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Rheological Tests of Slates and Model Identification
of Rocks

LIU Xuezeng™? , VANG Hualao® , ZHOU Min', SU Jingwei*

(1. Department of Geotechnical Engineering, Tongji University,
Shanghai 200092, China; 2. Architecture Design and Research Institute
of Tongji University, Shanghai 200092, China; 3. Institute of Water
Resources and Hydro-electric Engineering, Xi’ an University of
Technology, Xi” an 710048, China; 4. State Nuclear Electric Power
Planning Design and Research Institute, Beijing 100032, China)

Abstract: Circular increment step load and unload test, shear
rheological test and two-axes compression test were carried
out to study the rheological properties based on [I — V grade
surrounding rock of Wuji highway tunnels in Jiangxi Province.
The test results show that [[ — [V grade surrounding rocks
contain two creep sections, namely transitionary creep and
stability creep.and the failure behavior of the rocks is brittle
fracture. V grade surrounding rock contains three creep
sections, namely transitionary creep, stability creep and
accelerating creep, and the failure behavior of the rock is
plastic yield. [ — IV grade surrounding rock can be reasonably
simulated with generalized Kelvin model through the model
identification, while V grade surrounding rock agrees well

with the nonlinear model. Rheological parameters related to
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stress level were also obtained by model identification. The
method of model identification can be applied to other rock
beyond slates.
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Tab.1 Rock samples of rheological test
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Tab.2 Mechanical parameters of rock samples
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Tab.1 Loading plan of circular increment

step load and unload test
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25 i & /MPa (tem™3) % 54 " i/ P g L TR /1 /MPa
Il 60~75 2.89 0.36 0.15 75 n-1 10,0,20,10,30,20,40,30,50,40
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v 35~45 2.86 0.42 0.30 45 )
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Tab.4 Loading plan of shear rheological test
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Fig.1 Test curves of circular increment step load and unload test of different rock grades
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Fig.2 Test curves of shear rheological test of different rock grades
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Fig.3 Test curves of two-axes compression rheological test of different rock grades
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Tab.5 Fitting parameters of generalized Kelvin model

iﬁj JLI\‘A’IP?/ E./MPa  E,/MPa (M}'Z;/ . ffﬁ
10 1.0x10% 4.4x103 2.9x10% 1.14x10°6
2 6.2x10° 1.6X10° 1.1x10° 2.50%10-9
MT-1 30 87x10° 3.7x10° 4.3x10° 4.80X10"9
40 L1X10' 2.3%10°  5.0%10° 3.40%10°
50 L3x10' 6.1x10° 4.6X10° 3.00%x10°
10 4.3x104 8.3x103 7.2x10% 1.06%x10°8
20 L4X10' 2.9%10' 3.3x10' 8.86x10°
m-1 30 1.5x10* 5.2x10* 5.7x10% 1.24%x10°7
40 1.7x10'  1AX10°  4.3x10' 8.70%10-%
50 L.9X10' 2.8X10° 6.4X10° 4.37x10°
20 2.6x10' 1.5x10' 1.8x10' 9.14x10°°
r 30 2.2x10'  2.9%10' 2.6X10' 4.07x10°°
Nl 0 17x100 3.1x105 2.3x105 5.41x10-8
50 2.1x10' 4.2x10° 5.1x10° 3.91x10°
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Fig.5 Comparison of circular increment step load

and unload test result and generalized

Kelvin modal
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Tab.6 Fitting parameters of viscoelatic-plasitic model

o/MPa Fisf i) E,/MPa 71/(MPa - h) E>/MPa 72/(MPa » h) G/MPa n 5% 257
20 — 7.3%10% 3.1x10* 1.5%10* — — — 1.98x10°°
30 — 9.8x103 3.0x104 4.5x10* — — — 3.74%x10°6
10 <t 1.0x10* 7.9%x10* 9.8x10* 6.2x10° 2.90%10°5

t>1; 1.1x10* 3.0x10* 6.1x10* 3.2x10° 1.2x104 18
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Tab.7 Fitting parameters of generalized Kelvin model

RS 1E R J1/MPa E1/MPa E»/MPa 71/(MPa - h) BRI Hl
20 2.3x10* 1.3%x104 2.4 %104 4.20%x10°8
I-2 35 8.2x10°% 1.7X104 4.5%x10* 1.98x10°°
50 7.9%x10% 1.0X10° 3.5%x10° 6.46%x10°8
20 3.9x10¢ 1.4 X104 2.6x10* 4.38%x10°8
m-2 30 9.9x10% 9.1x10* 2.1x10° 2.11x10°°
40 7.4%x10% 8.6x10* 2.9%x10° 5.92x10°8
20 3.4x10* 1.2x104 5.2X10* 4.16%x10°7
N-2 30 1.3x10* 1.9%x104 9.8x10* 3.20%X10°7
40 7.5%x10% 1.1X10° 4.1%x10° 5.58 %1079
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Tab.8 Fitting parameters of viscoelatic-plasitic model
o/MPa It Ey/MPa  m/(MPa.h)  E;/MPa  7:/(MPa.h) G/MPa n 52T 7
10 — 2.9%x10* 7.3x10% 2.6x104 — — — 1.58x10°8
20 — 8.1x10°% 5.0x10% 1.5x10* — — — 4.71X10°8
30 8.2x10°% 2.1x10* 6.7x10* 3.43X10°5
P 3 4 4 5
40 1<t 6.3 %10 7.9%x10 9.8 %10 6.2 %10 2.90x 105
t>ty 6.2x10% 5.4X10* 6.8Xx10* 3.4 %105 6.8x10% 30
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Tab.9 Fitting parameters of generalized Kelvin model

HREG S o1/MPa o2/MPa 77 [n] E1/MPa E>/MPa 71 (MPa « h) 5255
o1 1.1%x10° 2.7x10* 5.2%10* 2.86x10°8

20 10 02 2.7x10* 3.2x10* 5.1x10* 1.50x1079

o1 2.4x10* 4.3%x10* 6.8x10* 1.95%10°6

. 1o o2 1.8x10* 5.7x10* 1.0x10* 2.94x10°8

L 10 20 o1 1.7x10* 5.8x10* 5.9x10* 1.29%x10°8
o2 1.1x10* 2.7%x10* 4.2%x10* 1.60x10°7

o1 1.4x10* 5.2x10* 1.3x10° 2.29%x10°8

%0 2 o2 8.4 %103 9.3x10* 1.8x10° 9.38x10°10

o1 2.4%10* 2.2x10* 6.5%10* 6.81x10°8

20 10 o2 3.7x10* 4.8%10* 1.0x10° 9.42x10710

. o1 1.6x10* 4.1x10* 7.2%x10% 2.90%x10°¢

%0 1o 02 2.7%10 5.6 %10 1.1x10° 2.44x107°

s o1 1.1x10% 1.4x10° 1.8x10° 4.41x10°7
10 2 o2 2.3%x10* 2.7%x10* 4.0%x10* 1.03x10°8

o1 1.2x10* 5.1x10* 1.4%x10° 4.97%x10°6

>0 2 02 1.2x10* 1.1x10° 2.5%10° 1.47%x10°7

o1 1.7%10* 1.3%x10* 2.5x10* 2.97%x10°8

2 10 02 2.1x10* 4.9x10* 9.9x10* 7.54 %1010

30 15 o1 8.8x10% 4.1x10* 7.2x10* 2.24%x10°6

: o2 1.7%10* 9.4x10* 9.6x10* 1.55%10°8
=3 40 20 o1 7.2x10% 8.2x10* 7.6x10* 1.43x10°8
o2 1.5%10* 2.6x10* 4.1x10* 2.28x10°7

50 - o1 7.0x10% 4.7%x10* 2.0%x10° 3.22x10°7

o2 8.2x10% 9.7x10* 3.5%10° 3.96x10°8
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Fig.10 Comparison of two-axes compression rheological test and generalized Kelvin modal
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Tab.10 Fitting parameters of viscoelatic-plasitic model
o1/MPa o2/MPa I E,/MPa E;/MPa 71/(MPa « h) 72/(MPa « h) BRI
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30 15 o1 7.4x10° 6.3 x10* 5.1x10* — 6.60x10°°
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Fig.11 Comparison of two-axes compression rheological test of rock sample V —3 and theoretical modal
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