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Design, Manufacture and Construction of “Flare-shaped Seawall”
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* Flare-shaped Seawall” was adopted in Hiroshima for the first time in Japan. The reasons for the adoption
include its low height, scenic nature, preservation of beach-sand and economic efficiency. The height of the
seawall was selected to be 0 6.0m based on a wave-overtopping-rate presumption diagram. A two-dimensional
wave tank model test was conducted for confirmation. The seawalls are constructed from a composite of
steel and concrete. Finite-element analysis was performed for their structure design. Construction of Flare-

shaped Seawall” was proved to be easy because of the use of composite structure.
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Fig. 1 Installation of flare-shaped seawall
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Design condition
Allowable wave overtoppingd g(m®/m/s), Design sea leveld S.W.L.
Design wave heightC Hy'(m), Design wave lengthO Lo(m)
Wave depth h(m), Sloped 6

Parameter calculation
Wave steepnesst Hq'/L,, Wave depth/design wave heightd h/H,'
Wave overtopping rate (non-dimension) a/y/ 2g(Hy)?
Estimated chart diagram of wave overtopping rate
Slope 1/10, Hy/L,00 0.036

% 1.E002
< w

o pim| £
g 0 1.E003
=3 E

a

g 5 LED04
5 R

2 $1E00s
2

=

1.E006 . e .
- 0.0 05 1.0 15 20 25 3.0
E % h~ h/H,
Wave depth/design wave height

Determination of crest height
Crest heightd h,d S.W.L. (m)

without rubble | [ With rubble mound |

| Determination of mound height |

Evaluation of stability for Standard condition,
seismic condition, wave forced condition

¥
—| Confirmation experiment by water channel

0200000000000
Fig. 2 Design flow chart
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Table 1 Design condition
Mx.H.W.L 0 4.50m
Design sea level H.wW.L [13.33m
L.W.L 0 0.55m
Residual sea level R.W.L 01.48m
Design wave heightC H,' 1.86m
Wave condition Periodic offshore wavell T, 5.22s
Offshore wave lengthU L, 42.51m
Allowable wave overtopping rate | 0.01m*/m/s
Slope 1/10
Foundation level 01.5m
Design earthquake intensity 0.12
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Fig. 3 Estimated chart diagram of wave overtopping rate (Wave
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Table 2 Crest height of each seawalls

Flare-shaped . Seawall coverd with
Seawall Vertical seawall .
seawall wave-breaking blocks
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Table 3 Evaluation of stability for each conditions

Standard Seismic Backrush
condition condition condition
(LW.L.) (LW.L) (Mx.H.W.L)
Sliding 2.5130 1.20 1.48801 1.00 2.08501 1.20
Overturning 5.0300 1.20 2.69901 1.10 4.91401.20
Toe pressure of
upright section 57.43907 600 87.78701 600 55.04507 600
0 kN/m’0)
Standard Seismic Backrush
condition condition condition
(HW.L) (HW.L) (H.W.L)
Sliding 2.23000 1.20 1.22900 1.00 1.89400 1.20
Overturning 4.29601 1.20 2.2400 1.10 4.20401.20
Toe pressure of
upright section 47.6440 600 87.08501 600 59.3440 600
0 kN/m’0)
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Fig. 6 Measured wave pressures
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Table 6 Wave force components (kN/m)

Flare shaped seawall

Horizontal wave force Vertical wave force (upward)

587.7 88.3
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Table 7 Evaluation of stability for uplift force
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Fig. 5 Equipment of experiment
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Table 4 Wave condition

Vp, (KN/m) Vi (KN/m)
Deadweight 188.378
Buoyancy [0 41.823
Vertical wave force 88.32
Uplift force 31.806
Total 146.555 120.126
Uplift

Safety factor (V,/V,)

Allowable safety factor

1.22

0 1.20

Design sea level

Mx.H.W.LO O 4.50m

Design wave height

H,,03.2m

Periodic offshore wave

5.22s

o5 0000
Table 5 Wave overtopping rate (m*/m/s)

Experimental wave overtopping rate | Allowable wave overtopping rate
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Table 8 Design forces

No. Condition Limit state design Design sea level
1 Standard Serviceability LW.L

2 Standard Ultimate LW.L

3 Seismic Ultimate LW.L

4 Seismic Ultimate HW.L
5 Backrush Ultimate Mx.H.W.L
6 Wave Serviceability Mx.H.W.L
7 Wave Ultimate Mx.H.W.L
8 Wave Fatigue Mx.H.W.L
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Fig. 8 Contour of moment
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Fig. 7 FEM model
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Fig. 9 Construction area in ODOMARI port
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Fig.10 Outline of process (distance 100m)
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Fig.11 Manufacturing of steel shell
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Fig.12 Manufacturing of flare-shaped blocks
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Fig.13 Installation of flare-shaped blocks
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Fig.14 Completion
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Fig.15 Cross section view in TAKASAKIYAMA
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016 DO0O0OOO0oOOoOoOoooo
Fig.16 Installation of upper flare-shaped block

017 DO0DO0oDOooooooooo
Fig.17 After installation of upper flare-shaped blocks
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Fig. 18 Reflection on high waves
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