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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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slope treatment at the cold region

B) f TR T )R FEVe b X A R A S IR

Tt I XA e R K Z —, BE A PR AR A G IR AR
295 R EE AR 700, R A A5 2B BALCE SRR LR OK SO B R B 2 AR, Y
HE IR, SRR ARl Mg R — &R A IR AR A TR 22 e, R N TR Y 1 DL

WimEH:
E&WHE:
fE&E e
BIEIEE:
5 AR

2020-10-16; &= H#3:2020-11-01 DOI:10.12143/j.2tgc.2021.01.016

el 2K 11 SRk o B < T A B < R D T H A UM I S A R 1 2 AT Dy S IR 5T (45 - 41502270)

TEHERS 93, DU, 1982 48 A, W | RI AR BF 507 1 S B 1 5 M R LR, 5 AR AR T T R 20078 938 %5, ssw2580@jlu.edu.ens
ST B 1995 AR A RIS A L BT 1 o BB B T MR AR T MO KA T 1R KA 9385, 1262315977@aq.com
PR, S ARG AN IR IR TR AN L ZL R 5 R A S A R 2 e T SR B R TR, 2021,48(1) 1 120-128.

SHEN Shiwei, WU Fei, GAN Lin, et al. Study on physical and mechanical properties of red sandstone with different initial saturation
after freeze-thaw[ J]. Drilling Engineering, 2021,48(1):120-128.



A8 11

T A 25 - AN T 00 2 00 0 200 R i 4 BEL g~ R ST Y 121

DA B 5 7 0 e A VR Rl 05 R A E B [t
W5 AN [+) 200 i A 11 J3E 25 A O 48405 ) SR 0% ot DX
TR TARRAEEE LT AR, B RS
VRGP0 26 108 0 4 R ) 5 AL LR AT T R
WF9E o WETEFR W 5 K e A 00 VR Rl Al DS 52 o 3t 2
14 78 A 5 A A PR LB R A8 2R D R R B, 0K
TE VR 4 B vh & R K — DK R AR o 7R UK R OB i
R, K B AR 9 06 , IR 8 A Jm o 2 7 A 4R o
AR N A N R S S D E R AL A S E 2 6]
PR S DA ) 2R I A 2 A I 7 A R I R, 5 3R
RN A S W R ) R A R A T S B
P W 5 B AR o AEAH OG5S o, Bayram " B 5¢
TRUE — A Ge T8 By € A0 W< A R Rl O 20 O 5 B 4
JE 5 BE 526 8, Liu 31 SOk T T R AL R 1 AT S
AV Ok W s L BE R 22 i 2 5o B X R
PR X A 2 0 A R 25 AL T S TR, 2R AN AR AR LU
UASEEPRYEIOUE S SVANIRY N ¥/ PR/ SOk WA
JE 2 ) 4 A8 5 gt L F S I R, R RGBT
AT B 25 A LA B T BT ST (EASE TR Y
FRE R UL, 45 B B9 45 18 B A — 2, B RL O 25 4R
AR B BN R R A A E S e
JEAFAEROR 28 5 o 5 BEAR R T VR RO 2P UCBOxT e
A 25 A R 52 0 BT S, O i B0 8 U
KA SL P R, B Z RE S AR IR AR SR AE R
AR S R S BR  SR T A PR
[G] , A A0 B BL R A BE AT 78 850K 22 57, 28 13 A ) O il
TR OB, A 5 B 1 5 AL AR AN TR . BIF 5T
K B, IR A R ACIR 25 19 5 A7 52 O Rl 26 82 1
22 B B R i HL A 1A A7 L A 52 0K R 26 Y 52
M, T 5 7K A 32 U AR B B2 kA AR B
T AR E LT S R
ARSCVALLb 3 0 iR 1 B H R 22
P X, 2 2 M XS 10 35 B TR RO S i

WRIZWIRR LD A o I IX AL T FR R IX, B il
26>25°C, 2% 8 Y TR A B, U R i h AR
TR, % R A A R B2 R o AR SCBE AN
[ 0] o 460 R EE R A SR ) 9, A 22 D AR TR O RO
RILOE B 2% R IF 50 0 B o B g P B B 7 A
MUAE, 70 Bt AN ] 10 0 B2 2000 S 22 O Rl 00 B0 s ) o 32
P05 95 H WL, D 00 91X R R R O L K T
PEH SR A IS LA

1 RIEHE R
1.1 R 4

A SC T 3 FH R M 34 50 HLOJC B W 2B
Foe BT R A R 5% 75 75 bR k) (GB/T 50266 —
2013)"%, ¥ B 377 B a1 HobR 5 7R T 8% &5 B A 100
mm ., B 50 mm [ B A A bR fE R, an i 1 .
TRE I £ 58 B L 38 3 W0 5 2 RE 0 R L E, B BR
22 SRR MARE W Bl AR AT S 5 0l 541, B
41 6 Heaf B, Xt iat ke U AT HE T Ak AT B R o,
e T SHR R 4 [ 2 4 B B2 1 7K ALk A7 40 7K 3 56
15 2R A MR AN S K R S B AR B S B &
1R o

1 ik el
Fig.1 Selected samples

Tl LR IR Y HLAE bR

Table 1 Basic physical indexes of red sandstone

T m,/g ¥ o/ (geem™) PPk v/ (mes™) T FE 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

% B WA ¢/ % SR v/ (mes™) S i 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
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Fig.6 Red sandstone sample with 100% saturation

after 20 freeze-thaw cycles
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Fig.7 Uniaxial compression test

P 3 50 AT A5, AS (] i R R AE 28 D7 20 YK R il
16 ¥R I Bi e 0 {8 5 5 DA R P B B AN ) R
I BEAR o B A SR T R 3G R B T e 0 {58
R AT 23R K, 2 R ) R AR N Sk 20 %6 .40 %6 B, TR
FlL O B 05 B U B ORE R I R 4 i ol 6.6704 .
10.79%% , 491 B 48 F1 BE Ky 60% .80% . 100% it , ik B
P4y W8 P 3 B GG Rk 31 30.61% .39.14 % .50.15%

202141 H
40r — AN FE20%
351 — MR 40%

— LRI EE60%

S0l — VA EE80%
o — VLRI 100%
=
ﬁ 251
% 20+
E 15F
=

10F

5,

0 5 10 15 20

e R4 AL /107
B8 % BhAETN A0 B iR 4 KL J7 - B 3T ph 4%

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 AL VRAERTTF I VRADGSFIGIE(E  DRESR AR URARAT T S o e VRAE S SR 0k s 4 e R
/% SR o /MPa 5 ¥ 0,/MPa ENo,/ % Bkt E/GPa Bikt 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
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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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