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Fig.2 Fracture morphology of specimens at different temperatures
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Fig. 5 CT images of the rock specimens at different temperatures

23 WEMBREHE

FILFH =4 CT F A A RIS 75 P4 3082 188 LB
Oy AR N SE BRI IS s A TR R 26 2 kit T 2
LA BB BUE AL (Yin et al,2019) . B AT A
DL AT FH R 38 B A T AR PN 1 32 B L A
6] /3 A5 $EAE (Tang, 2020) . MR35 5 i 0 B4

RY 38 o KRR i AT B N SR AR AR R I B
T RS AR T 45 R 3 1B Darey 33 0 A S 4
BB K I R, 2N

_Quly,
K_,uAAP (1)

A Q i (m¥s) su NI WREE (Pass) s LB

2026 EF8 A HF 34 E-F4H

983



984

B4t

10
Bl 7=800 C
9r B =600 T
8 T=400 C
T=200 C
o b T=25 C
IS
~ 6
" 5
—
§4
3
2
1

=)

10 20 30 40 50 60 70 80
A EE/mm
6 ERREEARSEALMNEILEER
Fig. 6 Surface porosity of the rock specimens at different
heights

90 100

T E (m) 5y, IR E (kg/m?) ;A 0 I 3h K i AL
(m?) ;AP M%7 (kPa) .

(17 JT 78 R b 25 A AN () Bk 3L B T 9 U 2k
BOTRD | 4R i %5 R P 558 0B MR 59 B IE A OGO R
(Z8R5F,2025) . Bl % 38 2L BRI A 3, T 2k
BB €6 A R 2 A A (LI 28 1 43 A % ) I 34
Ko HETATLE 1, SR AT 200 CHT, 45
R AM b, E R 2E . SR F) 600 CLL L
BF, A PO AR T R A AR G 1 B R
MG AR B B B E R 7F =4 2L
R R [ B AR T A S R AR T
T PR 455 3 R K B (E . 78w R A

Tl B BTSSR DA X B i R
FI4{E H 84.5 mD, 550 S A9 -F-241{E (82.9 mD)
FEARW) A, 2 R Z A B R 22 /0N, 7853 BiE T B
RERY (0 vl P AN AT SR . 242805 800 “CHY i IR A
G A0 KAE R IMIE 29 135.1% ., Zat il
3BT R I A0 R FL AR 4 X0 15 37 R HAA W] Y
LR PR IEASE R, anlEl 8 TR , e W A1 A L IR XY
KEEM A — B R LUE T AR PSRk
LTI T A 98 5 A0 FR = B SE ) h AAR ]
()22 SEAMEIK , 51 & 2 i ST A 8L A X e
WS HTRE B8 T SIS RS (038 , [ b5 B PERE
TE IR FE #3600 “CJ5Heid 4 7% |
24 RREEHIHFAE

ST AR [ A B i i PR B A OO G
PG AE | X0 W T 50 R AE 617 SEM 4347,
SERANE PR . FERIIR RS T, A A i
G A S) LB E MR 22 [ B 9(a) 1o TE
200 CrRIRAMERT A A N B KR, 0 Y5
(A 7= e SR ik S5O, Bk L TR B B, 480k T 1A
SR (D) ], Zat 400 CHRALIRG , BB 2 BE-
I K , Sl A R A B K, A 5 T 4 T Ak s R
HEMHEHGE9(c) ], FEiE S 400~800 “Cil
Bl 105 N A BOR B — D9 e, sy sk o
S M 3 wm MR 9 wm [ E9(d) |, A A O IE 4
LS B YR e g R R P S A B R R A

k) A '.. % ;’;é\ - ‘J :
- ry ol a
(a) T=20 C (b) T=200 C (d) T=600 C (e) T=800 C

7 ARRAEERELNRERE

Fig.7 Streamline models for seepage simulations of rock specimens

BE— 25 R XS 2 A 0 445 R ok F AT i X
PRE P2 B™ A2 R, 32 ] Jade PR AS [ i
JE N B DA R I AT RE AT A AT R

Vol. 34 No.4 Aug., 2026

AR AN 10 i/, 45 R W A 05 B B
AR B T b B R AL, Hep A 3 e A
Ko TFEIRJE R 25~200 CHE I, 241 1 F 7K (%



KA AR A el T R B0 % A LSS A 0 A5 R S

m7=25 T

RTFLER R %
8 ERABMEBEXRSIBEXR

Fig. 8 Relationship between absolute permeability and

porosity of rock

WA A JIORE 3R TR AL B b 8 7K 23 ) D 32 B4 7€
K o H s A0 K A B SE, T gk R R R
I MR BT ZE 400 CCIE MR 2 BRI RS B
P W] 0 B2 0, O i S B R K
s 12 600 CRIELAE T, Jr i A0 K LE R ZL A B4 7y
figp , e S 5 B G i e FCA A A DT A

$i3

a) =20 C

' (b) T=200 C

BT W B CO,L A% th R Ca(OHD, 2R
800 “CHY 2 1 17 96 2 A AVAE , 54 4043 K Ho
X B BB KA (b DR E BRI A T
W2 TR S R B P R T B 24
PR RO B0, )2 R
BB B K IR
3 Wi

T W SCOMHT T 2 A ORI 5 R
TR 2 22 RS5O IR BT 4 AR
e S B2 R B e
IECR AR SR (5 ) B WD 40
PERE . 755 % 200 ‘CHFR A , WA ] 445
B, R IR AR AL RO 5 R
i 200 CJF , HAECR ST IR AR AL H
RIS S I 07 3 VR FE T 7
1254t 6 HE T 5 % 600 “CRA LI, B L 42
B 5 R B 4 B 2
VR A RIS 6 4, B 1 — B2 ol
el B 5L U VARG

(c) T=400 C (d) T=600 C

9 AEIERETERMAEERS

Fig. 9 Micromorphology morphology of rock at different temperatures
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Study on Macro and Mesoscopic Structural Damage Effects of Deep Sandstone
Under High Temperatures
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Abstract: To examine the multi-scale damage effects of deep sandstone subjected to high-temperature
conditions, a comprehensive analysis was conducted using uniaxial compression tests, micrometer-scale
computed tomography (CT) scanning, scanning electron microscopy (SEM ), and X-ray diffraction(XRD). This
study systematically investigates the mechanisms underlying the degradation of mechanical properties and
structural deterioration. The findings indicate that as the heating temperature rises from 25 °C to 800 °C, the
compressive strength of sandstone demonstrates significant nonlinear evolution, transitioning from high-strength
and low-ductility to low-strength and high-ductility mechanical behavior. At a temperature of 800 °C, the rate of
strength degradation in sandstone reaches 38.1%. Additionally, the porosity of the sandstone increases markedly
from an initial 1.68% to 6.35%, accompanied by an increase in the heterogeneity of pore distribution. Under
conditions of elevated temperature, the pore evolution in sandstone progresses through distinct stages, including
microcrack closure, initiation, and coalescence, ultimately resulting in a damage pattern characterized by a
thermal fracture surface. The absolute permeability of sandstone increases by 135.1% at high temperatures,
exhibiting a proportional relationship with porosity, thereby affirming the predominant influence of pore
structure on permeability performance. These physical and chemical transformations, encompassing the
evaporation of bound water, crystal expansion, and mineral decomposition, fundamentally driving the multi-
scale thermal damage effect observed in sandstone. The three critical temperature thresholds of 200, 400, 600 °C
correspond to the key processes of dehydration, mineral decomposition, and phase transformation, respectively,
under high-temperature conditions. Collectively, these processes dictate the evolution of the macroscopic
mechanical properties of sandstone.

Key words: deep mining; sandstone; high temperature environment; pore structure; strength; permeability;

microstructure
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