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The three most uncertain environmental design loads acting on offshore structures are
wave height, current and wind velocity. If the reliability of structure is to be
determined, then we need to have limit state function for load which requires that we
should transform the environmental loads into load model. Load model, which predicts
the load, will ultimately affect the design resistance and thus its final impact on cost
could be large. Since, there are many offshore structures located in different offshore
regions in Malaysia, the calibration of the environmental load model, should be
evaluated to determine which model fits best. To obtain the environmental load model,
response surface technique is generally applied. Load models suggested by DNV and
ISO code are analysed to determine the best model fit for local conditions of Malaysia.
Base shear, wave height and current velocity are used in a linear fit to determine
polynomial response surface. The results showed that due to the geography of
Malaysia different regions might have to use specific load models instead of a general
load model for all regions.

Keywords: Wave, Current, Offshore structures, Linear fit, Weibull distribution, Curve
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1 INTRODUCTION

Offshore structures are designed to resist three kinds of loads, Environmental loads i.e., wave,
currents and wind, Dead loads, i.e., weight of the structure, and Live loads, i.e., weight of
consumable supplies and fluids in pipes and tanks. The extreme event considered for the design
and assessment of old structures is recommended to have the probability of failure of 1E-2. The
ultimate strength analysis requires that the resistance should be higher than the loads. Thus,
higher anticipated loads will require higher resistance. Since, there are many offshore structures
located in different offshore regions in Malaysia, the calibration of the environmental load model,
should be evaluated to determine which model fits best for local conditions. This is because the
environmental load model, used for calibration from Gulf of Mexico (GOM) and North Sea (NS)
may or may not be reasonable for local geography of Malaysia (Sigurdsson et al. 1994, Atkins
2001, Wahab et al. 2015, Nichols 2014).
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2 ENVIRONMENTAL LOADS

Environmental loads are severe and unpredictable due to uncertain whether condition and they
can act with unexpected severity on offshore structures. The safety of offshore structures is
achieved by taking into consideration hazards produced by rare wave, current and wind events.
ISO 19902 code defines this rare and extreme event of 100 years. Present day design methods
depend on all energy comes from a single direction which is a long-crested waves. However, sea
waves in real are multidirectional as the energy comes from many directions simultaneously.
Wave loads are unsteady and exert the largest force and it is producing main contribution to the
hydrodynamic load. Currents can play important role in total forces acting on offshore structures.
The current generated in the ocean is steady in nature and its effect tends to vary with the water
depth. When extreme waves along with super-imposed current occur in same direction velocities
from both can combine and produce large wave pressure. Normally wind load will not produce
much effect, especially in the design conditions and it generally accounts for only 10% of the
overall design load as used by DNV code.

2.1 Environmental Load Model

Many authors have studied response surface methodology to determine the reliability of offshore
structures such as Gaspar et al. (2015), Gaspar et al. (2014), Gaspar et al. (2013) and Gaspar et
al. (2012). The environmental load model is determined using response surface modeling using
curve and surface fitting tool of MATLAB. The custom polynomial Equation for wave and
current is defined to get the parametric values for the given coefficients. The first model is
suggested by SHELL for the development of load factors for ISO 19902 code are shown in Eqg.
D).

W=aH2,, + bHyo + V2 +dV. + e 1)

W = Load effects, Hyax = variable annual maximum wave height, V. = variable current speed, the
coefficients of a, b, ¢, d and e are found from curve and surface by using least square method.

Response surface fit proposed by Heidman (1980) as shown in Equation (2) is used to get the
load effects from Jacket base shear and wave heights Gerhard (2005). To establish the
relationship between wave and current load and response of Jacket curve fitting is done to find
the coefficients of the response surface Equation.

W =a; (Hpax + aV; )% 2

W = load effects, Hyax = maximum wave height and V. = current velocity. Coefficients ay, as,
and as are found from the curve and surface. The third model was suggested during development
of API LRFD code by Moses and Stahl (2000), as shown in Eq. (3),

W= thdro (a- Hb) (3)

W= Environmental load model, Xnaro = Uncertainty model for base shear, H = maximum wave
height, while coefficients a and b representing structure dependent parameter, fitted from analysis
results of base shear and wave height.

2.2 Linear Polynomial Response Surface Fit

Table 1 contains the platform specific load parameters for one region of Malaysia, which shows
the basic values of load variables used for conversion into random input for load values in FEM
software. Using these values along with Weibull distribution, 100 random values is generated
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for wave, current and time period using MATLAB. These 100 random load values are used to
get 100 stresses from FEM output file for each component. The corresponding 100 component
output stresses are produced by FEM software. These are converted to load model using curve
and surface fit. To get the environmental load effect for the reliability analysis, 100 stress values
for wave, time period and current are determined using Weibull distribution using Table 1.

Table 1. Offshore jacket platform data.

Parameter 10 year 100 year Weibull Distribution Weibull Distribution
Parameter Scale Parameters Shape
H max 6.8 (m) 7.7 (m) 5.86 5.58
Tp 10.6 (s) 11.0 (s) 18.71 10.14
Current 0.78 (m/s) 0.94 (m/s) 0.62 3.71

Random variables obtained through Weibull distribution, are used to determine the base
shear. The load is applied at each 45° i.e., from eight different directions as these jackets were
four and six legged. From initial analysis, it was determined that 0° was producing maximum
load effects. Therefore, this direction is selected for further analysis. The process is repeated
until one hundred values of base shear are obtained. Base shear obtained is used for the response
surface fit of the jacket platform. The relationship of the dependent and independent variables
can be represented by curve fitting through the regression analysis, so that, we can understand
how much uncertainty is present in the curve fit with random error. Curve fit also shows the
accuracy of the analysis by displaying the value of R-square. Random variables such as wave
height are assigned into x-axis, while base shear is set as the input of y-axis. Then, a model
equation is inserted by choosing the custom equation option. Whenever the equation is applied,
fitting tool will analyze the data from the set as the axis component. Coefficient of the model
equation can be determined by using least-mean square method. Since the model equation
applied is a two- parameter polynomial fit where the wave height and base shear are substituted
into this equation, only coefficient will remain unknown and therefore it could be determined as
the analysis is run. These coefficients are displayed together with the R-square. To evaluate
effects of current velocity on load model surface fit tool is used which involves three dimension
variables which are wave height, current velocity and base shear. Response surface of jacket
platform can be analyzed based on this quadratic polynomial response surface fit. The accuracy
is measured based on how close surface area created by data point linked to the surface created by
equation. In the end sensitivity analysis is made to check the results obtained by using
environmental load model and base shear from FEM software.

3 RESULT AND DISCUSSION

The coefficients are derived using the least square method. Data is analyzed at 95% confidence
level. Here the design wave height and current speed used are based on 100 years as required by
ISO/API codes. Figures 1-2 represent the surface fitting of Polynomial fit for model equations 1-
2 and Figure 3 presents curve fitting of load model Eq. (3). The curve fitting for load model Eq.
1-2 is not shown here, but results are presented and compared against base shear. Figure 1 shows
a plotted surface fitting of base shear vs. wave height and current velocity with the model of Eq.
(1) and the coefficients are obtained where a= 0.1133, b= -0.4702, c= 0.1886, d= 4.199 and e= -
0.1356. Now when current is not part of random variable a curve fit is made and the coefficients
determined are a= 0.1304, b= -0.003236, c= 0.4719, d= -0.008059 and e= -0.8972. When model
Eq. (2) is used with curve fitting i.e., no current is used then the coefficients determined are a,=



Lau, H. H., Tang, F. E., Ng, C. K., and Singh, A. (eds.)

0.4188, a,= -0.003236 and a;= 0.4719. When current is used as a variable and surface fit is used
as shown in Figure 2, the coefficients determined are a;= 0.02824, a,= 6.099 and a;= 2.141.
Figure 3 illustrates a graph of base shear vs. wave height by the application of model Eq. (3)
using curve fitting and has coefficients of a= 0.04354 and b= 2.498 and R? is 0.9923. Table 2
provides the parameters for wave and current for the platforms obtained from curve fitting. Now
it is clear that Eq. (1) is providing the best fit model and this is due to the effects of current
velocity are significant in this region of offshore Malaysia.

3.1 Environmental Load Model Analysis

The Environmental load applied to the structure is directly proportional to the base shear exerted
on the platform. The closer the value of the environmental load model to base shear, more
accurate will be the model for reliability analysis. Using Eq. (1), the base shear of the platform,
when analyzed using the curve fit, is very close to its environmental load model since the R
displayed is 0.9969 as shown in Table 3. By comparing both average base shear and
environmental load model of this platform, the average base shear is 3.06 MN and the maximum
environmental load model is 3.09 MN which mean the difference between them are only 0.03.
Hence, the relationship of base shear and environmental load model represented by the graph
shows the high value of R%. However, when it is analyzed by using surface fitting, the value of
R? gives 0.9999 as shown in Figure 4 and Table 3 when current velocity is considered into the
environmental random variables which shows that current velocity plays a significant role and it
should be incorporated in developing the load model. The R? values for curve fit for Eq. (2), is
0.926 as recorded in Table 2. Figure 5 and Table 3 illustrates a fit plotted based on the base shear
vs. environmental load model where the environmental load models are generated from the
substitution of coefficient obtained from the surface fitting of Figure 2 into the Eq. (2). This is
the lowest value among the three equations used and this shows that the second equation applied
may not appropriate for this platform. Figure 5 also displays the function of the fit and its R?
values which is 0.974 as recorded in Table 3. In Figure 6, a graph of base shear vs.
environmental load model is plotted based on the environmental load model generated from the
substitution of coefficients into Eq. (3). Those coefficients are obtained from the curve fitting of
Figure 3. From Figure 6, the function of the fit can be found and its R” is recorded in Table 3.
The value of the R? is 0.9927.

Table 2. Base shear vs. wave height and current velocity, R%

Curve fitting model Surface fitting model
1st 2nd 3rd lst 2nd
0.9960 0.9961 0.9923 0.9999 0.9971

Table 3. Base shear vs. environmental load model, R?.

Base shear vs. Environmental load model
Curve fitting Surface fitting
1% equation 2" equation 37 equation 1% equation 2" equation
0.9969 0.9260 0.9927 0.9999 0.9974




Integrated Solutions for Infrastructure Development

[ surface fit 2

® Base shear vs wawe height, current velocity

(XY
R
Rt

o (X
BRRCEEAE
& O

ey
X o
CRSLRIS

R G SRR
AR
vuntovo%o"» RS SRR

X, O
A
XSRS
R KKK ol
KOS

&
SRR
ietetesls
%
R

S
RN
G X

2 C

::..o.%o%%.
R SIS RN
'V"oo»%»o%»»oou St

RS

O o
RS

D
K
%

X
et
ORI REX
oo»»o%o:.oo%?»

SRR

XSRS,

Seletteiehite
SRR
RIS

R
X o o%»o
LA K

(RS

[ Isurface fit 1

Base shear vs wave height, current velocity

s
Sttt
et

&
!

(X
RS
SR
N

retetess

R
KRR

NS

XD
KX
bo'

AR
R R

e
R

SR
20, o

O
A

R
R
s

&
QR LR
R GXRXGEA

‘

pateslals
O

BERRORE

v
Suelataies
ARG
< ?..A.” %
O

‘reays aseg

Wavwe Height, m

Current velocity, m/s

Wave height, m

Current velocity, m/s

Figure 2. Base shear vs. wave height and

Figure 1. Base shear vs. wave height and

current velocity Model 2_surface fit.

current velocity Model 1_surface fit.

Base shear vs. wave height
Curve fit 3

[ [ [

n < ™
NW ‘Jeays aseg

7.5

6.5

55

5

4.5

35

Wave Height, m

Figure 3. Base shear vs. wave height 3_curve fit.

L 4

=0.9974

R2
0 Environmental Poad Model, MNlO

o ©O© < N O

NN ‘Jeays aseq

10

L
, MN

"®
5
tal load Model

R2=0.9999
Environmen

0

0 ©O© < N O

NN “Jeays aseq

Base shear vs. environmental load

Figure 5.

. environmental

load Model 1 (Surface Fitting).

Figure 4. Base shear vs

Model 2 (Surface Fitting).



Lau, H. H., Tang, F. E., Ng, C. K., and Singh, A. (eds.)

>7 R2=0.9927 O
2— ‘.00
S5
=
wn
%3
[ai]

1 L

0 2 4 6 8

Environmental load Model, MN
Figure 6. Base shear vs. environmental load Model 3 (Curve Fitting).

4 CONCLUSION

Wave height and current speed data from two platform specific locations are used. Regression
analysis is used here to find the coefficients for response surface fit. Three polynomial models
are used for converting the wave and current forces into the environmental load model. Best fit is
assumed to predict as nearly as possible to the actual base shear from the analysis of jacket. The
results show that first equation predicts very well to actual base shear and should be applied for
the platforms lying in this region.
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