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Fig.1 Thermal shock test of granite specimens

R B 7 R PG RS BB, 1L A 2 b
4 40 dB HTECRER I 75 5 A0 I A DS5-8B
RIS R EHIR R GELE 1(e) ], S2IFRAE SRR P
At B R R S T AR bR P T
S by AR 0 303 2 S W [ 1)
1.3 #pEEEYE.ERR

S PPAS B o 2 R XA AR R R Y 25 5
I FH R 75 3z T ARG I S 3 22 1 AN [ B 00 B 1
b E AR TR R B, an &l 2(a) s, 2 M
JERASIE L B FLAS RENRRR A TR R i, DA AR
7 AE M P B e AR AL SR I XA
ARFE T R Bl R 4 00, DUR G s 5 m A
TR LA B0k Y AW-2000 Ha i frl il
FEHRRE 245 2(b) 1, 0.5 MPals E & BRI
AT, 7 R HP S v L R WG AR A, T
sk A v A 1) B AR AR K o K 6 4N 7R R AT IR
AT B TR TS RIS SR 3R 1, SR AR I 484 i R Y
PR SHE S AR IR BARAT A AN 2(e) s o

2 R E

2.1 P ERGEFENFA
e Ao P Al T 47 A SR A ) 2 i A B S
FERY R — I A2 AN IR 3 Bz, SR bl it 2k

%ﬁm@ﬁ( ' % N ] . |
(@ Y AW 2000 TN R

E2 #pEEBEEENFRE
Fig.2 Mechanical tests on rock specimens after thermal

shock treatment
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Fig. 3 Stress—strain curves of the specimens in uniaxial compression tests
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Fig. 4 Variation law of mechanical properties of the specimens with heating temperature
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Fig. 6 Temperature—time curves of specimens cooled in ambient—temperature ethylene glycol solution after heating

at different high temperatures
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Fig. 7 Temperature—time curves of the specimen cooled with different methods after 600 °C heating
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Abstract: This study utilized a custom-developed experimental platform to perform thermal shock tests on
granite specimens, with the objective of investigating the evolution of thermal shock triggering thresholds under
varying heating temperatures and cooling methodologies. During rapid cooling, the spatiotemporal evolution of
the internal non-uniform temperature field within the specimens was monitored. This monitoring facilitated the
derivation of the distribution characteristics of the temperature gradient and cooling rate. By integrating
synchronously acquired acoustic emission signals, the study elucidated the variation of the thermal shock
triggering threshold—characterized by temperature gradient and cooling rate—in relation to heating temperature
and cooling intensity. In this context, the “triggering threshold” is defined as the minimum thermal load level
that initiations and sustains the propagation of detectable micro-cracks, as indicated by a marked increase in
acoustic emission activity. The findings reveal that, during thermal shock, the peaks of the cooling rate and
temperature gradient migrate from the outer layer toward the inner layer of the specimen and gradually attenuate

over time. For specimens subjected to heating up to 800 °C and subsequently cooled in an ethylene glycol
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solution at ambient temperature, no significant thermal shock damage was detected when the heating
temperature remained below 300 °C. Within the temperature range of 400~800 °C, the threshold for the
temperature gradient necessary to induce thermal shock varied between 15.95 and 26.45 °C/mm, while the
threshold for the cooling rate ranged from 3.03 to 5.10 °C/s. In experiments where specimens were heated to
600 °C and cooled in ethylene glycol solutions at temperatures spanning from ambient to — 40 °C, the
temperature gradient threshold was observed to range from 19.24 to 25.49 °C/mm, and the cooling rate
threshold from 3.23 to 5.31 °C/s. These thresholds exhibited an increase with elevated heating temperatures and
reduced temperatures of the cooling medium. This study introduces an experimental framework designed to
quantify the conditions that trigger thermal shock in rock, thereby providing a methodological reference for the
precise characterization of the thermal shock phenomenon in geological materials. The results furnish a
theoretical basis and technical support for both the mitigation and exploitation of thermal shock effects in rock
engineering applications.
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temperature granite
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