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Abstract: To explore the tensile mechanical properties of saturated and dry granite and marble at ultra-
low temperatures, this study employed a specifically designed mechanical loading apparatus in an ultra-
low temperature environment. Brazilian split tests were conducted on granite and marble at temperatures
of =90 'C, =120 C, and —165 °C. The results indicated that the tensile strength of coarse-grained gran-
ite continuously increased as the temperature decreased under ultra-low temperature conditions, albeit at
a decelerating rate. Fine-grained granite exhibited a weakening trend at — 165 °C but remained higher
than at ambient temperature. Compared with ambient conditions, rock fractures in ultra-low temperature
environments not only demonstrated through-going cracks but also featured persistent cracks. Moreover,
water-saturated specimens exhibited triangular zone failure at the base. The peak energy dissipation rate
during the process of rock tensile failure showed a similar trend to the peak strength, with a strong corre-
lation between the two. This study aims to examine the tensile failure performance of rocks in ultra-low
temperature environments and the changes in patterns of rock properties under the coupling of force and
temperature, offering engineering insights for the design of cavern-type liquefied natural gas (LNG) stor-
age tanks.
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Fig. 1 Brazilian splitting disc specimens
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Table 1 Mass fractions of rock minerals compositions %
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Fig.3 Flow chart of tensile tests at ultra-low temperatures
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Fig.5 Schematic diagram of loading and stress in the Brazilian

splitting test
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Table 2 Calculation results of tensile strength

P S/ Bl R/

P S/ Bl (EETIEDA

s EE/SC MPa 481 /MPa AW/ % | FER S BRESC MPa 41 /MPa AL E /%
GFD-1 -90 13.44 GFS-1 -90 17.37
GFD-2 -90 13.84 13.44 — GFS-2 -90 15.89 15.88 —
GFD-3 -90 13.05 GFS-3 -90 14.38
GFD-1 -120 15.36 GFS-1 -120 19.71
GFD-2 -120 15.66 15.51 15.36 GFS-2 -120 19.49 19.60 23.48
GFD-3 -120 12.38 GFS-3 -120 15.41
GFD-1 -165 12.48 GFS-1 -165 18.80
GFD-2 -165 13.29 13.64 -12.02 GFS-2 -165 18.64 18.77 -4.23
GFD-3 -165 15.16 GFS-3 -165 18.88
GCD-1 -90 12.96 GCS-1 -90 16.89
GCD-2 -90 12.52 12.65 — GCS-2 -90 17.53 16.93 —
GCD-3 -90 12.48 GCS-3 -90 16.29
GCD-1 -120 12.77 GCS-1 -120 16.22
GCD-2 -120 12.65 12.76 0.87 GCS-2 -120 18.69 18.68 88.07
GCD-3 -120 12.67 GCS-3 -120 18.66
GCD-1 -165 14.65 GCS-1 -165 18.15
GCD-2 -165 14.62 14.62 14.55 GCS-2 -165 16.67 19.17 2.61
GCD-3 -165 14.59 GCS-3 -165 22.67
MD-1 -90 3.14 MS-1 -90 3.94
MD-2 -90 4.41 3.77 — MS-2 -90 3.98 4.05 —
MD-3 -90 3.77 MS-3 -90 4.23
MD-1 -120 5.16 MS-1 -120 4.76
MD-2 -120 3.77 4.12 9.09 MS-2 -120 4.67 4.68 15.58
MD-3 -120 3.43 MS-3 -120 4.61
MD-1 -165 4.42 MS-1 -165 6.77
MD-2 -165 3.96 4.15 15.36 MS-2 -165 6.86 6.85 46.23
MD-3 -165 4.08 MS-3 -165 6.92
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Table 3 Tensile strength of dry and saturated coarse—grained granite at different temperatures MPa
R 25°C 0°C -20 °C -40 °C -50 C -60 C -90 °C -120 C -165 C
T Fn 7.26 8.06 10.76 12.36 12.55 13.36 16.93 18.68 19.17
T 8.54 9.69 11.04 12.13 12.48 12.56 12.65 12.76 14.62
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Fig. 6 Relationship between tensile strength and temperature
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Fig.7 Load-displacement curves of rocks at different temperatures
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Fig. 11 SEM images of granite subjected to different temperatures
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