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Analytical solution of active earth pressure on cohesive soils under
complicated conditions

YANG Jian
Second Design Institute  Shanghai Municipal Engineering Design General Institute
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Abstract Based on the limit equilibrium theory and Coulomb’ s earth pressure theory the active earth pressure
coefficients of soils with planer rupture surfaces under complicated conditions were obtained. The effects of variation in
wall batter angles the soil friction angle cohesive forces the interface friction angle and adhesive forces between the
retaining wall and soil ground slope the tension crack and continuous surcharge on the active earth pressure
coefficients were considered in this study. The unit density surcharge and cohesion components were deduced. The
calculation result was the same as the results of the classical Rankine and Coulomb’ s earth pressures theories under
certain conditions. In addition the results of the proposed method agreed well with the test data. The formula is reliable

and convenient and can be applied to cohesive soil and sandy soil as well as to practical projects.
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1 K,y n=0
Table 1 Coefficients of active earth pressure K,, n=0
K.y
@/ ° a=-20° a=-10° a=0° a=10° a =20
B=0 B=5 B=0 =5 B=0° B=5 B=0 =5 B=0° B=5
25 0.29 0.30 0.34 0.36 0.41 0.43 0.48 0.51 0.57 0.61
30 0.21 0.22 0.27 0.28 0.33 0.35 0.41 0.43 0.50 0.53
0=0 35 0.15 0.16 0.21 0.22 0.27 0.28 0.34 0.36 0.43 0.46
40 0.11 0.11 0.16 0.16 0.22 0.23 0.29 0.30 0.38 0.40
25 0.26 0.27 0.31 0.33 0.38 0.40 0.45 0.48 0.55 0.59
@ 30 0.19 0.20 0.24 0.26 0.31 0.33 0.39 0.41 0.48 0.51
0= 3 35 0.13 0.14 0.19 0.20 0.25 0.26 0.32 0.34 0.42 0.45
40 0.09 0.10 0.14 0.15 0.21 0.21 0.27 0.29 0.37 0.39
25 0.24 0.26 0.30 0.32 0.37 0.39 0.44 0.48 0.54 0.59
" 30 0.18 0.19 0.24 0.25 0.30 0.32 0.38 0.40 0.48 0.51
0= 2 35 0.13 0.14 0.18 0.19 0.25 0.26 0.32 0.34 0.42 0.45
40 0.09 0.09 0.14 0.15 0.20 0.21 0.27 0.29 0.37 0.39
25 0.24 0.25 0.30 0.32 0.36 0.39 0.44 0.48 0.54 0.59
2 30 0.17 0.18 0.23 0.24 0.30 0.32 0.38 0.40 0.48 0.52
3:?90 35 0.13 0.13 0.18 0.19 0.24 0.26 0.32 0.34 0.43 0.46
40 0.08 0.09 0.14 0.14 0.20 0.21 0.28 0.29 0.38 0.41
3.2 Kaq q+#0 c=pg=0
2 K, Ky
o ¢ aq B K
2 K, n=0
Table 2 Coefficients of active earth pressure K,, n =0
Ky
@/ ° a= =20 a=-10° a=0 a=10° a=20°
B=0r B=5° B=0 B=5° B=0° B=5° B=0 B=5 B=0° B=5°
25 0.29 0.31 0.34 0.37 0.41 0.43 0.48 0.50 0.57 0.59
30 0.21 0.23 0.27 0.29 0.33 0.35 0.41 0.43 0.50 0.52
0=0 35 0.15 0.16 0.21 0.22 0.27 0.28 0.34 0.36 0.43 0.45
40 0.11 0.11 0.16 0.17 0.22 0.23 0.29 0.30 0.38 0.39
25 0.26 0.28 0.31 0.34 0.38 0.40 0.45 0.48 0.55 0.57
" 30 0.19 0.20 0.24 0.26 0.31 0.33 0.39 0.40 0.48 0.50
0= 3 35 0.13 0.15 0.19 0.20 0.25 0.27 0.32 0.34 0.42 0.44
40 0.09 0.10 0.14 0.15 0.21 0.21 0.27 0.28 0.37 0.38
25 0.24 0.27 0.30 0.33 0.37 0.39 0.44 0.47 0.54 0.57
@ 30 0.18 0.20 0.24 0.26 0.30 0.32 0.38 0.40 0.48 0.50
0= 2 35 0.13 0.14 0.18 0.20 0.25 0.26 0.32 0.34 0.42 0.44
40 0.09 0.10 0.14 0.15 0.20 0.21 0.27 0.29 0.37 0.38
25 0.24 0.26 0.30 0.32 0.36 0.39 0.44 0.47 0.54 0.57
2 30 0.17 0.19 0.23 0.25 0.30 0.32 0.38 0.40 0.48 0.51
6:?90 35 0.13 0.14 0.18 0.19 0.24 0.26 0.32 0.34 0.43 0.45
40 0.08 0.09 0.14 0.15 0.20 0.21 0.28 0.29 0.38 0.40
3.3 K, ¢%0 g=pg=0
3 K,. a
Ka(: 8 ® Kat: Ka(~
3.4
2 c
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3 K,, n=0 1=0
Table 3 Coefficients of active earth pressure K,, n=0 A =0
K,
@/ ° a= =20 a=-10° a=0 a=10° a=20°
B=0 B=5 B=0 =5 B=0° B=5 B=0 =5 B=0° B=5
25 1.67 1.75 1.44 1.51 1.27 1.35 1.15 1.22 1.06 1.13
30 1.48 1.54 1.29 1.35 1.15 1.21 1.05 1.11 0.98 1.04
9=0 35 1.30 1.35 1.15 1.20 1.04 1.09 0.96 1.01 0.90 0.95
40 1.14 1.17 1.02 1.06 0.93 0.97 0.87 0.91 0.82 0.87
25 1.47 1.53 1.30 1.35 1.17 1.22 1.08 1.13 1.00 1.07
@ 30 1.29 1.33 1.15 1.19 1.05 1.10 0.98 1.03 0.93 0.98
0= 3 35 1.13 1.15 1.03 1.05 0.95 0.98 0.89 0.93 0.85 0.90
40 0.99 1.00 0.91 0.93 0.85 0.87 0.81 0.84 0.78 0.82
25 1.39 1.44 1.24 1.29 1.13 1.17 1.04 1.09 0.98 1.04
" 30 1.22 1.24 1.10 1.13 1.01 1.05 0.95 0.99 0.91 0.95
0= 2 35 1.07 1.08 0.98 1.00 0.91 0.94 0.87 0.90 0.84 0.87
40 0.93 0.94 0.87 0.88 0.82 0.84 0.79 0.81 0.77 0.80
25 1.32 1.36 1.19 1.23 1.09 1.13 1.02 1.06 0.96 1.02
2 30 1.15 1.17 1.05 1.08 0.98 1.01 0.93 0.96 0.89 0.93
3:?90 35 1.01 1.02 0.94 0.95 0.89 0.91 0.85 0.88 0.83 0.86
40 0.89 0.89 0.83 0.84 0.80 0.81 0.78 0.80 0.77 0.79
3.5
o =2t/m ¢ =10kPa
q = 10kPa 1
¢
H n
4
4 1 n
2 2 K, oa=10C =0 6=9/2
3 4 5 Fig. 2 Influence of A on coefficient K,
a=10C =0 6=0¢/2
4 4 n
Table 4 Crack coefficient n at different friction
1 angles and with different retaining wall heights
Rankine n
o/ °
Coulomb H=3m H=6m H=9m
. 25 0.36 0.18 0.12
Rankine 30 0.41 0.21 0.14
Rankine 35 0.47 0.24 0.16
40 0.71 0.36 0.24
1
E, = EngzKa + gHK, - 2¢H /K, 18
2
K, K,=tan" 45 - ¢/2

5 Rankine
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3 n K, 6=¢9/3 p=0 4 n K, 6=¢9/3 p=C
Fig. 3 Influence of n on coefficient K,, 6=¢/3 B=0 Fig. 4 Influence of n on coefficient K,, 6 = ¢/3 p=0°
2 H=10m?3" .
p=1.86t/m3 @ =24°
6
6 9-10
Rankine Coulomb
3 H=4.6m"
p=1.93t/m’ ¢=10kPa ¢ =15 &=
100 B=0° g = 10kN/m
5 n K, 6=0/3 =0
Fig. 5 Influence of n on coefficient K,. 6 = ¢/3 =0
11 13
5 Rankine
Table 5 Comparison of active earth pressure of cohesive soil between Rankine theory and proposed method
P,/ kN m™!
c/kPa q/kPa o/ ° n A -
Rankine
0 0 30 0 0 83.33 83.33
0 10 30 0 0 99.98 99.98
10 10 30 0 0 42.25 42.25
10 10 25 0.1 0 62.70 62.70
p=2 v/m' H=5m
6 2
Table 6 Comparison of results of Case 2 for active earth pressure calculation and relevant references
P/ kN m™!
a/ ° B/ e o6/ ° c¢/kPa c,/kPa
9 10
0 0 0 0 0 392.2 392.2 392.2
0 0 0 10 0 262.3 273.1 273.1
5 5 5 0 0 433.8 433.8 433.8
5 10 10 10 0 335.7 328.4 328.4
5 10 10 10 5 303.4 310.4 310.4
10 10 15 10 0 387.3 368.8 368.8

Coulomb
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7 3
Table 7 Comparison of results of Case 3 for active earth pressure calculation relevant references and observation
P,/ kN m~!
11 13 /%
70.88 68.89 68.89 79.6 10.95
74.18 72.48 72.48 79.6 6.80
Rankine Coulomb
Rankine  Coulomb
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