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Abstract

Rock materials are often affected by high temperature, chemical corrosion and confining pressure
under natural environment and engineering conditions, resulting in changes in their mechanical
properties. In this paper, a rock constitutive model considering hydrochemical corrosion-confining
pressure damage is proposed to describe the damage degree and stress-strain relationship of rock
materials. In this paper, temperature damage variable, water chemical damage variable and force
damage variable are introduced to reflect the degree of chemical corrosion of rock materials at dif-
ferent temperatures, different pH values and exposure time, and the degree of mechanical damage
under different loads. Then, based on the SMP criterion considering the strength failure of rock mi-
cro-element, the Weibull probability distribution of rock failure and the Lemaitre strain equivalent
hypothesis, the correction coefficient of rock micro-element damage variable under load is intro-
duced, and the constitutive model of rock considering high temperature-hydrochemical corrosion-
confining pressure damage is established. Using the extremum method, two Weibull distribution
parameters (m and F0) are determined by theoretical derivation, and the correctness and applica-
bility of the constitutive model are verified by rock triaxial compression test. The model effectively
reflects the mechanical properties of rock under high temperature-hydrochemical corrosion-con-
fining pressure damage. It provides a new theory and method for the damage mechanism and engi-
neering application of rock materials, and expands the rock mechanics.
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3.2. KJ1 - M %k RAZRIEE
N T IRAUEA ST SL A A TR . SR A AR A0 S 400 1 52 1) B R HE R
ARSCIE L 5] Chen [29] AR B 7T SRR B IE -
EZARISFE T, KA B AR A RE A BT pH A 1, 3, 5 IIRHERIA TGRS, JFiE T4
pH 9 7 HIZEIB/K AL B0 IR AH o i A B AN AT HIRIE 2209 10°C/min, THIRALEE 4 /N, ARSI 527353
79 25°C. 300°C. 600°C. 900°C. VLA i MIZKA i & AL B2, Se2eid /K Ak oAb PR P v i A 2
I IR I AR TR S R AR 1R
R - KA - BERS AR JCA A R B S K ISR L, R - KA - B ERR SR W I
EAPEM S AL, W0 R 0P 5 RV TR R A 2 S 8 7 A 2 B
(1) AN 5
NaAlSi,O, +4H"* + 4H,0 — 3H,SiO, + Na* + AI**
KAISi,O, +4H" +4H,0 — 3H,Si0, + K* + A**
CaAl,Si,O, +8H" — 2H,SiO, + Ca®" +2AI**
KAISi,0,, (OH), +10H" — 3H,SiO, + K" +3AI*"
CaCO, +2H* - Ca** +H,0+CO, T
MgO +2H* — Mg** +H,0
Al O, +6H" — 2AP** +3H,0
Fe,0, +6H" — 2Fe*" +3H,0
CaO+2H* - Ca* +H,0
Na,O0+2H" - 2Na" +H,0

(51)

(2) A SIS :
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Ca0+H,0 — Ca(OH),

52
MgO +H,0 — Mg(OH), (52)

FERRMEAEL T, WA H RIS HY RN A R B 58 3 1, ANRERE Si A2 U TN KIS 2
Wi g, Pk, JER TSR NN TS R (e D B R, BT DARR E CL2R 2 Ok R R TR U - (4 R R
o

Table 1. Reaction amount of sandstone soluble cementing material in hydrochemical environment

= 1 KU FEREHRETAMREM R R N8

Substance SiO, Fe,03 Al,O; CaO MgO K,0 Na,O Total
Weight (g) 243.41 27.29 95.10 13.65 4.76 58.77 2.04 445.02
Molar mass 60.00 160.00 102.00 56.00 40.00 94.00 62.00
Molar (mol) 4.057 0.171 0.932 0.244 0.119 0.625 0.033 6.181
Can react with H* 0 0.171 0.932 0.244 0.119 0.625 0.033 2.124
Proportion 0 8.03 43.90 11.48 5.60 29.44 1.55 100

pH = 1. Molar number of
damaged soluble solids

pH = 1 React with water 0 0 0 0.244 0.119 0 0 0.363

0 1339x10°% 7.317x10° 5.739x10° 2802x10° 1472x102 7.746x10* 3.269x107?

pH =1 React with water
and H*

pH = 3. Molar number of
damaged soluble solids

0 1.338x10° 7.316 x 107 0.244 0.119 0 0 0.372

0 1.338x10° 7.316x10° 5.738x10° 2801x10° 1472x10* 7.746x10° 3.269x10™*

pH = 3 React with water 0 0 0 0.244 0.119 0 0 0.363
gr']"d? Reactwithwater 435,105 7316x10° 0244 0.119 0 0 0.363

pH = 5. Molar number of

. 1.325x107 7.244x107 5681x107 2774x107 1.457x10° 7.669x10° 3.236x10°
damaged soluble solids

pH =5 React with water 0 0 0 0.244 0.119 0 0 0.363
pi ~  React Withwater 5 1325x107 7.244x107  0.244 0.119 0 0 0.363
pH = 7. Molar number of

damaged soluble solids 0 0 0 0 0 0 0
pH = 7 React with water 0 0 0 0.244 0.119 0 0 0.363
pH = 7 React with water 0 0 0 0244 0119 0 0 0363

and H*

WA XAM(13), HEAFH AR pH EK AT T DS TR VEIRE MR R N, W 1. FHR
Fa 2> 30(48) A1 (49) THEEAF AN I 26 AF N BiA /R0 A R B m AN Ry, WL 2.

Table 2. The table of constitutive model parameters (the confining pressure is 20 MPa)
2. ARBSHFR(BEER 20 MPa)

Temperature/’'C  PH v E./GPa  ¢/MPa @ ,1% o,/MPa m 5
1 0.185 43.3 6.498 51.33 0.7418 244.32 10.9212 17.0519
3 0.184 46.8 6.733 52.32 0.7083 25951 14.6336 16.9611
2 5 0.182 47.8 6.629 51.89 0.8010 272.57 6.3257 21.5702
7 0.182 52.3 6.658 52.01 0.7565 275.96 5.6304 22.5790
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m

DOI: 10.12677/mo0s.2025.143255 677


https://doi.org/10.12677/mos.2025.143255

EFE, GRIK

1 0.185 41.3 6.738 52.34 0.7803 257.02 94.6298 14.4618
3 0.181 425 6.625 51.87 0.8021 256.51 14.8329 17.3836
300
5 0.180 46.9 6.743 52.36 0.8820 272.75 5.1899 23.7861
7 0.188 50.3 7.020 58.47 0.7844 293.60 12.5400  20.3288
1 0.185 39.1 6.440 51.08 0.8000 210.22 12.7818  16.3235
3 0.182 42.8 7.123 53.87 0.7515 217.41 13.0928 16.7045
600
5 0.182 44.4 7.421 54.98 0.9716 247.45 4.2769 25.2860
7 0.180 459 6.687 52.13 0.8900 258.90 7.1330 22.5765
1 0.180 39.5 6.959 52.23 0.5441 144.43 18.2107 12.1698
3 0.180 41.7 6.738 53.23 0.6157 173.35 11.5125 15.5048
900
5 0.189 40.2 6.928 53.11 1.0578 225.55 49748 24.5349
7 0.180 41.2 6.582 51.69 0.8604 232.69 5.7461 32.6472
350 - - 350 - .
—— OMPa Theoretical Curve — — OMPa Experimental Curve —— OMPa Theoretical Curve = — OMPa Experimental Curve
~— 5MPa Theoretical Curve = = 5MPa Experimental Curve ~— 5MPa Theoretical Curve = = S5MPa Experimental Curve
— 10MPa Theoretical Curve = — 10MPa Experimental Curve — 10MPa Theoretical Curve = — 10MPa Experimental Curve
20MPa Theoretical Curve — — 20MPa Experimental Curve 20MPa Theoretical Curve — — 20MPa Experimental Curve
300 300
o pH=1 ~ y5o pH=1 300°C Py
£ 200 ”/ \\‘ 200 / B
2 ‘ ‘ .
g 150
100 1
1.I0 1.I2 1.4 0.I8 1.I0 1.I2 1.4
350 . . 350 . -
—— OMPa Theoretical Curve = — OMPa Experimental Curve —— OMPa Theoretical Curve — — OMPa Experimental Curve
~— 5MPa Theorstiz_:al Curve — = G5MPa Experilpental Curve — 5MPa Theoretir_;al Curve — = 5MPa Experil_nental Curve
T Jira Theorecical Gurve — - Z0Mba Experinental urve T DONpe Theoretieal Curve - — 20Mpa Baperimental Corve
300 300
250 - 600°C 250 - pH:l
] -
%200— i} 200 |
£ 150- 7 TN | 150 -
100 " AN 100 = *\
50 1 /I \
0 - T T T T T T 0 — T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Strain/1072 Strain/10°
Figure 1. Stress-strain curves at different temperatures and confining pressures at pH = 1
B 1 pH=1MAEREMEE TR - RT %
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L 1, AR RIS, BRI RITH R, W0 a R i RN T8 AR B2,
FOERAE, HWEL3Z 300 CHIRERS, VEE N AN, X R E Dy RN AR 1A A sl i
7K TR L BT A R A O AR/, R T S B AR )T e i T 600°C IR, i b7 g ]
B, FEARFRIRE TS, BEE pH B FEAR, WA M E RN I BEC. (H2, MXTTRE, EX
i A RE MRS/ o B FEL IS R8I0, D i (D U B ) ATV N AR R B BT %

ASCHRE A 1 B, AT A ERIR B o b S VERE RS . S5 ERARET, IREAN pH (X
Wb ROV N7 S 255 PRSI, 7 R T X b o VRIS g ATV AR A7 —SE IR R . ARFE R 2 THERAR
FREE TR, A A A O R T KRR BRI O A i, R SRR . SRR
WY, A AT A R RS B R T AT 7R AT R T ) SMIP 08 e 6 HE R S A AR A AEAS [RIIRLEE « 7KL 2238
SEAIEE S R ROSREE,  ATIUER 12 A R 0 5 /KA 27 s IR AR sz 2 5 A 2 45473 FRL 3R R T AT 1k

5. &hig

ARG i SRR MICE A, T BUE SR s, s A AR RE SR IR T
Vs 7 WA KAG S S i, R AR A 2 S PSR VA TR T RV PR R BV A o B TR G, BAR i
P, B - KA T - B AR A VR T A5 5 A A

WHAGINIRIE . A2 &, BT SMP EN. Weibull 7347 Al S AR S R 5, ST HE K
PGt - B AR AR . BT SURD S =R ) - BARRFAE AL, BRI OK, DA JEE A 7 A
FEORs R PETH R, VEAE N I FRAR, 300°C I RIZK Z8 & HAR /N AR, I mE 3 pH B FRAIG, UER{E R ) AR,
EEZI /NI -

LA AN pH ALY R, 8 SO SRIRI AR, #5E Weibull 7345240, X L SEis i 256 1IE
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