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Generalization of an Evaluation Formula for Bearing Pressures on the Rubble
Mound of Gravity-Based Harbor Structures
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Abstract : In this study, the bearing pressure on the rubble mound of a gravity-based harbor structure with an
arbitrarily shaped bottom was targeted. Assuming that the bottom of the structure is a rigid body, the rubble
mound was modeled as a linear spring uniformly distributed on the bottom that resists compression only, and the
bearing pressure evaluation formula was derived. It was confirmed that there were no errors in the derivation pro-
cess by showing that when the bottom was square, the derived equation was converted to the equation used in the
design. In addition, the validity of the derived equation was proven by examining the behavior and convergence
value of the bearing pressure when an arbitrarily shaped bottom converges into a square one. In order to examine
the adequacy of the method used in the current design, the end bearing pressure for the pre-designed breakwater
cross-section was calculated and compared with the values in the design document. As a result, it was shown that
the method used for design was not appropriate as it gave unsafe results. In particular, the difference was larger
when the eccentricity of the vertical load was large, such as in the case of extreme design conditions.

Keywords : harbor, gravity-based structure, arbitrarily shaped bottom, bearing pressure, allowable bearing capacity
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Fig. 1. Example of a caisson breakwater with an arbitrarily shaped bottom in the real design.
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Fig. 2. Schematic diagram for bearing pressure distributions of the caisson breakwater (Park and Lee, 2020).
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Fig. 4. Definition sketch for bearing pressure distributions on the rubble mound.
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Fig. 7. The bottom shape of the designed caisson in the basic
design document.
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Table 1. Bearing pressures underneath the heel and toe for 16 load cases presented in the basic design document

Load Case R (kN) fz (m) g, (KN/m%) g, (KN/m’) Remarks
1 149,179 13.48 278.39 150.82
2 152,140 13.48 283.98 153.86
3 115,191 751 408.42 0.0
4 118,143 7.63 414.89 0.0
5 134,489 9.00 42048 0.0
6 137,441 9.07 427.05 0.0
7 153,366 9.75 447.15 0.0
8 156,325 9.80 453.63 0.0
9 169,301 17.53 123.07 364.10

10 172,262 17.53 12522 370.47
1 174,439 17.57 124.83 377.14
12 177,391 17.57 126.99 383.51
13 144,580 16.42 150.33 265.74
14 147,541 16.44 152.48 272.02
15 149,179 10.73 393.81 35.50
16 150,659 10.65 401.16 3246
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Table 2. Comparison of bearing pressures given by the basic design document and proposed formula

by basic design document

by proposed formula

Load Case 5 5 3 3 Remarks
gy (KN/m’) g, (kN/m”) g, (KN/m’) g, (kKN/m’)
1 278.39 150.82 289.99 139.31
2 283.98 153.86 295.74 142.07
3 408.42 0.0 503.85 0.0
4 414.89 0.0 506.98 0.0
5 420.48 0.0 474.05 0.0
6 427.05 0.0 480.05 0.0
7 447.15 0.0 491.93 0.0
8 453.63 0.0 498.39 0.0
9 123.07 364.10 101.28 385.92
10 125.22 370.47 103.05 392.66
11 124.83 377.14 102.04 399.95
12 126.99 383.51 103.77 406.71
13 150.33 265.74 139.82 276.24
14 152.48 272.02 141.70 282.88
15 393.81 35.50 426.29 3.00
16 401.16 32.46 434.53 0.00
» 27 AT}, A s1EAl0) 2l thste] Akl e A
AL, Table 301 7] AN BRI, Aske s v, 7
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Table 3. Comparison of bearing pressures between designed and open cell caissons

Designed caisson

Open cell caisson

Load Case o3 5 o 5 Remarks
g5 (KN/m”) g, (kN/m”) gn (KN/m”) g, (kN/m’)
1 289.99 139.31 332.76 198.04
2 295.74 142.07 339.36 201.97
3 503.85 0.0 469.84 0.00
4 506.98 0.0 476.11 0.00
5 474.05 0.0 478.98 0.00
6 480.05 0.0 486.63 240
7 491.93 0.0 512.04 33.65
8 498.39 0.0 519.59 36.62
9 101.28 385.92 173.95 428.44
10 103.05 392.66 176.99 435.93
11 102.04 399.95 177.16 443.51
12 103.77 406.71 180.15 451.02
13 139.82 276.24 196.23 318.20
14 141.70 282.88 199.37 325.60
15 426.29 3.00 454.63 76.17
16 434.53 0.00 462.72 73.34
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