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The Influence of Freeze-Thaw Cycles on the Mechanical Properties and
Failure Characteristics of Red Sandstone with Different Saturation Levels
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Abstract: In extensive cold region engineering, {reeze-thaw failure of rock masses is a natural disaster that can’t be ignored. In
order to explore the influence of freeze-thaw environment on the engineering stability of rock masses in cold regions, uniaxial
compression tests were conducted on red sandstone in cold regions under different freeze-thaw cycles (0, 10, 20, 30 times) and
saturation levels (0, 20%, 40%, 60%, 80%, 100%), and SEM microstructure analysis was performed on the rock
specimens. The results show that with the increase of freeze-thaw cycles and saturation, the crack closure stress .., initiation
stress o, damage stress ., peak stress o., and frost resistance coefficient K, of red sandstone gradually decrease, and
internal damage gradually intensifies. The failure mode of red sandstone specimens gradually changes from oblique shear failure
and tensile failure to X-shaped failure, accompanied by a small amount of fragment peeled off. Recurrent freeze-thaw cycles
leads to the expansion of original microcrack and the emergence of new cracks inside the rock, revealing the damage evolution
characteristics of sandstone under different freeze-thaw cycles. The research results can provide a certain reference for the study
of rock engineering stability and rock mechanics properties in cold regions.
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Fig.1 Standard specimens and surface

structure of red sandstone
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Fig.2 Stress-strain curves of typical rock and
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Table 1 Characteristic stress values of dry and saturated

red sandstone under different freeze-thaw cycles
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oi/o. 0ud/oc

T 0  23.69 38.97 81.76 100.20 0.236 0.389 0.816
10 22.17 38.21 80.00 96.82 0.229 0.395 0.826
20 22.16 36.68 73.36 96.40 0.230 0.380 0.761
30 21.91 35.60 72.59 94.27 0.232 0.378 0.770
CHIF 0 22.92 37.44 66.42 92.45 0.248 0.405 0.718
10 19.10 30.57 65.52 91.59 0.209 0.334 0.715
20  18.89 26.74 61.89 88.71 0.213 0.301 0.698
30 16.57 23.22 56.07 82.06 0.202 0.283 0.683
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Fig.3 Stress-strain curves and volumetric strain curves of dry red sandstone under different freeze-thaw cycles

Fig.4 Stress-strain curves and volumetric strain curves of saturated red sandstone under different freeze-thaw cycles
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Table 2 Characteristic stress values of red sandstone with

different saturation after 30 freeze-thaw cycles
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60 18.92 28.67 72.59 89.89  0.210 0.319 0.808
80 17.58 26.74 68.12 87.49  0.201 0.306 0.779

100 16.57 23.22 56.07 82.06 0.202 0.283 0.683
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Table 3 Uniaxial compressive strength and frost resistance
coefficient of red sandstone under different

freeze-thaw cycles and saturation levels
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Fig.5 Changes in uniaxial compressive strength and frost resistance coefficient of red sandstone under different saturation levels
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Fig.6 Failure modes of red sandstone under

different freeze-thaw cycles

2217 10 YR Al A PR AR R CAniEl 6 (b) B )
LR E R NI TOK KA B 2187 T —
(9 PR K T o 3 B P P 45 40 o A il 1) B )R L AR AR
AR (0 ~4090) L BT 41 A5k £ 4145 838 O 3 1l
e F AN BE I (60 90 ~100Y0) B T — 4% £ F 57 ) 2
2[R P B A AR T B 3, BN AR A /R
Besp v . X0 i T R RAG 25 0 A v oK kR 72 2 2R 1
P B AL B A 15 PR 7 L BRI A A 58 B . L
TURBNOBE D X E R LB B BN ER . A A
Jiv 32 VR Rl AR 3 Eh AT P A B A /N R R

&l 6 (o) FIIE 6 (d) 43 5 2 28 1 20 YA 30 IR R
AOE IR VE T 20D 5 R B 25 L KO 28 JL A 5
AARL . AR (0~ 40 %) LA BT ) FI 5K $ir 20 & ik
W 3 318 B AE R ml O R A R T A AR A 3 Y
WA KD WER LB R B AN IEBR, 77 A B R Tk )
ZIN S DRI I Rl R 6T R A R 1 1 B 3 TR 25 5 i
K5 T 5 A R R 3 (60 % ~ 100 %) A3 W S5k Ay 5 47)
PR L H 2 5 XTI 5 U0 SR AR AE , JL v 38 43l 4
A KR ANHCE ARV . R R LR B B A R R
B85 100 0 EE I 3ECRE PR K KRR AR AN BT AR AR
TR Ak . 5 30 A T 24 B A B e 0 24 B o
TE PR S 0 VR Rl 350 A BT 52 R Rl 4 I R
EIWAT: | RS ISR 37 P S N il e
2.4 EINORERFRIRG E LT

Vo O S Y DR I EAR R Sl SR N B AR IR R f e
U FFIT PR 505 5 e 2 AR o o8 FH 41 45 P 8 6 S ] o i vk
A QTR FAR =i o B ol L= R QU1 | 270 NS A T
H 7 o DL L A R R 28 D o Rl A0 34 A R st Ry
WA R A B LR M M 80 407 10 IR
AIEIR G A A BB KUK AR B b 2 7=k T —
SE (VR I 77 38 TR A 3 , FL B N 28 S8 1
FA GG 20 YORT 30 YRR FbAIE 2R 5 L FLBR DR AR
508 W WOt HAR B BE . i s nT L& B Bl
VR A UCE BE N S 25 PR K KRR S AN W7 7 A AR
RERK . 5 U A L BRI 4T e R 2480 B L 16 2R
152 0 R Rl A RSB A T 32 R s A Jin )

(b) #RE10 K



TR FABRBTAT RO L BN F WA Brg el Hea[]]5 Lo R 5 IF £ ,2025,45(2). 169

(d) #RE30 K
B7 AEFMIXBTEMIHERUES

Fig.7 Microscopic morphology of saturated

red sandstone under different freeze-thaw times
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