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DEFORMATION ANALYSIS OF BREAKWATER FOUNDATION

By Mamoru Mimura, Toru SuiBaTa, San-Hyon No
and Seiki OMmAKI

Synopsis

The South Breakwater of the New Nagasaki Fishing Port, damaged due to
typhoon in 1987, has been restored during fiscal 1988. This composite breakwater
has been constructed with instruments installed to monitor settlements and lateral
displacements of the breakwater foundation.

This paper is concerned with the coupled stress-flow analysis for this site using
the elasto-viscoplastic finite element method. The finite element analysis is
performed with the emphasis on the actual process of construction, such as rubble
mound formation, setting the caisson wall and so forth. As the foundation just
beneath the caisson wall are treated with densely compacted sand (SCP), both the
settlement and lateral displacement are controlled during the breakwater
construction. Calculated performance can qualitatively describe the settlement and
the lateral displacement monitored, and also ascertain the stability of the restored
breakwater. The simplified simulation for caisson wall sliding and failure subjected
to wave impact is performed, assuming the distributed wave stress applied in front
of the caisson wall.
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Fig. 3. Plan of restoration of she affected area as well as the FEM profiles and

boreholes.
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{b) Boring No. 9 at Section C.
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Table. 1. Values of the principal soil parameters adopted for the ground under
the original seabed (Section B)

MIYP| 4 | k(M| a (d:yo-w V| ety | ey (K0 | o | urns | 2
15 — - | — — — 0.33 158 0.60 0.47 ]1.00 0.86 0.012
14 0.012(0.006{1.32.7%x107*|1.8X107%0.33 158 1.35 . 0.47 |[1.00 0.86 0.012
13 0.18910.019]1.3|2.7%10-* 2.1 X10-¢|0.36 136 3.10 0.56 [1.68[1.3%x10°%10.120
12 0.189]0.019(1.3]2.7X10°%12.1xX10°°]0.36 189 431 0.56 [1.68]1.3X107*]0.120
11 0.189]0.019|1.312.7x10-%12.1x10-°]0.36 242 5.52 0.5 1.68/1.3X10°%10.120
10 0.18910.019(1.3|2.7X107*{2.1X10°¢10.36 294 6.72 0.5 1.68/1.3X107%0.120
9 0.24010.024 11.312.7X107%}2.1X10°¢10.36 173 7.93 0.5 1.6811.3%x10°210.270
8 0.24010.02411.312.7x107*(2.1X107%(0.36 199 9.10 0.56 11.68[1.3%x10°%10.270
7 - - | = - -— 0.33 316 10.0 0.50 }1.00 0.86 0.032
6 0.28010.02811.313.2%x107*(3.2x10°¢}0.36 204 10.9 0.56 [1.6414.9x107*]0.310
5 0.280]0.028(1.313.2x107%(3.2X107%]0.36 227 12.1 0.56 [1.64/4.9%10"*]0.310
4 0.2800.0281.313.2X10°%|3.2%X10°°]0.36 249 13.3 0.56 [1.6414.9x107*]0.300
3 0.2800.02811.313.2X107%|3.2X107¢]0.36 272 14.5 0.5 1.64(4.9%10°410.300
2 — —_ - - - 0.33 824 15.9 0.50 [1.00 0.86 —_
1 — - | — - _ 0.33 824 17.3 0.50 }1.00 0.86 —

Table. 2. Values of the principal soil parameters adopted for the ground under
the original seabed (Section C)

MIYP) 4 | & M| a (da‘:;“‘) V| ety | (i |Ke @) @ iny) | 2
15 — —_ - — - 0.33 182 0.75 0.47 {1.00 0.86 0.012
14 0.012 ’0.006 1.3|1.8x107411.8x10-%|0.33 182 2.80 047 [1.00 0.86 0.012
13 0.217 0.62? 1.312.3x107%12.3X10%|0.36 220 4.72 0.56 |1.56|1.3x10-%(0.120
12 0.21710.02211.3(2.8X107%2.3X10°%{0.38 266 5.71 0.56 |1.5611.3%x10°%(0.120
11 0.24010.02411.3(2.8X10°%|2.8x10°°]0.36 156 6.65 0.56 11.56{3.0x10°*|0.240
10 0.24010.024]1.3/2.8%X10°%(2.8X10°¢}0.36 186 7.96 0.56 |1.56(3.0X1074(0.240

) 9 0.240)0.024 11.312.8Xx107%12.8X107¢/0.36 217 9.30 0.56 |[1.5613.3%x10°*(0.230
8 0.240|0.024 |11.3|2.8%x107%(2.8%x10°%{0.36 264 11.2 0.56 {1.56/3.3X10*/0.230
7 —_ —_— | - — — 0.33 316 12.6 0.50 [1.00 0.86 0.032
6 0.25010.025{1.3[3.2X10°2(3.0x10-¢10.36 296 134 0.56 [1.52{8.2X10°*]0.180
5 0.25010.025(1.3(3.2x10°%13.0x10°%(0.36 326 14.8 056 [1.52(8.2x107*]0.180
4 0.28010.02811.3{3.2x10°%|3.3x10°¢|0.36 319 16.2 0.56 ]1.5213.5x10"*]0.180
3 0.280/0.0281.3(3.2x107%{3.3%X10°°/0.36 349 17.7 056 |1.5213.5x107*]0.180
2 — —_ | = — — 0.33 824 19.2 0.50 |1.00 0.86 —
1 — — | — — — 0.33 824 20.2 0.50 |1.00 0.86 -




=AY - SEH - B« KRBT AUKERIBIR D LKTEVE IS D W T

151

——1988——1989-

4/5(6(7|8(9

ol

12l1

2

3

Rubble Mound
(Sea Side)
Caisson Setting

Rubble Mourd
(Harbor Side)
Covering

Armour (Sea Side)
Pavement

H
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Fig. 13. Calculated time-settlement performance of the seabed beneath the caisson
wall : (@) Section B, (b) Section C.
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Fig. 14. Calculated excess pore water pressure dissipation beneath the rubble
mound : (@) Section B, (b) Section C (1: at the completion of construction,
2: l-year after completion of construction).
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Fig. 15. Lateral displacement calcula-
tion at region P and Q.
(Section B)

Fig. 16. Lateral displacement calcula-
tion at region X, Y and Z.
(Section C)
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Fig. 18. Calculated proflles of lateral displacement (Section C): {8) beneath the

rubble mound in the sea side, (b} beneath the rubble mound in the harbor-
side, (C) beneath the rubble mound in the harbor side (1 : existing rubble-
mound, 2: covering in the sea side, 3: completion of construction, 4: 1-
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Fig. 19. Effective stress paths for silt layer:  Fig. 20. Effective stress paths for silt layer :

(a) beneath the rubble mound in the {a) beneath the rubble mound in the
sea side, sea side,

{b) beneath the rubble mound in the (b) beneath the rubble mound in the
harbor side, harbor side,

(C) beneath the caisson wall. (c) beneath the caisson wall.

(1: existing rubble mound (1: existing rubblemound

2 : caisson setting 2: caisson setting

3. armour construction 3 : completion of construction)
4 : covering
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Fig. 24. Time-settlement perfofmance (Section C):
(a) Settlement Plate No. 1, (b) Settlement Plate No. 2,
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Fig. 28. Settlement-lateral displacement performance: (Section C) :
(a) sea side, (b) harbor side.
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Fig.29. Wave stress distribution along the front of caisson wall.
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