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Scour Impact on the Horizontal Bearing Capacity of Pier-Type Dolphin Structures
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Abstract : A study using numerical analysis techniques was conducted to examine the scour effect of pier-type
dolphin structures installed in the domestic marine environment, and the effect of scour on horizontal bearing
capacity was examined. In this study, we designed the berthing structures, taking into account the environmental
and ground conditions of the target maritime area, and after calculating the predicted scour area, stability evalua-
tion was performed by removing the ground elements of the area. The increase in scour depth was found to induce
a direct decrease in horizontal bearing capacity due to soil loss in contact with the foundation, establishing a rela-
tionship that increases horizontal displacement. However, in the foundation designed to withstand the design load
by reflecting the safety rate, the increase in horizontal displacement formed by possible scour is not large, which
did not have a dominant effect on the horizontal bearing capacity of the foundation. In the future, research is
required to analyze the impact of each factor and formalize evaluation and design techniques to evaluate the scour
safety of marine foundations and pier-type structures installed in various ground conditions and structural formats.
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(a) Jacket strucure with circular foundations

(Whitehouse, 1998)

(b) Monopile Foundation (Breusers el al.,
1977)

Fig. 1. Example of scour in structures with circular foundations in marine environment.
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Table 1. Environmental conditions

Condition Maximum wave height, Wave period, Current velocity, Wind velocity, Water depth,

H (m) T (sec) V, (cm/s) V,, (m/s) h (m)
Operation 43 9.6 35.8 17.9 29.6
Extreme 10.3 16.5 121 26.6 29.6
Aft. Fwd.

SEAWATER DESALINATION PLANT

MD3 MpD 4
M ing[Dol M ing [Dol 1 Iphin
22953 28633 28633 ooring [Dolphin 30023 i
51588 58656

Fig. 3. Berthing facility layout for seawater desalination plant.

(a) Pier type dolphin - full model

(c) Pier type dolphin - with scour

Fig. 4. Configuration of pier-type dolphin structure.

(b) Soil configuration

P Deck plate
(Ilmx1lm x1Im)

Fender plate F
(1lmx8m x1m) IR

Pile
(9900mm, t=22m)

(d) Pier type dolphin configuration
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Fig. 6. Shape of scour area around pile foundation.

Table 2. Scour calculation results

S (Scour depth)

Table 3. Material parameters

Condition Scour depth, S (m) Scour radius, 7 (m) Material Type P (kg/m3) E (MPa) v

Operation 0.39 1.12 Weathered Soil 1,800 3,000 0.40

Extreme 0.82 1.87 Weathered Rock 2,000 6,000 0.35
Steel 7,850 200,000 0.30
Concrete 2,450 30,000 0.20
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(a) Isometric view

143

(b) Front view

(c) Plan view

Fig. 7. Finite element model of pier-type dolphin structure.

Table 4. Load boundary conditon

(d) Pier type dolphin - scour application

Design Load Loading Condition
Birthing Apply concentrated load to fender position
Static Gravity application
Dynamic Apply pressure load to the upper deck plate
Buoyancy Considering the unit weight of seawater
Wave
Wind Applied as a distributed load to the structure
Use the Aqua function (airy wave) in ABAQUS
Current

Table 5. Analysis conditions

Pile Embedded  Scour Depth,  Scour Radius,

Depth, D (m) S (m) 7 (m)
Case 1 0 0
Case 2 Sm 0.5 1.32
Case 3 1.0 2.18
Case 4 1.5 3.05
Case 5 0 0
Case 6 10m 0.5 1.32
Case 7 1.0 2.18
Case 8 1.5 3.05
Case 9 0 0
Case 10 15m 0.5 1.32
Case 11 1.0 2.18
Case 12 1.5 3.05
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Table 6. Horizontal displacement results of pier-type dolphin
Pile Embedded Depth, D, (m)
5 10 15

0 3358 mm  33.53 mm  33.53 mm

Scour Depth, 0.5 34.69 mm  34.60 mm  34.60 mm

S (m) 1.0 3552 mm 3542 mm 3541 mm

1.5 36.05mm 3592mm 3591 mm

37.0

—>—embedded depth 5m
[ —O—embedded depth 10m
| —©—embedded depth 15m

Lateral Displacement, J (mm)

1

0.5
Scour Depth, S (m)

Fig. 8. Lateral displacement of pier-type dolphin according to scour

depth.
37.0
—>—scour depth Om  —O— scour depth 0.5m
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Embedded Depth, Dz (m)

Fig. 9. Lateral displacement of pier-type dolphin according to pile
embedded depth.
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Fig. 10. Correlation analysis of numerical analysis parameters.
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