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Fatigue Durability of Steel Lining in
Compressed Air Energy Storage
Caverns Under Cyclic Thermo-
mechanical Effects
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Abstract: Based on a proposed compressed air energy
storge power station project in Yungang Mine, Datong,
China, the thermodynamic coupling calculation model of
compressed air energy storge caverns was established,
and the durability of steel lining under long-term operation

conditions was studied by using three fatigue analysis
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methods: stress fatigue method, strain fatigue method
and crack propagation fatigue method. Results show that
the stress fatigue method and strain fatigue method
overestimated the fatigue life of steel lining. Thus, the
crack propagation must be taken into consideration in
calculation. The fatigue life of lining is mainly affected by
the elastic modulus of surrounding rock, the operating
pressure of carven and the initial crack size. The fatigue
life will be much longer if higher elastic modulus of
surrounding rock, lower operating pressure and smaller
initial crack size are adapted. The fatigue life of steel lining
increases nonlinearly with the lining thickness. However,
a critical value of lining thickness can be found,
exceeding which the fatigue life will not change
significantly.

Key words: compressed air energy storage; fatigue

durability; thermal mechanical coupling; steel lining
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Fig.4 Temperature and pressure of steel lining and cavity air for 60 operating cycles
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Fig. 7 Influence of surrounding rock elastic modu-

lus on fatigue life
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Fig. 8 Effect of cavern operating pressure on fa-
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