,

reference temperature = 20C
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Table 3. Poisson's Ratio for £° Calculation for the
Equation (4) (Whitmoyer et al. 1994)

Temp. (C) Poiss?z'? ratio
10 0.28
20 0.30
30 0.33
40 0.39
50 0.42
60 0.45
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