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1. Introduction 
 Double cantilever beam (DCB) is the standard test for determination of the fracture toughness in 
mode I. Specimens are manufactured by gluing together two equal substrates along the interface, 
with the exception of the initial notch a, as shown in Figure 1. Application of the opening load P 
will cause the crack to propagate and, consequently, the length of the crack a to increase. Fracture 
toughness along the interface length is calculated from measured data, i.e. load-line displacement δ, 
applied force P and crack length a.  
 

 
Figure 1. Geometry of a DCB specimen 

 
 British standard BS ISO 25217:2009 [1] is one of the standards typically used to determine the 
mode-I fracture toughness of bonded joints. Three methods, all based on linear elastic fracture 
mechanics and beam theory, are used to compute the fracture resistance of an adhesive expressed 
as the critical energy release rate (Gc). The results are usually presented graphically by means of 
the so-called R-curve, in which the change of the fracture toughness along the interface is shown. 
In an ideal case, the measured fracture toughness should be roughly constant along the interface, 
but usually the initial values monotonically change before reaching the plateau.  
 According to standards [1], DCB test has some limiting conditions that ensure that the methods 
used are valid, e.g. adhesive thickness and loading rate. On the other hand, three different 
techniques for attaching the DCB specimens on the tensile testing machines are suggested, namely 
load-blocks, piano hinges and loading holes drilled through the arms of the specimens. The aim of 
this work is to investigate whether different loading systems have an influence on the computed 
values of the fracture resistance and the shape of the R-curve.  

2. Experiments 
 In experiments performed in this work, the DCB substrates are made from aluminum, while the 
adhesive used is SikaPower 4720. Dimensions of the specimens, according to Figure 1, are L = 250 
mm, h = 8 mm, B = 30 mm and t = 0.6 mm. Four equal specimens were produced and tested in 
equal conditions using the tensile testing machine. 
 Load-line displacement and applied load can be measured directly from the tensile-testing 
machine (TTM). Instead of measuring the load-line displacement at the position of TTM grips, we 
also measure it on the specimen by utilizing the digital image correlation (DIC) technique. In 
particular, we use stereo DIC hardware and GOM Aramis V8 software [2]. Full-field displacement 
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data was recorded, which was additionally used to determine the crack length and the cross-
sectional rotations of the arms.  

3. R-curve analysis 
 In this work we compare the results of the computed fracture toughness for three 
aforementioned loading systems. Besides the three methods from the standard [1], we use the J-
integral [3] and the recently proposed ESBT method [4]. The methods from standards all require 
the measurement of the crack length, while for computing the J-integral only the cross-sectional 
rotations of the arms need to be measured. For the ESBT method, only load-line displacement and 
applied load measured from the TTM are needed. 
 Our R-curve results show an excellent agreement between the CBT method from the standard 
[1], J-integral and ESBT method. The remaining two methods from standards (SBT and ECM) 
show substantial differences in computed fracture toughness, which has been already reported in a 
numerical analysis presented in [4].   
 We additionally show that fracture toughness is significantly changed if instead of measuring 
load-line displacement at the position of TTM grips, we measure it directly on the specimen by 
utilizing the DIC. The British standard [1] suggests a correction procedure that accounts for system 
compliance, but this is not sufficient to account for the difference in the fracture toughness results 
between the two approaches. Corrections for load application system exists only for the stiffening 
effect of loading blocks, but this effect is found to have negligible influence on the results. 
 It was found that using the DIC measurement of load-line displacement, unlike the one from the 
TTM, will lead to plateau-shaped R-curve. Moreover, it was shown that using the DIC data, there is 
essentially no influence of the loading system on the measured fracture resistance. Besides, CBT, J-
integral and ESBT show an excellent agreement in that case. 

4. Conclusions 
 This work investigates the effect of loading system on fracture toughness. It was found that the 
values of the load line displacement measured from the TTM can significantly differ from those 
obtained from the DIC measurements. As shown, this can have a significant influence on the 
fracture toughness results, i.e. R-curves. The identified values of J-integral will be used for the 
direct identification of the traction-separation law, which is needed for numerical simulations. 
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