03.11.2022     

FRACTURE TOUGHNESS (Practical Exercise)

I. Fracture toughness determination

Fracture toughness tests of steel P91 have been carried out using compact tension test (CT) specimens with a standard crack length (a/W ~ 0.5). The test specimens were cut from a pipe with outer diameter 335 mm and wall thickness of 35 mm with crack oriented in longitudinal-radial direction. The crack was prepared by cyclic loading under standard conditions. During fracture toughness values apply procedures recommended by standard ISO 12135.
I.1. Determine computational force FQ and fracture force FC from load – displacement trace. Load – displacement traces are supplied with this task description. 
I.2. From the fracture surface of broken sample determine crack length a0; macrographs of the fracture surfaces are supplied with this task description (you will also get these values measured by technician for purposes of comparison, in the table, in red colour). 
I.3. By applying equation (1) determine provisional value of stress intensity factor KQ. In this equation, the function g2(a0/W) is given by equation (2). 
I.4. Then, by applying the validity conditions according to equations (3) and (4) check if the KQ value corresponds to linear mechanics rules. 
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I.5. Once the above mentioned conditions (3) and (2) are fulfilled the KQ value can be qualified as KIc, i.e. according linear-elastic fracture toughness.

Once one of the above mentioned validity conditions (3) and (4) is not fulfilled it is necessary to apply elastic-plastic fracture mechanical approach and to determine elastic-plastic fracture toughness KJc. 

I.6. In such a case firstly J-integral value must be determined applying the equation (5); here Up represents plastic deformation work until fracture, i.e. area bellow load – displacement trace until fracture (the value Up is supplied by technician in the table).
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(5)
Don’t forget to apply fracture force FC in this equation; the function g2(a0/W) is given by above mentioned equation (2)

I.7. Supposing the following equation is valid 
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(6)
the Jc – integral values can be converted to elastic-plastic fracture toughness KJc according the equation 
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(7)
Values of Δa in eq. (6) (ductile crack extension), as well as the values of ultimate tensile strength Rm are given in the table. 

I.8. In addition, plot the diagram showing dependence of determined fracture toughness parameters KJc on temperature (e.g. into Fig. 1).
Note, it is necessary to pay attention for the units during calculations. In order to get fracture toughness in MPa.m0,5 units it is necessary to use crack length in meters and force in meganewtons. 
Table 1

	 
	
	specimen number
	1
	19
	8
	3
	11
	21

	temperature
	T
	[°C]
	-90
	-90
	-90
	-80
	-70
	-70

	specimen thickness
	B
	[mm]
	25.01
	25.00
	24.98
	24.99
	24.97
	24.99

	specimen width
	W
	[mm]
	50.00
	50.00
	50.00
	50.00
	50.00
	50.00

	crack length
	a0
	[mm]
	
	
	
	
	
	

	ductile crack extension
	(a
	[mm]
	0
	0
	0
	0
	0.17
	0

	force in 5% secant intersection
	FQ
	[kN]
	
	
	
	
	
	

	fracture force
	Fc
	[kN]
	
	
	
	
	
	

	plastic work to fracture
	Up
	[J]
	4.45
	7.05
	1.90
	5.16
	51.4
	9.00

	Young’s modulus
	E
	[GPa]
	210
	210
	210
	210
	210
	210

	Poisson ratio
	v
	[-]
	0.3
	0.3
	0.3
	0.3
	0.3
	0.3

	proof stress
	Rp0,2
	[MPa]
	672
	672
	672
	637
	626
	626

	ultimate tensile strength
	Rm
	[MPa]
	842
	842
	842
	821
	804
	804

	provisional fract. toughness KQ
	KQ (FQ)
	[MPa.m0,5]
	
	
	
	
	
	

	validity conditions for KIc fulfilled ? (yes or not)
	Eq. (3)
	
	
	
	
	
	
	

	
	Eq. (4)
	
	
	
	
	
	
	

	fracture toughness Jc (Fc, Up)
	Jc
	[MPa.m]
	
	
	
	
	
	

	validity condition for Jc fulfilled ?  (yes or not)
	
	
	
	
	
	
	
	

	KJc computed from Jc
	
	[MPa.m0,5]
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Fig. 1: Temperature dependence of the fracture toughness 

II. Master curve verification

Now the elastic-plastic fracture toughness KJc values will be applied for Master curve determination according to standard ASTM E1921. Master curve enables to describe statistically scatter of fracture toughness data in transition region including their median curve. The approach is based on the reference temperature determination (T0), which is the temperature at which median of the fracture toughness data set in transition region.  
II.1. For application of ASTM E1921 standard it is necessary to us valid elastic-plastic fracture toughness values KJc (as above done). 
II.2. From this data set the reference temperature T0 is determined by iteration procedure using equations prescribed in the standard. Depending on the data available a single-temperature or multi-temperature procedure is applied. The reference temperature has been computed by technician applying the multi-temperature method to be T0= -111 °C.
II.3. From this reference temperature value, T0, the curve representing median values of elastic-plastic fracture toughness in dependence on temperature can be computed using Master curve equation:
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Then using the same reference temperature, the boundaries of 90% probability scatter band can be obtained from equations for 5% limit of the probability scatter band:
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and for 95% limit of the probability scatter band:
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Note, all temperature must be applied normally in Kelvins into the above mentioned equations.
II.4. Add the Master curve plot eq. (8) including the 90% probability scatter band eq. (9) and eq. (10) into the same Fig. 1. 
II.5. Analyse if the 90% probability scatter band including Master curve corresponds to the experimental data.
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