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Sensitivity analysis of parameters of Rankine's earth pressure with inclined
surface considering inter mediate principal stress
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Abstract: Up to now the Rankine's earth pressure theory has not been widely used under the condition of inclined surface.
Generally, the classicd earth pressure theories are based on the Mohr-Coulomb criterion and the intermediate principal stressis
not taken into account. First, a formula for Rankine's active and passive earth pressures with inclined surface as well asthat for
theintermediate principa stressin the plane strain assumption is derived. Then, the formulafor shear strength parametersin the
unified strength theory is derived based on the formula for the intermediate principd stress, so the shear strength parameters
under the Mohr-Coulomb criterion can be transformed into the shear strength parameters under the unified strength theory.
Finally, an example is given to carry out sensitivity analysis of six factors in terms of the design theory of orthogonal tests. The
six influential factors are considered including the cohesion, interna friction angle, intermediate principal shear stress
parameter, Poisson's ratio, angle of inclined surface and unit weight. It is shown that among the influentia factors of Rankine's
active earth pressure, the unit weight is the most important one, followed by the intermediate principal shear stress parameter,
the cohesion, the internal friction angle, the angle of inclined surface and the Poisson's ratio; among those of Rankine's passive
earth pressure, the internal friction angle is the most important one, followed by the intermediate principal shear stress
parameter, the Poisson's ratio, the cohesion, the angle of inclined surface and the unit weight. So the effect of the intermediate
principal stress on the cal culated results of the Rankine's earth pressureis a critical factor.
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Fig. 1 Stress state of a point with inclined surface
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Fig. 2 Stress circle of a point with inclined surface
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Table 1 Factors and level s of orthogonal tests

L ;Ei Wk bifb  TiEg
kPa j ,I(° o . i
G /kPa /(") 24 b ten /(kN'm) /(kN-m®)
1 0 20 0.00 0.000 0 16
2 5 25 025 0.125 5 17
3 10 30 050 0.250 10 18
4 15 35 0.75 0.375 15 19
5 20 40 1.00 0.500 18 20

%2 AR b EFN ETHYIEHFSH
Table 2 Physical and mechanical parameters under different values

ofband n
FoORETT WEEEEM piEaeny ks BRI EEEA
5 oc/kPa j /() NHR¥Db tkn  c/kPa j,/(°)
1 0 20 0.00 0.000 0.0 20.0
2 0 25 0.25 0.125 0.0 29.6
3 0 30 0.50 0.250 0.0 36.2
4 0 35 0.75 0.375 0.0 41.0
5 0 40 1.00 0.500 0.0 449
6 5 20 0.25 0.000 6.6 23.7
7 5 25 0.5 0.125 8.4 29.6
8 5 30 0.75 0250 14.7 34.1
9 5 35 1.00 0.375 115 49.6
10 5 40 0.00 0.500 3.8 40.0
11 10 20 0.50 0.000 127 22.6
12 10 25 0.75 0.125 105 38.6
13 10 30 1.00 0250 674 42.7
14 10 35 0.00 0.375 8.2 35.0
15 10 40 0.25 0.500 79 42.5
16 15 20 0.75 0.000 184 314
17 15 25 1.00 0.125 34.6 35.3
18 15 30 0.00 0.250 13.0 30.0
19 15 35 0.25 0.375 139 36.8
20 15 40 0.50 0.500 29.2 48.3
21 20 20 1.00 0.000 316 27.3
22 20 25 0.00 0125 181 25.0
23 20 30 0.25 0.250 20.2 35.4
24 20 35 0.50 0.375 40.3 42.4
25 20 40 0.75 0500 17.6 475
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Table 3 Experimenta schemes and anaysis of calculation

Hh ]

ORED e ke Mot by
BeNER ey D N i) e e
1 1 1 1 1 1 1 119.2 2432
2 1 2 2 2 2 2 113.8 331.1
3 1 3 3 3 3 3 112.7 415.6
4 1 4 4 4 4 4 113.0 488.7
5 1 5 5 5 5 5 114.1 571.6
6 2 1 2 3 4 5 135.2 305.7
7 2 2 3 4 5 1 95.8 286.7
8 2 3 4 5 1 2 93.4 441.6
9 2 4 5 1 2 3 93.3 807.0
10 2 5 1 2 3 4 111.2 520.0
11 3 1 3 5 2 4 120.3 3414
12 3 2 4 1 3 5 112.0 5459
13 3 3 5 2 4 1 32.8 7424
14 3 4 1 3 5 2 97.0 360.7
15 3 5 2 4 1 3 1004 591.4
16 4 1 4 2 5 3 94.1 373.8
17 4 2 5 3 1 4 84.6 584.5
18 4 3 1 4 2 5 1181 439.0
19 4 4 2 5 3 1 85.1 4325
20 4 5 3 1 4 2 71.8 7478
21 5 1 5 4 3 2 76.6 398.8
22 5 2 1 5 4 3 1015 326.1
23 5 3 2 1 5 4 95.2 450.9
24 5 4 3 2 1 5 83.9 798.0
25 5 5 4 3 2 1 78.1 692.0
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Table 5 Analysis of orthogonal test result for Rankine's passive
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Table 4 Analysis of orthogonal test result for Rankine's active

earth pressure
W i) L
REBX N I
_— @/r;zj Bes gy TS /fb?(ﬁab g
a . o N- :
% jo/C) R%b KN'M) - nm?)
Ky 5728 5454 547 4915 4815 411
Ky 5289 507.7 5297 4358 5415 4526
Ky 4625 4522 4845 5076 4797 502
K4 4537 4723 4906 5039 4543 524.3
Ks 4353 4756 4014 5144 4962 563.3
W 1375 932 1456 718 87.2 152.3
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o W LTI e Titg
GIMPa | oy oy N kN kN
Ky 20502 16629 1889.0 2794.8 26587 2396.8
Ky 2361.0 20743 21116 27653 23235 22800
Ky 25818 24895 25895 23585 25998 25139
K4 25776 28869 25420 22046 2610.7 2385.5
Ksi 26658 31228 3104.3 21132 2043.7 2660.2
W7 6156 14599 12153 6816 6150 380.2
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