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Testing and analysis of typical mechanical properties of sea ice
during the Arctic melting period

WANG Chen—xin, YU Chao—ge, ZHAO Wei—hang, GANG Xu—hao, TIAN Yu—kui
(China Ship Scientific Research Center, Wuxi 214082, China)

Abstract: Accurate determination of the mechanical properties of Arctic sea ice during the melting season is
essential for navigation safety assessment in Arctic routes, prediction of ship icebreaking resistance, and ice-
load design of polar engineering structures. In this study, uniaxial compression, three-point bending,
temperature-salinity-density testing, and microstructural observations were conducted based on laboratory
experiments, field trials, and ice-crystal image analysis. The results indicate that, under laboratory conditions,
the uniaxial compressive strength of sea ice exhibits a pronounced ductile-to-brittle transition with varying
strain rates, and reaches a peak value of 2.41 MPa at approximately 4.8x10 * s, The field results of three-
point bending tests revealed a marked layered strength profile along the ice thickness; the central columnar
ice exhibited relatively higher strength, whereas the lower layer showed significantly reduced bending
strength due to seawater melting and compromised structural integrity. Differences between laboratory and

field test results are consistent with the difference in temperature conditions; under the test conditions of this
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study, ice strength obtained in the low-temperature laboratory environment (—10 °C) was generally higher
than that of field tests. Observations of ice crystals and pores indicated distinct layered microstructural
variations within melting-season sea ice, offering microstructural evidence for interpreting the variability of
mechanical properties, crack initiation paths, and mechanisms of structural weakening. This study may
provide a reference for the selection of mechanical parameters of Arctic sea ice during the melting season and
for the cross-validation of laboratory and field test results.
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Fig.3 Statistical results of sea ice microstructure in the horizontal direction
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Fig.10 Physical properties of field-tested sea ice
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