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The comparative study on failure mode and strength characteristics under
uniaxial compression before and after laser ice-breaking
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Figure 1 Crystal structure of the ice sample. (a) 0.5 cm from the top
surface; (b) 5 cm from the top surface; (¢) 8 cm from the top surface.
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Figure 2 The sketch of the ice sample.
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Figure 4 The effect of the ice sample after laser breakdown. (a) State of the laser entrance; (b) state of the front cracks; (c) state of the laser exit.
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Figure 5 Comparison of ductile failure characteristics. (a) Ice sample
after laser breaking; (b) initial crack of the ice sample; (c) after ductile
failure; (d) crack state after ductile failure; (e) ice sample without laser
treatment; (f) initial ice sample without crack; (g) after ductile failure
without laser treatment; (h) crack state after ductile failure without laser
treatment.
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Figure 6 Comparison of brittle failure characteristics. (a) Ice sample
after laser breaking; (b) initial crack of the ice sample; (c) after brittle
failure; (d) crack state after brittle failure; (e) ice sample without laser
treatment; (f) initial ice sample without crack; (g) after brittle failure
without laser treatment; (h) crack state after brittle failure without laser
treatment.
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Figure 7 Comparison of stress-strain curves.
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Figure 8  The influence of strain rate on the maximum static
compressive strength.
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Figure 9 The influence of strain rate on the effective elastic modulus.
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The comparative study on failure mode and strength characteristics
under uniaxial compression before and after laser ice-breaking

XUE YanZhuo'!, ZHANG Yang', LU Yang', & NI BaoYu!
! College of Shipbuilding Engineering, Harbin Engineering University, Harbin 150001, China

Under various compressive strain rates, freshwater ice fails in different modes and exhibits a brittle-ductile transition. To investigate
the deterioration effect of initial laser defects on the mechanical properties of ice and the mechanism behind the brittle-ductile
transition, comparative uniaxial compression tests were performed on intact freshwater ice and laser-pretreated freshwater ice under a
controlled low-temperature environment of —20°C. The ice samples used in the experiments were artificial columnar freshwater ice
prepared in the laboratory. In the experiments, the samples with uniform dimension of 80 mmx80 mmx=200 mm were penetrated at a
fixed point using a fiber laser, and were applied compressive load across to the grain columns. Thus, the uniaxial compressive
strength and mechanical responses of the two types of ice samples under different loading rates were obtained. The strain rate applied
during the experiments ranged from 1x10~ ° to 1x10~ 2§~ '. Due to the variation of strain rates under different loading rates, both
types of ice samples exhibited three different failure stages: ductile failure, brittle-ductile transition, and brittle failure. Under low
loading rates when the ice was in a ductile failure mode, the intact ice showed micro-crack dispersion and global bulging, while the
laser-pretreated ice samples absorbed energy through local creep deformation around the hole, eventually presenting a local
instability and crushing dominated by macroscopic defects. When the loading rate was high and the ice failed in a brittle mode, the
intact ice sample formed a random spalling failure due to disordered crack propagation. In contrast, the laser hole exhibited a strong
directional crack-guiding ability, enabling cracks to develop stably along the hole wall and intersect to produce regular penetrating
primary cracks, forming a "cross-shaped" splitting failure. The above experimental results also show that the laser thermal shock did
not change the strain rate range where the brittle-ductile transition occurs, but greatly weakened the ultimate bearing capacity of the
ice. Over the entire strain rate range, the maximum static compressive strength and effective elastic modulus of the laser-pretreated
ice samples decreased significantly by 65.8%—71.9% and 66.4%—68.0%, respectively, compared to the intact ice samples, and the
dispersion of the failure strength was significantly reduced.

laser ice-breaking, uniaxial compression strength, failure mode, brittle-ductile transition
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