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Digitalization of road structures for 

non-destructive analysis: from the 

laboratory to the road
A. K. L. Bezerra1, S. Mangiafico1, C. Sauzéat1, 

Y. Mahmoudi1
1ENTPE, Ecole Centrale de Lyon, CNRS, LTDS, UMR5513, 69518 Vaulx-en-Velin, 

France

LABORATORY SCALE

To validate the accuracy of the 

laboratory IRT for different 

types of bituminous mixtures 

(granulometry, bitumen, 

bitumen content and air voids)

To develop a methodology for 

performing non-destructive test in 

the field, and to propose a method 

for analyzing data and 

characterizing LVE behavior

CONTEXT ANDOBJECTIVES

• Linear viscoelastic (LVE) 

characterization

• Resonance phenomenon

• Low cost, quick and easy to 

execute

Impact Resonance Test (IRT)

FIELD SCALE

OBJECTIVE 01 OBJECTIVE 02

MATERIALS AND METHODS

LABORATORY SCALE

Hammer
Accelerometer

Example of Impact Resonance Test (IRT) results at -5°C:

Cyclic 

Tension-

Compression 

(TC) test

FFT

Temperatures:

-25 → 45 °C

Time domain Frequency domain

COMPARISON BETWEEN IRT AND TC TESTS

Frequency Response Function (FRF)

FRF ω =
1

5
෍

1

5
𝑂𝑢𝑡𝑝𝑢𝑡 ω (𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑜𝑚𝑒𝑡𝑒𝑟)

𝐼𝑛𝑝𝑢𝑡 ω (𝐻𝑎𝑚𝑚𝑒𝑟)

INVERSE ANALYSIS to determine LVE behavior: 

o FEM simulation to calculate numerical FRF

o Optimization of numerical FRF on experimental FRF 

2S2P1D 5G-II TC 2S2P1D 5G-II IRT

5G-II TC 5G-II IRT
LVE modeling 2S2P1D model

2S2P1D 5G-I TC 2S2P1D 5G-I IRT
5G-I TC 5G-I IRT

PERSPECTIVES

φE IRT< φE TC

William-Landel-

Ferry (WLF)

• To finalize the experimental campaign on a laboratory scale;

• Carrying out in situ measurements on an experimental section pavement.
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6 types of 

bituminous mixture
IRT

Input (ω)

(Hammer)

Output (ω)

(Accelerometer)

Experimental FRF (ω)

𝐸∗ ω = 𝐸00 +
𝑬𝟎 − 𝐸00

1 + ⸹(𝑖ω𝝉𝑬)
−𝒌+ (𝑖ω𝝉𝑬)

−ℎ+(𝑖ω β𝝉𝑬)
−1

7 constants in 1-D 

3 constants in 3-D: ν0 ν00 τν
2 constants for WLF Equation: 𝐶1 𝐶2

12 

parameters

4 parameters to be optimized

8 fixed parameters

𝑬𝟎, 𝒌, ⸹ 𝑎𝑛𝑑 𝝉𝑬

𝑇𝑅𝐸𝐹 = 15°𝐶

Mixture BBSG

Granulometry: 0/10 mm

Bitumen type: 50/70

Bitumen content: 5.2%

2 specimens

5G-I

Air void:

5.8%

5G-II

Air void:

5.2%

EXAMPLE OF RESULTS

EXPERIMENTAL FRF FROM IRT TESTS

Temperature

Resonance Frequency

Amplitude

5G-I 5G-II

Contact

Fast Fourier 

Transforms 

(FFT)

5G-I TC

5G-I IRT

2S2P1D 5G-I TC
2S2P1D 5G-I IRT

2S2P1D 5G-II TC
2S2P1D 5G-II IRT

5G-II TC

5G-II IRT
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5G-I TC WLF
5G-I IRT WLF

𝐶1 = 19
𝐶2 = 135

log (𝑎𝑇) =
−𝐶1 (𝑇 −𝑇𝑟𝑒𝑓)

𝐶2 + 𝑇 −𝑇𝑟𝑒𝑓

𝐶1 = 32
𝐶2 = 213

5G-II TC WLF
5G-II IRT WLF
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|E∗|IRT − |E∗|TC
|E∗|TC

φE IRT − φE TC
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1×10-7 1×103 1×1013 1×10-7 1×103 1×1013

2S2P1D 5G-I TC
5G-I TC 5G-I IRT

2S2P1D 5G-I IRT

𝑇𝑅𝐸𝐹 = 15°𝐶

|E∗|IRT > |E∗|TC
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