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Influence of Water-Bearing State on Mechanical Properties and Energy Evolution of Fractured Sandstone
GUO Shixiang', YANG Daming"*, YU Qiuge®, MENG Han'
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Abstract: To investigate the mechanical properties and energy evolution laws of fractured sandstone under water-bearing
conditions, uniaxial compression tests were conducted using a microcomputer-controlled coal-rock rigid impact testing system
on sandstone specimens collected from a mine in Ordos. The tests considered both natural and saturated states, as well as
different fracture inclination angles (0°, 30°, 60°, 90°). The full stress-strain curves, physical and mechanical parameters.,
energy evolution laws, and crack propagation behavior of fractured sandstone were analyzed. The results show that compared
with intact sandstone, the peak strength and elastic modulus of sandstone with pre-existing fractures are significantly reduced.
The total energy absorbed by the specimens under natural states (196 - 317 kJ/m®) is approximately 1.85 times that under
saturated states (102 =176 kJ/m®), and the total energy increases as the fracture inclination angle increases. Regarding energy
evolution, the proportion of elastic strain energy exceeds 92% during the stable damage stage, while it drops to below 61.5%
during the accelerated damage stage, with the proportion of dissipated energy which shows the opposite trend. The failure mode
of the specimens exhibits significant anisotropy, and the deterioration effect of water reduces the initiation stress by 13.43% to
18.18% , while also increasing the occurrence of rock spalling. Fracture inclination angle and water-bearing state are key factors
controlling the mechanical properties, energy evolution, and failure mode of sandstone. The research findings can provide a
theoretical basis for the stability control of water-rich fractured rock mass engineering.
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152 g LB R S5 A

2026,46(4)

(1) Fe B Be ARSI AE T a4 Al 2
DU R DA R BT PR G P I g o A
mgeng Eot. AERACIRZ T, FLBR K I T3 3] T %
MR A . S EOl ZORRIE T A AR

(2) Sk B« A AR B HE A SR By BE L i
Wy BERL 3 55 778 B AL e 5 &R L AELIE g — AR il 46
FEREL A SRR s K IE AR 5 Kk 3
S AR B B B 4 L, 1 PR 3K B i
bR A2 A ARAIRZS T 0 U A ™ A SO e A4 3
PEARIE WO BRI P & S5 R A T v 52 T3 R3S L
15 R BT MR O AR L 2R R IEA R FEE

(3) BAVERY B A5 HARIRAE T S b 1CRE 1 g 1
KGN, N AR PR i, i 2R 798, RER
TR EH BB ). B B R B i A
PRI E UM L A A BBYE IR B B, 7 AR A T
Wi . FEMEACIRES TS B R 32 K AR T
Wi, 330 9 2 F7 — o A% i 2 B - 2% . 06 {EL R g T
T SRR T e L 157 78 389 O, S A 3 B 9 1Y
EBPERRAE

(4) B IR B Bt - X 7 g 8 2k W ) s %, B
SRR R AKCIR ST B R 7 — g A8 i R 38 52 F B
B, N AR RSN, B e A R K B RE
22 NESHTUBESR

Sk WS AN TR IR A B 2 B A A T b 5 R 1Y
%S HUBACRRE XTI (9 ) 22 S 8O ATIE A 4
Mrose O, & LA, ARRE T EBD A1
W {1 38 B 41 {8 4 43.3 MPa, Jif P A5 HE 34 (A 2.87
GPa, H W& 78 5 20 80 (bp 1 22 5 °F BB /Y e (ED 1
BN ALK 5.16 X102 F 1.24 X107, F AR5 16
Wb MR A 4, W] T T 2L BRSO 2
BT B B Y . P L B A A AR S R T
FIVAFR I WA 38 K X AR B T 10 25 A W K AR Pk < 7K 43
& B TR BB A, T e A A LB %
TR VR =i = i oy | I oo = S P 5 L o 7 B
K R AR B 53 o5 A FL B =S ), S 30l
RERRBUE I, Ak, ToIR R A SRR I 2 M KR
A T RS A R Y 06 {5 B 1) 1 R0 L AR o 3
HIR T e 4

x1 KEYVEHNZESH

Table 1 Physical and mechanical parameters of specimens
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Fig.3 Variation characteristics of peak stress of specimens

under natural and saturated states
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Fig.12 Failure modes of specimens under natural states

PR ZRCAR 25T A e B 3 T Al U 2R 8000 A A A
Bl 13 from. & 13 Al 58 B ke 20 ) i B — 4%
2N 1) B3 SRR A 0 U o o 5 A T R B G L 3
PRIL T K Wb A7 — 2 AR A . 25 2B fi
R O, T 2B PO B I — A% L Ak 2B D I )
5 HE A [ RGP i A ) B ) 7 R R 3R
@ T [ 5 I AT [ P47 o I e 28 HE A 2= A g
. R R A2 e I TSR W SRR R B
UL IR A A I I AR B SR
BEREARIE L Y B B R . Y R B A
307N, T ] 54 Bt Y oSG 7 A ) R T R I IR L D5
W R b AT AR RELDO T J5 27 mm Ab
Iy B MR R R 7 ZE MR L DT J7 12 mm
Ab A= B T 25 1] AT O B A il SRR )
e st 9 ] 2R B A 2 S = A 1) S i i 3R D) 3
FeZe B DR . IIZBA R Y e A R

BARKRE KB RIBREME H B, Hhi M aiin,
1 SRR A 1S 2 60° B, 19T i) 24 PR 2 o ) AR PR 4% 4
S b R Y 3 R e @ Bl B N 4% Ak 2
7 U] 24 PR b2 o A B 55 0 280 ) AT R 3R AL
ONIEE 2 qON £ (ORI E VRS @O
JR TR VR G I Ah, T R BT 4 v B R A
OTJ 25 mm Ml 28 mm A=A RAERDQ, HEAH
KL 17 mm., B 60° A FE 1Y e A IR
BT, HOo o - 35 U0 A B iR, Y 2R A
IKF) 907, T ] 2B 2 o 7 AL PR A% 5 I 5 ] o
T3 8D ; B & 4800 4k SE AT, T LR 2
Ui 3 SO 77 6 mm AbA Bl — A5 ) T E A ) 3 Y
DO, R QR 2 e & Oy ) 5 I #8F
1) B 23 2 2 O F1 3 3L 80 @ e [a] 4 i 2 124 g
B T AR R AR I . MR P8 BB f 90°
R T B A PR AR AT SR R R IR



159

(a) TERFE

(b) 0°fFfMAREE () 30° MR (d) 60° AR (e) 90° A

B 13 @ARETRERFER

Fig.13 Failure modes of specimens under saturated states
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