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Assessment of the thermal response to efflorescence damage on the
surface of grotto temples using the discrete element method
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and Transportation Engineering, Changsha University of Science and Technology, Changsha 410114, P. R. China)

Abstract: Grotto temples face extensive damage from natural factors and human activities and salt erosion is a
critical issue. Quantifying the damage extent in surface salt efflorescence stage is crucial for subsequent
preservation efforts. This study investigates salt efflorescence in the North Grotto Temple in Qingyang City,
Gansu Province, employing PFC 2D software to simulate surface salt formation. Active thermal infrared detection
is used to examine the relationship between temperature changes and efflorescence thickness. Results indicate that
when subjected to identical stimuli, the temperature of sandstone surface is lower than that of saltated surfaces and
surface temperature increases as salt efflorescence thickness increases. A power function fitting the normalized
temperature-time curves reveales a notable negative linear relationship between the exponent and salt
efflorescence thickness. This exponent can serve as a warming index, realizing the quantitative assessment of salt
efflorescence damage.
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Fig. 1 Salt efflorescence of grotto temple
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Fig.2 The schematic diagram of active infrared thermal imaging detection method
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Fig.3 The position diagram of temperature monitoring

23 REESHEMIER

XF T B — 0 SR I D A AR R VAT R A A O R R 2 W ) 2 S S 5 T R K OU R B 9T
B HARZHON 8 o B a0 B e AR RS AT ST, db A B SR AR 0 B AU R AL R
Eh R B R S 2 W SR OB ST R . AE PRC 2D Hp 7 57 26 2 Eh 6 AR A 2 B A4S 2 A

D W AR SR FE 588 320 mm, 3K FE T N 640 mm, b 5 R B K2 AR A /N A2 2R B 1.2 mm il
0.8 mm, lif§ /2 ¥ 51 4317, Fe KR/ VAR Ly 3:20 1 lRE e R AL B 0.01% A= iU %% SE R, 40 75 24 6.39x 10"k

201 EhR F o A F O R R UKL ZE b 2 R E Y L 1A 58 DO, B SE PR i R Iz Fh R (WL 4) . s
TSRS R, B X I O D R S Y 13, R KRR R E O 7 mm . B R R U AR D
OB A2 1 1/6 BEE, FLBRAZ 18 0.001% B B 05 29 1.26x 10° 4 ik .

PR = B2 9T 3% Tz R R RE 50 B A N TR Y O &R, HURR AT RO R 2 R e N B S B ) A
JOE, 2 ol R (14 26 I ik R B8R R 0 K1 ELRBE R S RN 5% 1~2 TR .

Pl 5 J R T S S AL A TR i £, AT DU P R AR AR AR W) BBUE 25 PR AN . TR AR
B S0 2 2 2 1T YR B O 31.3 °C , BB DL 1 TR Sy 31.6 °C, I3 9 IR B2 AU AR 22 0.3 °C, [R5 R* 4 0.996.,
DA b 350 T SR JH 098 B0 D 2 55 5 A5 2 0 R AN - L S0 45 5L o I R A R RO 115 W

AL 445 SR R ) 4 R AR 22 G SR IR T BB 2 05 1) A R B AY IR B T REAIR T 26.7 °C , T BB AR 8L op
A R A0 B R B G — & R 26.7 °C 5 2) b A R TE A R R AR IR A, B A 0 KA T R R T AR
(LA UL F 1 A7 A A5 R J0RE Ak 38y 18 BT RD



114 TR K FF R %47 %

WE0RL

Ty o -

BRERER ORI A TS
o, BHERERL S
WE RS

B4 FREZHRFREHERR

Fig.4 The disease numerical model of salt efflorescence
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Table 1 Microscale mechanical parameters of sandstone and sulfate
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Table 2 Thermal parameters of sandstone and sulfate

Wi 2R/ (kg°C)™) FIEE/(W-(m-°C)™) MKk R EUK
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Fig.5 Simulation and measured temperature curve of sandstone
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Fig. 6 Temperature cloud map of heating process
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Fig. 7 Temperature variation curves of different salt efflorescence thickness
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Fig.8 The normalized temperature-time curve
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Fig.9 The relationship between exponent and salt efflorescence thickness
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