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• Advantages

o High strength
o Low density
o Low maintenance costs
o Good behaviour under fatigue

• Difficulties

o Multiple failure modes and interaction between them
o Fatigue
o Delamination
o Thermodynamic effects

Application of composite materials reinforced with long fibers
in the automotive industry (Fatigue4Light Project)

Introduction
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Real damaged solid Equivalent non-damaged solid

Isotropic damage material 

A   depends on the volumetric fracture energy of the material

Exponential softening
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Linear softening

Oliver et al,. “Isotropic damage models and smeared crack analysis of concrete” (1990)

Oller, “Nonlinear dynamics of structures” (2014)

Jiménez et al,. “On the numerical study of fatigue process in rail heads by means of an isotropic damage based high-cycle fatigue constitutive law” (2022)

Cornejo et al,. “Methodology for the analysis of post-tensioned structures using a constitutive serial-parallel rule of mixtures” (2018)

Martinez et al,. “Analysis of ultra low cycle fatigue problems with the barcelona plastic damage model and a new isotropic hardening law” (2015)

Component constitutive model. Isotropic Damage and Plasticity.

𝜀 = 𝜀𝑒 + 𝜀𝑝 → 𝜎 = 𝐶0𝜀
𝑒 = 𝐶0(𝜀 − 𝜀𝑝)

Plasticity

C0 the isotropic elastic constitutive tensor.

Damage (A) and plasticity (B) developed softening types

(A)

(B)

Isotropic Plastic Hardening: Provides an expansion (hardening) or a contraction (softening) of the 
yield surface. 
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𝑆𝑡ℎ 𝑅 = ൝
𝑆𝑒 + 𝑆𝑢 − 𝑆𝑒 · 0,5 + 0,5 · 𝑅 𝑆𝑇𝐻 𝑅1 for 𝑅 ≤ 1

𝑆𝑒 + 𝑆𝑢 − 𝑆𝑒 · 0,5 + 0,5/𝑅 𝑆𝑇𝐻 𝑅2 for 𝑅 > 1

𝐴𝐿𝐹𝐴𝑇 𝑅 = ቊ
𝐴𝐿𝐹𝐴𝐹 + 0,5 + 0,5 · 𝑅 · AUX R1 for 𝑅 ≤ 1
𝐴𝐿𝐹𝐴𝐹 − 0,5 + 0,5/𝑅 · AUX R2 for 𝑅 > 1

𝐵0 = −
𝑙𝑛 𝜎𝑚𝑎𝑥/𝑆𝑢

log10 𝑁𝑓
𝐵𝐸𝑇𝐴𝐹·𝐵𝐸𝑇𝐴𝐹

𝑁𝑓 = 10
−

1

𝐴𝐿𝐹𝐴𝑇 𝑅
·𝑙𝑛

𝜎𝑚𝑎𝑥−𝑆𝑡ℎ 𝑅

𝑆𝑢−𝑆𝑡ℎ 𝑅

1
𝐵𝐸𝑇𝐴𝐹

(cycles to failure)

𝐴𝐿𝐹𝐴𝐹, 𝐵𝐸𝑇𝐴𝐹, 𝑆𝑇𝐻 𝑅1, 𝑆𝑇𝐻 𝑅2, 𝐴𝑈𝑋 𝑅1 & 𝐴𝑈𝑋 𝑅2

(model parameters)

Wöhler surface : 𝑆 𝑅, 𝑁𝑐 = 𝑆𝑡ℎ 𝑅 + 𝑆𝑢 − 𝑆𝑡ℎ 𝑅 𝑒−𝐴𝐿𝐹𝐴𝑇 𝑅 · log10 𝑁𝑐
𝐵𝐸𝑇𝐴𝐹

Reduction factor: 𝑓𝑟𝑒𝑑 𝑅,𝑁𝑐 , 𝜎𝑚𝑎𝑥 = 𝑒−𝐵0· log10 𝑁𝑐
𝐵𝐸𝑇𝐴𝐹·𝐵𝐸𝑇𝐴𝐹

Reversion factor: 𝑅 =
𝜎𝑚𝑖𝑛

𝜎𝑚𝑎𝑥

Barbu, “Numerical simulation of fatigue processes: application to steel and composite structures” (2016)

Oller and Oñate, “A continuum mechanics model for mechanical fatigue analysis” (2005)

Jiménez et al,. “On the numerical study of fatigue process in rail heads by means of an isotropic damage based high-cycle fatigue constitutive law” (2022)

Component constitutive model. High Cycle Fatigue (HCF).
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The SP-RoM is a phenomenological homogenization, in which the behaviour of the composite material can be obtained by the
constitutive model of its components.

Equilibrium and compatibility equations

Parallel direction Serial directionEach interlayer has the same strain
 the Classical Mixing Theory is applied to
each inter-laminar surface

Jiménez et al,. “On the numerical study of fatigue process in rail heads by means of an isotropic damage based high-cycle fatigue constitutive law” (2022)

Rastellini, “Modelización numérica de la no-linealidad constitutiva de laminados compuestos” (2006) Cornejo et al,. “Methodology for the analysis of post-

tensioned structures using a constitutive serial-parallel rule of mixtures” (2018)

Martinez et al. “Study of delamination in composites by using the serial/parallel mixing theory and a damage formulation” (2007)

Constitutive modelling of the GFRP. Serial Parallel Rule of Mixtures Law (SP-RoM).



7

𝐶 =
𝜎𝑓

𝜎𝑐
 

Gerber Parabola:

SN curves of different GFRP sequences.

• Matrix suffers damage-type degradations.

• Fiber suffers from fatigue degradation.

SP RoM allows obatining a factor, C, that relates the
stresses in the composite with the ones in longitudinal
direction of the fiber.

The calibration code requires SN data input for different values of R
(R=0.1 and R=-1) 

Constitutive modelling of the GFRP. Component characterization.
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Components
calibration

• 0/90

• 0/90/45

LCA sequence

• GFRP

• Hybrid: Alumnium + GFRP

• Aplication on Low Control Arm (LCA)

Validation and application cases.
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Experimental results of the monotonic (A, B) and the fatigue test (C, D). 

(A) (B)

(C) (D)

Validation and application cases. GFRP components calibration.

Experimental fatigue results.

Geometry of the specimen.
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Comparison of the numerical and experimental 
results of the monotonic test for sequences 0/90 
and 0/90/45.

Experimental results for sequences 0/90 and 0/90/45

Validation and application cases. GFRP components calibration.

Monotonic fiber and matrix properties for
sequences 0/90 and 0/90/45.
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Input data for fatigue fiber fatigue parameters characterization.

Validation and application cases. GFRP components calibration.
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Comparison of the SN curve obtained for the fiber from the homogenized experimental data of the composite.

Validation and application cases. GFRP components calibration.
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Load scenarios.

Validation and application cases. GFRP components calibration.

Experimental and numerical data comparison for sequences 0/90 and 0/90/45.

Fiber fatigue parameters.
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Experimental data and SN curves of
the composite and fibre for the load
scenario 1.

Validation and application cases. GFRP components calibration.
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Validation and application cases. GFRP components calibration.

Experimental data and SN curves
of the composite and fibre
for the load scenario 5.
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Validation and application cases. LCA – GFRP tension and fatigue.

Selcom EBX400 (biax) NCF / ARALDITE LY 1564, symmetric lay-upc with 6 bi-ax layers (=12 layers)
[(0/90)2 /±45]s → ([0/90/0/90/+45/-45/-45/+45/90/0/90/0])
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Comparison of the monotonic results obtained for two different specimens with sequence [(0/90)2/±45]s.
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Comparison of the fatigue results obtained for the sequence [(0/90)2/±45]s.

Validation and application cases. LCA - GFRP tension and fatigue.
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Comparison of the experimental and numerical data of the
hybrid monotonic test.

Validation and application cases. LCA – Hybrid tension and fatigue.

Material Monotonic test Fatigue test

Fiber Damage HCF

Matrix Damage Damage

Aluminium Plasticity HCF
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Validation and application cases. LCA – Hybrid tension and fatigue.

Comparison of the fatigue results obtained for the hybrid.
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Damaged areas in the LCA.

Validation and application cases. LCA.

Aluminium

Aluminium

Glass/epoxy composite 
laminate

Element type Quadratic tetrahedra

Number of elements 317.584

Number of nodes 530.899

Material Monotonic test

Fiber Damage

Matrix Damage

Aluminium Damage



- The correct functioning of the proposed methodology to carry out verified and validated.

- An approach method to predict the properties of the components from the composite data has been proposed and 

validated.

- The experimental tests for the hybrid material have been reproduced numerically.

- Apply the fiber calibrated data in the large scale mesh of the Low Control Arm (LCA).

21

Conclusions and future results.
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