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Response to the reviewers  

The following color scheme is used in response to the reviewers: 

▪ In blue color the response to the comments raised by the reviewers 

▪ Highlighted in yellow color the modifications added to the manuscript 

Response to Referee #1 

This work presents an experimental and numerical investigation into the stiffness knockdown of 

GFRP laminates with artificially manufactured embedded wrinkle defects. Overall, the paper is well 

written, easy to understand and contains valuable information. A few queries are as follows: 

The authors appreciate the positive comments. We considered all the queries raised relevant to 

improve the quality of the manuscript. The points are addressed as follows in the manuscript: 

1) It appears that the experimental/computational excercise on stiffness evaluation is carried out at a 

stage when no global failure mode (such as delamination) has been triggred from the wrinkle.  If so, 

can the authors please mention this fact clearly?  This is important, since if the load level triggers 

damage, more pronounced difference in stiffness will be seen between the 'flat section' and 'wrinkle 

section'. 

Agree with that, here what was added to the manuscript 

 

2) The authors have mentioned that the simplified surrogate model eliminates minute geometric 

details of ply folds and resin pockets, while the high fidelity model captures all these details. It would 

be good to include images of meshed finite element models of surrogate vs high fidelity models side 

by side and also compare the total number of elements . Since , the results in Figure 9 indicate that 

the surrogate model predictions for both type of wrinkles are very close to high fidelity models, it 

would be interesting to know the simplified meshing pattern that still produces an accurate 

results.  Also, can the authors compare the computational time saving while using the surrogate model 

vs the high fidelity model? 

The images of the finite element models were included accordingly. The changes are included in the 

manuscript as shown below: 
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3) Although shear loading in the wrinkle section and associated hysteretic loss in the resin is 

experimentally measured, the model does not assume any hysteretic damping effect. Can the authors 

suggest how their experimental finding on hysteresis loss be included in a future model development? 

Indeed, at this point, the effect of the hysteresis loss is not accounted for in the model. The hysteresis loss 

experienced by GFRP is mainly related to the viscoelastic behaviour of the polymer matrix. The viscoelastic 

effect can be addressed by a material characterization including the viscoelastic properties in the model. Here 

is the modification in the text: 
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Response to Referee #2 

1) General: A good methodology and for the most part good and well-founded. The relatively small 

deviations also indicate a good simulation and the correct assumptions. The quality of the 

documentation can still be improved. The evaluation could be more precise. The material map is 

"strange" and the methods at the Matlab script call. Adapt the pictures accordingly. 
 

The authors appreciate the positive feedback. We considered all the points raised which resulted in a 

significant improvement in the quality of the manuscript. The reply below refers to the comments that 

require a detailed explained response, whereas the minor corrections were modified straight in the 

text and highlighted in the pdf version submitted. The points are addressed as follows: 

2) Please define the terms (wrinkles, fibre waviness, out-of-plane-wrinkling) more precisely. 

Wrinkles is equal to out-of-plane fibre waviness (see definition in Thor and Hallet 2020). 

Thanks for this suggestion. This has been addressed in the following sentence: 

 

 

 

3) Are there also analytical models. 

 

Below the modification in the manuscript: 
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4) If you want to keep the picture, please mark the place where it was taken in the cross-section on 

the left. Does it come from type 1 or 2 or from a place where both types look the same? Also scale 

indication of the plies-position to the respective position in the image.  

 

The point was considered, here is the modification in the figure: 

 

5) Table 2: for the UD layer, the same value is taken for all shear moduli, but the transverse 

contraction number is not. With BD, the shear modulus is varied and also the shear contraction 

coefficient. What material behaviour is assumed? Where do the characteristic values come from? 

 

The 23 values have a neglected influence on the actual longitudinal stiffness of the model. The 

characteristic values were derived within the research project ReliaBlade.  

Modifications in the manuscript follow below:  
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6) Method for filtering outliers very superficial. Name method of fitting technique (third step) - in the 

text it says polynomial was tested and in Figure 5 it says Fourier. Figure 5: Insert steps from text, 

numbers and font in diagram not recognizable. Where does the difference between the two models 

(surrogate & high fidelity) come from when the same steps are run through? How is the area described 

in the simplified model? - A picture would be desirable. Could this be made clear in the picture? 

 

The authors combined the image processing toolbox available on Matlab with a series of encoded 

scripts to perform image processing, filtering, segmentation and fitting of each individual fiber. The 

filtering technique of the wrinkle image is based on rank filtering/median filtering, which removes 

outliers without reducing the resolution of the image. When it comes to the fitting technique, each 

individual fiber is evaluated accordingly to the least residuals which rule the best fit type adopted. 

Figure 5 was modified accordingly. The high fidelity model differs from the surrogate model in terms 

of geometrical features represented. That difference is explained in detail in section 4.2, where the 

difference between both models can be seen in Figure 6 of the updated manuscript version. 

Modifications are done in the figures and in the manuscript accordingly: 
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7) Please state the measurement accuracy so that it is clear that you are not only recording 

measurement noise at a load of 16 kN. The results of the high-speed recordings are not discussed? 

Perhaps advertise here for another paper.  

 

In this study, the samples were not driven to failure and the load was kept sufficiently slow to perform 

only stiffness measurements.  

The manuscript was changed accordingly: 

 

 

8) the yellow colour is difficult to see: 

Change made accordingly below: 
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9) Please, explain why the amplitude was chosen?  Is a load-dependent increase in material damage 

to be expected at 16 kN? 

 

Modification done as follows: 

 

10) Evaluation and comparison actually good. Good reasoning why the FS differs for both types of 

same trend. But how can the differences in the models be explained if everything has to be the same 

there (similar assumptions)? According to the type 1 statements, I would expect a similar trend to 

come out on the WS side for type 2. However, the "rough" model is better. Why? 

 

Results of experiments in FS section should be the same for type 1 and 2? 

Thanks for pointing that out. When it comes to experimental data, the flat section differs in results 

for type 1 and type 2 as the samples might deviate in fiber volume fraction or potential microcracks 

that can arise during the manufacturing process. As it comes to the difference in the model, that can 

be due to the slight difference in thickness for each type of wrinkle which was taken into account in 

the model. The difference between the surrogate and the high fidelity model for the flat section it can 

be due to slight differences in the mesh as the size of the mesh changes locally for the HFM due to 

the complex pattern of fold and resin epoxy.  

The purpose of this analysis was to present that both models are capable of providing a good 

agreement with the experimental data. In a 2D model with assumptions of homogeneous fiber volume 

fraction, it is difficult to say that the rough model performs better than the high-fidelity one. 
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11) model prediction for flat section is better on tensile side opposite to compression side. And the 

other way round for wrinkle section. Can you explain these? 

The explanation updated in the manuscript is as follows: 

 

12) Specify deviations 

The error-bar show the actual stiffnesses values measured for the two samples of each of the two 

winkle types. Modifications below: 

 

 

 


