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Study on Earth Pressure Acting Against Caisson Structure with the Heel
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Abstract : In this study, the effect of caisson heel on the active earth pressure is investigated. Using limit analysis
method, inclinations of slip surface developed above the heel with different lengths are analyzed. The shorter the
heel length, the larger those of inside slip surface, however those of outside slip surface are not changed. According
to the relative heel length, relationships of internal friction angle of backfill material - wall friction angle between
caisson structure and backfill - friction angle acting on virtual section at the end of heel are presented. Earth
pressures acting against caisson structure with relatively short heel are smaller than Rankine earth pressure but
always greater than Coulomb earth pressure which does not consider the heel length.

Keywords : caisson wall, heel, earth pressure, limit analysis method, slip surface angle, wall friction angle
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(a) shape of slip plane for smooth wall(§ = 0)
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(c) shape of slip plane for rough wall (§ = 0)
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(d) angle of slip plane for rough wall (§ = 0)

Fig. 1. Shape and angle of slip plane in backfill sand at plastic equilibrium state.
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Fig. 2. Failure of cohesionless soil behind cantilever retaining wall
with enough long heel for active Rankine state.
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Fig. 4. Earth pressure distribution and failure planes behind caisson wall with the short heel.
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Fig. 5. DLO procedures and modelling.

Table 1. Assumed material properties of models

Material type Model ¢ (KN/m%) # (deg) ¥ (kKN/m’) 7.0 (KN/m’)
Caisson structure Rigid - - 22 22
Backfill soil Mohr-Coulomb - 30 18 20
Crushed stone Mohr-Coulomb - 40 18 20
Foundation soil Mohr-Coulomb - 35 20 20

b
/

() for smooth wall((§=0) without a heel (b) for rough wal((8 0)] without a heel

X

_\S\'/\
N

(c) for rough wall with relative heel length, 0.1H (d) for rough wall with relative heel length, 0.2H

Fig. 6. Shape of Slip planes behind caisson structure.
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Table 3. Coulomb earth pressure coefficients and wall friction angles calculated on the vertical plane, BE at the end of heel (in case of

$=25)
o=ad2 o= d*2/3
LH Ko
5’ (deg) KaC’ Ka(‘l/KaR 5’ (deg) Ka(" Ka(‘l/KaR
0.0 12.50 0.3674 0.9052 16.67 0.3608 0.8890 0.4059
0.1 8.095 0.3778 0.9308 10.33 0.3725 0.9178 0.4059
0.2 4.837 0.3876 0.9549 5.991 0.3841 0.9464 0.4059

Table 4. Coulomb earth pressure coefficients and wall friction angles calculated on the vertical plane, BE at the end of heel (in case of

¢=30°)
o=d2 o= d*2/3
LIH K
5’ (deg) Ka( ' KaF //KaR 5’ (deg) Ka(*' KaF //KaR
0.0 15.00 0.3014 0.9042 20.00 0.2973 0.8919 0.3333
0.1 9.258 0.3102 0.9306 11.90 0.3060 0.9180 0.3333
0.2 5.215 0.3188 0.9563 6.479 0.3160 0.9481 0.3333

Table 5. Coulomb earth pressure coefficients and wall friction angles calculated on the vertical plane, BE at the end of heel (in case of

$=35"
5=an 5= d*2/3
LH K,
& (deg) K. KK x J' (deg) K. KoK or
0.0 17.50 0.2461 0.9082 23.33 0.2444 0.9019 02710
0.1 10.31 0.2527 0.9327 13.28 0.2497 0.9214 02710
02 5362 0.2601 0.9598 6.684 0.2580 0.9521 02710

Table 6. Coulomb earth pressure coefficients and wall friction angles calculated on the vertical plane, BE at the end of heel (in case of

¢=40°)
o=ad2 o= d*2/3
LIH Ko
&' (deg) K KoK g &' (deg) K. KooIK
0.0 20.00 0.1994 0.9170 26.67 0.1998 0.9191 0.2174
0.1 11.15 0.2038 0.9372 14.41 0.2017 0.9278 0.2174
0.2 5.249 0.2097 0.9643 6.557 0.2083 0.9581 0.2174
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Fig. 8. Wall friction angles calculated on the vertical plane at the end of heel.
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Table 7. Angles of failure surface above a heel, &' and comparison of earth pressures for rough wall with relative heel length, 0.1H

S ! By L.EM. (Design code) By L.AM.
(deg)  (deg) @ (deg) P, (KN/m) P, (kN/m) P, (kN/m) @ (deg) P, (kN/m) P, (kN/m) P, (kN/m)
25 57.50 744.6 113.0 7532 68.24 748.0 106.4 755.5
1y 30 60.00 609.0 106.7 6183 68.40 6123 99.8 6204
2 35 62.50 494.6 96.6 504.0 70.10 4973 90.5 505.5
40 65.00 397.8 84.2 406.6 71.53 399.9 78.8 407.6
25 57.50 726.1 147.1 740.9 70.65 7329 133.6 745.0
2, 30 60.00 592.9 139.0 609.0 71.53 598.8 1262 612.0
3 35 62.50 4812 126.4 4975 72.77 486.0 1147 499.4
40 65.00 386.9 110.7 402.5 73.86 390.8 100.4 403.5

Table 8. Angles of failure surface above a heel, & and comparison of earth pressures for rough wall with relative heel length, 0.2H

S P By L.E.M. (Design code) By L. AM.
(deg)  (deg) @ (deg) P, (KN/m) P, (kN/m) P, (kN/m) @ (deg) P, (kN/m) P, (kN/'m) P, (kN/m)

25 57.50 767.3 74.8 770.9 68.24 769.9 68.8 773.0

1 p 30 60.00 630.6 66.7 634.1 68.40 633.7 59.8 636.5

2 35 62.50 514.5 56.1 517.5 70.10 516.2 51.4 518.8
40 65.00 4153 445 4177 71.53 4162 415 4182
25 57.50 755.0 97.4 7613 70.65 760.7 84.6 765.4

2 p 30 60.00 620.6 86.9 626.6 71.53 624.8 76.1 629.4

3 35 62.50 506.7 734 512.0 7277 508.9 66.2 513.2
40 65.00 409.5 58.5 4137 73.86 4104 54.4 414.0
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