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Abstract: The deterioration mechanism of rock under wetting and drying cycles is complex. Taking sandstone as the research
object, based on the ion concentration in immersion solution, the dissolution of sandstone minerals is quantitatively analyzed,
and the evolution laws of sandstone porosity are obtained. Finally, the deterioration mechanism of sandstone under the effect of
wetting and drying cycles is analyzed. The results show that the formation rate of Ca®* is one order higher than that of K*, Na*
and SiO,, and the formation rate of Fe®* is the lowest. After each cycle phase, the volume reduction of calcite is the most,
followed by that of potash feldspar and soda feldspar, while the volume reduction of black mica and quartz is the smallest. After
wetting and drying cycles, the micro porosity changes, which will lead to a significant reduction in compressive strength, and
the porosity change rate is positively correlated with the deterioration degree in each stage. After erosion of wetting and drying
cycles, various minerals are dissolved in sandstone, leading to the decrease of cements and the increase of porosity, producing a
variety of voids and micro cracks, and ultimately reflected in the decrease of the strength, which is the main cause of
deterioration of sandstone after wetting and drying cycles.
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Table 1 Mineral contents in sandstone %
AR KA B/E TiA BV EHERY AEHT
40 31 15 6 3 5 2

1 Rock 600 HT PLUS B % Ihata A = il Rt
Fig. 1 Rock 600 HT PLUS multi-function rock triaxial test system
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Table 2 UCSs of sandstone

R IR IR P I 90 /M Pa
0 76.00
| 71.59
ik 3 67.91
6 65.36
10 63.26
1 56.22
- 3 50.45
A 6 46.14
10 41.92
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Table 3 Equations for mineral dissolution reaction of sandstone
IR LK JitEst
AP Si0, +2H,0 =H,SiO,
i) KALSi,O, +5.5H,0 = 0.5A1,8i,0,(OH), + K* + OH™ +2H,SiO,
ik Tifesa CaCO, =Ca’ +CO%"
KA NaAlSi,0, +5.5H,0 = 0.5A1,8i,0,(OH),+Na* + OH™ +2H,SiO,
B E) KFe,AlSi,0,,(OH), +10H,0 = Al(OH), +3Fe(OH), +3H,SiO, + K* + OH"
*4 BTRE MF 5 FTUEH, Ca” A SGERE K’ Na'y
Table 4 Concentrations of ion Si0, B — 1=, Fe’ 4k s R k. 755 1 [y
fﬁg 2%¥i&§/(mg'f]) . B, BB ARBGEZER R, EBERiES, 3
X K Ca”’ Na' Fe” SiO, 54 Y s S s 1452
1 006026 02464 0.0492  0.00322 0.02930 AIZE f‘ d E%k ﬁf&ﬁ?‘miﬁfﬁﬁfﬁwﬁiﬁ’%?jﬁﬁ%
3 015224 05886  0.12035  0.00650 0.08562 Fo XPHroRSEDS, BEREEENY, RGHFHETIA, K
6 023212 0911  0.1654  0.00959 0.11609 s I e 1 vk % P STy
10 033210 1.212  0.21415 0.01305 0.15381 ﬁ)ﬂ}ﬁ; ﬁ}ffﬁ%ﬁiﬁ%’ﬁfﬁ“ iﬁHJ“E‘ RfiRe, A
wE 9E B RES AWM, 53R 5 a8
A
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Fig. 2 Thermo scientific ion test instrument
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Table 5 Formation rates of ion

15 BT RS (mg Lt )

B K Ca>" Na' Feo' Si0,
1 006026 024640 0.04920 0.00322  0.02930
2 0.04599  0.17110  0.03558  0.00164  0.02816
3 0.02663  0.10747  0.01502  0.00103  0.01016
4 0.02500 0.07525 0.01219  0.00087  0.00943
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Table 6 Molar volumes of minerals

JBE IR 5 1 B JBE IR AR TR
v /(g-mol™") /(g em’) /( em* mol )
e 60 2.2 27.3
KA 278 2.54 109.4
A 262 2.6 100.8
A 100 2.71 36.9
gL 512 2.7 189.6
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Table 7 Volume reduction of minerals in each stage

BN B R B/ em®

BB skn A KA BB VEE 2
1 0.01684 0.02273 0.02156 0.00109  0.00133
2 0.01285 0.01578 0.01559 0.00056  0.00128
3 0.00744 0.00991 0.00658 0.00035  0.00046
4 0.00699 0.00694 0.00534 0.00029  0.00043
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Fig. 3 Accumulation reduction after 10 wetting and drying cycles
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Fig. 5 Calculated and experimental values of porosity
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Fig. 7 Porosity and UCS
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Fig. 8 Porosity increment and deterioration degree
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