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Fatigue characterization of fiber-reinforced composites under cryogenic environment
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The development of lightweight liquid hydrogen tanks necessitates the use of resin-based and fiber-reinforced plastic
(FRP) composites; however, critical challenges remain, including the design of vacuum-insulated double-wall structures,
the suppression of hydrogen permeation, and the assurance of mechanical reliability under cryogenic conditions. In this
study, the strength characteristics of orthotropic FRP were systematically investigated through mechanical testing at both
room temperature and in liquid nitrogen, complemented by fracture surface analyses to elucidate failure mechanisms. The
results clarify the influence of cryogenic environments on FRP strength, providing essential knowledge for the material

and structural design of next-generation liquid hydrogen storage tanks.
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(a) Nitrogen immersion cryostat (b) Setup for testing

Fig. 1 Cryogenic mechanical testing system. ®
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Table 1 Mechanical properties of CFRP.

(n=3)
Tensile strength [MPa] Elastic modulus [GPa] Elongation [%]
[0/90]2s RT 1530 69 2.1
Lg. N2 1498 79 2.0
[+45/-45]5 RT 214 17 15.0
Lq. N2 262 23 1.5
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Fig. 2 Stress-strain curves in a laboratory environment and liquid nitrogen.
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Fig.3 S-Ndiagrams.
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(a) RT (05 = 1525 MPa) (b) L. N, (05 = 1447 MPa)

Fig. 4 Fracture surfaces of the tensile-tested [0°/90°],s specimens

(a) RT (5 = 214 MPa) (b) L. N, (05 = 260 MPa)

Fig. 5 Fracture surfaces of the tensile-tested [+45°/-45°],s specimens
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