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Evaluation of the Effect of Residual Stresses on the Fatigue
Crack Growth Behavior of Welded Joints in Steel

by Yoshio KiTsunal* and Etsuji YOSHIHISA*

Abstract ; Various kinds of defects, such as lack of fusion or poor penetration, are sometimes
introduced into welded structures during the welding operation, though the best welding
techniques are made available today. Therefore, it is said that the fatigue life of weldments is
almost entirely controlled by crack from pre-existing defects. Reliable data on fatigue crack
growth rates in welded joints are required for assessment of the integrity or determining the
inspection period of weldments. Considerable work has been carried out on the fatigue crack
growth rates in welded joints under various conditions. However, a large variation is found in
the results, because the fatigue crack growth rates are affected by many factors such as welding
conditions or mechanical properties of materials. In particular, distributions and magnitudes of

- welding residual stresses seem to be a most important factor dominating the crack growth.

In this study, the-fatigue crack growth behavior in welded joints of STS 42 steel was
evaluated using compact type (CT), center-cracked tension (CCT) and single edge-cracked
(SEC) specimens, and effects of specimen configuration, thibkness, width, crack orientation
with respect to the weld line, location of weld line in the specimen and pre-loaded history on
the crack growth rates in the welded joints were analyzed by the fracture mechanics
approaches. The fatigue crack growth tests were performed using a closed-loop servo-
controlled hydraulic testing machine under constant load and constant stress intensity factor
range, 4K, as control parameters, respectively. Welding residual stresses were measured by
the sectioning method using rosette type strain gauges mounted on the spef:imens. Redistribu-
tions of residual stresses were measured with monitoring the change of released strains due to
extension of saw cut notches.

The main results obtained in this study are summarized as follows :
(1) As a fatigue crack propagated from a weld line with tensile residual stress to compressive
residual stress field, the crack growth rate was roughly the same as that of base metal or
slightly higher than the base metal regardless of specimen types or specimen sizes (thickness and
width), because the growing fatigue crack tip is always opened even when the crack propagated
into the compressive residual stress field.
(2) As a fatigue crack propagated from the compressive residual stress field to the tensile
residual stress field, the fatigue crack growth rate decreased with increasing specimen sizes,
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because the welding residual stresses were a little released when the specimen sizes increased.
(3) When the growing fatigue crack is within a region of initial compressive residual stress
field, the overall residual stress distribution does not change appreciably .

(4) The fatigue crack growth reates in the parallel CT specimens of which the crack growed
in the weld metal to the direction parallel to the weld line decreased as compared with those in
the base metal, because the crack tips in the parallel CT specimens were always existed in the
field of compressive residual stresses.

(5) Static pre-load history was found to have a reduction effect on the welding residual
stresses. The fatigué crack growth rates of the CCT specimens which were pre-loaded above
50% of yield stress of the base metal showed a tendency to approach the crack growth behavior
of the base metal.

(6) The influence of residual stresses on the fatigue crack growth rates of welded joints was
found to be the same effect of stress ratio on the crack growth of the base metal.

(7) The fatigue crack growth rates in the welded joints were correlated with effective stress
intensity factor range, AKesr, which was estimated by superposition of respective stress
intensity factor for the residual stress field and for applied stress regardless of specimen types,

specimen sizes and difference of residual stresses in the specimens.
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Table 1 Mechanical properties of material used.

MROBENIEE
Yield Tensile Elongation
strength strength
(MPa) (MPa) p
404 595 33

Table 2 Chemical composition of material used
(wt.%).
MROLERS (EE%)

C Si Mn P S

0.26 | 1.40 { 0.026 | 0.013

Table 3 Welding conditions of butt-welded joint.
EEUBERFOBRESRY

Welding method

Welding position Flat
Electrode LB-52
Pre-heating None

Welding current
Welding voltage
Welding speed

Interpass temp.

573 K max

Shield arc welding

170 ~~180 Amps.
22~ 23 Volts

Submerged arc welding
Flat

MF-38xUS36

None

600~ 650 Amps.

34-~35 Volts

350~ 360 mm/min.

573 K max

Table 4 Welding conditions of bead-on-plate weld.
E—Far7L— b oisERsE

Welding method Submerged arc welding

Welding position Flat
Electrode MF-38xUS36
Pre-heating None

Welding current
Welding voltage

Welding speed
Interpass temp.

550 ~ 560 Amps.
32~~33 Volts
350~ 360 mm/min.
573 K max
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Fig.2 Fatigue crack growth rates in base metal and weld
metal CT specimens (parallel crack orientation).
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Fig.5b Effect of specimen width on fatigue crack growth
rates in weld CT specimens (perpendicular crack
orientation, constant 4K test).
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growth rates in weld metal CT specimens (perpendi-
cular crack orientation, constant 4K test).
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Fig.7 Effect of pre-load on fatigue crack growth rates in
weld metal CCT specimens.
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