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SUMMARY 

Static and dynamic responses of marine risers are inves-

tigated in the present study. Static response of the riser is 

obtained for its self weight (under the static offset), quasi--

static wave force, current and quasi-static vessel motion at 

the top. Dynamic response of the riser is determined for 

regular and random wave forces, long drift and instantaneous 

(to random sea) vessel motions and earthquake forces. A general 

2-D analysis is performed using a finite beam element formulation 

to determine both static and dynamic responses. Riser behaviour 

under different conditions is investigated by parametric studies. 

The static response behaviour is concerned with the study 

of the effects of geometric nonlinearity, quasi-static vessel 

motion, tension level, end conditions of the riser, wave height, 

wave period and probabilistic characteristics of random waves on 

the static/quasi-static response of the riser. For investigating 

the last effect, a method for determining the probabilistic quasi- 

stag response of the riser to random waves is described. Some 

of the important results of the study may be summarized as (i) the 

potential geometric nonlinearity may significantly influence the 

riser's response if the top end of the riser is prevented from 

vertical displacement; (ii) the pitch motion of the vessel intro-

duces more stresses in the riser than the surge motion and vessel 

motions, in general, are more important for long risers in 

comparison to wave and current forces; (iii) the level of tension 



in the riser is an extremely important parameter that decides 

riser's response and may be optimized with respect to static 

response criterion and (iv) the probabilistic quasi-static 

response of the riser to random waves may be adequately described 

by Peirson-Holmes distribution. 

The dynamic response of the riser is determined, in time 

domain, for both regular and random waves using a time integration 

method. For random waves, short term sea states are simulated by 

wave superposition technique. An iterative frequency domain 

method is presented, as an alternative to time domain solution, to 

take into account the relative velocity squared drag nonlinearity 

in the solution. In addition, the proposed frequency domain method 

can also consider the forces induced by the instantaneous motion 

of the top vessel. The method is found to be computationally more 

efficient than the time domain solution. Using the above methods 

of solution, parametric and numerical studies are conducted to show 

the influence of a number of important factors on the responce of 

the riser. These factors include drag induced nonlinearity, long 

drift vessel motion, instantaneous vessel motion to random sea, 

presence of current velocity and riser length. 	They are 

shown to have considerable effect on the responce of the riser. 

Finally, seismic response of marine riser to random ground 

motion is obtained by a spectral analysis. The method is based 

on the principle of random vibration in which the seismic excita-

tion is assumed to be a broad band stationary process. Using 



vi 

this assumption, the mean peak response of the riser is obtained 

from the acceleration response spectrum of the earthquake process. 

A parametric study is conducted to investigate the relative 

importance of the seismic stresses in comparison to the stresses 

induced by wave and current forces. The results of the study 

show that the seismic stresses may assume importance for riser 

having high level of tension. 



CONTENTS 

CHAPTER 	 Page 

TITLE PAGE 

CERTIFICATE 	 III 

ACKNOELDGEMENTS 	 IV 

SUMMARY 	 VI 

CONTENTS 

LIST OF TABLES 

LIST OF FIGURES 

INTRODUCTION 

	

1.1 	Introduction 

	

1.2 	Forces on Marine Riser 

	

1.3 	Riser Analysis 

	

1.4 	Parametric Study 

	

1.5 	Need for the Present Study and 
Objectives 

	

1.6 	Organisation of the Chapters 

1 

3 

6 

10 

11 

13 

II LITERATURE REVIEW 

2.1 Introductory Remark 17 

2.2 Types of Marine Risers 17 

2.3 Analysis of Marine Risers 24 

2.3.1 Static and Quasistatic Analysis 24 

2.3.2 Dynamic Analysis 28 

2.4 Parametric Studies 36 

2.5 Response of Risers to Vortex Shedding 45 

III STATIC AND QUASISTATIC ANALYSIS OF RISERS 

3.1 Introductory Remark 49 

3.2 Deterministic Riser Analysis 51 

3.2.1 Assumptions  51 

3.2.2 Stiffness Equation 52 

3.2.3 Static and Quasistatic Forces on 
the Riser 

55 



3.2.3.1 Load due to submerged riser self 	55 
weight 

3.2.3.2 Current Induced Loading 	56 

3.2.3.3 Wave Induced Forces 	56 

3.2.3.4 Vessel Motion Induced Forces 	59 

3.2.4 	Solution Procedure 	 60 

3.2.5 	Numerical Studies 	 60 

3.2.6 	Discussion of Results 	62 

3.2.6.1 Effect of rotational restraint 	62 
of the riser 

3.2.6..2 Effect of Geometric nonlinearity 	63 

3.2.6.3 Effect of vessel motion 	65 

3.2.6.4 Effect of wave height 	67 

3.2.6.5 Optimum tension level 	67 

3.3 	Probabilistic Static Analyis 	68 
of Risers 

3.3.1 Assumptions 	 69 

3.3.2 Theory 	 70 

3.3.3 	Numerical Studies and Results 	76 

3.4 	Conclusion 	 78 

Nomenclature 	 101 

Appendix 3A 	 105 

Appendix 3B 	 106 

DYNAMIC ANALYSIS OF MARINE RISERS 

4.1 	Introductory Remark 
	

114 

4.2 	Time Domain Analysis 	116 

4.2.1 	Assumptionsand Structural Idealisation 116 

4.2.2 	Equation of Motion 	117 

4.2.3 	Treatment of Dynamic Loading 	118 

4.2.4 	Spectral Simulation of Ocean Waves 	120 

4.2.4.1 Representation of random waves and 	121 
water particle kinematics for a 
given sea spectrum 

4.2.5 	Simulation of Top Vessel Motion 	126 
(Surge) 

4.2.6 , Time Domain Solution 	128 



4.3 	Iterative Frequency Domain Method 	130 

4.4 	Numerical Examples 	 140 

4.5 	Discussion of Results 	142 

4.5.1 	Effect of Number of Elements and 	142 
Record Lengths 

4.5.2 	Effect of Nonlinearities on the 	143 
Riser Response 

4.5.3 	Effect of Vessel Motion on the 	146 
Riser Response 

4.5.4 	Effect of Current on Dynamic Response 148 

4.5.5 	Efficiency of the Iterative 	150 
Frequency Domain Method 

4.6 	Conclusions 	 151 

Nomenclatures 	 178 

Appendix 4A 	 184 

Appendix 4B 	 185 

Appendix 4C 	 188 

flnendix 	 190a 

V 	STATISTICS OF RISER DYNAMIC RESPONSE 

5 1 	Introductory Remark 	191 

5.2 	Simulation of Time History of 	192 
Response 

5.3 	Statistical Analysis of Time 	194 
Histories 

5.3.1 	Distribution of the Response 	194 

5.3.2 	Distribution of the Extreme Values 	195 
of Response and Stress Ranges 

	

5.3.3 	Evaluation of Mean Peak Response 	197 

5.4 	Numerical Example and discussion 	198 
of Results 

	

5.4.1 	Effect of Drac Nonlinearity on the 	198 
Mean Square Statistics and Response 
Spectrum 

	

5.4.2 	Relationship Between Peak and RMS 	199 
Responses 

	

5.4.3 	Statistics of the Bending Stress 	200 
Response 

	

5.4.4 	Statistics of the Extreme Value of 	200 
Stress and Stress Range 



5.5 	Conclusions 	 201 

Nomenclatuer 	 210 

Appendix 5A 	 212 

VI 
	 SEISMIC RESPONSE OF MARINE RISERS 

6.1 	Introduction 	 219 

6.2 	Theory 	 220 

6.2.1 Assumptions 	 220 

6.2.2 Formulation 	 221 

6.2.3 	Seismic Analysis of Marine Riser 	224 

6.2.4 	Riser Response to Random Waves 	228 

6.3 	Numerical Examples and Discussion 	228 
of Results 

6.4 	Conclusions 	 231 

Nomenclature 	 234 

VII CONCLUSIONS AND RECOMMENDATION FOR FUTURE 	242 
WORK 

REFERENCES 	 251 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

