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ABSTRACT

Reduction of response quantities of offshore structures for wave forces are less well
investigated compared to that of onshore structures subjected to environmental
loading. In particular, semiactive control of offshore structures has not been much
attempted, although it has a great potential in practical use. Here, semiactive control
of offshore jacket structures with semiactive hydraulic dampers (SHDs) is taken up
for a detailed investigation. The performance of the control scheme in controlling
the top deck displacement, acceleration and base shear is evaluated. For this
purpose, a few popular semiactive control algorithms are implemented for offshore
structures, like steel jacket platforms. The specific objectives of the study include
i) to develop and use semiactive control algorithms namely, clipped optimal control,
bang bang control, LQR control and fuzzy logic control for the control of fixed
offshore jacket platforms using SHDs, ii) to study the performance of the control
algorithms for different sea states and for different jacket lengths, and iii) to conduct
a parametric study to compare the relative performances of different control
algorithms and to investigate the maximum reduction of different responses possible

for jacket structures.

Semiactive control of fixed offshore jacket platform using widely used LQR control
algorithm is presented first. The optimal control force as obtained from LQR control
algorithm based on the solution of a Riccati equation is used for obtaining the
optimum damping coefficient. The optimum damping coefficient for the damper is
chosen by using a variable damping coefficient method, and a max-min damping

coefficient method.
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Semiactive control of offshore jacket platform using clipped optimal and bang bang
control algorithms are then presented. Unlike the LQR control algorithm, the clipped
optimal control algorithm uses the measured structural accelerations, damper
displacements and damper forces as the feedback parameters. Using the measured
feedback quantities, Kalman state of the system is estimated, and the optimal control
force is obtained by multiplying the same with full state feedback gain matrix, which
is obtained by minimizing the performance function of the controller. Based on the
measured and desired control forces, the damping coefficient of the SHD is clipped
between its two extreme values. Bang bang control algorithm is based on Lyapunov
theory. A Lyapunov function is obtained for the controlled system and the derivative

of the Lyapunov function is used to obtain the control law.

For developing fuzzy logic control algorithm, the input fuzzy parameter is
considered as acceleration or displacement, and the output fuzzy parameter is
considered as the damping coefficient. Fuzzy controllers are developed based on
acceleration as input and as both acceleration and displacement as inputs. For

fuzzification, triangular input functions and trapezoidal output functions are used.

A detailed parametric study of the semiactive control of offshore jacket platform is
carried out using three jackets in water depths of 122 m, 183 m and 244 m,
respectively and two sea states namely a regular sea state (12m/11 sec) and a
random sea state with significant wave height of 9.7 m. Some of the important
results of the study include:

1. All the control algorithms, considered here, are effective in reduction of top deck

acceleration.
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2. Influence of parameters of each of the control algorithms is studied and optimum
values are reported for best possible reduction of responses.

3. For a particular control algorithm, the percentage reduction of responses is
varying with the variation of water depth for the fixed jacket platform.

4. In general, the percentage reduction of responses is more with regular sea state
compared to that of random sea state.

5. Some of the control algorithms perform better in reduction of top deck

displacement and base shear.

The evaluation of the control strategies is carried out using only a theoretical model
of an offshore jacket platform in 183 m water depth and no experimental validation

is made.

iv



CONTENTS

Page No.
Certificate

Acknowledgement i
Abstract ii
Contents v
List of Figures ix
List of Tables xvii
CHAPTER 1: INTRODUCTION 1-14
1.1 General 1
1.2 Need for the Present Study 8
1.3 Scope and Objectives of the Study 8
1.4 Organisation of the Thesis 9
CHAPTER 2: LITERATURE REVIEW 15-38
2.1 Introduction 15
2.2 Active and Semiactive Control of Onshore Structure 17
2.3 Active and Semiactive Control of Offshore Structure 21
2.3.1 Passive and active control of fixed offshore jacket platform 22
2.3.2 Passive and active control of flexible offshore structures 31
2.3.3 Semiactive control of fixed offshore jacket platform 34

2.4 Conclusions 36
CHAPTER 3: LQR CONTROL WITH VARIABLE AND MAX- 39-70

MIN DAMPING COEFFICIENT

3.1 Introduction 39
3.2 Theory 39
3.3 LQR Control Algorithm 41
3.4 Semiactive Hydraulic Damper 42



3.4.1 Variable damping coefficient

3.4.2 Maximum or minimum(max-min) damping coefficient
3.5 Implementation on the Jacket Structure
3.6 Numerical Study
3.7 Conclusions

Tables

Figures

CHAPTER 4: CLIPPED OPTIMAL CONTROL
4.1 Introduction
4.2 Clipped Optimal Control Algorithm
4.3 Numerical Study
4.4 Conclusions
Tables
Figures

CHAPTER 5: BANG BANG CONTROL
5.1 Introduction

5.2 Theory

5.3 Numerical Study

5.4 Conclusions

Figures

CHAPTER 6: FUZZY LOGIC CONTROL
6.1 Introduction
6.2 Fuzzy Logic Controller
6.3 Numerical Study
6.4 Conclusions
Tables
Figures

vi

43
44
44
46
51
53
55

71-84
71
71
75
77
79
80

85-96
85
85
87
90
92

97-124
97

98

102
106
108
113



CHAPTER 7: PARAMETRIC STUDY

7.1 Introduction

7.2 Details of the Parameters

7.3 Numerical Study
7.3.1 Time history of response quantities of interest
7.3.2 Effect of damper capacity
7.3.3 Effect of variation of maximum damping coefficient
7.3.4 Effect on damper capacity utilisation (p )
7.3.5 Effect of damper capacity distribution

7.4 Conclusions
Tables
Figures

CHAPTER 8: CONCLUSIONS AND RECOMMENDATIONS

FOR FUTURE WORK
8.1 Conclusions

8.2 Recommendations for Future Work

REFERENCES

APPENDIX-A

A.1 General

A.2 Estimation of Water Particle Velocity
A.2.1 Regular sinusoidal wave
A.2.2 Random wave

A.3 Generation of Wave Force

Tables

Figures

APPENDIX-B

BIODATA

vii

125-170
125
125
128
128
130
136
138

140
142
144
156

171-179

171
177

181-192
193-208
193
193
193
194
196
200
206
209-212
213



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10

