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Experimental study on elastic parameters and uniaxial compressive
strength of slate under freeze-thaw cycles
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Abstract: To reveal the effect of freeze—thaw cycle on elastic parameters and uniaxial compressive strength of slate, uniaxial
compression tests were conducted on slate specimens with seven types of bedding angles under six types of freeze-thaw cycle. The
DX-40 low-temperature control box and DNS100 miniature control electronic universal testing machine were applied for tests. We
analyzed evolution laws of five elastic parameters, uniaxial compressive strength, and failure forms. Experimental results showed that
the elastic modulus, shear modulus, and uniaxial compressive strength decreased exponentially with increasing the number of
freeze—thaw cycles. While Poisson’s ratio increased linearly with increasing the number of freeze—thaw cycles. Particularly, the
uniaxial compressive strength firstly decreased and then increased with increasing bedding angle. It is found that there are three kinds
of failure forms under uniaxial compressive stress. When the bedding angle was 0° </<26.6°, shear failure occurred with a certain
angle from the vertical axis. When the bedding angle was 26.6° <<83.0°, shear failure occurred along the bedding plane. When the
bedding angle was 83.0° <f<90°, splitting failure occurred along the vertical direction. On the basis of the single discontinuity
theory proposed by Jaeger, an empirical formula of uniaxial compressive strength was established and further verified by
experimental data, in which bedding angles and the number of freeze—thaw cycles were considered as control variables. Therefore,
the effects of the number of freeze-thaw cycles and bedding angles on compressive strength of freeze—thawed transversely isotropic
rock can be well simulated by the model.
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Fig.1 Three-dimensional coordinate transform model
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R SIERS E, E, G,
RH / GPa / GPa & e / GPa
24.67 17.25 0.275  0.203 8.45

0 25.34 18.37 0.267 0.211 9.21
21.65 15.14 0.318 0.234 7.23

> 20.97 15.83 0.309 0.242 7.46
10 19.46 13.44 0.338  0.260 6.31
18.92 13.73 0.347 0.271 6.09

15 17.99 12.21 0.361  0.277 5.83
17.27 12.07 0.375 0.284 5.49

20 16.40 11.40 0.382  0.298 5.24
15.97 11.86 0.394  0.309 5.08

30 14.87 10.25 0.454 0.343 4.63
15.49 10.87 0.448  0.351 4,58
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2 32.5 28.2 22.4 12.2 112 154 245
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10 450 0.356 26.9 82.7

15 418 0.353 26.3 82.9

20 3.80 0.351 26.2 83.2

30 3.40 0.350 26.1 83.2
T 445 0.356 26.6 83.0

11255 B c, 5 n KR, BEH n g,
R BARBRGES . Ft, ¢, 5 n IR R L
AR R B AT S, AR IE R BN R =
0.9954, %133

Cy(n)=2.946+2855exp(-n/16.69)  (24)

A e (n) NERBIEARECN n WA RgSI LK
FEI (MPa).

K 12 59T B tang 65 n BIRR, BEE K
ROPE R BN, tang,, [ELIE A I AL (L a3,
ARSI A, AR N
R?*=0.969 8, #l&HIZifEN

tang, (n)=0.347 4+0.019 2exp(-n/13.17) (25)

KN 25 ¢, filtang, AR (17D, Al
DA n 1 B o4 AR B AR i SR T R R B A 2
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a, +bexp(-n/c)
{1-a,cot B—h,exp(-n/c,)cot B}sin23

o.(B.n)=

(26)
A MESHa =5.892, b =5.710, c =16.69,
a, =0.3474, b,=00192, c,=13.17: o, (Bn) N
s B RURSRE (MPa).
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Fig.11 Relationship between cohesion and the number
of freeze—thaw cycles
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