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Characteristics and analytical model of acid-corroded sandstone
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Abstract: To study the relationship between the microstructure and the macroscopic mechanical parameters
of the acid-corroded sandstone, the mechanical parameters of sandstone corroded by hydrochloric acid were
examined based on the physical property testing and the uniaxial mechanical testing. The characteristic
parameters and the fractal dimension of the pore structure were obtained via SEM-EDS, The chemical
damage variable based on porosity was established and the constitutive model of the corroded sandstone was

derived based on the extended Lemaitre strain equivalence principle. The results show that the mass loss of

Y BEA:2020-07-27
EE&WH hE ML ERFARES (2020M673525) 5 [/ 5K A SRR E A4 (41172237) 5 ik — 1+ AR BIA IR | 2020 4R R
ik &35 H (YF2020SD01A)
PEBBIAT AETERH1963- ), 55 oz, 1 b AR 0, BN F BRI 53 T TR RS - TS . E-mail: huorkdq@
xauat. edu. cn.
Received: 2020-07-27
Foundation items: Project Funded by China Postdoctoral Science Foundation(No. 2020M673525) ; National Natural Science
Foundation of China (No. 41172237); Project funded by China Railway 20th Bureau Group Co. Ltd.
(No. YF2020SD01A)
Author brief: HUO Runke (1963- ), professor, doctorial supervisor, main research interests: tunnel in underground

engineering, environmental geotechnical engineering, E-mail: huorkdq@xauat. edu. cn.



2 K5 x¥E IR

FROF E O

% 44 %

sandstone immersed in hydrochloric acid at pH=1, 3 and distilled water with pH=7 for 180 days increased by
1.22%, 1. 08%, and 0. 57%, respectively. The uniaxial compressive strength decreased by 51.93%, 41. 91%,

and 27. 11% ., respectively. It has obvious tempo effect. The average pore size and the fractal dimension of pores of

the acid corroded sandstone increase with the corrosion time; The macroscopic mechanical parameter deterioration

degree of sandstone iscorrelated with the mass loss rate and the microscopic porosity of sandstone. The Feasibility

of the proposed model is validated via the numerical and laboratory testing results.

Keywords: sandstone; acid corrosion; damage variable; constitutive model
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Fig. 1 Micrographs for identification of sandstone

samples and selected sandstone samples in the test
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Fig. 4 SEM images of rock samples soaked in distilled

water with pH=7 at each stage
WhE B MR PR R 22 2 A HL A 7 AR BBk, BORE
HEVECR PR A5 5 B L SR IOR RN AR
W YIREECH . WALBIE SR E Bk Z [ HESI
BONEUE  BEORB LB SR B L WA fLR %
BT A IR 2E L WL b e b W B
RERLLF .

AR pHE 1 AERIRIZIE 90 d J5 . XL A
SROIRZES  EHED W UKL R T o B 5T SRR S O TE T
AR ORI 252 8 R J2 R0 78 O 2R BEIR, AR
B MR, 180 d S5 . 5 H ARSI, A A
TS 4 K A B S A2 A A0/ N LR B B A /AL
B ok SO B T B E S 4.
TURLIE 25U o ¥ AT 8 5 B 0 5 1) A RO e 722 L
BB . X R —Bi B pH (E N 3 iR R I
i, AR 180 d ORI 25 i otk L JZok v 42
HERBEIR . TC R R EL pH (B 1 R ERRJE bl A+
Hrg b, BB .

AR pH(EDH 7 BYZKIRI 90 d 5, X bE A AR
R EAERANULEEAE B AL LR, PR R,
AR 891, LR ZS A AR A AR IR . 180 d Jm , A By
PRRIURE I AR AZAG AN LI, JOREAZ /N AR B, LB
s 2 FLARSE R AL AR S K
2.2 BUBRRPESHENRERKREL

TE SCBTERAR R AR A Ry e RS2 TR 1 1) S
PR e 5 A IR B 64 AR B A0

A =My —M, 100% D
= p, CHon

0

KM, M, G350 B IRRAE TR AR i AR I
N [ETp Lo =y = 3 il N
[ P

Lo | e pH=3HCI _a
[ s pH=THYO o

10F /
NS y

&, 0.8} //'/ Y

&K
Bo6r . A
Bl

0.2} y _—

0 30 60 90 120 150 180

JE it fle/d
B S5 AR pHEREGAKR FTEaFEMRERRRTTLE
Fig. 5 Variation diagram of relative mass loss rate of rock

samples under immersion solutions with different pH values
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Fig. 8 The average pore size varies with the corrosion time
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Fig. 9 Perimeter area fitting of each stage
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Fig. 10 Fractal dimension changes with time
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Table 2 Physical and mechanical parameters of acid

corroded sandstone
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of acid corroded sandstone
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