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Deformation Damage and Energy Evolution of Red Sandstone

under Uniaxial Cyclic Loading and Unloading

LI Jiangteng', XTAO Feng, MA Yupei
(School of Resources and Safety Engineering , Central South University , Changsha 410083, China )

Abstract : Low frequency uniaxial cyclic loading and unloading experiments on red sandstone were carried out to
study the fatigue deformation, damage characteristics and energy evolution of red sandstone by using RYL-600 micro—
computer controlled shear rheometer. The experiment results are as follows. The threshold value of fatigue failure
stress of the red sandstone is between 75% and 85% and the fatigue life decreases sharply with the increase of upper
stress. Under the condition of low—frequency uniaxial cyclic loading and unloading, the axial deformation of red sand—

stone is divided into three stages. In the initial stage, strain is small but grows rapidly; in the stable stage, strain gradu—
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ally increases slowly; in the near failure stage,strain and strain increment increases rapidly. In the three stages,the
density of hysteresis loop presents the characteristics of sparsity — density — sparsity. The shape of a single hysteretic
loop shows the development rule of "fat — thin — fat". The area of a single hysteretic loop increases with the increase of
upper limit stress. The damage development process is divided into initial stage ,steady expansion stage and accelerat—
ed damage stage. The higher the upper limit of stress is, the faster the damage develops. In the three stages, the accel-
erated failure stage ,which occupies the smallest part of fatigue life, produces the majority of damage increment. The
number of elastic energy cycles first increases and then remains stable. However, it decreases with the decrease of ma—
terial elasticity in accelerated damage stage. The initial value of dissipated energy is large ,and then it decreases with
the increase of cycle number and then tends to be stable. When it is close to failure, it increases sharply by nearly 4
times , indicating that the rock failure must be accompanied by the sharply increase of dissipated energy. The internal
stress adjustment of rock is reflected in the evolution of hysteretic loop. The larger the hysteretic loop area is, the larg—

er the single plastic deformation is, the higher the damage degree is, and the more serious the energy dissipation is.

Key words: red sandstone; loading and unloading ; deformation ; damage ; energy evolution
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Tab.1 Cyclic loading and unloading test parameters

EBRRETT EBRNETT RERNET RERRE R R

/%  A{E/MPa /% {E/MPa
95 39.03 25 10.27 0.70, 3
85 34.92 15 6.16 0.7, 3
75 30.81 5 2.05 0.7, 3
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Fig.1 Cycle stress—strain curve of red sandstone

under different stress level
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Fig.2 Failure modes of red sandstone specimens

under cyclic loading and unloading conditions
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of different stress levels and the number of cycles
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curve of red sandstone
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Tab.2 The maximum axial strain of different cyclic

under 25%~95% stress level

Rt 1R e
‘(5_’\@[ n S.Qn/( 10’3) ‘(j’\z‘ﬂ[ " E s I 10’3) ‘(5—»\;}:& . ‘9"'1“/( 103)
1 2.01 3 2.24 5 _
2 2.20 4 _

ST 2= 9.2x10%, &L = 2.24x107.

R 3 15%~85% R S17KF A E AR _E PR B 3 K 1A
Tab.3 The maximum axial strain of different cyclic

under 15%~85% stress level

fﬁjfn £/ (107) fgil £/ (107) f;;; £/ (107)
1 1.72 6 1.91 11 1.97
2 1.81 7 1.92 12 1.98
3 1.84 8 1.93 13 2.12
4 1.86 9 1.95 14 2.27
5 1.89 10 1.96 15 2.34

ST &= 7.8x107, &l = 2.34x107.
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Tab.4 The maximum axial strain of different cyclics

under 5% ~75% stress level

fgfn &l (107) fﬁ?n &/ (107) fﬁ?n £l (107)
1 1.374 8 6 14310 11 1.4404
2 14100 7 1.433 4 12 1.441 6
3 1420 6 8 1.435 6 13 1.442 8
4 1424 8 9 1.437 4 14 1.444 2
5 1.428 2 10 1.439 0 15 1.444 4
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Tab.5 The evolution law of damage variables
under 25%~95% stress level

TEADE n P72 DI(107) || TEH RS 7R D/(107)
1 8.257 4 —
2 9.697 5 —
3 10.000

R 6 15%~85%K NIk TR EERRNE
Tab.6 The evolution law of damage variables

under 15%~85% stress level

TEADE n P72 DI(107) || TEHRE . HU7E &L D/(107)

1 6.026 9 7.500

2 6.603 10 7.564

3 6.795 11 7.628

4 6.923 12 7.692

5 7.115 13 8.590

6 7.244 14 9.551

7 7.308 15 10.000

8 7.372
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Tab.7 The evolution law of damage variables

under 5%~75% stress level

PEADE n P72 DI(107) || TEH RS MR & D/(107)

1 5.124 9 5.437
2 5.300 10 5.445
3 5.353 11 5.452
4 5.374 12 5.458
5 5.391 13 5.464
6 5.405 14 5.471
7 5417 15 5.472
8 5.428
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and the variable damage at different stress levels
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Tab.8 Various energy evolution laws per unit volume

from 15% to 85% stress level 10°J-cm™
TEIRREL n oA I e FERLAE
1 17.16 10.03 7.13
2 13.61 11.95 1.66
3 13.89 12.13 1.76
4 14.04 12.19 1.85
5 14.07 12.33 1.74
6 14.07 12.45 1.63
7 14.04 12.50 1.54
8 14.04 12.52 1.51
9 14.04 12.53 1.51
10 14.06 12.54 1.51
11 14.09 12.54 1.55
12 14.16 12.48 1.67
13 17.33 11.82 5.51
14 17.65 12.19 5.46

15 14.15 — —
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