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Introduction Experimental results

Recently, semi-circular bend (SCB) specimen was introduced
for mode I, mode II, and mixed-mode I/II fracture energy
measurement In adhesively bonded joints by the current
authors [1]. This specimen was employed for both ductile and
brittle adhesives [2]. In this work, a novel data reduction
method for obtaining the cohesive law of the adhesive using
digital image correlation (DIC) I1s proposed. The proposed
method i1s applied to SCB specimens.
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Rolling boundary condition

A direct data reduction approach based on the DIC technique
IS Introduced. First, the strain of the substrate at the interface
of the adhesive Is measured. Then, traction versus time Is
calculated using the Hook's law (Fig.1). On the other hand,
separation can be measured directly using the DIC results
(Fig.2). Therefore, traction versus separation diagram can be
obtained. This cohesive law is then used in a finite element (FE)
analysis and experimental and numerical load-displacement
curves are compared to validate the proposed method (Fig.3).

Rolling boundary condition

Figure 5 — Damage evolution in pure
mode II simulation.

Normal TSL

- B o

A
o
\

Traction [N/mmz2]
w
o
L

Figure 4 — =, Measured on
substrate A)pure mode I, B) at 36

mode mixity, C) at 60 mode

mIXIty’ and D) pur\e mode II. 0.001 0.002 Oé)eop?;ration [2&?4 0.005 0.006 0.007

Shear TSL

N
o

Substrate
element near
crack tip used
for traction
measurement

[y
o

Adhesive
layer
element at
crack tip

(@)

o

= =Numerical result == Experimental results
20000 ®
18000 ‘gso =z
16000 S 25 ghd
14000 = g
) ] = 12000 £ 20 i
Figure 1 - Traction measuremen L»x g 1000 S5 /’
- 210 /
method. o L/
2000 0 .
t 0 0 0.005 0.01 - 0015 0.02 0.025 0.03
Cohesive 0 0.2 0.4 Ollgisplace(r)r.\int [mm]l 12 14 16 Tangential displacement [mm]
elements Substrates
(adhesive _ _ _ _ .
layer) Figure 7 — A typical comparison Figure 6 — Obtained cohesive laws
. . between numerical and for Pure mode I and mode II.
experimental results.
L.){(H;'.'},’,'.'f.'::.'m:.':.':::::::::;;::: E| EEEE R PR

Figure 2 — Separation
measurement method

Conclusions

Figure 3 - Mesh used in FE
analysis

The proposed direct CZM method Is based on the DIC
technique to obtain normal and shear displacements and

Discussion normal and shear tractions separately. Therefore, the

cohesive law was obtained for any desired mixed-mode phase

Fig. 4 shows typical strain values obtained at the angle ratio by applying the proposed method on SCB

adhesive/substrate Interface but on the substrate. This specimens. The obtained cohesive laws were then used In a

parameter Is used to measure traction applied to the adhesive non-linear finite element simulation. An acceptable agreement
layer. was found between experiments and numerical results.

Non-linear finite element analysis based on cohesive zone
modelling was conducted to evaluate the proposed method.
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