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4. Estimation of Fatigue Crack Growth Behavior of HT80
Steel Weldments under Variable-Amplitude Loading

by Etsuji YosuiHisa* and Yoshio Kirsunar®

Abstract; Many welded joints exist in structural members of overhead travelling cranes. Since actual
service loads for the cranes are generally random, these welded joints are under complex loadings. In
the evaluation of fatigue strength of these joints, it is essential to clarify the effect of such complexity
in load, which is added to the effect of welding-induced residual stress. Recently, damage tolerant
design method is adopted in designing certain kinds of machines. In these machines, prompt relevant
action based on the knowledge of fatigue crack growth is necessary on cracks detected by inspection
in service and in fabrication. As it is considered that this design method will be adopted for many kinds
of machines which include cranes, the estimation of fatigue crack growth behaviors will be a matter of
great importance.

As a step toward fatigue crack growth tests under random loadings, the fatigue tests under
constant amplitude and two-step blocked loadings were carried out on HT80 steel butt-welded joints.
The influence of residual stress and variable-amplitude loading on fatigue crack growth rate, da/dN,
was evaluated by utilizing linear fracture mechanics.

The main results obtained in this study are summarized as follows:

(1) The crack growth rate, da/dN, in the welds are dominated by residual stress and the total loading
cycles in a block, (NH+ NL), and the ratio of loading cycles in the block, Nu/NL, have little influence
on the growth rate, where NH and NL are number of cycles for large and small amplitude loadings,
respectively.

(2) The crack opening stress intensity factor, Kop, in the welds under two-step blocked loading remains
in the constant level through each block and is governed by the maximum stress intensity factor,
K Hmax, in the block. '

(3) The effective stress intensity factor range, AK Rem, can be calculated from the stress intensity factor
range, Kirmax — Kop, where Kirmax is the maximum stress intensity factor in which the residual stress
is taken into account at each step in a block. And the average crack growth rate for a loading block
in the weld, (da/dN)B, are correlated with AK Rem in the same manner which is used for the estimation
of crack growth rate in the materials without residual stress under constant amplitude loading.

Keywords; Fatigue crack growth, Two-step blocked loading, Butt-welded joint, Residual stress,
Overhead travelling crane, HT80 steel.
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Table1 Chemical composition of material used.

#HEAMDILERD (Wt %)
C Si Mn P S Cu Mo Cr
013 025 088 0016 0005 017 040 0.79

Table 2 Mechanical properties of material used.

HEM OBRAEE
Yield Tensile Elongation
Strength (MPa) Strength (MPa) %
760 817 26.0
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Table 3 Welding conditions.

BiEEH
Parameters Values
Groove Double V
Position Flat
Electrode JIS D8016 4 and 8 mm

Arc Cur. and volt.
Welding speed

180 - 220 amps, 35 volts
180 - 220 mm/min

Heat input 17.2 - 25.7 k]/cm
Numder of runs 6
~ o
- — 138
ot
=12
Slgle 300 |

(a) CCT specimen.

25.0
2holes

L———‘*'go_j 125

{(b) CT specimen

|
|
13T =333

e 100 —1

Slgle 300 |

(c) SEC specimen

Fig.1 Shapes and dimensions of specimens.
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