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Creep-Fatigue Damage at Circumferential Welds in Thermal High Energy Piping System

Isamu Nonaka*

Abstract

High energy piping is a key component in thermal power generation equipment. In piping design, flexi-
bility of piping system is required to suppress thermal expansion stress, while some rigidity is also required
against own weight and earthquakes. Hoop stress due to internal pressure and axial stress (mainly system
stress due to thermal expansion) are applied to the piping circumferential weld.

Several damage cases have been reported in European CrMoV steel circumferential welded piping, but
few in Japanese CrMo steel one. The mode of all damage cases was Type IV failure which was the creep
damage occurred along the fine-grained HAZ. It was dominated by axial stress. As a result of the internal
pressure creep test with tensile load, it was found that the damage mode changed from hoop stress failure to
Type 1V failure after a certain ration of axial stress to hoop stress.

The initial stress value, the stress relaxation amount and the creep rupture strength of welded joint seem
to be three factors of the creep damage in circumferential welded piping. Three factors depend on the mate-
rial, but the first two ones also depend on the structure of piping system. Creep damage is likely to occur in
the piping system where stress relaxation is gradual due to deformation restraint.

The sift from base load operation to adjusted one in thermal power generation brings out an increase in
the number of start-up and shat down. This may result in increased fatigue damage, but at present creep
damage seems to be dominant as before. When fatigue damage cannot be ignored in the future, assessment
of creep-fatigue damage and that of creep strain concentration at HAZ due to elastic follow-up may be re-
quired.

Key words : Creep-Fatigue damage, Type IV damage, Thermal high energy piping system, System
stress, Thermal expansion stress, CrMoV steel, Gr.22 steel, Gr.91 steel, Elastic follow-up
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