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Influence of cyclic temperature variation on mechanical properties

of Dazu Rock Carving sandstone under triaxial stress condition

JIANG Siwei’, WANG Chenglong”**, LIU Dongsheng®, GUO Yachen?,

ZHANG Wengang?, CHEN Huili’

(1. Academy of Dazu Rock Carvings, Chongqing 402360, P. R. China; 2. College of Civil Engineering, Chongging
University, Chongqing 400045, P. R. China; 3. Chongqing Bureau of Geology and Minerals Exploration, Chongqing
401121, P. R. China)

Abstract: The rock mass of the grotto temple has been affected by cooling and heating for a long time, which

would lead to the change of the mechanical properties of the rock mass and therefore endangers the grotto
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temple. In this paper, the Dazu Rock Carving sandstone in Chongqing was taken as the research object, and the
mechanical properties of the sandstone were studied through triaxial compression tests. Temperature change
process includes high temperature (60 “C), normal temperature (25 °C), and low temperature (0 “C). And the
experimental process involves multiple conditions such as different heating-cooling cycle times (5 and 10 times),
different durations of high and low temperatures (2 h and 4 h), and different cooling methods (natural cooling
and water cooling). These test conditions were designed to analyze the influence of temperature changes on the
peak stress and strain, elastic modulus, internal friction angle, cohesion, and failure mode. Results indicate
that: The mechanical properties of sandstone weakened after multiple heating-cooling cycles. The values of
strength, elastic modulus, cohesion, and internal friction angle decreased at different degrees. The peak strain
of sandstone increased after multiple heating-cooling cycles. The failure mode of sandstone under triaxial
compression was mainly shear failure with a single shear plane, while the failure mode became complex after
multiple heating-cooling cycles, which resulted in the conjugated shear failure of “Y” type. Confining pressure
could improve the mechanical properties, which increased the strength and elastic modulus of the sandstone
samples.

Keywords: grotto sandstone; temperature effect; triaxial compression; mechanical properties; failure mode
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triaxial compression test
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Table 2 Mechanical parameters of rock samples under triaxial compression test
=RIPUE S/ MPa FRPERE G/ GPa
T NS A /() HiR J1/MPa
2 MPa 4 MPa 6 MPa 2 MPa 4 MPa 6 MPa
2-N 38.90 60. 64 66. 36 4.33 6.03 6.30 48.1 6.82
2-W 35.71 59. 80 63. 94 5.90 5.23 4.63 47.3 6.54
2-L 35.26 54.07 62.62 3.99 5.25 4.82 46.9 6.41
3-Y 34.03 51.21 60.97 3.78 5.02 4.79 45.5 5.97
1-R 43.99 63.98 69.65 5.38 6.52 5.81 47.9 6.75
4-2F 38.39 60. 35 65.90 4.27 5.84 5.14 47.6 6.65
4-2T 37.39 58.15 65. 50 4.12 5.03 5.95 47.7 6.68
4-3F 37.13 57.92 64.79 4.46 5.74 4.99 47.4 6.58
4-3T 35.95 55. 84 63.63 4.22 5. 66 5.01 47.3 6.54
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Fig.5 Comparison of triaxial compressive strength of rock samples under different working conditions
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under different working conditions
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samples under different working conditions
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