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Study on physical and mechanical properties of red sandstone with

different initial saturation after freeze-thaw
SHEN Shiwei, WU Fei’, GAN Lin, JIANG Man
(College of Construction Engineering, JiLin University, Changchun Jilin, 130026, China)

Abstract: The effects of initial saturation on freeze-thaw damage on red sandstone were studied by physical and
mechanical experiments before and after freeze-thaw cycles. The initial saturation of the red sandstone samples was set
as 20%, 40%, 60%, 80% and 100%, and the number of freeze-thaw cycles was set as 20. The mass and p-wave
velocity were measured, and uniaxial compression tests were conducted of the sample before and after freeze-thaw
respectively. The experimental results showed that: (1) After freeze-thaw, the physical properties of red sandstone
with different initial saturation have changed with the p-wave velocity decreasing, and the mass loss rate increasing. (2)
With the increase of saturation, the uniaxial compressive strength and elastic modulus of the sample tend to decrease
after freeze-thaw, but only when the saturation is greater than 60%, the decreasing trend is more obvious. (3) With the
increase of saturation, the freeze-thaw coefficient decreases gradually. The study can provide theoretical basis and
experimental basis for construction of geotechnical works and monitoring and control of geo-hazards in the cold region.
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Table 1 Basic physical indexes of red sandstone

T m,/g ¥ o/ (geem™) PPk v/ (mes™) HLFTE KR W/ % LB n/ %
485.12~486.74 7.95~8.01 2338~2401 4.87~4.93 12.57~12.62
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Fig.2 Relation curve of sample saturation vs drying time
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Table 2 Basic physical indexes of the samples with different saturation

%5 LB o/ % SPGB v/ (mes™) S Rk m/g GAKEW, /%
1.2.3.4.5.6 20 1981 489.14 0.97~0.98
7.8.9.10.11.12 40 2122 494.12 1.93~1.95
13.14.15,16.,17 .18 60 2239 498.24 2.94~2.96
19.20.21.22.23.24 80 2308 504.18 3.91~3.93
25.26.27.28.29.30 100 2398 508.35 4.91~4.93
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Fig.4 Quality loss rate of the samples after freeze-thaw
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Fig.5 Change of sample wave velocity before

and after freeze thaw

F P 4 R A, AS ] 00 46 AR 0 38 208D e iR 22 1
20 U U Rl AR BR 5 SRR R 2N B SR AL L
MALFIBE 2020 2 10020 , VR Bl B i T 2 45 2k 2 46

El6 Z20RFHABERFHIMEIL0% LRNERH
Fig.6 Red sandstone sample with 100% saturation

after 20 freeze-thaw cycles
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Fig.7 Uniaxial compression test
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Fig.8 Stress vs strain curves of the samples with

different saturation before freeze-thaw
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Table 3 Changes in the peak strength and elastic modulus of the samples with different saturation

before and after freeze-thaw

DURRIR AR VREETTF I VRADGSFIGIE(E  DEESR AR URARAT T S o e VRAR S I 0tk oA 45 ok R
/% WRE o /MPa 5 ¥ 0,/MPa E No,/ % Bkt E/GPa Bkt E\/GPa AE,/%
20 37.88 35.35 6.67 3.21 3.15 1.81
40 32.89 29.34 10.79 2.99 2.79 6.69
60 29.26 20.28 30.61 2.45 1.92 21.63
80 23.04 14.02 39.14 2.02 1.41 28.22
100 16.17 7.84 50.15 1.78 0.94 47.21
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Fig.9 Stress vs strain curves of the samples with different saturation before and after freeze-thaw
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Fig.10 Loss rate of peak strength of the samples with

different saturation after freeze-thaw
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Fig.11 Loss rate of elastic modulus of the samples

with different saturation after freeze-thaw

Kfm: == (4)

s K —— R 0 VR Bl 28 85 o—— 5 T R
IR B 5 o —— VR AT IR V- 3 PR R

F1 28 20 (4) 1530 S [0 400 4 i 0 3k 6 4
REMEFAPIR

x4 TEVIBENEXERRE
Table 4 Freeze-thaw coefficients of the samples

with different initial saturation
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Fig.12 Total damage evolution curves of the samples

with different saturation after freeze-thaw
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