
The Proceedings of  
The Second (1992) International  

OFFSHORE AND POLAR ENGINEERING CONFERENCE 
 

 
San Francisco, U.S.A., 14-19 June 1992 

 
Copyright © 1992  by International Society of Offshore and Polar Engineers, 
Golden, Colorado. All Rights Reserved. 
 
ISBN 0-880653-00-1 (set) 
LCCN 91-78280 
 

CONTENT 
 
 
VOLUME I, 1992  (ISBN 0-880653-01-X) 
 
 
OFFSHORE TECHNOLOGY: THE NORTH SEA AND THE GULF OF MEXICO 
 
The Loss of the Sleipner A Platform 
B. Jakobsen ..........................................................................................................................................................1 
 
Offshore Production Systems for Ultra-Deep water in the Gulf of Mexico:  
Part I The Well Systems 
Hin Chiu ................................................................. 9 
 
 
ENVIRONMENTAL ISSUES IN OFFSHORE AND POLAR DEVELOPMENTS 
 
Transportation Options in the Chukchi and Beaufort Seas: on Site Oil Tanker Loadings or  
Seabed Pipelines 
Walter B. Parker and Virgil Keith ....................................... .............................................................................22 
 
Bioremediation: A New Tool for Marine Oil Spill Response? 
William E. Westermeyer ...................................................................................................................................26 
 
Numerical Dispersion Studies of Passive Tracers in The Barents and Kara Seas 
Ingo H. Harms and Jan O. Backhaus ......................................... .......................................................................31 
 
Two-Dimensional Numerical Modeling of Oil Pollution in Coastal Zone 
W. Jiang and W. Zhao .......................................................................................................................................38 
 
 
DOUBLE HULL TANKERS 
 
Influence of OPA 90 on the Structural Design of Oil Tankers 



D. Beghin ……………………..........................................................................................................................45 
 
Double Hull Tanker Design and Structural Integrity 
J.F. Garside, G.E. Horn and E.H. Kotte …………………...............................................................................59 
 
Reserve/Residual Strength of a Double Hull Girder in Intact/Damaged Condition 
Jeom K. Paik …………………….....................................................................................................................70 
 
Numerical Simulations of Ship Collisions 
H. Lenselink, K.G. Thung, H.L. Stipdonk and P.J. van der Weijde ……………….. .....................................79 
 
Structural Design Methods for Double Hull, No-Frame Tankers 
Jerome P. Sikora and Daniel D. Bruchman ……………………….................................................................89 
 
Design and Manufacturing Bases for Double-hull Ships 

Robert J. Dexter, Eric J. Kaufmann, John W. Fisher, Robert D. Stout, Le-Wu Lu, John H. Gross 
 and Bruce R. Somers ………………….......................................................................................................100 

 
Grounding Damage to Double Hull Tank Vessels 
Paul F. Thomas and Tomasz Wierzbicki ……………………………...........................................................108 
 
 
OFFSHORE SAFETY AND INSPECTION 
 
A Preventive Treatment of Offshore Safety 
C. Kuo ……………………… ........................................................................................................................117 
 
A Knowledge Based System for Offshore Permit to Work Management 
B.S. Lee and W.S. McMillan ………………….. ...........................................................................................125 
 
Inspection and Structural Monitoring of Offshore Platforms Using Data Base Tools 
M.V. Rodriguez, C.H. Penalver Garcia, J.L. Pereira Borges and A.J. Ferrante ………................................132 
 
A Focussed Ultrasonic Array System for Offshore Cleaning Applications 
S. Almaas Trench, G. Hayward, D. Hanonge and C. Kuo …………….. ......................................................137 
 
The Offshore Structure Detecting Based on Optical Fiber Method 
John H. Wu, Kun-li Wen, Fang-wei Yuan and Jan-Chin Chen ………….. ..................................................142 
 
Evaluation of a Novel Ultrasonic Technique for Reliable Detection of Flooded Members  
in Offshore Installations 
G. Stirling, G. Hayward and J. Pearson ………………….. ...........................................................................148 
 
 
SUBSEA & MARGINAL FIELDS 
 
Circular Arc Descent Method for Subsea Installations 
J. Skjong, K. Karal, T. Vinje and K. Pullen ………………...........................................................................152 
 
Parametric Study of Semi-submersible Platform for Floating Production System 



J.M.A. Vasconcellos, K. Nishimoto and A.J.P. Leite ……………................................................................157 
 
Exploiting Marginal Fields: An Application of Cost Effective Marginal Systems 
Ravinder Singh ……………….. .....................................................................................................................162 
 
 
LARGE FLOATING STRUCTURES 
 
Wave Response Distributions of a Flexible Floating Island and Human Discomfort 
Takuji Hamamoto, Hitoshi Sasaki and Yasuo Tanaka ……………….. ........................................................171 
 
Experimental Study on Floating Offshore Circular Plates Subjected to Seaquakes 
R. Endo, T. Hamamoto and N. Tosaka ……………. .....................................................................................179 
 
Two-Dimensional Analysis of Prying Response of Twin-hull Floating Structures 
X.L. Che, H.R. Riggs, R.E. Ertekin, Y.S. Wu and M.L. Wang ……………. ...............................................187 
 
Preliminary Design of an Offshore Rocket Launch Platform 
R.S. Winkler and L.H. Seidl …………….......................................................................................................195 
 
Construction of Large Floating Structures in the USSR in the Light of the Worldwide Experience 
Lev B. Bernshtein …………….. .....................................................................................................................202 
 
 
TLP AND COMPLIANT STRUCTURES 
 
Discussion on Possible Implementations of Load Factors in Compliant Structures Analysis Codes 
Birger J. Natvig and Finn Kirkemo ……………............................................................................................208 
 
Towing and Upending Procedure of Pre-fabricated Tendon of TLP 
K. Ishikawa, M. Morikawa, N. Kodan and H. Komiya …………….............................................................213 
 
Second-Order Mean Wave Forces and Moments on ISSC TLP in Uni- And Multi- directional  
Random Seas 
Y.H. Liu, M.H. Kim, C.H. Kim and S.Y. Boo ……………….. ....................................................................218 
 
A Dynamic Analysis of Tension Leg Platform Using the General Curved Boundary Element 
Sung Pil Chang, Jung Il Park and Jae Kwan Kim ………………… .............................................................228 
 
Nonstationary Response Analysis of Offshore Guyed Tower Subjected to Earthquake Loading 
Chung-Son Ryu and Chung-Bang Yun …………………….. .......................................................................235 
 
Responses of Compliant Structures Including Large Displacement Effects 
Saul-Lon James Hu, George Tsiatas and Binjia Chen ………………...........................................................243 
 
Drilling Packages for Deep Water TLP's 
P. Norheim ………………..............................................................................................................................250 
 
 
OFFSHORE STRUCTURES & OPERATIONS 



 
Non-linear Structural Dynamics by the Pseudo-Force Influence Method: Part I  
Theoretical Considerations 
G. Stewart ……………….. .............................................................................................................................257 
 
Non-linear Structural Dynamics by the Pseudo-Force Influence Method: Part II  
Application to Offshore Platform Collapse 
G. Stewart ……………… ...............................................................................................................................264 
 
Optimal Nonlinear Dynamic Analysis of Steel Jacket Structures 
B.A. Izzuddin and A.S. Elnashai ………………............................................................................................272 
 
Nonlinear Dynamic Response of Two Deep Water Jack-Up Platforms 
D. Karunakaran and N. Spidsoe and J.I. Dalane ………………....................................................................278 
 
Progressive Failure Analysis of Offshore Gravity Base Structures 
Michael Mathioudakis, Norbert R. Morgenstern and Dave H. Chang ……………......................................288 
 
Vibration and Strength Analysis of a Self-Elevating Platform 
Zhong-han Shen ……………….. ...................................................................................................................295 
 
New TMCP Y.S. 60 ksi [420 N/mm2] Steel Plates Produced by the Accelerated  
Controlled Cooling Process 
M. Lafrance, J.M. Vigo, V. Debaillon-Vesque and T. Maurickx ……………… .........................................298 
 
Operability Analysis of Offshore Crane Vessel Operations 
Joao C. Mazzuco and Kazuo Nishimoto …………………............................................................................305 
 
Dynamic Identification of Vega Platform Drilling Derrick 
V. Gusella, O. Spadaccini and A. Vignoli ……………….. ...........................................................................314 
 
Model Testing of Offshore Evacuation Systems 
D.B. Muggeridge …………………................................................................................................................322 
 
Padeye Design and Analysis 
Edwin P. Russo, Sid L. Gelpi, David R. Cayll and Gregory Garic …………...............................................326 
 
Reduction of Self-Radiated Noise from an Air-mixed Water Injector 
H. Kamiirisa and H. Yuasa …………….........................................................................................................331 
 
 
GEOTECHNICAL ENGINEERING 
 
Analysis and Design of Piles for Marine Environment 
Shamsher Prakash and Vijay K. Puri ………………................................................................................339 
 
Offshore Platform Foundation Design and Special Structural Provisions for  
Significant Soil Subsidence 
Juan J. Campo, Sunil M. Sanzgiri and Gordon H. Moore ……………….....................................................352 
 



Static and Dynamic Response of a Pile 
V.K. Puri and B.M. Das …………..................................................................................................................359 
 
Dynamic Soil-Foundation Interaction in Ocean Environment 
Toyoaki Nogami and Motoki Kazama …………...........................................................................................365 
 
Dynamic Model Test Studies of Pile Supported Piers 
Wu Zaiguang, Han Guocheng and Zhang Dongfeng ………….. ..................................................................371 
 
Effect of Oil Contamination on the Behavior of an Arctic Offshore Structure 
Erman Evgin and Ameir Altaee …………… .................................................................................................376 
 
Geotechnical Characteristics of Crude Oil-contaminated Sands 
E.E. Cook, V.K. Puri and E.C. Shin ……………...........................................................................................382 
 
Geotechnical Properties of Petroleum and Sludge Contaminated Marine Sediments 
A. Tuncan and S. Pamukcu …………… ........................................................................................................388 
 
Analytical and Experimental Approach in Modeling of Wave-Seabed Interaction 
M. Badiey, I. Jaya, W. Magda and W. Richwien ………… ..........................................................................398 
 
Wave-induced Liquefaction of Seabed: Mechanism And Conditions 
M.S. Rahman …………… ..............................................................................................................................403 
 
Dynamic Analysis of Fluid Saturated Gravity Foundations 
K.S.R. Prasad and A.S.J. Swamidas ……………...........................................................................................410 
 
Analytical Solution of Wave-induced Seepage Pressure on a Circular Cylinder Resting  
on an Elastic Seabed 
Z.-L. Zhou and D.-H. Qiu ………………….. ................................................................................................418 
 
Fatigue Testing of an Artificially Cemented Calcareous Sand 
M.M. Zhao and D.W. Airey …………….......................................................................................................424 
 
Sand Compaction Piles: Theory and Practice for Offshore Development 
Bang W. Shin and Eun C. Shin ………………..............................................................................................430 
 
Uplift Capacity of Rigid Vertical Metal Piles in Clay Under Inclined Pull 
B.M. Das and E.C. Shin …………….. ...........................................................................................................436 
 
Skirt-Plate Foundations for Offshore Jackets 
M. Baerheim and T.I. Tjelta ………………...................................................................................................442 
 
Earthquake Response of Nearshore Gravity Foundation on Rock Bed 
M. Kanatani, K. Nishi and Toyoaki Nogami …………….. ...........................................................................448 
 
Deep-Sea Tunnel Foundation Stabilization Using Cement Clinker Sand Bed 
Robert Yun-Pin Chin ………………..............................................................................................................455 
 
Offshore Skirt Penetration in the Geo-Centrifuge 



Adam Bezuijen and Anna Grethe I. Hjortnaes-Pedersen ……………… ......................................................463 
 
Seismic Soil-Pile Interaction Analysis of a Marine Piled Pier 
M. Gao, W.N. Ding, H.L. Fang and J.F. Yu ……………..............................................................................470 
 
Behaviour of Vertical Piles under Static and Cyclic Lateral Load in Marine Clays 
S. Narasimha Rao, K. Mallikarjuna Rao and Y.V.S.N. Prasad ………….. ...................................................475 
 
 
DEEP OCEAN MINING 
 
Ore Grade Evaluation of Cobalt Rich Manganese Crusts 
T. Yamazaki, K. Tsurusaki, K. Handa and Y. Tomoshima ………………...................................................483 
 
A Study on the Air-lift Pumping System for Manganese Nodule Mining 
Y. Shimizu, C. Tojo, M. Suzuki, Y. Takagaki and T. Saito ………………..................................................490 
 
Structural Design of a Lifting Pipe on Manganese Nodule Mining System 
Kuniteru Ishikawa, Masao Morikawa and Tohru Ohta ……………….........................................................498 
 
Dynamic Coupled Bending-axial Analysis of Two-Dimensional Deep-ocean Pipes  
by the Discrete Element Method 
G.G.W. Mustoe, H-P. Hettelmaier and J.S. Chung ………………….. .........................................................504 
 
The Effects of Vibration Absorbers on the Longitudinal Vibration of a Pipe- String  
for Mining Manganese Nodules in the Deep Sea 
K. Aso, K. Kan, H. Doki and T. Ohkoshi ………………………..................................................................512 
 
Limits of LQG Control in Ocean Engineering 
Y. Okano ……………………….. ..................................................................................................................520 
 
Potential Sea Floor Artifacts to Be Considered in Designing and Operating Nodule  
Mining System 
R. Venkatesan, G. Janakiraman, V.S. Rajaraman and S. Jaishankar …………………. ...............................524 
 
 
OCEAN ENERGY 
 
The Potential of Ocean Resource Systems 
Joseph R. Vadus and Patrick K. Takahashi ……………. ..............................................................................529 
 
Performance of Multiplane Wells Turbine for Wave Energy Conversion 
T. Setoguchi, H. Maeda and K. Kaneko ………………… ............................................................................538 
 
Performance of Impulse Turbine with Self-Pitch-controlled Guide Vanes for Wave Power  
Conversion 
T. Setoguchi, K. Kaneko, H. Maeda, T.W. Kim and M. Inoue …………….................................................544 
 
Shoreline Wave Power Model Studies for the Islay Prototype 
S.J. McIlwaine, T.P. Stewart and T.J.T. Whittaker ………….. .....................................................................550 



 
Assessment of Shoreline Wave Energy Resource 
M.T. Pontes and H. Oliveira-Pires …………….. ...........................................................................................557 
 
Investigations on the Aerodynamic Aspects of Wells Turbine in a Reciprocating Flow 
Beom-Soo Hyun, Jung-Chun Suh and Pan-Mook Lee ………………..........................................................563 
 
Research and Development of Semi-Sub Double-acting Wave-Energy Pump 
K. Kawaguty and H. Ueki …………………..................................................................................................570 
 
Dynamic Interaction Between Resonant Wave Power Systems 
T.J. Tzong, F.H.Y. Wu and S.C.F. Tsai ……………….................................................................................577 
 
Concrete Caisson for a 150 Kw Wave Energy Pilot Plant: Design, Construction and  
Installation Aspects 
V.S. Raju, Jayakumar and S. Neelamani ……………… ...............................................................................584 
 
Use of Nonazeotropic Binary Mixtures as s Working Fluid of an OTEC System 
Akio Miyara, Haruo Uehara and Yukio Kitada ……………….....................................................................592 
 
A Study of an Ocean Thermal Energy Conversion Plant Using Integrated Hybrid  
Cycle in the Oki-No-Erabu Island 
H. Uehara, A. Miyara, T. Nakaoka and T. Nishida …………….. .................................................................599 
 
Global Dynamic-Positioning of a Floating OTEC Plant Using Warm Surface Seawater Intake  
R.C. Ertekin, Z.M. Qian, G.C. Nihouse, L.A. Vega and C. Yang …………… ............................................607 
 
 
GAS HYDRATES 
 
Methane Hydrate Equilibrium Data for the Methane-Water-Methanol System up to 500 Bara 
T.M. Svartas and F.H. Fadnes ……………………........................................................................................614 
 
Investigation of Hydrate Kinetics in the Nucleation And Early Growth Phase by Laser  
Light Scattering 
Ann Rigmor Nerheim, Thor Martin Svartaas and Emil K. Samuelsen ………………….............................620 
 
A Hypothesis for Hydrate Nucleation Phonemena 
B. Muller-Bongartz, T.R. Wildeman and E.D. Sloan, Jr. ……………………..............................................628 
 
The Marine Transport of Natural Gas in Hydrate Form 
Dale Berner …………. ....................................................................................................................................636 
 
Atmospheric Climate Changes and the Stability of the In-situ Methane Hydrates in the Arctic 
Peter Englezos ………………. .......................................................................................................................644 
 
Natural Gas Hydrate Resources of the Alaskan Arctic and Their Recovery Potential 
G.D. Sharma, V.A. Kamath and S.L. Patil …………….................................................................................652 
 
Detection Development Needs for Gas Hydrates in Sediments 



Rodney D. Malone and William Dillon …………….....................................................................................660 
 
Gas Hydrates in Arctic Regions: Risk to Drilling And Production 
V.S. Yakushev and T.S. Collett ……………… .............................................................................................669 
 
Remote Acoustic Characterization of the Seafloor Including Gassy and Hydrated  
Sediment Regions 
Aubrey L. Anderson …………….. .................................................................................................................674 
 
Hydrate Control at Russian Northern Gas Field 
V.A. Istomin and N.R. Kolushev ……………….. .........................................................................................684 
 
 
ADDITIONAL TOPIC 
 
Kinematic Study of Pile-Soil Interaction 
L.V. Kim, A.T. Bekker and N.G. Khrapaty ………………….......................................................................688 
 
Acousto-Elastic Properties of Deep Sea Bottom Sediments of the Pacific 
B.A. Konyukhov and A.V. Kondratenko ……………………… ..................................................................692 
 



 
VOLUME II, 1992  (ISBN 0-880653-02-8) 
 
 
ARCTIC PIPELINES 
 
Civil Engineering in the Arctic North Slope, Alaska 
Victor Manikian ……………………. ................................................................................................................1 
 
Arctic Pipeline Limit States for Secondary Loadings 
I.F. Khatib, B.F. Maison, G.H. Powell and D.G. Row and J.D. Swanson ……….. ..........................................7 
 
Arctic Pipeline Risk Assessments 
Bernard J. Weber and Krishna S. Mudan …………….....................................................................................15 
 
Evaluation of Wind-induced Vibration of Arctic Pipelines 
Richard Sause, James D. Hart and G. Wyche Ford …………… .....................................................................21 
 
New Frost Heave Prediction Method for Design of Northern Pipelines 
J.F. Nixon …………..........................................................................................................................................32 
 
The France-Canada Joint Study of Deformation of an Experimental Pipe Line by  
Diffenrential Frost Heave 
P.J. Williams, D.W. Riseborough and M.W. Smith …………….. ..................................................................40 
 
Plastic Buckling of Pipes Under Bending and Internal Pressure 
H.O. Kim ………………… ..............................................................................................................................46 
 
 
SUBMARINE PIPELINES 
 
Wave Forces on Offshore Pipelines: A Total Force Concept 
N. Jothi Shankar, Ting Seng Kiong and Lew Chong Chaw ……………………….. .....................................52 
 
Stress Analysis of Submarine Pipeline During Installation from a Lay-Barge 
M.A. Kamyshev, A.I. Ermolenko and L.V. Melnyk …………….. .................................................................60 
 
Pipelines and Subsidence at Ekofisk 
O. Christensen, C.C. Riris, C.P. Ellinas and R. Kwok ……………. ...............................................................68 
 
Electrical Induction Heating System of Subsea Pipelines 
C.H. Ahlen, B. Torkildsen, G. Klevjer, T. Lauvdal, J.K. Lervik and K.   Ronningen ……............................78 
 
Effect of Sand Size on the Mode of Scour for Pipelines Exposed to Waves 
K. Tunc Gokce …………..................................................................................................................................86 
 
The Armouring Effects of Shell Fragments in Seabeds Beneath Pipelines 
Faridah Jaffar Sidek and Abdul Aziz Ibrahim ………………. ........................................................................92 
 
Effect of Pipe Spacing on Marine Pipeline Scour 



J.H. Westerhorstmann, J.L. Machemehl and C.H. Jo ……………………....................................................101 
 
 
PIPELINE & PIPE TECHNOLOGY 
 
Experience in Full-scale Tests of Arctic Gas Pipelines 
V. Kharionovsky …………….........................................................................................................................110 
 
Installation of Deep-sea Water Supply Pipeline for Mariculture and Long-term Current  
and Temperature Observations at Bottom Region 
Kazuhiro Hagiwara, Mikio Morino, Takayoshi Toyota and Toshimitsu Nakashima ……………...............119 
 
316L Type Stainless Steel Clad Pipe Manufactured by UOE Process 
J. Kondo, M. Nagae, M. Tsuji, T. Izawa, K. Ume and O. Hirano ………………….....................................126 
 
API X65 Grade Normalized and Tempered Seamless Tubes with Improved Low  
Temperature Toughness 
G. Cumino, F. Zoppetti, E. Anelli and A. Poli …………………….. ............................................................136 
 
Behavior of Mechanical-bonding Double-wall Pipe under Various Loading Conditions 
Masaaki Mizumura, Hiroyuki Mimura, Hisashi Naoi and Hirokichi Higashiyama …………….. ...............142 
 
Heavy Solid Titanium Heat Exchanger Tube Plates for Offshore Application 
D. Fischer and K. Hulse ………………………….........................................................................................150 
 
Durability Prediction of Oil and Gas Pipeline Members Based on Analysis of Their Actual  
Loading and Serviceability 
N. Makhutov and V. Chaburkin ……………….............................................................................................156 
 
Pipeline Damage During Armenian Earthquake (Spitak Dec. 7, 1988) 
A. Gekhman ………………………. ..............................................................................................................161 
 
Quality Assurance System for Mechanically Bonded Bimetallic Pipe 
Y. Murakami, H. Kashimura, S. Fukuda and Y. Hoshino ……………….....................................................164 
 
Tension and Compression Tests of 13-3/8" Lbs/ft L-80 HF-ERW Casings with Buttress  
Connections 
Naoki Konno, Motofumi Koyuba, Noriaki Suzuki and Eiichirou Matuda ………………...........................169 
 
New Technologies for Laying Small-Diameter Oil and Gas Pipelines 
R. Shakirov ……………… .............................................................................................................................174 
 
Flaw Propagation Kinetics in Conditions of Oil & Gas Pipelines Actual Loading 
V. Chaburkin ………………… ......................................................................................................................179 
 
 
MARINE RISERS 
 
Structural Damping in Flexible Pipes: Comparisons Between Dynamic Tests and  
Numerical Simulations 



Arild Bech and Bjorn Skallerud ………………….........................................................................................184 
 
Application of Frequency Domain Procedures for Flexible Riser Analysis 
Bernt J. Leira and Arnt Olufsen ………………. ............................................................................................192 
 
Extreme Response Estimation of Flexible Risers by Use of Long Term Statistics 
C.M. Larsen and Arnt Olufsen …………………...........................................................................................202 
 
Methods for Estimation of Extreme Response of Flexible Risers 
Nils Sodahl and Carl M. Larsen ………………….........................................................................................212 
 
Reliability Analysis of Flexible Riser Systems 
B.J. Leira, A.N. Olufsen and Guoyang Jiao ………………….. ....................................................................219 
 
A Hybrid Axial-torsional Finite Element for Flexible Risers 
Rafik Boubenider, John L. Tassoulas and Jose M. Roesset ………………… ..............................................233 
 
Applied Study and Characterization of Flexible Risers for the Floating Offshore  
Production of Hydrocarbons 
Raffaele Romagnoli and Riccardo Varvelli ………………………...............................................................237 
 
Axial-Bending Coupling Effects on the Dynamic Response of Deep Water Risers 
C.P. Johnson and J.M. Roesset ……………… ..............................................................................................241 
 
Effect of Initial Conditions on the Dynamic Response of Deep Water Risers 
C.P. Johnson and J.M. Roesset ………………….. ........................................................................................246 
 
A Static Equilibrium Formulation Including Axial Deformation for Marine Cables 
Tseng Huang ………………………… ..........................................................................................................252 
 
Current Force on Individual Elements of Riser Arrays 
Erling Huse ……………………….................................................................................................................256 
 
Vortex-Excited Instability Prediction of Marine Risers and Tethers 
A. Bokaian …………….. ................................................................................................................................264 
 
Integrated Analysis of a Rigid Riser System on a Production Semisubmersible 
Andre J.P. Leite, Jose Alfredo Ferrari, Jr., Celso K. Morooka and Kazuo Nishimoto ……….. ...................276 
 
Study of a Rigid Completion Riser for 3300 ft Water Depth 
F.E. Roveri ……………..................................................................................................................................285 
 
Dynamic Design of Well Conductors 
Henrik Nedergaard, N.-E. Ottesen Hansen and Christian Eilersen …………. ..............................................289 
 
QRA of Rigid Riser Systems for a Tension Leg Platform 
D.J. Burns ………………………...................................................................................................................296 
 
Considerations in Design of Flexible Riser Systems 
F.B. Seyed and M.H. Patel ……………….. ...................................................................................................300 



 
 
LOW TENSION CABLES 
 
Bending Stiffness in a Simulation of Undersea Cable Deployment 
J.J. Burgess ……………………….. ...............................................................................................................308 
 
Investigation of Large Amplitude Nonlinear Dynamics of Hanging Chains 
Christopher T. Howell ………………………................................................................................................316 
 
Maneuvering Underwater Vehicles Employing Low-Tension Tethers 
C.T. Howell, M.A. Grosenbaugh, S. Moxnes, J. Anderson and M.S. Triantafyllou …… ............................321 
 
Structural Dynamics of Suspended Cables Supporting Arrays of Offset Bodies: Part I  
Out-of-plane Response 
N.C. Perkins and S.-P. Cheng …………. .......................................................................................................327 
 
Structural Dynamics of Suspended Cables Supporting Arrays of Offset Bodies: Part II  
In-plane Response 
S.-P. Cheng and N.C. Perkins ………………………....................................................................................335 
 
Local Bending Stress in Cables 
Max Irvine ………….......................................................................................................................................342 
 
 
MECHANICS OF CABLES 
 
Fatigue, Internal Stresses and Deformations of Electrical Umbilicals: Analytical Work 
A.O. Waloen, J.T. Benjaminsen, N. Brown, M. Stafford and S. Due-Andresen …….. ................................346 
 
Fatigue, Internal Stresses and Deformation of Electrical Umbilicals: Experimental Work 
J.T. Benjaminsen, N. Brown, M. Stafford, S. Due-Andresen and A.O. Waloen ……. .................................354 
 
Dynamic Cable Stiffness and Dynamic Interaction Between Cable and Beam 
Mathias Kutterer and Uwe starossck ……………..........................................................................................361 
 
Bending Stiffness and Hysteresis of Sheathed Spiral Strands 
Mohammed Raoof and Yu Ping Huang ……………….................................................................................369 
 
Free Bending Hysteresis in Spiral Strands 
Mohammed Raoof and Yu Ping Huang ……………….................................................................................380 
 
Interwire Slip and its Influence on the Dynamic Properties of Tension Cables 
X. Huang and O. Vinogradov …………………… ........................................................................................392 
 
Optimum Design of Clump Weights for Offshore Mooring Systems 
Y. Luo …………….. .......................................................................................................................................397 
 
Flexural-Torsional Behaviour of Cables Subject to Arbitrary Terminal Moments 
Z. Tan, J.A. Witz and O.J. Pearson ………….. ..............................................................................................405 



 
 
DYNAMICS OF MARINE CABLES 
 
Minimizing the Dynamic Response of Oceanographic Surface Moorings 
M.A. Grosenbaugh …………………….. .......................................................................................................412 
 
An Experimental Investigation of Mean and Dynamic Tensions in Towed Strumming Cables 
Samuel M. Welch and Marshall P. Tulin ……………………… ..................................................................418 
 
Mode Localization in Almost Periodic Structures: Theory and Experiments for the  
Case of Masses on a String 
G. Rajagopal …………………………...........................................................................................................426 
 
On the Effects of Quadratic Nonlinearities on the Response of Individual Modes of  
Towed Cable Systems under Tow Point Excitation 
James W. Kamman ……………….................................................................................................................434 
 
A Study on the Dynamics of Mooring Line 
W. Ma, X.H. Chen, X.L. Huang and Z.L. Ma ………………………...........................................................442 
 
AUV & ROV 
 
The Autonomous Underwater Vehicle as a General Purpose Survey Platform 
V.R. den Hertog and R. Geoffrey Weitzel ……………….............................................................................446 
 
Development of Autonomous Vehicles for Long Term Ocean Eddy Observation 
Michael S. Triantafyllou …………….............................................................................................................455 
 
A Small, Long-range Autonomous Vehicle for Deep Ocean Exploration 
J.G. Bellingham, C.A. Goudey, T.R. Consi and C. Chryssostomidis ………….. .........................................461 
 
Model Development for Control of the Autonomous Benthic Explorer 
Jamie M. Anderson ………………….............................................................................................................468 
 
Low Power Navigation and Control for Long Range Autonomous Underwater Vehicles  
Albert M. Bradley …………………...............................................................................................................473 
 
Development of an ROV for Ocean Science 
James B. Newman ………………………......................................................................................................479 
 
Inversion of Towed Cable Dynamics: Theory and Experiments 
Franz S. Hover and Dana R. Yoerger ……………… ....................................................................................485 
 
ROV Support in Deepwater Pipeline Pull-in and Connection Operation 
G. Sandvig ………………. .............................................................................................................................492 
 
 
UNDERWATER ROBOTICS 
 



Development of a 3D Graphic Test Platform for Underwater Robotic Vehicles 
J. Yuh, V. Adivi and S.K. Choi …………......................................................................................................500 
 
Guidance and Control of Underwater Towed Vehicle Maneuverable in both Vertical and  
Horizontal Axis 
Naomi Kato ……………….............................................................................................................................505 
 
Adaptive Control of ROVs with Actuator Dynamics and Saturation 
Ola-Erik Fjellstad, Thor I. Fossen and Olav Egeland ………………............................................................513 
 
Slow Speed Flight Control of Autonomous Underwater Vehicles: Experimental Results with  
NPS AUV II 
A.J. Healey and D.B. Marco …………………. .............................................................................................523 
 
Experimental Study of a Postion Control System for ROV 
P.M. Lee, J.S. Lee and S.W. Hong ………………. .......................................................................................533 
 
On-line Damage Detection for Autonomous Underwater Vehicles 
G.J.S. Rae and S.E. Dunn …………...............................................................................................................540 
 
 
INTERNATIONAL POLAR RESEARCH 
 
The Arctic Research Commission's Role in Fostering Engineering Research 
Ben C. Gerwick, Jr. ……………. ...................................................................................................................548 
 
Nansen Arctic Ocean Drilling Program 
Leonard Johnson, Yngve Kristoffersen, Jorn Thiede and Tore Vorren …………. .......................................553 
 
Construction of Platforms for the Russian Northern Continental Shelf 
Esa Eranti and Tuomo Karna ………………….............................................................................................557 
 
Panelised Forms of Building Construction for Antarctic Regions 
Phil Incoll ………………….. .........................................................................................................................564 
 
Safety in Ice Navigation in Antarctic Waters 
E. Brune ………………………......................................................................................................................571 
 
 
POLAR TECHNOLOGY 
 
Prefabricated Engineering Services for Use in Antarctic Regions: Pipe Lines in Harsh  
Environments 
Joseph Archibald ……………………............................................................................................................577 
 
Snowdrift Around Antarctic Building - Effects of Corner Geometry and Wind Incidence 
K.C.S. Kwok, D.J. Smedley and D.H. Kim ……………………...................................................................587 
 
A Near Breakup of the Surface-flooded Ice Wharf at Mcmurdo Station, Antarctica 
J.L. Barthelemy ……………….......................................................................................................................592 



 
Short and Long Term Coastal Changes along the U.S. Beaufort Sea 
Martin C. Miller and Peter E. Gadd …………………...................................................................................600 
 
Wind and Tidal Induced Currents in an Ice Covered Ocean 
Gunnar E. Furnes ………………....................................................................................................................608 
 
 
ATMOSPHERIC ICING 
 
Ice Accretion on Energized Line Insulators 
M. Farzaneh, J. Kiernicki and J.-F. Drapeau ………………… .....................................................................618 
 
Effect of Voltage Polarity on Icicles Grown on Line Insulators 
M. Farzaneth and J.-L. Laforte ………………...............................................................................................625 
 
A Numerical Simulation Model of Cable Icing Using an Elliptical Ice Shape 
Pierre McComber and Jacques Druez …………………................................................................................632 
 
 
ICE TECHNOLOGY 
 
Determination of Design Values for Sea Ice Physico-Mechanical Properties 
A.M. Polomoshnov, P.A. Truskov and V.S. Tambovsky ……………………. ............................................641 
 
Compressibility of Spray Ice 
L. Domaschuk, D.H. Shields and Y.X. Tong ………………. .......................................................................651 
 
Landfast Ice Pressure Measurements in the Beaufort Sea 
Mohamed Sayed and Robert M.W. Frederking ……………….....................................................................656 
 
Continuum Damage Propagation in a Wedge-shape Ice Bar 
Jong Gye Shin, Jae Dong Kim and Dale G. Karr ………………………......................................................662 
 
Study of Oil Intrusion Influence on Physical Properties of Sea Ice 
V.P. Gavrilo and V.N. Tarashkevich ……………….. ...................................................................................666 
 
Influence of Structural Anisotropy of Sea Ice on Its Mechanical and Electrical Properties 
V.A. Borodkin, V.P. Gavrilo, S.M. Kovalev and G.A. Lebedev ………….. ................................................670 
 
The Investigations of Fracture Toughness K1c of Sea Ice 
S.I. Rogachko and T.P. Burdyug ……………….. .........................................................................................675 
 
Cook Inlet Ice Loads Calculated Using Historical Data and Probabilistic Methods 
M.E. Utt and B.E. Turner …………………...................................................................................................677 
 
First Year Ice Ridge Characteristics and Loads on Offshore Structures 
Esa Eranti, Eila Lehmus and Anita Nortala-Hoikkanen …………………....................................................681 
 
Design Ice Force Estimating System 



K. Kato …………………………… ...............................................................................................................688 
 
In-situ Stress Measurements in a Fast Ice and Possible Tidal Loads on Structures 
V.A. Nikitin, A.I. Shushlebin and I.B. Sheikin …………….. .......................................................................696 
 
Ice Action Onto Multilegged Structures due to Change of Water Level 
D.G. Matskevitch and K.N. Shkhinek ………………….. .............................................................................703 
 
Experimental Research on Ice Load 
Zhi-rui Cai and Gong-ran Zhao ……………………… .................................................................................709 
 
Ice Investigations for the Proof of Tidal Power Plant Designs 
L.M. Monosov ………………........................................................................................................................714 
 
Methodology for Full Scale Iceberg Impact Experiments in the Antarctic 
Antoine Guichard, Michel Engler, Ken Klein and Patrice Fauquemberg ………….....................................718 
 
Effect of Confining Stress on Brittle Indentation Failure of Columnar Ice 
Johan A. Grape and Erland M. Schulson ……………...................................................................................724 
 
Some Results from the Labrador Ice Margin Experiment 
Soren Peter Kjeldsen and Richard Bjarne Olsen ……………… ...................................................................732 
 
Combined Creep and Yield Model of Ice Under Multiaxial Stress 
Anatoly M. Fish ………………......................................................................................................................740 
 
Preliminary Results of the U.S. Navy Localized Ice Impact Test Program 
Edward A. Devine and Devinder S. Sodhi ……………………. ...................................................................750 
 
A Procedure for Dynamic Soil-Structure-Ice Interaction 
Tuomo Karna …………………......................................................................................................................764 
 
Coastal Jet and Ice Flow Movement 
Kozo Bando and Choule J. Sonu …………………. ......................................................................................772 
 
Methodology of the Determination of the Parameters of Large Ships Designed for the  
Independent Navigation in Ice-Covered Waters and of Those Supported by Icebreakers 
L.G. Tsoy ………………………....................................................................................................................777 
 
The Technique and the Results of Ice Trials of an Icebreaking Cargo Motorship of  
CA-15 Type 
L.G. Tsoy ………………………....................................................................................................................780 
 
 
ADDITIONAL TOPIC 
 
Strength Parameters of Hummocks 
P.A. Truskov, S.P. Beketski, G.A. Surkov, A.M. Polomoshnov and A.T. Bekker ……...............................783 
 
Consideration of the Mode of Contact Ice Failure in Determining Ice Forces Acting on  



Offshore Structures 
V.G. Tsuprik ………………….......................................................................................................................790 
 
Changeability of Ice Cover and Navigation Conditions in the Bering Sea 
L.P. Yakunin ……………………...................................................................................................................795 
 
Probability Estimation of Moving Pressure Ridge Contacts with Pipelines 
G.A. Surkov and P.A. Truskov ………………….. ........................................................................................797 
 
Selection of the Subsea Pipeline Route for the Offshore Chaivo Field 
V.A. Skurihin, G. A. Surkov and P.A. Truskov ………………. ...................................................................801 
 



 
VOLUME III, 1992 (ISBN 0-880653-03-6) 
 
 
SUPERCONDUCTING PROPULSION 
 
Development of Superconducting Electric Ship Propulsion System 
J. Sakuraba, F. Hata, Chong Chin Kung, K. Sotooka, H. Mori and N. Takarada …….....................................1 
 
Study of the Influence of Electric and Magnetic Fields on Seawater Magnetohydrodynamic  
Propulsion 
T.F. Lin, D.L. Aumiller, J.B. Gilbert, M.J. Coslo, B.L. Brandt and L.G. Rubin ………. .................................8 
 
 
COMPUTATIONAL METHODS & CAD 
 
Automated Modeling for Offshore Structures 
Hazem An-Nashif ……………………….........................................................................................................14 
 
IPDOS: Interactive Preliminary Design of Offshore Structures 
Chee-Kiong Soh and Ai-Kah Soh …………………........................................................................................20 
 
Computational Strategies for the Nonlinear Dynamic Analysis of Compliant Deepwater  
Structures 
Breno Pinheiro Jacob and Nelson Francisco Favilla Ebecken ………………….. ..........................................27 
 
Geometric Modeling and Stress Analysis of Offshore Structural Components 
Y.S. Choo and L.Y. Cheung ………………. ...................................................................................................35 
 
A New Finite Element Method for the Coupling Vibration Analysis of Generalized Symmetric  
Offshore Structure and its Foundation 
C.H. Qiu, G.F. Wu, W.X. Zhong and L.X. Qian ……………….....................................................................41 
 
 
OCEAN WAVES 
 
Time-Domain Simulation of Second-order Wave Radiation in Three Dimensions 
Michael Isaacson, Joseph Y.T. Ng and Kwok Fai Cheung ………………….................................................45 
 
Nonlinear Wave Diffraction in Shallow Water Over an Uneven Bottom 
Yulin Lu and Jianguo Lin ……………………… ............................................................................................53 
 
Calculation of the Green Function of Water-Wave Diffraction and Radiation 
Malick Ba, Barbara Ponizi and Francis Noblesse ……………........................................................................60 
 
Hybrid Wave-mode Modelling and Wave Kinematics 
J. Zhang, R.E. Randall, L. Chen, M. Ye and C.A. Spell …………………. ....................................................64 
 
Water Waves in Variable Depth under Continuous Sea Ice 



James T. Kirby ……………………. ................................................................................................................70 
 
Multivariate Autoregressive Algorithms for Ocean Wave Modelling 
S. Mandal, G.J. Lyons and J.A. Witz ……………...........................................................................................77 
 
Solitary Waves with Surface Tension 
Do Yong Kim ……………….. .........................................................................................................................85 
 
Distributional Patterns and Parameter Estimating in Wave Statistics 
Meixin Zhu ………………. ..............................................................................................................................90 
 
The Introduction of the Characteristic Groups in Random Wave Fields 
L. Rebaudengo Lando, G. Scarsi and A.C. Taramasso ……………. ..............................................................94 
 
Development of a Two-dimensional Numerical Wave Tank 
K. She, C.A. Greated and W.J. Easson ………………………......................................................................102 
 
On the Evolution of Leading Waves Generated by a Wavemaker 
In K. Park and Hang S. Choi ……………………..........................................................................................110 
 
Autoregressive Representation of Random Sea Waves 
H. Oliveira Pires, P.A.P. Justino and M.T. Pontes …………………… ........................................................114 
 
Wave Spectrum in Adverse Current 
Chi C. Tung and Jinn-Hwa Shyu ………………………...............................................................................119 
 
The Effects of Currents on the Shallow-Water Wave Refraction over Slowly Varying  
Topography 
Z.X. Mi, Y.Z. Liu, G.P. Miao and X.N. Chen ……………….......................................................................124 
 
The Evolution of a Long-crested Deep-water Breaking Wave 
D.J. Skyner and C.A. Greated ………………................................................................................................132 
 
Numerical Simulation of Breaking Waves Against Vertical Wall 
Y.X. Wang and T.C. Su …………………… .................................................................................................139 
 
Estimation of Wave Directional Spreading in Severe Seas 
David Wei-Chi Wang ……………………….. ..............................................................................................146 
 
Validation of a Numerical Diffraction Model for Multidirectional Wave Generation: Part 1  
Numerical Evaluation of the Model 
T. Hiraishi, E.P.D. Mansard, M.D. Miles, E.R. Funke and M. Isaacson ……………… ..............................154 
 
Validation of a Numerical Diffraction Model for Multidirectional Wave Generation: Part 2 
 Experimental Verification of the Model Results 
T. Hiraishi, E.P.D. Mansard, M.D. Miles, E.R. Funke and M. Isaacson ……………… ..............................162 
 
Design Waves: Statistics and Engineering Practice 
Gerbrant Ph. van Vledder and Tjerk J. Zitman ……………..........................................................................170 
 



Study on the Measurement Methods of Multi-directional Waves by Wave Gauge Array 
Yu-xiu Yu and Shu-xue Liu …………………...............................................................................................179 
 
Extreme Wave Height Estimates 
Prashant Pagrut and M.C. Deo …………………….......................................................................................186 
 
 
VORTEX & OSCILLATIONS 
 
Unsteady Separated Flow Around Blunt Bodies 
Ronald W. Yeung, Sergio H. Sphaier and M. Vaidhyanathan ………………..............................................194 
 
Hydrodynamic Flow Around Yawed and Heeled Surface-piercing Bodies 
M. Ba, M. Guilbaud and J. Coirier ……………….........................................................................................203 
 
Vortex Shedding Behind a Submerged Obstruction in Shallow Water 
C.J. Tang and C.T. Liaw ………………. .......................................................................................................211 
 
Numerical Modeling of Vortex Formation Around a Large Angular Body in Waves 
Takayuki Nakamura ………………………...................................................................................................217 
 
Numerical Investigation of Flow Structures and Forces of a Flat Plate in Steady-  
Harmonic Combination Flows 
Guohua Liu and Guocan Ling ………………………. ..................................................................................225 
 
Nonlinear Dynamics of Unsteady Wakes 
R.W. Miksad, M.R. Hajj, R.S. Solis and E.J. Powers …………………. ......................................................232 
 
Domain Decomposition Hybrid Method Combining Finite Difference and Vortex  
Methods for Numerical Simulation of Bluff Body Flows 
Guocan Ling, Yunping Wang and Guoping Ling …………………. ............................................................237 
 
The Linear Stability of Boundary-Layer Flow over Compliant Walls: Effects of  
Wall Mean State 
K.S. Yeo, B.C. Khoo and W.K. Chong ………………… .............................................................................245 
 
Free-surface Signature of Submerged Shear Flow 
Athanassios A. Dimas and George S. Triantafyllou ……………………......................................................253 
 
Viscous Forces Acting on a Semisubmersible Oscillating with Low Frequency in  
Regular Waves 
K. Otsuka, T. Kiku and Y. Ikeda …………………… ...................................................................................262 
 
The Effects of a Velocity Perturbation in the Flow Over a Flat Plate 
K. She and F.H. Barnes ……………….. ........................................................................................................272 
 
Prediction of Self-induced Vibrations in Incompressible Turbulent Flows Around Cylinders 
M. Braza, P. Nogues and H. Persillon ……………….. .................................................................................284 
 
A Study of Wind Induced Vibrations 



Rolf-H. Kirkvik ……………… ......................................................................................................................293 
 
A Study on Cable Fairing 
Masahiko Nakamura and Wataru Koterayama …………………..................................................................301 
 
Time Scale of Scour Around a Vertical Pile 
B.M. Sumer, N. Christiansen and J. Fredsoe …………………….................................................................308 
 
 
HYDROYDNAMIC FORCES 
 
Diffraction Force Acting on a Spherical Structure and Wave Diffraction 
Norimi Mizutani and Koichiro Iwata ………………….................................................................................316 
 
High Frequency Hydrodynamic Coefficients of a Vertical Cylinder 
Michael Isaacson and Thomas Mathai …………………...............................................................................324 
 
A Mathematical and Observation Model for Waves and Forces on a Horizontal Cylinder 
P. Wilde, F. Preser and W. Dursthoff ………………….. ..............................................................................334 
 
Wave-induced Impulsive Forces in Tension Cables of a Floating Silt Curtain 
Toru Sawaragi, Shin-ichi Aoki and Haibo Liu ………………......................................................................339 
 
Wave-Current Forces on Vertical Piles in Side by Side Arrangement 
Yu-cheng Li, Feng-long Wang and Hong-rong Wang ………………..........................................................347 
 
Group Interference Effects on Vertical Cylinders 
N. Haritos and Y.Q. He ………………..355 
 
Research of Wave Forces of Upright Breakwater in Deep Water Area 
Ho-Shong Hou and Ching-Piao Tsai ………………… .................................................................................361 
 
Computation of Hydrodynamic Forces on a Submerged Lifting Body 
B.K. Kim ……………………….. ..................................................................................................................367 
 
Higher Frequency Hydrodynamic Force Components on a Vibrating Cylinder in Current 
Z.-J. Wu …………………………..................................................................................................................375 
 
Numerical Analysis of Liquid Sloshing in Tanks of FPSO  
M. Arai, L.Y. Cheng, Y. Inoue, H. Sasaki and N. Yamagishi …………………….. ....................................383 
 
Local Forces on a Vertical Cylinder in Regular and Irregular Waves 
John R. Chaplin, Kesavan Subbiah and Mehernosh Irani ………………….................................................391 
 
Drag and Inertia Force Coefficients Derived from Field Tests 
Wataru Koterayama and Masahiko Nakamura ……………………..............................................................398 
 
Wave Loading on a Prototype Cylinder 
Shunji Kato and Shigeo Ohmatsu, Kinji Sekita and Masaki Yamaguchi ……….. .......................................406 
 



Forces on an Inclined Cylinder in Regular Waves 
Yu-cheng Li, Hai-gui Kang and Qing-hao Fei ……………………..............................................................417 
 
Morison Force Coefficients for Vertical Bottom-mounted Cylinders 
N. Haritos …………………………… ...........................................................................................................428 
 
 
STOCHASTIC LOAD MODELS 
 
Prediction of Extremes Related to the Second-order, Sum-frequency Response of A TLP  
Arvid Naess …………………………............................................................................................................436 
 
Uncertainties Related to the Kinematics of Ocean Waves And Their Effect on  
Structural Reliability 
Sverre Haver and Ove Tobias Gudmestad …………………….....................................................................444 
 
Linear and Nonlinear Dynamics of the Troll Gravity Platform 
Bernt J. Leira, Daniel Karunakaran, Geir Svano and Eiliv Skomedal …………… ......................................454 
 
Parametric Influence on Extreme Dynamic Response of Drag-dominated Platforms 
D. Karunakaran, B.J. Leira, S. Haver and T. Moan …………………...........................................................463 
 
On the Skewness of Random Surface Waves 
Tom Marthinsen and Steven R. Winterstein ………………..........................................................................472 
 
 
HIGHER ORDER EFFECTS 
 
Time-varying Drift Forces in Cross Seas: Measurements and Theory 
Jan O. de Kat ……………………….. ............................................................................................................479 
 
Effects of Directional Waves on the Low-frequency Motions of Moored Floating Structures 
H. Maeda, H.J. Jo and S. Miyajima ………………. ......................................................................................489 
 
Non-Gaussianity Effect of Input Wave on Cross-Bi-Spectral Estimates 
C.H. Kim and S.T. Kee ……………….. ........................................................................................................496 
 
Low Frequency Added Mass of a Semi-submersible Influenced by Incident Waves 
Takeshi Kinoshita, Kuniaki Shoji and Hiroshi Obama …………..................................................................504 
 
The Drifting Forces Between Two Peak Scattered Bodies in Waves 
Ming-Chung Fang ………………….. ............................................................................................................513 
 
Nonlinear Effects on Wave Loads Acting on Vertical Cylinders with Various Cross Sections 
K. Masuda and S. Goto, T. Nagai and Y. Fujisawa ……………...................................................................518 
 
Basic Statistical Uncertainties in Predicting Extreme Second Order Slow Drift Motion 
C.T. Stansberg …………….. ..........................................................................................................................526 
 
Breaking Wave Loads on Vertical Gravity Structures 



H. Oumeraci, H.W. Partenscky and E. Tautenhain ……………… ...............................................................532 
 
Identification of Quadratic Drift Response of TLP's Using Conditioned Orthogonal QFRF's 
S.B. Kim, E.J. Powers, R.W. Miksad and F.J. Fischer ……….. ....................................................................540 
 
Second-order Sum and Difference Frequency Loads on Axisymmetric Bodies Restrained  
in Irregular Waves 
S.A. Mavrakos and V. Peponis ……………….. ............................................................................................546 
 
Stochastic Modelling of Nonlinear Motions in the Presence of Narrow Band Excitation 
Alberto Francescutto ……………….. ............................................................................................................554 
 
Low Frequency Horizontal Motion and Tension of a Ferryboat Moored in a Storm 
Tetsuya Hiraishi ………………......................................................................................................................559 
 
 
DYNAMIC RESPONSES 
 
Planar Motion of a Three-dimensional Body near a Circular Cylinder in a Uniform Flow 
Zhi Guo and Allen T. Chwang ……………...................................................................................................566 
 
Water Waves and Deformable Bodies 
Laurie L. Broderick and John W. Leonard ……………….. ..........................................................................576 
 
Extreme Value Estimation Based on Measured Time-Series 
Solomon C.S. Yim, Robert M. Burton and Marc R. Goulet ………………… .............................................582 
 
Analysis of the Nonlinear Dynamics of a Moored Crane Ship 
E. Kreuzer and C. Wilmers …………………………....................................................................................588 
 
On the Fluid Dynamics of Elliptic Cylinders 
V.J. Modi, E. Wiland, A.K. Dikshit and T. Yokomizo …………………….. ...............................................595 
 
Heave-excited Rolling Motion of a Rectangular Vessel in Head Seas 
C.Y. Liaw, S.R. Bishop and J.M.T. Thompson ……………………….........................................................615 
 
Transient Dynamics of Offshore Structures: A Stability Analysis Based on Global Behaviour 
Mohamed S. Soliman and Steven R. Bishop ………………….....................................................................623 
 
Behaviour of a Floating Platform with Marine Riser in Directional Waves 
Celso K. Morooka and Irineu H. Yokoo ……………....................................................................................628 
 
Simulation Model of Floating Power Plant Motion in Multi-directional Irregular Waves 
Masaaki Ikeno, Koki Maruyama, Hiromaru Hirakuchi and Ryoichi Kajima ………… ...............................636 
 
Dynamic Responses of Floating Twin Bodies in Beam Waves 
S. Chen and O. Mahrenholtz ……………………..........................................................................................644 
 
Heave Response of a Tethered Subsea Unit During the Launch and Recovery Process 
S. Huang and D. Vassalos ……………………..............................................................................................652 



 
The Unsteady Lift on a Two-Dimensional Wing Oscillating Below a Free Surface 
Yusaku Kyozuka …………………………....................................................................................................659 
 
Floating Connected Models in Regular Beam Waves 
S. Sundaravadivelu, R. Harps and O. Mahrenholtz ………………………...................................................666 
 
Numerical Investigation of Interaction Effects Between Condeep Type Structures 
P.S. Teigen ………………..............................................................................................................................675 
 
Uncertain Parameter Effects on Dynamic Response of Offshore Structure 
Kenji Kawano and K. Venkataramana ………………………. .....................................................................682 
 
Wave-Current and Fluid-Structure Interaction Effects on the Stochastic Analysis  
of Offshore Structures 
H. Karadeniz ……………………………. .....................................................................................................687 
 
On the Motion Response of a Ship Moored in a Rectangular Harbour 
Il H. Cho and Hang S. Choi …………………….. .........................................................................................694 
 
A Finite Difference Scheme for the Analysis of Wave-induced Dynamics of  
Prismatical Moored Objects 
Adnan Akyarli and Yalcin Arisoy …………………………….....................................................................702 
 



 
VOLUME IV, 1992  (ISBN 0-880653-04-4) 
 
 
PLENARY SPEECH 
 
Progress of High-Tc Superconducting Materials 
N. Koshizuka ............................................................ ...........................................................................................1 
 
 
MATERIALS 
 
The Developments in Steel Production, and Their Impact on the Procedures During  
Fabrication of Structures 
L.M. Chaussy, W. Dahl and J. Vuik ………………….. .................................................................................... 8 
 
Powder Metallurgically Manufactured Super-Duplex Stainless Steel Components  
for Offshore Applications 
Jari Liimatainen and Hannu Martikainen …………………… ........................................................................15 
 
Blistering Behavior of Thermally Sprayed Metallic Coatings in Seawater 
Y.G. Kweon, R.W. Chang, Y.M. Yang and S.M. Lee …………………………............................................19 
 
6% Molybdenum Super Austenitic Stainless Steels in Offshore Applications 
D.C. Agarwal, M.B. Rockel and M.R. Jasner ………………….. ...................................................................22 
 
The Effects of Micro-alloy Level over the Kinetics of Grain Growth in Low-C HSLA  
Heat-Affected Zones 
D.G. Tecco …………………… .......................................................................................................................27 
 
The Potential for Polymer Composites in Offshore Applications 
J.A. Quinn and M.J. Seamark ……………………. .........................................................................................33 
 
Development and Actual Testing Results of Paint for Arctic Waters 
K. Akamine, N. Matsuda, T. Takagaki and Y. Hirai ………………………...................................................42 
 
X-Ray Fractographic Approach to Fatigue Fracture Surface of Zas Alloy 
Y. Kishi and Y. Hirose, F. Nogata, Sae-Wook Oh and T. Satoh ……………………....................................49 
 
Evaluation of Fatigue Strength of Plain and Notched Specimens of Short Carbon-  
Fiber Reinforced Polyetheretherketone in Comparison with Polyetheretherketone 
H. Nisitani, Y.-H. Kim and H. Noguchi ………………… ..............................................................................55 
 
Effect of Stress Ratio on Fatigue Crack Arrest Behavior by Single Tension Overload in Al Alloy 
S.W. Oh, T.H. Kim and C.W. Hue ………………….. ....................................................................................63 
 
Verification of Canadian Standards Association CSA S471 And S474 For Frontier Structures:  
An Overview 
William J. Cichanski and Norman Allyn ………………….............................................................................68 
 



High-Ductility, High-Strength, Ice Resistant Peripheral Concrete Wall Study 
Dale E. Berner and Ram Sisodiya ……………………… ...............................................................................74 
 
Re-establishment of Corrosion Coating, Mechanical Protection and Weight Coating  
on 30" North Sea Pipeline 
Erik Reker and Hans Chr. Dahlerup Koch …………………. .........................................................................82 
 
The Unique Artificial Steel/Concrete Islands in China 
Zurong Wu, Anren Zhao and Xiuli Gao …………………..............................................................................88 
 
Applications of Underwater Concreting with Tremie Process Using Boundary Layers 
Hyun-Chang So, Og-Jin Shim and Chee-Ho Suh ………………….. .............................................................93 
 
Finite Element Method for Design of Reinforced Concrete Offshore Platforms 
Yupu Song and Jian Wang ………………….................................................................................................103 
 
Temperature Rise Near a Crack Tip due to Plastic Work under Intermediate Loading Rate 
 and the Study of Loading Rate Dependency on Fracture Toughness for Steels 
Masahiro Toyosada, Koji Gotoh and Kenji Sagara …………………….......................................................108 
 
Toughness Required of Frigid Zone Offshore Structure Steel Plate 400 MPa in Yield Point  
and a Newly Developed Heavy-Thickness Plate 
H. Yajima, M. Tada, F. Sakai, R. Ebara, A. Fushimi, E. Sugie and K. Amano ……....................................116 
 
J-Integral Estimation Procedure for Weldment Fracture Analysis 
Yong L. Shim, Sung G. Lee, Dong S. Kim, John J. Jaeger, Cameron P. Chasten 

 and Chon L. Tsai …......................................................................................................................................122 
 
Temperature Dependent Crack Propagation in Steel A537 at Room and Lower Temerature 
Huacan Fang, Menglan Duan and Yong Zhao ……………… ......................................................................130 
 
 
CORROSION 
 
SCC of High Strength Steels in Deep Seawater under Cathodic Protection 
A. Cigada, T. Pastore, G. Franzoso, A. Kopliku and M. Tarenzi …………………. ....................................137 
 
Stress Corrosion Cracking of AISI 4340 Steel under Controlled Electrode Potential 
Y. Hirose, Z. Yajima, T. Koya and T. Mura …………………......................................................................143 
 
Cathodic Protection and the Thickness Effect: The Interactions 
I.S. Cole, O. Vittori and G. Cerretti ………………………….......................................................................149 
 
Role of Biofouling on Seawater Aggressiveness 
G. Salvago, G. Taccani and E. Olzi ………………………….......................................................................156 
 
 
UNDERWATER WELDING 
 
Automatic and Diverless Underwater Welding: New Systems and Concepts 



J.F. Dos Santos, H. Manzenrieder, H. Cui, J. Recoschewitz, A. Dobernowsky, P. Szelagowski  
and D. Seeliger ……………............................................................................................................................165 
 
The Behavior of C-Mn and Stainless Stell When Welding under Hyperbaric Conditions 
T. Habrekke, J.O. Berge and I. Hillersoy ……………...................................................................................176 
 
Heat Flow in Argon And Helium Tungsten Arcs and Workpiece Thermal Response at  
A Pressure of 1 MPa 
H. Fulfs, S. Lahann and A. Katsaounis ……………………..........................................................................182 
 
Temperature Distribution of Wet Underwater Welding 
R. Hamann, O. Mahrenholtz and J. Bartzsch …………….............................................................................191 
 
Investigations on Underwater Welding by the Plasma MIG Method 
R. Draugelates, B. Bouaifi and J. Bartzsch ………………............................................................................199 
 
Wet Welding for Platform Repair 
P. Szelagowski, I. Pachniuk and H. Stuhff ………………… ........................................................................208 
 
Underwater Plasma Spraying of Protective Coatings and Sealings for Off-shore  
and Nuclear Components Located in Greater Water Depths 
E. Lugscheider, I. Rass and A.R. Nicoll …………….. ..................................................................................216 
 
Thermal Spraying in Wet Environment 
A. Ohliger and P. Szelagowski ……………… ..............................................................................................220 
 
 
WELDING PROCESSES & METALLURGY 
 
Effect of Weld Metal Overmatch and Notch Location on the HAZ Fracture Toughness  
of High Strength Steels 
C. Thaulow and A.J. Paauw …………………...............................................................................................226 
 
Upset Model of Pipe Flash-butt Welding Process 
V.I. Khomenko, A.S. Zandberg and O.S. Papkov ………………….............................................................234 
 
Influence of Shielded Metal Arc Weld Metal Nitrogen Content on its Fracture  
Toughness Behaviour 
M. Kocak, D.R.G. Achar and G.M. Evans …………………….. ..................................................................239 
 
Enhanced Welding Techniques for Duplex Pipelines 
Brian Scott Laing ………………....................................................................................................................249 
 
Engineer Principle for the Pipeline Girth Welds Static Strength Estimation 
A.S. Zandberg and V.I. Khomenko …………………… ...............................................................................254 
 
 
TUBULAR STRUCTURES 
 
Developments in Tubular Joints Technology for Offshore Structures 



M. Lalani ……………….................................................................................................................................260 
 
Fatigue Life Prediction of Offshore Steel Structures under Stochastic Loading 
Henning Agerskov and Jan Behrendt Ibso ……………… ............................................................................275 
 
The Effect of Time History of Variable Amplitude Loading Cycles on Fatigue Crack  
Growth Rate 
Yasumitsu Tomita, Kiyoshi Hashimoto, Yoshihiko Kariya, Yuxi Pan and Seiziro Tadokoro ….................282 
 
Design Recommendations and Commentary Regarding the Fatigue Behaviour of  
Hollow Section Joints 
A.M. van Wingerde, R.S. Puthli, J. Wardenier, D. Dutta and J.A. Packer ……............................................288 
 
The Determination of the Fatigue Resistance of Steel Structures on the Basis of  
the "Combined Method" 
G. Sedlacek, D. Grotmann, J. Gusgen, J.B. Jo and D. Dutta ………….........................................................296 
 
Fatigue under Broad Band Random Stress Spectrum 
Yisheng Wu ……………….. ..........................................................................................................................301 
 
Dynamic Behaviour of Tubular Threaded Joints 
C. Brutti and P. Salvini ……………...............................................................................................................306 
 
Fatigue Crack Stress Intensity Factors: The Influence of Residual Stresses 
S. Wu and A. Abel …………………….. .......................................................................................................312 
 
SIFs of Surface Crack in Welded Tubular T-Joint 
Tie-yun Chen and Xiao-bo Yu ……………………… ..................................................................................318 
 
Comparative Investigation on the Fatigue Behaviour of Uniplanar and Multiplanar K-Joints  
with Gap 
F. Mang, S. Herion and O. Bucak ……………..............................................................................................325 
 
Fracture Assessment of Tubular Joints Using Welded Wide Plate Tests 
Y.H. Zhang …………………….....................................................................................................................332 
 
Investigation of a T-Joint on a Tubular Chord Member 
G.R. Frederick and A.M. Sadik ……………………… .................................................................................336 
 
The Effect of PWHT on Residual Stress in Tubular Joints 
W.Y. Tsiagbe and R.F.D. Porter Goff ………………… ...............................................................................342 
 
The Influence of Chord Length and Boundary Conditions on K Joint Capacity 
H.M. Bolt, H. Seyed-Kebari and J.K. Ward ……………………..................................................................347 
 
A Semi-Analytical Method for Stress Analysis of Multiplanar Tubular Joints 
Tie-yun Chen and Hui-yuan Zhang …………………. ..................................................................................355 
 
The Non-linear Behaviour of Uniplanar Tubular Steel X-Joints under Out-of-plane Loading 
G.J. van der Vegte, L.H. Lu, R.S. Puthli and J. Wardenier …………………...............................................361 



 
Strength Assessment of a Multiplanar Joint in a North Sea Jacket Structure 
J.K. Ward, C.J. Billington and J.K. Smith …………………….....................................................................369 
 
Ultimate Behavior of Multiplanar Double K-Joints of Circular Hollow Section Members 
J.C. Paul, T. Ueno, Y. Makino and Y. Kurobane ……………….. ................................................................377 
 
Stress and Strain Concentration Factors of Multiplanar Joints Made of  
Circular Hollow Sections 
A. Romeyn, R.S. Puthli, C.H.M. de Koning and J. Wardenier …………………….....................................384 
 
Effect of Internal Ring Stiffeners on the Stress Distribution in Tubular T- Joints 
S. Seetharaman, D.S. Sreedhar and A.G. Madhava Rao ………………………….......................................394 
 
Behavior and Strength of Damaged Tubular Members in Offhsore Structures 
L. Duan, W.F. Chen and J.T. Loh ……………..............................................................................................400 
 
On the Assessment of Strength of Platform with Damaged Members 
Yongning Gu, Runpei Li and Zhinong Wang ……………….. .....................................................................408 
 
 
MECHANICS & ANALYSIS 
 
Computational Analysis of Cracked Offshore Structures 
M.R.S. Etemad and K. Nikbin …………………………...............................................................................415 
 
Finite Element Modelling of Multiplanar Joint Flexibility in Tubular Structures 
A. Romeyn, R.S. Puthli and J. Wardenier ………………….. .......................................................................420 
 
Ultimate Fracture Strength Analysis of Cracked Plate Using 3-D Isoparametric Solid Elements 
Jeom K. Paik and Heung W. Suh ………………………… ..........................................................................430 
 
Developments in the Storage of Dangerous Gases and Liquids in Large Capacity Tanks 
F. Mang …………………………………......................................................................................................439 
 
Investigation of the Stress and Strain State of Underground Cylindrical Steel Vessels 
I. Pertermann, R. Thiele and J. Wardenier ……………….............................................................................446 
 
The Unified Dynamic Substructure Method with Lanczos Vectors for Offshore Structures 
Zhao-chang Zheng, Jia Lu and Geng Xie ……………….. ............................................................................453 
 
Deformation Control on Space Framed Dome Structures 
Y.T. Huang, A.Y.T. Leung and B. Mohraz ……………………...................................................................458 
 
The Maximum Buckling Load of Ring-Stiffened Cylinder Shell 
Zibin Li, Wu Nie and Jiping Xu ……………….............................................................................................463 
 
Behavior of Plates under Combined Loads 
A.E. Mansour ……………………….. ...........................................................................................................468 
 



Effect of Joint Flexibility on Seismic Response Parameters of Steel Jackets 
A.S. Elnashai and W. Gho ………………………. ........................................................................................475 
 
Analysis of Frame Structures Made of Laminated Composite I-Beam 
Shing-Chung Yen …………………………...................................................................................................481 
 
An Extremum Theory of the Residual Functional in Sobolev Spaces 
Yong-Yong Ling …………………… ............................................................................................................489 
 
Optimum Design of Circular Hollow Section Beam-Columns 
J. Farkas ………………….. ............................................................................................................................494 
 
Proportional Limit Law of Material and Strength Utilization Ratio Function 
Pei-lin Luo, Hong-wu Luo, Fu-shan Tong and De-xing Shi ………….........................................................500 
 
Sensitive Analysis of Crack Interaction in Process Zones 
Guo-ping Yang and Xila Liu …………………. ............................................................................................508 
 
 
RELIABILITY 
 
Ultimate Limit States with Combined Load Processes 
Elzbieta M. Bitner-Gregersen, Sverre Haver and Robert Loseth ……………..............................................515 
 
Reliability Evaluation of Existing Platforms Based on Fuzzy Set Theory 
T. Xu and R.G. Bea ………………………....................................................................................................523 
 
Equivalent Linearisation and Fatigue Reliability Estimation for Offshore Structures 
R.E. Melchers and M. Ahammed ………………….......................................................................................531 
 
Structural Failure Analysis of Calumet Harbor Breakwater - I 
B.S. Bakir, R.K. Challa, T.J. Wipf, L.F. Greimann and D.L. Wood ……….................................................537 
 
Structural Failure Analysis of Calumet Harbor Breakwater - II 
Rama K. Challa, Terry J. Wipf, Lowell F. Greimann and Bahadir S. Bakir …….........................................544 
 
Damage Evaluation of an Offshore Structure Model Using Vibration Measurements 
Roberto A. Osegueda and Paul D. DSouza ……………… ...........................................................................550 
 
 
IMPACT & DAMAGE 
 
Lateral Buckling of a Thin-walled Beam Subjected to Impulsive Load 
Kunio Goda, Osamu Watanabe and Keiichi Motoyama ……………. ..........................................................558 
 
Collapse of Thick Tubes under Pressure, Tension, Bending and Their Combinations 
Yong Bai, Ragnar Igland and Torgeir Moan …………………….................................................................568 
 
Off-Centre Explosive Blast Containment in a Multi-Nozzled Spherical Pressure Vessel 
K. Kormi, D.C. Webb and E. Shaghouei ………………...............................................................................577 



 
Damage of Ring-stiffened Cylinders under Dynamic Pressure Loading 
Michelle S. Hoo Fatt and Tomasz Wierzbicki …………………...................................................................587 
 
A Simplified Analytical Model for Plates Impacted by Dropped Drill-Collars 
Weimin Chen ………………………. ............................................................................................................596 
 
Motion Simulation and Hazard Assessment of Dropped Objects 
Y. Luo and J. Davis ………………………....................................................................................................604 
 
 
ADDITIONAL TOPIC 
 
Energy Problems in the Arctic Regions of Russia 
V. Pavlenko ………………………………………… ...................................................................................612 
 
Experimental Investigation on Erosion Around an Artificial Island in Combined Waves  
and Current 
C.R. Qin, B. Xiao and X.P. Gao ………………………………....................................................................615 
 
 
C: PROC-92.CON 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


