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1. Introduction

The weight savings of wind turbine blades is
recognized as an essential factor in the design 
phase for performance improvements. Researches 
on composite blades have been carried out to 
improve the weight reduction effect and physical 
properties. In particular, to prevent the increase in 
weight due to mechanical fastening, the composite 
blade is made of shear web and skin, and then 
fastened with adhesive. The advantage of the 
adhesive is that the loads can be distributed over a 
wider area than the mechanical fastening method 
without increasing the weight of the structure. On 
the other hand, such a fastening method is affected 
by the environment. In particular, in a blade for a 
wind turbines, there is a disadvantage that the 
adhesive section is evaluated as a weak part of the 
structure, and there is no clear breakage criterion 
for the adhesive [1-2]. Particularly, in order to 
evaluate by the analysis, modeling of the bonding 
condition is required, and a method capable of 
evaluating the flaw and stress of the bonding model 
is also required. There is already validated 
analytical model, Cohesive Zone Modeling (CZM) 
[3]. In this way, it is necessary to analyze the 
breakage tendency for the bonding condition at the 
weakening section. 

In this paper, we used the CZM method in 
ABAQUS[4] to model the bonding part of the spar-
web fastening structure of a composite blade 
structure for a 5 MW wind turbine, and to evaluate 
the safety of the structure under ultimate load 
conditions, The progressive failure analysis was 
also analyzed for 5MW wind turbine. . 

2. Analysis method

2.1 Cohesive zone model 
The 5MW composite blades in SANDIA report [5], 

were evaluated for structural integrity under the 
integrated load conditions according to IEC 61400-
3 [6]. These loads were applied to the FE model 
shown in Fig. 1. 

The CZM method, which is a technique to 
simulate the defect growth of adhesive, was applied 
to describe the adhesive at the spar - web structure 
of the model evaluated for structural integrity. In 
order to apply the CZM method, the interlaminar 
fracture toughness is required to simulate the 
directional behavior under the ultimate loading 

condition in the composite blade, and the properties 
were selected through the experiments and 
references. Progressive fracture analysis was 
performed to analyze the fracture behavior of the 
blade spear - web adhesive joint in accordance with 
the loads at the initial failure position. 

Fig.1 Finite element model of wind turbine blade 

2.2 Failure evaluation 
Since the loads applied to the composite blade 

exits in a mixed mode load rather than a single load, 
the interaction between the loads should be 
considered. To account for these interactions, two 
conditions were used for the analytical method of 
the adhesive in this study. First, the quadratic 
nominal stress criterion (QNS criterion) proposed by 
Gui et al. [7] was applied to identify the flaw or defect 
initiation. Second, the defect growth was occurred 
after the initial failure and the progressive failure 
evaluation was performed by applying the 
Benzeggagh-Kenane (B-K criterion) criterion which 
is the riterion of the defect growth failure. This is an 
evaluation method which is one of the energy bases 
widely used in the evaluation of interlaminar 
damage progress under the mixed mode loading 
conditions is applied, and the interlaminar fracture 
toughnesses of Mode 1, Mode 2, and Mixed Mode 
are required. The above-mentioned QNS and B-K 
reference equations are shown in Table 1. 

Therefore, the method of this study is as follows: 
First, the load is calculated by the combined load 
analysis on the wind turbine. Second, structural 
safety evaluation was carried out using the 
calculated load. Third, the CZM technique was 
applied through the interfacial fracture toughness 
test and the analytical verification. Fourth, the 
debonding phenomenon and the structural integrity 
of the blades were evaluated. This is shown in Fig. 1. 
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Table 1 Table caption must be centered 

Criterion Failure condition 

QNS criterion 
(

𝜎𝑛

𝑁𝑀𝑎𝑥
)

2

+ (
𝜎𝑠

𝑇𝑀𝑎𝑥
)

2

+ (
𝜎𝑡

𝑆𝑀𝑎𝑥
)

2

= 1 

B-K criterion
𝐺𝐼𝐶 + (𝐺𝐼𝐼𝐶 − 𝐺𝐼𝐶) (

𝐺𝑠ℎ𝑒𝑎𝑟

𝐺𝑇
)

𝜂

= 𝐺𝐶 

𝑁𝑀𝑎𝑥: Interlaminar fracture nominal strength 

𝑇𝑀𝑎𝑥: Interlaminar fracture Tensile strength 

𝑆𝑀𝑎𝑥: Interlaminar fracture Shear strength 

∗ 𝐺𝐶 = 𝐺𝐼 + 𝐺𝑠ℎ𝑒𝑎𝑟  , 𝐺𝑠ℎ𝑒𝑎𝑟 = 𝐶𝐼𝐼 + 𝐺𝐼𝐼𝐼 

Fig.3 Analysis of wind blade based on CZM 
method 

3. Results and Discussion

3.1 Composite blade safety analysis 
We evaluated the structural integrity of 5WM 

composite blades was carried out using the FE 
analysis. Figs. 3 and 4 exhibit the modal analysis 
and static analysis results, respectively. 

Fig.3 Campbell diagram of wind turbine blade 

Fig.4 Stress shape of wind turbine blade 

3.2 Adhesive Failure analysis 

The bonding at the spar - web joint of the 
composite blade was modeled using the CZM, and 
the progressive failure analysis was performed 
under the combined mode loading conditions 

4. Conclusion

In this paper, the progressive failure behavior of
5MW wind turbine composite blade was analyzed 
using the cohesive zone model and relevant 
interlaminar fracture toughness obtained from the 
experiments  
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