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Role of Scale Thickness
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RT Critical Strain (Tension) vs. Scale Thickness
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Models for Scale Failure
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Models for Scale Failure
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Models for Scale Failure

a) Through scale cracking (tensile)

failure
KIc

 

parameters influencing mechanical properties of scales 

) g g ( )

K r

Eoxc

b) Interfacial crack growth 
(compressive) Eoxcd

KIcr

c) Spalling (compressive) Eoxc
KIci)





 






 sep0
2

ox
i0

AArE0.11γγ 0

Eoxd
ir

ii)













0i
i0 Aλγ2

1γγ 0ir

sep
Eγ2K  iIE = ( 1 -  )n mechanical propertiesEγ2K  iIcE = ( 1 -  ) p p

material constants



material properties constants i
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c – defect size,  c0 – 1µm for normalizing, E – scale Young´s modulus, f – defect geometry factor,
r – interface roughness,  – Poisson ratio, KIc – scale fracture toughness

 i as a materials constant for the 
mechanical oxide  properties  (E , Kc , )

Further reading in  M. Schütze , P. Tortorelli , I. Wright , Oxid. Met. 2010



Failure Strain as a Function of
Geometrical Dimensions andGeometrical Dimensions and 
Mechanical Oxide Properties
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as a combined factor for the mechanical properties
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Influence of the environment on the mechanical properties
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Influence of the environment on the mechanical properties
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Quantitative assessment of failure strain without mechanical test
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Results from Model Calculations



Results from Model Calculations
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Experimental  Determination of  from c vs. c
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Experimental determination of 
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Ti‐Oxide, 800°C and 900°C
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Fe‐Oxide, 550°C, 650°C and 860°C
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Ni‐Oxide, 800°C and 900°C

0.30
best fit (800°C):

0 00187
Oxidation at 800°C

dry

0 20

0.25 = 0.00187
r = -0.071%

R
2
=0.80[%

]
dry

 wet 10%
 wet 30%
 fit to eq.(3)

Oxidation at 900°C

0.15

0.20

 St
ra

in
 

 Nagl et al.
 fit to eq.(3)

0.10

best fit (900°C):
= 0.00124
r = -0.091%

C
rit

ic
al

 

0.05
R

2
= 0.84C

0 1 2 3 4 5 6 7 8 9 10 11 12
0.00

Defect Size c [µm]Defect Size, c

 [µm]



Still under Work:Still under Work:
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Summary

Characteristics of the   – c – approach :

‐ Mechanical properties of oxide scales can be summarized  
quantitatively by the parameter 

‐ Geometrical situation dominated by the parameter cGeometrical situation dominated by the parameter c

‐ Prediction of c without mechanical testing once  is known

‐ Interesting potential for quantitative characterisation of the 
mechanical properties of surface oxide scales on 
high temperature materials and their mechanical limitshigh temperature materials and their mechanical limits
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