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1 Introduction of the department
Competence fields
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2 An energy approach for reproducible fatigue testing
Test frequencies for fatigue testing of FRP

ISO 13003

1 < f < 25 Hz
ΔT max. 10 K

ASTM 7991-12

f < 5 Hz

Hypothesis: 
A constant induced energy rate 

leads to reproducible temperature increase

Induced energy rate Eind:

Eind = Eind
0,5 ⋅ ti

ti = 1f
.

.
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Layer setup: 
[45, -45, 0, 90]2S

Thermocouple 
specimen

Adapter

Extensometer
Thermocouple 

reference

2 An energy approach for reproducible fatigue testing
Principle of frequency-increase tests

quasi-isotropic
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flimit,i (σmax,i) ∙ Eind,i (εa,i σmax,i)

2 An energy approach for reproducible fatigue testing
Determination of stress-dependent induced energy rate
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2 An energy approach for reproducible fatigue testing
Determination of suitable test frequencies

σmax (MPa) f (Hz) σmax (MPa) f (Hz) σmax (MPa) f (Hz)
60 90.1 120 19.7 180 5.8
80 48.2 140 11.2 200 4.0
100 30.7 160 8.7 220 2.8
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70 °C

23 °C

-30 °C

3 Temperature-dependent fatigue behavior – strength-based
S/N-curves

σmax / σUTS

GF-EPGF-PU ≈ 1.5 vol.-% pore content
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σmax, T=23°C = 535.57 ⋅ (Nf)-0,091 MPa
σmax, T=-30°C = 802.77 ⋅ (Nf)-0,11 MPa

σmax, T=70°C = 529.91 ⋅ (Nf)-0,101 MPa

Δσmax T=-30°C = 394.56 ⋅ (Nf)-0,202 MPa

Δσmax T=70°C = -27.122 ⋅ (Nf)-0,016 MPa70 °C

23 °C

-30 °C

GF-PU

-30 °C

70 °C

GF-EP

3 Temperature-dependent fatigue behavior – strength-based
Influence of temperature on fatigue strength



12Characterization of the temperature-dependent fatigue behavior of GF-PU and -EPD. Hülsbusch | 28-Feb-19

70 °C

23 °C

-30 °C

GF-EPGF-PU

Glass transition 
temperature tg

130 °C

Glass transition 
temperature tg

190 °C

3 Temperature-dependent fatigue behavior – strength-based
Influence of temperature on fatigue strength
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70 °C

23 °C

-30 °C

70 °C

23 °C

-30 °C

GF-PU GF-EP

3 Temperature-dependent fatigue behavior – stiffness-based
Influence of temperature on stiffness degradation



15Characterization of the temperature-dependent fatigue behavior of GF-PU and -EPD. Hülsbusch | 28-Feb-19

2 Temperature-dependent fatigue behavior – stiffness-based
Stiffness-based lifetime estimation via Ogin

70 °C

23 °C

-30 °C

70 °C

23 °C

-30 °C
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Front view Top view3D CT volume Defect analysis

4 In situ computed tomography for damage analysis
Principle for CT damage analysis
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Specimen
failure

23 °C

GF-PU

GF-EP

4 In situ computed tomography for damage analysis
Comparison of damage development for GF-PU and -EP at 23 °C

Specimen
failure
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4 In situ computed tomography for damage analysis
Quantitative damage development for GF-PU
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5 Conclusions

 Energy approach for frequency selection leads to a limited increase in specimen’s temperature

 Fatigue behavior
 Epoxy exhibits significantly improved fatigue properties compared to polyurethane
 Glass transition temperature seems to influence especially the low cycle fatigue

 Damage behavior
 Damage development similar for each temperature
 Damages can be separated in it’s directions and layers
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