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Better understanding about the mechanical behaviors of the 

interface and better design method

for sustainable pavements

Less maintenance

Better

performances

Fully 

bonded

• Max axial force:

±100 kN

• Max torque: 

±2 kN.m

• Max loading freq.: 

10 Hz 2 cameras in each

side (2 opposite sides)

• Max sampling 

frequency 35fps

• Pixel size 70 µm

• Measurement 

resolution 0,7 µm
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100 mm

3mm

Average 

displacement 

on each strip

𝑢𝜃(µm)

8,6 × 104

4,3 × 104

0,0 × 104

−4,3 × 104

Materials

BBSG3

EME2

• Temperatures: 0, 

10, 20, 30, 40oC

• Frequencies: 0.01, 

0.03, 0.1, 0.3, 1Hz

• Global strain 

magnitude (whole 

sample): 50µm/m
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• Shear strain 𝜀𝜃𝑧 of each layer

obtained via linear regression of

dispacement 𝑢𝜃 in z

• Displacement gap ∆𝑢𝜃 obtained at

the interface

𝜀𝜃𝑧_𝑢𝑝
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French design 

method (NF P 98-86 

2019) considers 

bituminous layers 

either bonded or fully 

unbonded

In reality, the 

bonding capacity 

of tack coat reduce 

progressively 

during its service 

life

OBJECTIVE: characterize interface between bituminous layers under shear loading in Linear

Viscoelastic (LVE) and fatigue domains by using 2T3C (Torsion/Traction/…) apparatus

developed at ENTPE (Attia, 2020)

interfaceTack coat

H1, H2: Horizontal non-contact 

sensors

• measure global axial 

displacement

V1, V2:Vertical non-contact 

sensors

• measure global torsional

displacement

Ti,Te:Temperature sensors (PT 

100)

• Measure temperature on 

sample’s inner and outer

surfaces

ε = 0

60s

Sensor support 

fixed to top cap

Top cap

Aluminum target

fixed to bottom cap

Bottom cap

Temperature influence
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Number of loading cycles [-]

Linear 

Viscoelasticity

# cycles

1Hz       3 Hz     1Hz       3 Hz       1Hz       3 Hz       1Hz       3 Hz     1Hz       3 Hz    1Hz       3 Hz

# loops 10                      10                       10                       20                      50                      70

50

µm/m

3           30           3           90         3            270         3        810         3           2430      3        7290

Global

𝜀𝜃𝑧
(µm/m)

0.01Hz                0,03Hz          0.1Hz        0.3Hz       1Hz

time

next
T°Cε = 0

60s

ε = 0

60s

ε = 0

60s

# cycles     5                          5                  12              30          30

• Temperature: 10oC

• Frequencies: 1, 

3Hz (no picture 

taken at 3Hz)

• Global strain 

amplitude (whole 

sample): 50µm/m

Shear complex modulus test

Fatigue test in shear loading mode
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The authors acknowledge the company EIFFAGE for providing materials in this study

Example of shear complex modulus for layers and shear stiffness at interface

𝐺𝜃𝑧
∗ =

𝜏𝜃𝑧_0

2𝜀𝜃𝑧_0
𝑒𝑖𝜑𝐺 = 𝐺𝜃𝑧

∗ 𝑒𝑖𝜑𝐺; 𝐾𝜃𝑧
∗ =

𝜏𝜃𝑧_0

∆𝑢𝜃_0
𝑒𝑖𝜑𝐾 = 𝐾𝜃𝑧

∗ 𝑒𝑖𝜑𝐾

Preliminary results for fatigue behavior in layers and at the interface
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𝜀𝜃𝑧_𝑢𝑝
𝜀𝜃𝑧_𝑙𝑜𝑤

∆𝑢𝜃×10

𝜑K/𝜔

|∆𝑢𝜃|=2,8 µ𝑚

𝜀𝜃z_0𝑙𝑜𝑤=29,62 µ𝑚/𝑚

𝜀𝜃z_0up=39,03 µ𝑚/𝑚𝜏 𝜃𝑧_0 =0.28𝑀𝑃𝑎
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−8,6 × 104

𝑢𝜃(µm)

Context and objectives Test procedure for complex shear modulus and fatigue tests

Conclusions
• 2T3C apparatus abilities: sinusoidal torsion (or/and tension/compression) on interface

homogeneous stress and strain fields in layers

homogeneous stress and displacement fields at the interface

• From “complex modulus” tests : mechanical behavior at the interface is viscoelastic

• From preliminary fatigue results : fatigue failure appears at the interface rather than in

layers

Results for shear complex modulus and fatigue tests

DIC application on shear loading cycles

2T3C (Torsion/Tension/Compression on Hollow 

Cylinder) apparatus for interface study

Sample: Double-layer hollow 

cylinder

• Height: 125mm

• Internal diameter (Rint): 122mm

• External diameter (Rext): 172mm

Advantage: 

Stress and strain fields 

≈ homogeneous

Rupture (two layers 

separated at the interface)

Global

𝜀𝜃𝑧
(µm/m)

50

µm/m

eθ

er ez

𝜀𝜃𝑧_𝑔𝑙𝑜𝑏𝑎𝑙 =
𝑢𝜃𝑣𝑒𝑟𝑡𝑖𝑐𝑎𝑙_𝑠𝑒𝑛𝑠𝑜𝑟𝑠×𝑅𝑒𝑥𝑡

2 × ℎ𝑠𝑎𝑚𝑝𝑙𝑒 × 𝑅𝑠𝑒𝑛𝑠𝑜𝑟𝑠

Torsional 

displacement

Where 𝜏𝜃𝑧 : shear stress

T : torsion

𝜏𝜃𝑧 =
3𝑇

2𝜋 × (𝑅𝑒𝑥𝑡
3 − 𝑅𝑖𝑛𝑡

3 )
;

• Develop suitable fatigue

critiria for the interface

• Study interface properties in

high strain domain

Perspectives

Time


