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FATIGUE CRACK GROWTH MODEL
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*) A.M. P. de Jesus, A. L.L. da Silva, M.V. Figueiredo, J.A.F.O. Correira, A.S. Ribierio, A.A. Fernandes, ,Strain-life and crack
propagation fatigue data from several portuguese old metallic riveted bridges”, Engineering Failure Analysis, 18(1):148-163, 2011

PART I
DERIVATION OF THE KINETIC CRACK GROWTH
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SIMPLIFICATION IN ANALITICAL DESCRIPTION OF

FINAL CRACK PROPAGATION EQUATION

If we assume the constant value of COD (8) we can write the following quantities

as:
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NEW ENERGY PARAMETER - AH
di oW,

AN~ Bo e, (1—K?Z [ K2)

| max fc
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H = 2 2
Bl-K,/Kz%)

B - thickness of specimen,
Wc - dissipated energy value in each cycle of loading,
opi - Cyclic yield stress,

& - cyclic strain critical value,

K¢ - critical (cyclic) SIF

Kimax - Maximum value of SIF for loading cycle,

a - constant dimensionless factor.

= £ «12HMF (14MoV63) (0,1%C; 1,1%Cr; 0,26%Mo;
‘/Jr H 0,17%V; 0,54Mn; 0,019%S; 0,015%P),
2 3 y2
, , +18G2A (5355J0) (0,2%C; 0,26%Mo; 0,2%Cu;
Fig. 6. Beam specimen (12x18x8) 1,3%Mn; 0,03%S, 0,02%P),
2 «40H (41Cr4) (0,4%C; 0,7%Mn; 1,1%Cr; 0,3%Si;
Y D=125+0.18 3%Ni; 0,03%S; 0,02%P).
Q). 3
N R 2 § MATERIAL R, [MPa] RJ Ry ,[MPa] AJ[%] Ky [MPa*m°s]
A ISR SR ( __________ :_ ...... —
@ 3 [ -
=) =] 12HMF 470 208 29 80
g gqot radius - Q
1 max T 18G2A 600 350 22 105
4620,2 Y—i -
575 (4:&::4) 980 780 10 45,80, 100
Fig. 7. CC(T) specimen (compatible with

ASTM E 399-81) Tab. 4. Mechanical properties of investigated steels
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KINETIC FATIGUE FRACTURE DIAGRAMS

40H (41Cr4) steel

STAL 40H 700C (R=0.1; 0.5, 0.75)
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1,0000E-065 Fig - 9'
New energy KFFD da/dN-AH (R 0.1 0.5
g 10w 075) for 40H (41Cr4) steel.
STAL 40H 700C - LINIA DOPASOWANIA DLA WSZYSTKICHR
Fig. 8. = 1,0000E-07
Classical KFFD da/dN-K,,, (R 0.1 0.5 0.75) 5
for 40H (41Cr4)steel. s
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KINETIC FATIGUE FRACTURE DIAGRAMS
18G2A (S355J0) steel

WYNIKI BADAN DLA STALI 18G2A (R=0,1; 0,5, 0,65, 0,75)
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§ Fig. 11.
1,00006-08 New energy KFFD da/dN-AH (R 0.1 0.5
0.75) for 18G2A steel.
10 100 STAL 18G2A - KWPZ dla wszystkich R
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Classical KFFD da/dN-K,,, (R 0.1 0.5 0.75) o
for 18G2A steel. 3% ’
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* 12HMF, R=0

= 12HMF,R=05
—— 12HMF, R=0 - regresja
1,0E-06 —= - 12HMF, R=0,5 - regresja . *

Fig. 13.
New energy KFFD da/dN-AH (R 0.1 0.5
0.75) for 12HMF steel.
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CONCLUSIONS

« The processes of structural degradation have been identified. In each case
it has been shown that there are degradation changes at the
microstructure level,

* These processes participate in brittleness (it is particularly visible in
impact loading resistance) fracture surface seems to confirm the brittle
tendency of crack propagation,

» The differences in fatigue crack growth are observed,

« In the Paris regime, exponent m on the level ,,5” value is noticeable. It is
relatively high in comparison with modern construction steel (i.e. for
$355J0 m=3) subjected to the bridges building,

» Newe energy model of fatigue crack growth (energy parameter AH)
describes the kinetics of fatigue fracture independently of the stress ratio
R. There features can be useful in application for the description of
fatigue crack growth rate in an old steel,

» New measurement method (based on magneto-mechanical Villari effect)
opens new possibilities in energy modeling of fatigue crack growth rate.
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