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1) Introduction

1) External stability analysis by means of the method presented by Goda [1] 

and extended by Tanimoto et al. [2]

2) Detailed analysis of pressures exerted over the structure using the 

smoothed particle Hydrodynamics (SPH) numerical model SPHysics

developed to study free-surface flows [3].

3) Finite Element Method (FEM) Analysis to obtain strain in structure nodes 

using Autodesk® Robot™ Structural Analysis.

4) Structural design: calculation for strength of reinforced concrete elements 

according to ACI guidelines.



Iberian SPH 2015

2) Goda Theory
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2) Goda Theory
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3) Storm conditions

1. Hd = 11.3 m

2. Tp = 17 s

3. Angle = 17.5º

1. Hd = 8.6 m

2. Tp = 17 s

3. Angle = 17.5º
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4) Results: Goda
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4) Results: SPH
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4) Results: SPH
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4) Results: SPH

0

2

4

6

8

10

0 20000 40000 60000 80000 100000

El
e

va
ti

o
n

 (
m

)

Pression (Pa)

SPH Hydrostatic

0

2

4

6

8

10

0 50000 100000 150000 200000

El
e

va
ti

o
n

 (
m

)

Pression (Pa)

SPH Series2

0

1

2

3

4

5

6

7

0 20 40 60 80 100 120 140

El
e

va
ti

o
n

 (
m

)

Difference (%)

Outgoing Incoming



Iberian SPH 2015

4) Results: Comparison
Hd = 5,50 m 7,50 m 8,50 m 9,50 m 10,50 m 11,50 m 13,00 m

PH 100% Goda= 565,40 kN/m 779,14 kN/m 888,70 kN/m 1000,40 kN/m 1114,47 kN/m 1231,17 kN/m 1411,71 kN/m

PH 50% Goda= 282,70 kN/m 389,57 kN/m 444,35 kN/m 500,20 kN/m 557,23 kN/m 615,59 kN/m 705,85 kN/m

PH SPH Max = 293,90 kN/m 255,40 kN/m 399,60 kN/m 318,40 kN/m 264,40 kN/m 398,90 kN/m 329,00 kN/m

PH SPH  Min = -349,90 kN/m -436,30 kN/m -410,50 kN/m -513,70 kN/m -578,50 kN/m -715,00 kN/m -943,00 kN/m
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5) Open questions

Positive features:

-Fast

-Simple

-Multiphase

Negative features:

-Noisy pressure

-Turbulence scales
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5) Open questions: SPH DEM
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