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Abstract: To investigate the effects of hydrochemical and freeze-thaw (HFT) on the physical properties and shear mechanical
characteristics of andesite, freeze-thaw tests were conducted for 45 cycles under three different hydrochemical environments.
The andesite samples from the Duolong mining area in Tibet was selected as the research object. The changes in shear
mechanical parameters and physical properties, as well as the damage mechanisms, were analyzed from both macroscopic and
microscopic perspectives. The results show that, as the number of freeze-thaw cycles increases, both the physical properties
and shear mechanical parameters of andesite in all three hydrochemical environments exhibit a deterioration trend, with the
most significant damage observed in the acidic environment. The decrease in cohesion is more pronounced than that in the
internal friction angle, and the failure modes differ among environments: shear failure in acidic environments, shear fracture

failure in neutral environments, and tensile shear failure in alkaline environments. A shear mechanical prediction model based
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on shear test data was established, with an error of less than 10% , which can effectively predict the cohesion and internal

friction angle values of the rock after long-term freeze-thaw cycles in different chemical environments. Quantitative analysis of

damage caused by hydrochemical and freeze-thaw effects based on shear test parameters shows that freeze-thaw cycles cause

more damage to andesite than hydrochemical effects.
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Fig.1 XRD diffraction pattern of andesite
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Fig.3 Schematic diagram of freeze-thaw cycles

2 RBERELM

2.1 AERERGERRESMN

B4 il 1 332 i ot AR A ) SR 1] -, 3
V% R it T 60 405 1 L 1 5 R, Hod F-To,
F-T15.F-T30,F-T45 4 5l /R VR @l 1 24 0 ¥k, 15
.30 W45 W,

(d) BmEERER
B4 ZUERBETFEHSMAX

Fig.4 Appearance comparison of andesite

(e) HHERME (f) BHERRRE

before and after immersion

HIE 4 AT RUE W BRYEE ORI )G 2l s R T
P03 foe ™ E L A AR R T B A K e T
WROKEY ., LIRS T OWEE A 7 3 30
ARAE TP PR R BT TG S AR AL L R B TR R A
RS TEIE SN

H P 5 TR TR R VA TR Y A B
R 1 Tl SR SO BRI ¥ PR 30 YRR A A TR
I R T WURE R B . b P BRI VIR IS A A
2L LB AL, VR AR 30 UCHT TC I 2 AR AR, R 45
U 45405 2 i AR R, R B B v FR LR L
X TR A I R A U AR R R AR R ik 2
9 %% I A1 AR BRI | R IR 0 BUEA £ a5 R A4k
25 b URRAE FIOE S B 408000 R g T B Y R T
R, H IR ME R MR WX A A 0 e ol 7



AR F R F R e T b 2R RS e g ]].F7 ka5 A4 ,2025,45(12). 189

(e) HHF-TO (f) HH#EF-T15

(i) it F-TO (j) BiEF-T15
B 5 RAEFMIERAENRGER

Fig.5 Damage situation of andesite before and after freeze-thaw cycles
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Table 1 Physical properties of andesite after hydrochemical reaction and freezing-thawing cycle
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W B 7 AR B Uk mo/g mn/g v /(m/s)  Vyn/(m/s) Pmco.n /% o080/ N
0 506.69 506.69 5 190 5 190 - =
15 506.69 505.48 5190 5 045 0.239 2.794
HNO; (0.1 mol/L) 30 506.69 504.92 5 190 4783 0.349 7.842
15 506.69 502.83 5 190 4567 0.762 12.004
""""""""""""""""""""""""""""" o 7 s518.82 s518.82 5281 5281 o
_ 15 518.82 517.92 5 281 5 263 0.173 0.341
30 518.82 517.45 5 281 5 142 0.264 2.632
S 518.82 i 516.78 . 5281 4817 0393 878
0 521.66 521.66 5158 5158 - -
15 521.66 521.08 5158 5079 0.111 1.532
NaOH(0.1 mol/L) 30 521.66 520.30 5158 4911 0.261 4,789
45 521.66 519.05 5 158 4818 0.500 6.592
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Fig.8 Shear stress-shear displacement curves of andesite under different hydrochemical conditions

0 1 L L 1 L L L 3
0 02 04 06 08 1.0 1.2 14 16

F2 KUF-FRBEAEHRLETNAESH

Table 2 Shear mechanical parameters of andesite after hydrochemical reaction and freezing-thawing cycle

KACERSE RO DIV </ MPa MR L WS, RETH
cn=2 MPa ¢,=4 MPa ¢,=6 MPa ¢,=8 MPa MPa ) R*

0 22.94 24.24 28.46 29.82 20.15 51.20 0.949 1

HNOs (0.1 mol/L) 15 18.62 19.45 20.79 25.1(_5 15.76 46.36 0.864 5
30 16.83 17.98 20.24 22.95 14.35 45.86 0.970 8

45 14.64 17.18 19.72 19.88 13.28 42.42 0.907 8

T 25.98 2814 28.91 34.79 2266 53.60 0.8695

H,0 15 20.99 20.87 25.13 27.51 17.67 50.00 0.889 0

30 18.16 19.35 21.03 24.44 15.62 45.70 0.941 9

45 17.00 19.54 20.33 23.39 15.08 44.90 0.958 6
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Table 3 Parameters of shear mechanics prediction
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Fig.11 SEM images of andesite before and after

freeze-thaw cycles in different hydrochemical environments
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Table 4 Quantitative results of hydrochemical

D:DH+DF‘,'I‘: (13)

Dypr=

(14)

reaction and freezing-thawing damage of andesite

WG PR R D

HRE Dpr Dy Dyt Dy Dpr Dy
0 0 0 0 0.078 0 0.065
15 0.144 0 0.080 0.076 0.081 0.023
30 0.229 0 0.170 0.027 0.173 0.040
45 0.248 0 0.193 0.063 0.201 0.024
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