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4. Fatigue life model for CFRP 
For the service strength analysis of hybrid adhesively bonded joints a life prediction of the CFRP join-
ing partner has to be provided. Here an energy based approach is pursued which assumes linear elastic 
and ideally brittle material behaviour. Based on that, the span of the normalised strain energy density 
∆ܹ∗ can be rewritten in terms of the span of the squared material effort ܨ: 

∆ܹ∗ሺܰሻ ൌ ∑∆ሺܨଶሻ. (1) 

 
For the experimentally determined span of the normalised strain energy density ∆ܹ∗ሺܰሻ a WÖHLER-
like formulation according to the wearout-model suggested in [21] is used. The layer wise material 
efforts are calculated according to the fracture mode related failure conditions, which are based on the 
Failure Mode Concept (FMC) by CUNTZE [22]. By the quadratic summation for all failure modes a 
fatigue failure initiation model can be derived according to: 

∆ܹ∗ሺܰሻ ൌ ∆൫ሺܨ∥ఙሻଶ൯  ∆൫ሺܨ∥ఛሻଶ൯  ∆ሺሺୄܨఙሻଶሻ  ∆ሺሺୄܨఛሻଶሻ  ∆൫ሺܨ∥ୄሻଶ൯. (2) 

 
By solving the inverse problem the fatigue life for arbitrary combinations of amplitudes and mean 
stresses can be found. Realistic service loads are further on considered by applying linear accumula-
tion according to MINER/PALMGREN: 

ሺ݊ሻܦ ൌ ∑ 
ே


ୀଵ . (3) 

 
This modelling approach is further on incorporated into a superordinate meta modelling strategy. A 
sophisticated submodel of the bonded joint is used for precalculating the fatigue life of the whole joint 
including CFRP bonding partner. By application of the presented fatigue life model the probability of 
failure and the cycles to failure in the CFRP all failure modes is predicted for a set of predefined load 
combinations. A multidimensional load cycle dependent failure surface for arbitrary fatigue loadings 
of the bonded joint is gained and stored. On the level of the coarse full car body analysis, the service 
loads of the adhesive joints are calculated in a linear elastic manner according to existing standards 
and then evaluated against the gained load cycle dependent failure surface for efficient life prediction 
by means of linear damage accumulation. 
 
5. Summary 
The presented study focuses on providing a testing and modelling strategy for practice-oriented service 
strength analysis of CFRP in hybrid adhesive joints. For this, first an efficient and reproducible manu-
facturing process for in-plane and out-of-plane specimens with accompanying quality control is pre-
sented. The proposed testing strategy includes in-plane and out-of-plane tests under static and cyclic 
loading to generate a complete set of input parameters required for modelling fatigue life of CFRP 
materials in adhesive joints. The comparison of the tested properties between the transverse in-plane 
and the out-of-plane direction showed minor differences in stiffness and strength. The evaluated dif-
ferences indicate non ideal transverse isotropic material behaviour, which needs to be considered for a 
safe service life prediction of composite materials. The gained experimental data is used for modelling 
the fatigue life until crack initiation using energy based approaches and linear damage accumulation. 
Finally, an outlook is given on the superordinate meta modelling strategy which incorporates the fa-
tigue life model for CFRP and offers significant potential for an efficient service strength analysis of 
adhesive joints in hybrid structures. Future work will focus on application and validation of the pre-
sented modelling approach on subcomponents. 
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