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Abstract

This study investigates the distribution characteristics of micro-pores and micro-elastic modulus
in sandstone (red sandstone and gray sandstone) by integrating X-ray tomography and nanoinden-
tation testing. The results indicate that the distributions of both micro-pores and micro-elastic mod-
ulus in sandstone approximately follow a Gaussian function, and the mathematical relationship be-
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tween micro-pores and micro-elastic modulus conforms to an exponential semi-empirical model.
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Table 1. Mineral components of sandstones
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Figure 1. 3D XCT image of, (a) red sandstone; (b) gray sandstone
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Figure 2. Nanoindentation test lattice, (a) schematic diagram; (b) real image
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Figure 3. Typical nanoindentation test load-depth curve, (a) red sandstone; (b) gray sandstone
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Figure 4. Schematic illustration of parameters in Oliver-Pharr model for the nanoindentation test
Bl 4. 4KEIRMIR Oliver-Pharr IRESHREE

AR IR A BER AL TR R BRI AR 7 2R, B W IR B 3~5 Ay (B NICOKIR
TR PS8 ) FURE S TRl P RO BRO 5 R RFAIE [ 10] [37 ] o 3K — IR B2 55 A EL AR PR B (R AR B EL 115G R ELAE 2 T Y
BT A5 BIGUE[38] [39]. ATRIRANK HIREMHE 5 XCT g R TT L, TARYE XCT H6 70 Hi s i 5
ARSI A AR RIARR . XS 4 pm 73 BER P ARRED A FE AL, KA 800 nm~1320 nm A74% [X [8] ZR - 1) 3
PERLEHE . X — W07 RGBT OR T A R RAETT i B A i A2 22 1 R B — B, eS8t
Hriffit 7l ekt

4. BR 51118
AT FE TR R i (AL B R B S0 A HEAT Bo 40T, RBLEC LA SR (R (AT, 3 5

DOI: 10.12677/hjce.2025.1411289 2708 T AT


https://doi.org/10.12677/hjce.2025.1411289

R

AR E, i 5 Frs. 186 Fran. Z0RE AR & v B LBR AN AR 1 Al VE [ B A — 2, (HAD
W HIBAL B 0 A X TR AR B, R M BE N 08, X5 3 I AR R (R a8 H R/ L&
BBV R . Hrh, ZLRbE RIS A IX BRI s, B S R 2 65.4 Gpa KT KA
HIHAEAME 46.7 GPa, JEILXT AL AR 3 R E(CV) RIS B, AT LS BIZ0RD 2 BRS04 (4
B BEE /INT IRHD o

Xof TR LB AN BB A 43477 R B0 e 0 bR B R R R 22, Lura S5 [40]4 H AT A R e 0 ek HOSR A B
— [ 0 R O Bt o A BEAT IS, BRI, A SRR A T
i lny

B(§)=B,-'€[U’ ] ©)

Horb, BOAREREE i B X BT R A, B\ . o BT R —ETREN =S5 TR/ Tk
2, RITH e e g . ST ACHIE T A B — T R B AL A AR P AAE 0.85 b, R R A i e
HGERT T ARD A A i B S L B AN AR A AT 1L 5

0.20
0.20 p=0.10 M p=0.10
7 5=0.038 6=0.041
0.15 - \ 1,
il il R%=0.95
il Ead
& #6104
30,10 o
= =
01054 0.05 -
0.00 =1 . . 0.00 4= , . 0=
0.00 0.05 0.10 0.15 0.20 0.00 0.05 0.10 0.15 0.20
LB £ LI f
(a) (b)

Figure 5. Statistical distribution of micro-porosity in, (a) red sandstone; (b) gray sandstone
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Figure 6. Statistical distribution of micro-elastic modulus in, (a) red sandstone; (b) gray sandstone
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Table 2. Fitted parameters of Spriggs formula in porosity-modulus relation for sandstones
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