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Analysis of Influencing Factors for Calculation of the Coulomb Earth
Pressure of Cantilever Retaining Wall with a Short Heel

+ A A Yoo, Kun-Sun

Abstract

In this study, the calculation method of the active earth pressure acting on the imaginary vertical plane at the end
of the heel of the wall is proposed. For cantilever retaining wall, a change of shear zone behind the wall affects the
earth pressure in the vertical plane at the end of heel of the wall depending on wall friction and angle of ground slope.
It is very complicated to calculate the earth pressure by a limit equilibrium method (LEM) which considers angles of
failure planes varying according to the heel length of the wall. So, the limit analysis method (LAM) is used for calculation
of earth pressure in this study. Using the LAM, the earth pressures considering the actual slope angles of failure plane
are calculated accurately, and then horizontal and vertical earth pressures are obtained from them respectively. This study
results show that by decreasing the relative length of the heel, the slope angle of inward failure plane becomes larger
than theoretical slope angle but the slope angle of outward failure plane does not change. And also the friction angle
on the vertical plane at the end of the heel of the wall is between the ground slope angle and the wall friction angle,
thereafter the active earth pressure decreases. Finally, the Coulomb earth pressure can be easily calculated from the
relationship between friction angle (the ratio of vertical earth pressure to horizontal earth pressure) and relative length
of the heel (the ratio of heel length to wall height).
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(a) With a long heel
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Fig. 1. Failure planes of cohesionless soil behind cantilever retaining wall
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(b) Slope angle of failure planes

Fig. 2. Shear zone and slope angle of failure planes for cantilever retaining wall with a long heel (3=0°)
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(c) Derivation of theoretical slope angles, 6" and 6,

Fig. 3. Shear zone and slope angle of failure planes for cantilever
retaining wall with a long heel (3>0°)
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(1) initial problem (2) Discretize using nodes
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(giving critical failure mechanism)

(a) DLO procedures (Smith et al., 2010)

(b) Modelling for this study

Fig. 4. DLO procedures and modelling

Table 1. Assumed material properties of models

Material type Model (kN?mz) (ng) (kN7m3)
Retaining wall Rigid - - -

Backfill soil | Mohr—Coulomb - 30 18
Foundation soil | Mohr—Coulomb | 10,000 45 27
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Table 2. Cases of numerical analyses

B 5

L/H
0.0
0.1
0.2
0.3
0.4
0.5
0.577
0.0
0.1
0.2
0.3
0.4
0.5
0.577

15°

0°

20°

0.0
0.1
0.2
0.3
0.4
0.463
0.0
0.1
0.2
0.3
0.4
0.463

15°

10°

20°

0.0
0.1
0.2
0.3
0.333

15°

20°

20°
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Table 3. Slope angles of failure planes (3=0°)

B=0°
L/H 6=15° 6=20° Theory
0' ba o' Ha 6’ ba
0.0 90.00 | 57.96 | 90.00 | 57.52
0.1 67.08 | 58.52 | 68.74 | 58.52
0.2 65.59 | 59.55 | 67.47 | 59.10
0.3 64.69 | 59.74 | 66.11 59.68 | 60.00 | 60.00
0.4 63.31 | 59.80 | 63.91 | 59.80
0.5 61.31 | 59.92 | 62.14 | 59.92
0.577 | 59.99 | 60.00 | 59.99 | 60.00
Table 4. Slope angles of failure planes (3=10°)
B=10°
L/H 6=15° 6=20° Theory
0' ba o' Ha 6’ ba
0.0 90.00 | 54.62 | 90.00 | 53.78
0.1 67.49 | 54.78 | 70.07 | 54.13
0.2 67.00 | 54.80 | 69.28 | 54.48
65.16 | 54.84
0.3 66.49 | 54.50 | 67.49 | 54.50
0.4 65.68 | 54.52 | 66.22 | 54.52
0.463 | 65.16 | 54.93 | 65.16 | 54.93
Table 5. Slope angles of failure planes (3=20°)
p=20°
L/H §=15° §=20° Theory
0' Ba 0' Ba 6' ba
0 90.00 | 49.13 | 90.00 | 48.45
0.1 69.10 | 48.47 | 71.42 | 48.47
0.2 69.52 | 48.63 | 71.42 | 48.48 | 71.58 | 48.42
0.3 70.71 48.79 | 71.65 | 48.79
0.333 | 71.58 | 48.39 | 71.58 | 48.39
HEH S22 Coulomb E2F AHE0N CHEH F& 21Xt 24 63
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Table 6. Slope angles of failure planes (Barghouthi, 1990)

Bargbouthi (1990), §=20°
L/H 3=0° B=10°
0' Oa 0' fa
0.176 68.00 60.00 69.50 54.82
0.364 64.00 60.00 66.50 54.82
(b) Z/H=0.10
(d) Z/H=0.30

(f) Z/H=0.463

Fig. 5. Typical shapes of failure planes depending on a heel length (Case of 3=10°, §=15°)
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Slope angles of inward failure plane, §' (deg.)
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Fig. 6. Slope angles, 0’ of inward failure plane

Slope angles of outward failure plane, ' (deg.)

=N
(8]

Slope angles of outward failure plane, §' (deg.)

Slope angles of outward failure plane, 0' (deg.)

=N
(&)}

-
o
|

~
o
|

@»
o
\

@
<
\

o
o
\

o
o
\

LA §=20°
O0—C—0§=15°
Barghouthi
(5=20"

+ +
O—B—+HTheory

-
&1
|

~1
o
\

@
&
|

@
<
\

o0
o
\

o
S
\

b
8]

I I I
0.2 0.4 0.6
Heel lengthAWall height, L/H

(@) Ground slope angle, 3 = 0°

Barghouthi

+F o

O—B-—+HTheory

1
o
|

I
[=]
\

@»
b
\

@
=3
\

o
o
|

o
o
|

\ \ \ T T
0.1 0.2 03 0.4 0.5
Heel lengthAWall height, L/H

(b) Ground slope angle, 3 = 10°

! I ! I I I
0.1 0.2 0.3 0.4
Heel lengthAWall height, L/H

(c) Ground slope angle, B = 20°

Fig. 7. Slope angles, 0, of outward failure plane
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Fig. 8. Failure wedge and free body diagram

Table 7. Friction angles on a imaginary vertical plane at the end of heel

Limit Analysis Method

Barghouthi (1990)

B=0° B=10° =20° §=20°
L/H L/H L/H L/H
6=15° 6=20° 6=15° 6=20° 6=15° 6=20° 3=0° 3=20°

0 15.00 20.00 0 15.00 20.00 0 15.00 20.00 0.176 7.36 13.00
0.1 9.20 11.82 0.1 12.85 15.43 0.1 17.57 20.01 0.364 1.67 10.29
0.2 5.14 6.37 0.2 11.39 12.49 0.2 19.21 20.01

0.3 2.48 2.96 0.3 10.50 10.83 0.3 19.98 20.01

0.4 0.92 1.06 0.4 10.30 10.10 0.333 20.01 19.98

0.5 0.17 0.18 0.463 10.01 9.99
0.573 0.01 0.02
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Table 8. Comparison of earth pressure coefficients in case of 6=15°

p=0° B=10° L/H R=20°
L/H L/H
K, i K.p K, Ko oR K, Ko K.r

0 0.3031 0.3014 0 0.3434 0.3432 0 0.4149 0.4150

0.1 0.3108 0.3099 0.1 0.3456 0.3455 0.1 0.4141 0.4141

0.2 0.3189 0.3185 0.2 0.3475 0.3474 0.3495 0.2 0.4141 0.4141 0.4142
0.3 0.3256 0.3256 0.3333 0.3 0.3486 0.3487 0.3 0.4141 0.4142

0.4 0.3303 0.3303 0.4 0.3496 0.3490 0.333 0.4142 0.4142

0.5 0.3328 0.3328 0.463 0.3495 0.3495
0.577 0.3332 0.3333

Table 9. Comparison of earth pressure coefficients in case of §=20°
B=0° B=10° L/H 3=20°
LH K K K LH K K K K K K
a aC (7 a alC aR a aC aR

0 0.3005 0.2973 0 0.3411 0.3400 0 0.4142 0.4142

0.1 0.3071 0.3055 0.1 0.3432 0.3428 0.1 0.4142 0.4142

0.2 0.3163 0.3157 0.2 0.3460 0.3459 0.2 0.4141 0.4142 0.4142
0.3 0.3243 0.3242 0.3333 0.3 0.3482 0.3482 03495 0.3 0.4142 0.4142

0.4 0.3299 0.3299 0.4 0.3492 0.3494 0.333 0.4142 0.4142

0.5 0.3327 0.3327 0.463 0.3494 0.3495
0.577 0.3333 0.3333
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Table A.1 Friction angles and earth pressures on a imaginary vertical plane at the end of heel in case of 3=0° and 6=15°

L/H Pn Py Pa & H' Ka Kac Kar
0.0 65.882 17.653 68.206 15.000 5.000 0.3031 0.3014
0.1 69.024 11.176 69.923 9.197 5.000 0.3108 0.3099
0.2 71.463 6.428 71.752 5.140 5.000 0.3189 0.3185
0.3 73.198 3.166 73.266 2.477 5.000 0.3256 0.3256 0.3333
0.4 74.310 1.189 74.319 0.917 5.000 0.3303 0.3303
0.5 74.874 0.220 74.874 0.169 5.000 0.3328 0.3328
0.577 74.976 0.009 74.976 0.007 5.000 0.3332 0.3333
Table A.2 Friction angles and earth pressures on a imaginary vertical plane at the end of heel in case of 3=0° and 6=20°
L/H Pn Py Pa & H' Ka Kac Kar
0.0 63.528 23.122 67.605 19.999 5.000 0.3005 0.2973
0.1 67.643 14.154 69.108 11.818 5.000 0.3071 0.3055
0.2 70.727 7.897 71.166 6.371 5.000 0.3163 0.3157
0.3 72.874 3.771 72.972 2.962 5.000 0.3243 0.3242 0.3333
0.4 74.214 1.359 74.226 1.049 5.000 0.3299 0.3299
0.5 74.857 0.233 74.857 0.178 5.000 0.3327 0.3327
0.577 74.987 0.020 74.987 0.015 5.000 0.3333 0.3333
Table A.3 Friction angles and earth pressures on a imaginary vertical plane at the end of heel in case of 3=10° and §=15°
L/H Ph Py Pa § H' Ka Kac Kar
0.0 74.625 19.996 77.258 15.000 5.000 0.3434 0.3432
0.1 78.499 17.910 80.516 12.853 5.088 0.3456 0.3455
0.2 82.141 16.552 83.793 11.393 5.176 0.3475 0.3474 0.3495
0.3 85.507 15.843 86.962 10.497 5.264 0.3486 0.3487
0.4 88.683 16.112 90.135 10.297 5.353 0.3496 0.3490
0.463 90.596 15.984 91.995 10.006 5.408 0.3495 0.3495
Table A.4 Friction angles and earth pressures on a imaginary vertical plane at the end of heel in case of 3=10° and 6§=20°
L/H P Py Pa & H' Ka Kac Kear
0.0 72.129 26.252 76.758 20.000 5.000 0.3411 0.3400
0.1 77.083 21.281 79.967 15.433 5.088 0.3432 0.3428
0.2 81.461 18.046 83.436 12.491 5.176 0.3460 0.3459
0.3 85.299 16.313 86.845 10.827 5.264 0.3482 0.3482 03495
0.4 88.659 15.794 90.055 10.101 5.353 0.3492 0.3494
0.463 90.575 15.954 91.969 9.990 5.408 0.3494 0.3495
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Table A.5 Friction angles and earth pressures on a imaginary vertical plane at the end of heel in case of 3=20° and 6=15°

L/H Phn Py Pa & H' Ka Kac Kar
0.0 90.172 24.162 93.352 15.000 5.000 0.4149 0.4150
0.1 95.405 30.206 100.07 17.568 5.182 0.4141 0.4141
0.2 101.25 35.286 107.22 19.213 5.364 0.4141 0.4141 0.4142
0.3 107.73 39.161 114.63 19.975 5.546 0.4141 0.4142
0.333 110.07 40.095 117.15 20.014 5.606 0.4142 0.4142

Table A.6 Friction angles and earth pressures on a imaginary vertical plane at the end of heel in case of 3=20° and 6=20°
L/H Phn Py Pa § H' Ka Kac Kar
0.0 87.581 31.876 93.202 20.000 5.000 0.4142 0.4142
0.1 94.065 34.262 100.11 20.013 5.182 0.4142 0.4142
0.2 100.76 36.691 107.24 20.007 5.364 0.4141 0.4142 0.4142
0.3 107.73 39.234 114.65 20.011 5.546 0.4142 0.4142
0.333 110.10 40.036 117.156 19.982 5.606 0.4142 0.4142
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