
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 19, 2023

An element test specimen with ply drops to study fatigue crack growth rates at
geometry transitions

Goutianos, Stergios; Sørensen, Bent F.

Publication date:
2019

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Goutianos, S., & Sørensen, B. F. (2019). An element test specimen with ply drops to study fatigue crack growth
rates at geometry transitions. Abstract from 9th International Conference on Composites Testing and Model
Identification, Luleå, Sweden.

https://orbit.dtu.dk/en/publications/f86c3998-384f-4c5b-8d88-7225ba64ec81


9th International Conference on Composites Testing and Model Identification 

R. Joffe, L. Pupure, J. Varna, L. Wallström (Editors) 

LTU Luleå, 2019 

AN ELEMENT TEST SPECIMEN WITH PLY DROPS TO STUDY FATIGUE CRACK 

GROWTH RATES AT GEOMETRY TRANSITIONS 

 

Stergios Goutianos1 and Bent F. Sørensen2 
 

Department of Wind Energy, Section of Composite Mechanics and Structures 

Technical University of Denmark, DK-4000 Roskilde, Denmark 
1Email: gout@dtu.dk, web page: https://www.vindenergi.dtu.dk  
2Email: bsqr@dtu.dk, web page: https://www.vindenergi.dtu.dk 

 

Keywords: Ply drop, Delamination, Tunneling crack, Cyclic loading 

  

ABSTRACT 

 

Many advanced lightweight composite structures, such as wind turbine blades, have often a 

complicated shape, including variable thickness, to optimise aerodynamic efficiency and reduce 

weight. In composite structures, the varying thickness is achieved by terminating or dropping off plies 

(ply drops) [1,2]. Ply drops, however, result in material and geometrical discontinuities along 

composite structures, which induce stress concentrations. Cracks can be potentially initiated at these 

ply drop sites and evolve to delaminations which can propagate under service loading [3,4] severely 

reducing the load carrying capability of composite structures.  

 

Tapering of laminates can be realised in many different ways [5] and several studies have been carried 

out to find the optimal ply drop design. Efficient ply drop designs, e.g. using chamfered plies [6], can 

significantly delay the occurrence of the delamination initiation. However, once a delamination 

initiates, then its growth rate under cyclic loading is critical for the integrity of the composite structure.  

 

An element test specimen with several ply drops is used (see Fig. 1) in the present study to investigate 

damage initiation from a ply drop and its propagation under cyclic loading. The use of an element test 

specimen, which includes design features (ply drops), can replicate the damages modes of a real 

composite structure but at the same time more insight to the damage mechanisms can be gained. 

 

 
Figure 1: Schematic illustration of an element test specimen showing two ply drops and the possible 

cracks that can occur under loading. 

 

As can be seen from Fig. 1, both tunnelling and delamination cracks can be potentially formed at the 

material interfaces. The sequence of damage initiation and propagation will be reported based on 

optical observations of the ply drop specimens during tension-tension cyclic loading. A schematic 

illustration of the test set-up is shown in Fig. 2. Photographs were taken at certain number of cycles of 

the surface of specimen (x1-x3 plane – see Fig. 2) and from these images, the delamination crack 

length could be measured. It will be shown that tunnelling cracks appear very early at the ply drop 
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locations. Then, delamination cracks initiate from these tunnelling cracks (see Fig. 1). By using 

specimens with more than one ply drop, as it is commonly reported in literature, it is possible to study 

the geometry (thickness) effect of the cyclic delamination crack growth rate.  It will be shown, that all 

delamination cracks shown in Fig. 1 will arrest during cyclic loading (each delamination at different 

number of cycles), except the delamination, which is deepest inside the ply drop specimen.  

 

 
 

Figure 2: Schematic illustration of test set-up to monitor the damage initiation and propagation under 

cyclic loading.   

 

When this delamination crack grows further away for ply drop 2 (see Fig. 2), the thickness of the 

specimen is constant and thus the delamination crack growth rate can be measured for different 

applied stress levels. It will be shown that in this region (away from ply drops 2 and 3), the 

delamination growth rate is constant and thus the element test specimen is a steady-state specimen able 

to provide accurate delamination crack growth rates that can be used in modelling to assess the 

delamination extension in a real structure. 
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