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Dynamic Analysis Of Steel Offshore Structures Considering The Effect Of Soil — Structure Interaction

Abstract This thesis deals with the dynamic analysis of fixed steel offshore structures considering the effect of soil-structure
interaction. ABAQUS finite element programming is used for analysis the structure, the Newmark method is adopted in direct integration time
domain and Newton-Raphson method is used to obtain the nonlinear solution for the problem. Along with, an appropriate constitutive model is
used to investigate the response of offshore structure to dynamic loading from wave, wind, and impact forces. Shear box soil test is developed
to find the real parameters of soil and soil-steel interfaces, Also two dimension interface element is developed to three dimensional porous
brick element and perfect cohesive zone. The new relation between reaction and time was derivative for cylindrical rubber fender for impact
330000 DWT ship. Three case studies are considerate in this work and three structures are analyzed; these are: AL- Amaya Berthing Dolphin,
Um-Qaser container terminal and Um-Qaser Dolphin.

For first case, AL-Amaya Berthing Dolphin is subjected to wave loading; the calculation of wave loading based on Morison Equation,
this equation includes the velocity and acceleration of water particles which is calculated from linear wave theory. While the second case, Um-
Qaser container terminal is analyzed to ship impact loading applied on cylindrical rubber fender. For these cases, the embedded piles are
considered in two soil model, the first model is elastic while the other model is elastoplastic model representation by cam clay model.

The result for those cases show that the naturel frequency obtained from plastic solution is decreased about (15% to 35%) than the
elastic solution because the plastic stiffness is more flexible than the elastic stiffness of soil, the displacements are increased by 10 % for
elastoplastic due to reduction in the domain stiffness of soil while the axial force is increased about 14 %, Shear force is decreased about 10%
and bending moment is decreased by 10% when elastoplastic solution is used compared with the elastic solution.

Two parameters are introduced for pile embedded in elastic and elastoplastic soil, the first is the Critical pile length L. (the length from
seabed levels to the first zero displacement along the pile) its equal to 6 pile diameter from seabed for all elastic solution and 7.5 pile diameter
from seabed for all plastic solution. The second is the depth of pile fixity L (the length from seabed level to the constant bending moment
along the pile) which it is equal to 20 pile diameters from seabed for all elastic solution and 27 pile diameters from seabed for all plastic
solution.

In the third case, Um-Qaser Dolphin structure used to study the effect of pile dimensions and soil properties on the structural response
under impact loading and elastoplastic soil state, the result show that the increasing of pile diameter and pile length is decreasing the structure
response (deck displacement, pile head displacement and pile bending moment) and increasing applied load. For soil properties the increasing
the slop of compression index A and slop of swelling index x (bulk modulus of porous soil) will increase the structure response and decreasing
applied load while the increasing of soil density y and undrained soil strength C, is decreasing the structure response and increasing applied
load. The critical pile length and depth of pile fixity are very sensitive to the pile diameter and soil properties.




