GUERVE 2025 4F 4525 45 4 2 ] oy o R 5 TR ISSN 1671—1815 ¥
] " 2025, 25(2): 00737-16 Science Technology and Engineering CN 11—4688/T Ch-. :

DOI:10. 12404/j. issn. 1671-1815. 2401172
SIAMESC KA, BRag, WE, & SR PRI LR GBI ATERER R[], BAROR S TR, 2025, 25(2) « 737-752.
Zhang Xiang, Chen Ying, Lei Zhen, et al. Effect of high temperature cyclic cooling on the physical and mechanical properties of granite[ J].

Science Technology and Engineering, 2025, 25(2) ; 737-752.

= iR RAEIA X e M a W IR 1 F R R RN

A, HET, TR, LM, AF%
(BRI T IABE, B 650091)

W E FTRERAFEY ZBEREBZRAGARMR, 2 FHAEREREL RN FHRELART, AHE—FRTER
JE A BAGIR Ty Rt 28 B F A ahih 3 RRE Z R SRR XA AT T ARSI KA KA F e b
PABIRAIL R T W FIAR MG ELT ZAAERA TGO L EE MG AN TR, ER LN . R
JEAHEIR RO ¥e 0 R B KT KD AR AF > B RAF > HEREI 12600 CHEHT,PENBEMNEMNELTF
BRI BRI T TR AT A RAN MBS REREPRERERH R D, KASHEELHRGERARSE
X, & iR 0y G L RGN R I P A R ARSI BB I B R BRI R IRE A IR R R, S e
NBi B HE IR ARSI AR B IR, ST ARG o L ESE RS- T WA, 5REERT MO EER
BRI T BEA 6 S BE A

Rl ZHEBAR B, ARIER, WA FHE, BMUEH, B AN

RS TU4S2; CHkRGD A

Effect of High Temperature Cyclic Cooling on the Physical and
Mechanical Properties of Granite

ZHANG Xiang, CHEN Ying* , LEI Zhen, FAN Xiang, ZHAO Yan-qi
(School of Architecture and Planning, Yunnan University, Kunming 650091, China)

[ Abstract] During the geothermal development of dry hot rock, the high temperature rock mass is subjected to repeated cold and
thermal cycles. It leads to the rupture of thermal reservoirs and the change of physical and mechanical properties. In order to further
explore the mechanism of the influence of temperature and cooling-heating cycle on rock characteristics, the granite specimens
subjected to different high temperature nodal heat treatment were treated with natural cooling, fresh water cooling and seawater cooling
respectively. The physical and mechanical indexes and microstructure were studied. The damage constitutive equations of granite under
uniaxial compression with three cooling cycles were established. The results show as follows. With the increase of temperature and
cycle times, the mass loss rate is in the order of freshwater cooling > natural cooling > seawater cooling, but at 600 °C, serious
particle breakup and shedding cause the mass loss of seawater cooling rock sample to exceed that of natural cooling. The elastic
modulus, compressive strength and tensile strength are decreasing. The damage of water cooling to high temperature rock is greater than
that of natural cooling. The damage effect of high temperature is more obvious than that of cycle times. The micro-cracks of seawater
cooling rock sample are more developed. The damage variables consider the effects of temperature and cycle times, and add the damage
coefficient to consider the damage effects of freshwater cooling and seawater cooling. The uniaxial compressive stress-strain curves
combined with damage analysis under load are compared with the experimental results in a high degree of fitting, which reflects the
rationality of the model.
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Table 2 Granite samples after cyclic cooling treatment
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temperature for different numbers of cooling cycles
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Fig. 13 Uniaxial compressive stress-strain curves of rock samples

after different cooling cycles with the same temperature
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Table 3 Modulus of elasticity and damage variables of
two cycles of natural cooling for different
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Table 4 Modulus of elasticity and damage variables of

different cycles of natural cooling for 400 °C
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Table 5 Parameters of statistical damage mechanic model for granite

R TEH IR m my kyy ky
T/C BN HARGH  RKEHE KA ASRSHET RKWBE KIRET JROKIRED HEKEH
2 7.012 9 9.483 1 8.326 4 0. 008 76 0.011 34 0.011 39 0.637 0 0.6190
200 4 3.998 4 5.2951 5.386 6 0.011 20 0.012 20 0.012 41 0.683 0 0.654 3
6 3.8616 4.296 6 0.396 9 0.011 71 0.012 93 0. 008 97 0.734 9 0.705 2
2 2.896 9 2.870 3 4.413 1 0.012 85 0.014 70 0.013 13 0.720 2 0.681 1
300 4 3.0530 2.127 3 2.089 9 0.013 35 0.01466 0.01514 0.7579 0.706 9
6 3.157 5 2.301 4 3.076 1 0.013 68 0.015 86 0.015 35 0.729 9 0.641 6
2 2.548 3 2.0250 2.222'1 0.014 28 0.017 21 0.018 22 0.649 7 0.597 3
400 4 2.536 8 1.818 4 2.356 7 0.014 55 0.017 59 0.016 19 0.686 7 0.621 2
6 2.822 8 1.717 3 2.461 2 0.017 27 0.018 18 0.018 23 0.776 8 0.637 7
2 1.527 1 1.495 4 1.671 4 0.016 73 0.018 63 0.019 40 0.619 5 0.5312
500 4 1.390 7 1.481 0 1.492 1 0.016 79 0.018 84 0.019 46 0.574 3 0.492 2
6 2.208 6 1.508 7 2.1254 0.019 27 0. 020 94 0. 022 65 0.6151 0.4215
2 1.406 4 0.966 8 1.562 5 0.017 85 0.020 05 0.025 79 0.480 3 0.3392
600 4 1.536 7 0.937 1 1.090 7 0.019 45 0.018 95 0.033 35 0.4513 0.2117
6 1.3329 0.019 00
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