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A Study on the Evaluation Method of Fatigue Fracture for

the Cryogenic Service Materials

Jong-Ho Kim, Young-Sik Kim

Abstract

Today liquefied natural gas(LNG) has become an energy source of great
importance as the LNG can fulfill our present nceds providing a relatively
pollution free source of energy.

And in the vyears ahead a considerable increase in the use of LNG 1s
{orescen.

In the case of LNG, as its boiling point is -162°C at atmospheric pressure it
may intorduce a total risk instigated by the many variables involved in the
tranportation or storage.

In this respect in the stages of design and construction of LNG tanks for
LNG ships or storage tanks special engineering techniques, controlled work
process and quality control are necessary considering the static loads and

dynamic stresses due to wave induced forces, earthquake, typhoon, etc.
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The problem of material selection arises from the well known fact that the
carbon steel in general use becomes increasingly less notch toughness as its
temperature decreases. As a result, aluminium alloys such as A5083-O and
austenitic Fe-Ni alloy such as 36% Ni steel(Invar) and austenitic stainless
steel have to be utilized in construction of LNG tanks.

In considering the subject associated with the safety of LNG tanks as
mentioned above, this study is mainly dealing with the investigations related
to the safety of type B independent LNG tank and membrane LNG tank and

1s aimed at :

(1) Determination of crack propagation behaviors of aluminium alloy
AD083-O considering the effect of varying stress ratios and stress
concentration such as weld toe,

(2) Evaluation of fatigue strength of 36% Ni steel.

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

1. A model like da/dN=C(4K"-4Ku™) well demonstrated the FCPR
for aluminium alloy A5083-O considering the effect of varying stress

ratios and 4Kth(threshold value of stress intensity factor range).

Q]

. A model calculating the stress intensity factor for surface cracks on the
toe of butt welded joint was developed and the model was found to
express well the the results of fatigue tests.

3. A new model explaining the crack opening displacment{COD] of

aluminium alloy A5083-O under combined membrane and bending

stresses was proposed.

4. The computer simulation method for the FCPR of surface cracks
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and through cracks was developed assumg that the surface cracks
pre—existed on the surface of the type B independent LNG tank, which
would be a useful tool for assessing cracking hehaviors of the tank in
service and a guideline for tank inspection.

5. A statistical method was proposed In order to take into account of the
effect of throat size on the Cw, which would be expected to be useful for
assessing  the welding standards and inspecting  the welds in the
construction of membrane LNG tank.

6. A model AS/h® = 0.13553 NEO was proposed to evaluate the Cw for

seam welds and raised edge welds having a given weld height.
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