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1st question  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We consider a cylinder under uniaxial tension, see Figure 1, with the dimensions reported in 

the Table 1, and submitted to a loading 𝜎∞, see Table 1. The results of a tension test on the 

material are also reported in this table. The material follows a power law  
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In the elastic regime, the stress intensity factor KI is given as 
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where the correction F is tabulated in the non-linear fracture mechanics handbook, see also 

Table 2.  

 

In the elasto-plastic regime, the limit load, is given by 

𝑃0 =
2

√3
𝜋𝜎𝑝

0(𝑅𝑜
2 − 𝑅𝑐

2) with 𝑅𝑐 = 𝑅𝑖 + 𝑎.     (3) 

 

The ratio P/P0, with 𝑃 = 𝜎∞𝜋(𝑅𝑜
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2) the applied load, is used to evaluate the fraction  

 

 Steel 

Internal radius Ri [m] 1.20 

External radius Ro [m] 1.32 

Crack a [m] 0.03  

Young E [GPa] 210 

Yield p
0  [MPa] 620 

Poisson v [-] 0.3 

Hardening exponent n [-] 10 

Hardening parameter  − 1 

Toughness  K
IC

 [MPa√𝑚] 150  

Tearing  TR  [-] 10 

Load  𝜎∞ 350 MPa 

Figure 1: cylinder under uniaxial tension 

Table 1: Properties of the cylinder 
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of the plastic zone 
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 for plane strain state,    (5) 

 

that is used to evaluate the effective crack length  

𝑎eff = 𝑎 + 𝜂𝑟𝑝.     (6) 

The plastic part of the J-integral is obtained from 
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where the function h1 is tabulated in the non-linear fracture mechanics handbook, see Table 4-

Table 5. 

 

You are requested, considering the loading force 𝜎∞: 

A) To evaluate whether the crack will propagate using the Linear Elastic Fracture 

Mechanics framework; 

B) To evaluate whether the crack will propagate using the Small Scale Yielding solution 

(Linear Elastic Fracture Mechanics framework corrected with the effective crack size 

(6)); 

C) To evaluate whether the crack will propagate using the Non-Linear Fracture Mechanics 

framework; 

D) In the case of crack propagation, to assess the crack growth stability using the Non-

Linear Fracture Mechanics framework; 

E) To comment on the validity of the developments. 

 

 

 

 

 

Table 2: 𝑭, 𝑽𝟏, 𝑽𝟐 for the cylinder under uniaxial tension 
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Table 4: 𝒉𝟏, 𝒉𝟐, 𝒉𝟑 for the cylinder under uniaxial tension, 
𝒃

𝑹𝒊
=

𝟏
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Table 3: 𝒉𝟏, 𝒉𝟐, 𝒉𝟑 for the cylinder under uniaxial tension, 
𝒃
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Table 5: 𝒉𝟏, 𝒉𝟐, 𝒉𝟑 for the cylinder under uniaxial tension, 
𝒃

𝑹𝒊
=

𝟏
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2nd question 
 

 

 
 

 

 

 

 

 

 

 

 

 

 

In order to determine the mode I critical energy release rate GCI related to composite laminate 

delamination, a Double Cantilever Beam (DCB) test is performed, see the geometry reported 

in Figure 2 and Table 6. The specimens were cut from an autoclave consolidated unidirectional 

laminate panel at 0deg, with an initially delaminated zone of length ad obtained using adhesive. 

 

The sample is first loaded up to crack initiation before being unloaded so that the delamination 

test is performed from a new initial crack length a0 whose crack front is not affected by the 

manufacturing process. When applying the displacement  on the specimen, the evolution of 

the loading P is recorded as well as the evolution of the crack length a, see Figure 3. 

 
 

 

 

 DCB sample 

h [mm] 2.5 

L [mm] 250 

Thickness  

t [mm] 

20 

Manufactured crack 

ad [mm] 

60 

Initial crack 

a0 [mm] 

65 

Figure 3: Delamination test: (left) evolution of the loading in terms of the displacement; (right) evolution of the 

crack length in terms of the displacement 

a 

h 

h 

P,  

Thickness t 

L 
Figure 2: Schematics of the DCB test. 

Table 6: Geometry of the DCB test. 
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The double cantilever beam theory leads to an expression of the displacement  in terms of the 

load P as 

𝛿 =
8𝑃𝑎3

𝐸𝑡ℎ3
 ,      (1) 

 

where E is an equivalent Young’s modulus along the beam axis. 

 

You are requested to evaluate the evolution of the mode I critical energy release rate GCI related 

to the delamination of the composite laminate, with respect to the crack advance. To do so, you 

are invited to follow the following steps: 

A) Using Eq. (1), show that the critical energy release rate GCI can be expressed in terms 

of the thickness t, P reached during crack growth, the crack length a, and a parameter  

defined as  
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B) For the different (5) recorded values in Figure 3, and using the expression of A) compute 

successively 

a. The value ; 

b. The critical energy release rate GCI. 

C) What can you conclude from these values evolutions with the crack size, with in 

particular 

a. Why is it convenient to express the critical energy release rate GCI in terms of 

the parameter   

b. How can you explain the evolution of the parameter  with the crack length a? 

c. How can you explain the evolution of GCI with the crack length a, what is the 

relevant value for a practical application? 

D) Using the toughness locus represented by Figure 3, evaluate the critical energy release 

rate GCI directly from the figure information and from the thickness t. In particular 

a. Justify theoretically your approach; 

b. Evaluate the critical energy release rate GCI directly from the figure by 

considering two discrete recorded values (2 out of 5) of your choice; 

c. Compare to the previously computed values. 

 

 

 

 

 


