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1st question  
 

 
Table 1: Parameters of the SECP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Schematics of SECP 
 

The single-edge cracked plate specimen illustrated in Figure 1 is put under tension. The 

dimensions and material properties are reported in the Table 1. The elasto-plastic material is 

idealized by a power law 
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In the elastic regime, the mode I stress intensity factor KI is given as 
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In the elasto-plastic regime, the limit force per unit thickness P0, is given by 

 Steel ASTM a470-7  

(Cr-Mo-V) 

h [m] 0.20 

a [m] 0.01875 

b [m] 0.03 

Thickness  

t [mm] 

10 

Toughness  KIC 

[MPa.m1/2] 

150 

Young E [GPa] 207 

Yield 0 [MPa] 600 

Poisson  [-] 0.3 

Power law  [-] 1 

Power law n [-] 10 
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where 𝑐 = 𝑏 − 𝑎 is the ligament. The ratio P/P0 is used to evaluate the fraction  
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of the plastic zone 
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that is used to evaluate the effective crack length  

 

𝑎eff = 𝑎 + 𝜂𝑟𝑝.     (7) 

 

The plastic part of the J-integral is obtained from 
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where the function h1 is tabulated in Table 2. 

 

You are requested: 

A) To evaluate the load 𝑃 (per unit thickness) leading to crack propagation considering 

the Linear Elastic Fracture Mechanics framework; 

B) To evaluate the load 𝑃 leading to crack propagation considering the Small Scale 

Yielding solution: Linear Elastic Fracture Mechanics framework corrected with the 

effective crack size (7); 

C) Considering that the load 𝑃 found in B) is applied to the sample, using the Non-Linear 

Fracture Mechanics framework, to evaluate the total J integral and to conclude on the 

crack initiation; 

D) If needed, and based on the solution of C), to apply a correction on the load found in B) 

and to reevaluate the total J integral to get closer to the limit load (given the non-linearity 

of the system, you are not requested to find the exact limit load, only one iteration using 

a reasonable guess on the limit load is enough); 

E) To comment on the validity of the developments and on the difference found in the limit 

load using the 3 approaches. 
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Table 2: Plastic coefficients of the SECP 
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2nd question 

 
 
 

 

Table 3: Cracked support properties 

 

 

Table 4: Finite elements prediction of 

cracked support displacement for Q = 100 N 

 

 

Figure 2: Schematics of the cracked support 
 

A cracked circular support is analyzed using the finite 

element method, see Figure 2. The dimensions of the 

sample and the elastic properties of the material are 

reported in the Table 3.  

 

The finite elements simulations conducted with a 

loading Q = 100 N for different crack sizes lead to the 

load-point displacements reported in the Table 4. 

 

 

You are requested 

A) Using numerical approximations, to represent the evolution (in a table or on a graph) of 

the energy release rate vs. the crack-length (for Q = 100 N). 

B) Using these results to represent the evolution (in a table or on a graph) of the stress 

intensity factor vs. the crack-length (for Q = 100 N). 

C) If the real circular support is cracked and exhibits a compliance at the loading points of 

25 x 10-3 mm/kN, to compute the maximum load Qmax that can be applied to the support. 

D) To justify the validity of this last result. 

E) Assuming the real sample is loaded under a constant load 1.1 x Qmax to determine 

whether the crack would propagate in a stable or unstable way for a constant Toughness 

KIC. 

 

 

 

 

 

Properties Values 

Radius W 0.05 m 

Thickness t 0.0207 m 

Young E  70 GPa 

Yield p
0  400 MPa 

Poisson  [-] 0.3 

Toughness KIC 30 MPa m1/2 

Crack length a 

[mm] 

Load-point 

displacement q 

[mm] 

12 6.640 x 10-4 

16 8.787 x 10-4 

20 13.12 x 10-4 

24 19.37 x 10-4 

28 29.75 x 10-4 

32 43.85 x 10-4 

36 82.49 x 10-4 


