
-

Marine 
Geotechnics 

H. G. Poulos 
School of Civil and Mining Engineering, 

University of Sydney 

London 
UNWIN HYMAN 

Boston Sydney Wellington 



-

Preface 

Acknowledgcments 

List of tables 

Contents 

Offshore resource development 

1 .1 Ocean resources 
1.2 Offshore o il and gas 
1.3 Types of offshore structure 

1.3.1 Hydrocarbon production 
1.3.2 Piled platforms 
1.3.3 Gravity platforms 
1.3.4 Compljant structures 
1.3.5 Jack-up rigs 
1.3.6 Offshore structures for Arctic conditions 
1.3. 7 Other offshore structures 
1.3.8 Oit production in deep waters 

1.4 Design considerations for offshore st ructures 
L. 5 Marine geotechnical engineering problems 

2 The nature of submarine soi ls 

page vu 

ix 

xvii 

1 
4 
7 
7 
9 

11 
15 
L5 
L7 
l9 
20 
22 
24 

31 

2. 1 Topograprucal features of the sea ftoor 31 
2.2 Origin , classification and distribution of marine sediments 34 

2.2.1 Lithogenous sediments 39 
2.2.2 Biogenous sediments 41 
2.2.3 Distribution of sediments 46 

2.3 ln-situ stress sta te in submarinc deposits 48 
2.3. 1 Po si ble mccbanisms of overconsolidation 49 
2.3.2 Possible mcchanisms of incomplete consolidation 51 

2.4 lnorganic clay deposits 56 
2.4.1 Introduction 56 
2.4.2 Index properties 57 
2.4.3 Shear strcngth 60 
2.4.4 Consolidation propcrties 66 
2.4.5 Deformation parameters 70 

2.5 Calcareous sediments 74 

xi 



CONTI::NTS 

2.5. 1 Typical gcotechnical profiles 74 
2.5.2 Classification 74 
2.5.3 Shear strength propertie~ 77 
2.5.4 Consolidation properties 83 
2.5.5 Deformation paramctcrs 84 

2.6 Siliccou sediments 86 

3 Soil behavio ur under cyclic loading 90 

3.1 Introduction 90 
3.2 Concepts of cyclic behaviour of soils 92 

3.2.1 Crit ical state concepts for monotonie loading 92 
3.2.2 Extension of crit ical state concept to cyclic loading 95 
3.2.3 Undrained cyclic loading o f contractive soils 97 
3.2.4 Undraincd cyclic loading of diJative oils 100 
3.2.5 Effects of drainage 103 

3.3 Approaches to analysis of rcsponse of soils to cyclic loading 106 
3.3. 1 Constitutive models 107 

3.4 Laboratory test procedures for cyclic soit response 110 
3.5 Factors affecting laboratory test results 114 

3.5. 1 Type of test 114 
3.5.2 Method of sam pte preparation 117 
3.5.3 Effects of sample reconstitution 119 
3.5.4 Other factors 120 

3.6 Practical approaches for sands 125 
3.6. 1 Liquefaction potential 126 
3.6.2 Undrained excess pore pressures 129 
3.6.3 Cyclic stiffness and damping 131 
3.6.4 Permanent strains 136 

3.7 Practical approaches for clays 138 
3.7.1 Undrained shear strength 138 
3.7.2 Undrained pore pressures 141 
3.7.3 Cyclic stiffncss and damping 143 
3.7.4 Permanent strains 148 

4 Marine geotechnical investigations 150 

4.1 Phases of the investigation 150 
4.2 Geophysical survey 152 

4.2.1 Introduction 152 
153 4.2.2 Bathymetry 

4.2.3 Seaftoor topography 154 
4.2.4 Vertical profi ling 156 

4.3 Drilling and samp1ing procedures 157 
4.3. 1 Investigation vessel and drilling system 157 
4.3.2 Shallow penetration sampling 159 

xii 



4.3.3 Dccp sampling 
4.4 Jn-si111 te ting techniques 

4.4. 1 Vanc shcar test 
4.4 .2 Cone penetration test 
4.4 .3 Prc!.suremctcr test 
4.4.4 Othcr tcStl> 

4.5 Laboratory testing 
4.5. 1 Sampling disturbance 

CON1 ENTS 

4.5.2 Onboard laboratory tcsting 
4. 5.3 Onshore laboratory tesling 

5 Foundations for offshore gravity structures 

159 
164 
166 
168 
184 
187 
189 
189 
192 
193 

204 

5. 1 Introduction 204 
5.2 Construction , installation and instrumentation of gravity 

platforms 205 
5.2. 1 Construction 205 
5.2.2 JnstaUation 208 
5.2.3 Instrumentation 209 

5.3 Stability analysis 210 
5.3. 1 Introduction 210 
5.3.2 Design storm loading 213 
5.3.3 Simplified analysis 214 
5.3.4 Limiting equilibrium analysis 220 
5.3.5 Shear strength for stability analysis 221 
5.3.6 Effect of consolidation 223 
5.3.7 Centrifuge testing 226 

5.4 Deformation analysis 228 
5.4.1 introduction 228 
5.4.2 Analysis based on clastic theory 229 
5.4.3 Finite element analysis 233 
5.4.4 Evaluation of dynamic response 238 

5.5 Piping and erosion 241 
5.6 Prcdicted and observed performance 242 

5.6.1 installation phase 243 
5.6.2 Settlements under operational conditions 246 
5.6.3 Base contact stresses under operational conditions 247 
5.6.4 Pore pressures 250 

6 Foundations for jack-up rigs 

6.1 Introduction 
6.2 Foundation types and design loads 

6.2. 1 lndividual footings 
6.2.2 Foundation mats 
6.2.3 Design Ioads 

xiii 

251 

251 
252 
252 
254 
255 



CONTEN 1 S 

6.2A Prelm1ding 255 
6.3 Prediction of individual footing pe rformance 257 

6.3. 1 Footing failure mode 257 
6.3.2 Geotcchnical investigation 2SR 
6.3.3 Bearing capacity analy~i~ 258 
6.3A Othcr considerations 265 
6.3.5 Case histories 266 

6.4 Predictio n o f mat footing perfo rmance 267 
6A. I Bearing capacity calculations 268 
6A.2 Sliding resi:.tancc 268 
6.4.3 Long-term settlements 268 
6.4.4 Effects of scaHoor instability 269 
6.4.5 Mat bcnding moments 270 

7 Offshore pile foundations 27 1 

7.1 1 ntroductio n 271 
7.2 Types of offshore piles 272 

7.2. 1 Driven piles 272 
7.2.2 Borcd piles 274 

7.3 Tem porary support of piled tructu res 275 
7.3. 1 Jacke t leg extension design 276 
7.3.2 Bearing capacity of horizontal bracing and mud mats 277 

7.4 D ynamic analysis of p ile-driving 278 
7.4.1 Wave equation analysis 278 
7.4.2 Typical applications 282 
7.4.3 More refined analyses 283 
7.4.4 Dynamic pile testing 284 

7.5 Axial Joad capacity 285 
7.5. 1 Introduction 285 
7.5.2 Evaluation of skin friction 2~7 

7.5.3 Evaluation of end-bea ring capacity 296 
7.5.4 Group effccts 297 
7.5.5 Effects of cyclic loading 299 

7.6 Axia l deformatio n a nalysis 308 
7.6. 1 Single piles 308 
7.6.2 Pile groups 317 
7.6.3 Cyclic loading effects 321 

7.7 La te ral loading 322 
7.7.1 1 ntroduction 322 
7.7.2 Ultimate lateral resistance 323 
7.7.3 DeHection of single piles 327 
7.7.4 Cyclic loading e(fccts 330 
7.7.5 DeHection of pile groups 333 
7.7.6 Pile groups subjected to axial and lateral loads 335 
7.7.7 Soil parameters 335 

7.8 Dynamic response 338 

xiv 



co' ll· t'rs 

7.H. I Introduction 338 
7.1U Stngle pilcl! 338 
7.H.J Pile group:. 339 

H Scafloor tability 3-l-l 

H. l Ca uses of scafloor ins ta bility 344 
( . 1. 1 Introduction 344 

R.2 Gcological fca turcs o f submarine si ides 346 
8.2. 1 Classification of slides 346 
R.2.2 Types of dcformational fcaturcs 347 
8.2.3 Run-out distance of slides 352 

8.3 Mcchanisms o f instability 353 
8.3. 1 Gravity fo rce 353 
8.3.2 Hydraulic forces 355 
8.3.3 Earthquakcs and tcctonic activity 356 

8.4 Analyses of slope s tability 357 
8.4.1 Limit equilibrium methods 357 
8.4.2 Continuum analyses 358 
8.4.3 Finite element analysis 358 

8.5 Slope stability undcr gravity forces 359 
8.5. 1 Undrained analysis 360 
8.5.2 Drained analysis 360 
8.5.3 Partially drained analysis 362 

.6 Slope stability under wave forces 364 
8.6. 1. Wave-induced bottom pressures 365 
8.6.2 Wave-induced stresses within the sea bed 369 
8.6.3 Transient wave-induced pore pressures 372 
8.6.4 Residua.l wave-induced pore pressures 376 
8.6.5 Limit equilibrium anaJysis of slope stability 382 
8.6.6 Simplified total stress analy:.b of stability 386 
8.6.7 Simplified evaluation of wave-induccd liquefaction 386 

8.7 Earthquake e ffects 392 
8.7.1 Introduction 392 
8.7.2 Limit equilibrium analysis of slopc stability 393 
8.7.3 Evaluation o f liquefaction potential 395 
8.7.4 Effective stress analysis of liquefaction potential 400 

8.8 Effects of soit ins tabiJ ity o n piles 405 
8.8. 1 Introduction 405 
8.8.2 Estimation of soil movements 405 
8.8.3 Analysis o f lateral pile-soil interaction 407 
8.8.4 Solutions for lateral pile dcflections and mo ments 409 
8.8.5 Axial forces on piles 412 

8.9 Submarine pipelines 413 
8.9. 1 Determination of constraints 413 
8.9.2 Routing reconnaissance 415 
8.9.3 Analysis of the pipeline 415 

xv 



CONTrNT<; 

8.9.4 Performance. co::.t anu decision analysis 
8.9.5 Final design and installation 

8. 10 Seabcd a ne hors 
8. 10.1 'l"ypes and fum:tions of anchors 
8.10.2 Load capacity of anchors 
8. 10.3 Anchor movcments 

References and bibliography 

Index 

xvi 

416 
420 
421 
42J 
423 
429 

437 

465 


