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Table I Mass, volume and density of granite under different freeze-thaw times

FiiE/g R em? /(g em™)
TEARRER EFEH S

VRRET VRS Rl T IRalS RN RS

FO-1 185. 18 — 66. 420 — 2.788 —

R/ F0-2 184.94 — 66. 406 — 2.785 —

F0-3 185. 06 — 66. 401 — 2.787 —
Fl-1 183.97 184.28 66. 296 66. 383 2.775 2.776
MR BRI F1-2 184.01 184.26 66. 382 66. 400 2.772 2.775
F1-3 185. 44 186. 79 66. 394 66. 426 2.793 2.812
F2-1 184. 85 185. 87 66.397 66. 572 2.784 2.792
VR 2 1% F2-2 184. 54 184. 62 66. 167 66. 077 2.789 2.79%
F2-3 184. 81 184. 87 66. 168 65.790 2.793 2.810
F3-1 185.15 185.29 66. 007 66. 009 2. 805 2.807
ZRAl 3K F3-2 184. 89 185.09 66. 008 66. 009 2. 801 2. 804

F3-3 185. 11 185.19 66.016 65.998 2. 804 2. 806
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Experimental study on three-point bending of granite after cryogenic
freeze-thaw cycles at —-160 °C

LU Dunbo'?, ZHANG Fan', ZHANG Yifeng', YANG Ke', LUFei', HU Dawei’

(1. School of Civil Engineering, Architecture and Environment, Hubei University of Technology, Wuhan 430068, China;
2. The First Construction Co., Ltd. of China Construction Eighth Engineering Division Co., Ltd., Jinan 250100,
China; 3. Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan 430064, China)

Abstract: In order to study the effect of freeze-thaw cycles on the type I fracture toughness of granite under ultra-
low temperature conditions, semi-circular bending (SCB) specimens were used in this study, and different
freeze-thaw times (1, 2 and 3 times) were selected. The granite in the natural state was treated with -160 C ul-
tra-low temperature freeze-thaw cycles, and the three-point bending test was carried out on the granite after the
freeze-thaw cycle. and microstructure effects. The results show that with the increase of freeze-thaw cycles, the
localized damage of I-type crack tip of granite is intensified, the fracture toughness is decreased, the number of
microcracks and pores in the rock is increased, the length of cracks is increased, and the pore size is increased.
Finally, the changes of rock frost heaving force and fracture toughness under low temperature and ultra-low tem-
perature conditions are compared and analyzed. Compared with low temperature conditions, the frost heaving
force produced by ultra-low temperature freezing and thawing is larger. When fracture toughness decreases by
approximately the same amplitude, rocks need more cycles of freezing and thawing at low temperature. The re-
search results can provide theoretical reference for underground storage of liquefied natural gas (LNG) in ultra-
low temperature environment.

Key words: ultra-low temperature; fracture toughness; freeze-thaw cycle; granite; three-point bending
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