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ABSTRACT Using the substructure method, numerical models of pile-soil interaction of diagonal and diamond types of jack-up legs
were developed for dynamic response analysis. Wave and current forces acting on the leg were calculated using the modified Morison
equation. Wind load was computed using the DNV formula. Modal analysis was performed to estimate the eigenvalues of the
structure. The Newmark-beta method was used to calculate the dynamic behaviors of the structure in the time domain analysis.
Maximum displacement and bending stress were computed for each type of leg. Reliability analysis was carried out for both types of
legs to obtain a reliability index for the uncertainty of input wave periods.

Key words Jack-up leg( ¢ @] 71), Substructure method(+:&-- % ), Morison equation(}2 2] &1 41), Wind load(Z3}%),
Modal analysis(X% = 3}] 1), Newmark-beta method(F 1= || E} ), Reliability analysis(Xl 2|43 3f| A1)

Nomenclature F, : reaction force between the structure and the

foundation, N

[ 4] : mass matrix v,, : wind velocity, m/s

K] : stiffness matrix . .
%] vp, : reference 1 minute wind speed at z,, m/s

6] : damping matrix 2z, : reference height, m

u :displacement vector of structure, m . . .
P z,, : height of load point above the still water level, m

F, : environmental force, N . .
n : 11 for elevated condition, 14 for ocean trasit

condition in open sea

: air density, kg/m3
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Fy;,.q - wind force, N
Fye - Wave force, N

v : water particle velocity, m/s

p,  :seawater density, kg/rn3
VvV :enclosed volume of member, m’
A, :projected area of member in the direction of

seawater flow, m’
C, :inertia coefficient of member
C, :drag coefficient of member
[Z] :influence matrix
T, :significant wave period
u;  :displacement caused by mass forces for the
fixed foundation system
R, :force from the pile head
: modulus of elasticity of soil
v : Poission’s ratio of soil
Peon - density of soil
: shear wave velocity of soil
[G] :transformation matrix
S : energy spectral density function
H, :significant wave height
n : wave elevation
N :number of waves
® : random phase
q : uncertain parameter
q : mean value of the parameter
: random number
5 : variation coefficient
Bp  :reliability index
R :mean value of the paramter
S :average response
o, :standard deviation of R

og :standard deviation of .S

subscript

a : unconstrained nodal point on the upper structure
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b : point connected to the pile-soil foundation

p : pile-soil foundation
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Table 1, Structural properties of member

Member Diameter (mm) Thickness (mm)
Chord 450 100
Horizontal 350 50
Span breaker 220 20
Inclining 270 30

Table 2. Natural period of Jack—up leg

First Second Third Fourth Fifth
mode mode mode mode mode

Diagonal 1311 1.309 0.760 0.331 0.331

Diamond | 1.354 1.346 0.604 0.316 0.316

Table 3. Properties of pile and soil

Description Value
Diameter of pile 450 mm
Shear wave velocity of pile 3,200 m/s
Density of soil 1.7 ton/m3
Poisson’s ratio of soil 0.4
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