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Recent studies and publications have discussed
methods of improving fatigue life in welded struc-
tures. The writer investigates the mechanism for
fatigue failures in weldments as well as the data
supporting various post weld £failures. The paper
will deal in depth with <che contrél of these pro-
cesses and how to achieve consistent improvements

in pcst weld treatments.
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INTRODUCTION

In a recent study, all but 5 of the 130 cases of cracking
in bridge structural members were attributed to fatigue (1).
The majority of these fatigue cracks initiated adjacent to a
weld (Fig. 1). This 1is not surprising, since welds introduce
three conditions which reduce the fatigde strength of the welded
joints. |

First, the weld bead creates a surface discontinuity or
stress riser. This stfess riser can double the calculated maxi-
mum surface stress from the applied load and thereby lower the

fatigue strength.

Second, as the last pass oI weld met
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cools and contracts,
high tensile stresses remain in the weld arnd édjacent heat af-
fected zone (Fig. 2). In the past these detrimental tensile
stresses were written off as beinc harmless. Since the residual
tensile stresses are high, aprzroaching the vield strength of the
steel, thev were expected to be reduced by yielding at the first
application of a load during normal service. This is true - a
reduction in residual surface stresses does occur. Unfortunate-
ly, since the loads are low by prudent design, the reduction of
residual surface tensile stresses is minimal.

Third, improper welding can intrcduce porosity, slag inclu-
sions and poor fusion. When the weld is inspected using nonde-
structive means, these discontinuities are normally revealed and

corrective action initiated. In some steels welding can also
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introduce a harder, embrittled area not detected by nondestruc-
tive testing. This harder area in the heat affected zone will
increase the notch sensitivity. The result is cracking during
sub-zero winter weather which can provide an avenue for fatiqué
crack propagation.

With all these contributing factors available to initiate
fatigue cracks, praise is in order for the designers, welders,
inspectors and ceonsultants who have kept fatigue cracking to a
minimum. What follcws is a list of the wvarious methods used in
the past and also a new method croposed to prevent cracking in
the future.

METHODS TO PREVENT FATIGUE CRACKIMNG

The assumption was that Ifatigue cracking Qould never
occur since bridges were over designed, the steel was selected
for its superior fatigue properties, and residual tensile stress-
es would relieve themselves from the vibrations set up by traf-
fic. Unfortunately, in many instances the formation of a fa-
tigue crack provided a surprising form of post weld stress re-
lief. Once fatigque cracks did appear, the reasons for the
cracks were explained by poor design or overload. Overloading
was corrected by restricting the traffic to automobiles and
exempting trucks. Most engineers in the bridge community were
comforted by the fact thev did not use the particular design
that failed. The few that had fatigue critical details used the

following methods of repair:






















































