
ii

Contents

Preface											               i
Acronyms											           vii
1.	 Introduction									            1
2.	 The SFTB										             2

2.1		 The name									             2
2.2		 The concept								            2
2.3		 Benefits of the SFTB							           4
2.4		 Environmental issues							           6
2.5		 Reliability									             7

3.	 Rules and regulations							          8
3.1		 General 									             8
3.2		 Relevant standards							           8

3.2.1	 Eurocodes									             8
3.2.2	 ISO standards									             9
3.2.3	 DNV GL standards								             9
3.2.4	 Other relevant standards							          10

3.3		 Supplementary SFTB provisions					      10
3.3.1	 General SFTB design aspects						        10
3.3.2	 Concrete design aspects							          11

4.	 Functional requirements							        13
4.1		 Introduction 								         13
4.2		 Design life									          13
4.3		 Traffic									          13
4.4		 Layout and alignment							        14
4.5		 Tunnel structure								         14
4.6		 Installations and systems						       15
4.7		 Safety										          16
4.8		 Environmental requirements						       16
4.9		 Operate and maintain							        17

5.	 Site conditions									          18
5.1		 Bathymetry and seabed condition					      18
5.2		 Landfall geology and soil condition					     18
5.3		 Seismic conditions							        19



iii

5.4		 Wind conditions								          19
5.5		 Wave conditions								          19
5.6		 Current									           20
5.7		 Temperature								          21
5.8		 Water level variations							         21
5.9		 Sea water density								         21
5.10	 Ship traffic									           22
5.11	 Other actions								          23

6.	 Actions and action effects							       24
6.1		 Self-weight 									         24

6.1.1	 Permanent self-weight, Gperm						         24
6.1.2	 Buoyancy, B									           24
6.1.3	 Sum permanent action, G							          25
6.1.4	 Variable self-weight, Gvar							          25
6.1.5	 Traffic loads									            25

6.2		 Imposed deformations							         26
6.2.1	 Post-tensioning loads							         26
6.2.2	 Creep and shrinkage								         26

6.3		 Environmental actions							         26
6.3.1	 Quasi-static current actions 						         26
6.3.2	 Vortex Induced Vibrations (VIV)						         27
6.3.3	 Wave actions									          28
6.3.4	 Sea states									           28
6.3.5	 First order wave actions							         29
6.3.6	 Second order wave actions							          34
6.3.7	 Sum-frequency wave actions						        35
6.3.8	 Other wave loading effects							         35
6.3.9	 Water level variations							         36
6.3.10	 Wind actions – pontoon type SFTB						       36
6.3.11	 Temperature actions 								         36
6.3.12	 Water pressure								          36
6.3.13	 Snow and ice actions							         36

6.4		 Ship impact on pontoon supported SFTB				      37
6.5		 Other accidental actions						        38



iv

7.	 Design principles								         39
7.1		 Structural configuration							        39

7.1.1	 General									            39
7.1.2	 Horizontal alignment							          39
7.1.3	 Vertical alignment								           39
7.1.4	 Tube cross section								           41
7.1.5	 Structural joints								           49
7.1.6	 Shore connections								          50

7.2		 Global stabilization							         51
7.2.1	 General									            51
7.2.2	 Vertical stability								           52
7.2.3	 Horizontal stability								           58

7.3		 Design conditions							         59
7.3.1	 Temporary design conditions						        59
7.3.2	 In-place condition								           60

7.4		 Structural analysis							         60
7.4.1	 General									            60
7.4.2	 Simplified approach								          61
7.4.3	 Quasi-static response analyses						         61
7.4.4	 Dynamic response analyses							         62

7.5		 Structural design								          63
7.5.1	 General									           63
7.5.2	 Mooring system								          64
7.5.3	 Pontoons									           65

7.6		 Safety concepts								          65
7.6.1	 Robustness									           65

8.	 Construction									          67
8.1		 Comparison with existing structures					      67

8.1.1	 Comparison with immersed tunnel construction				       67
8.1.2	 Vertical stabilisation of floating offshore platform construction		     69
8.1.3	 Horizontal stabilisation of floating offshore platform construction	    69

8.2		 Submerged Floating Tube Bridge types				      71
8.3		 SFTB cable anchors							         73



v

9.	 Installation									          75
9.1		 Introduction								         75
9.2		 Data										           75
9.3		 Planning									          76
9.4		 Logistics									          77
9.5		 Marine Characteristics of SFTB					      77
9.6		 Foundation Installation							        78
9.7		 Mooring and Tether installation					      79
9.8		 Jointing Operations							        80
9.9		 Marine Equipment 							        81
9.10	 Safety										          81

10.	 MEP - systems									          83
10.1	 Traffic management / CCTV surveillance				     83
10.2	 Air quality and smoke ventilation					      83
10.3	 Automatic fire extinguishing 						       84
10.4	 Emergency lighting / exit signs / radio /  

		  telephone / emergency power supply				     84
10.5	 Drainage / water collection / bilge pump system		   84
10.6	 Indication of level and/or flooding of ballast tanks		   85
10.7	 Force measurement on tethers					      85
10.8	 Collision prevention							        85

11.	 Operation & Maintenance						       86
11.1	 Design for minimum maintenance					      86
11.2	 Continuous maintenance						       86
11.3	 Rehabilitation								          87

12.	 Risk and reliability								         89
12.1	 Definitions and framework						        89
12.2	 Specific Hazards for SFTB						        91
12.3	 Stability of floating structures						        92
12.4	 Ultimate limit state design						        92
12.5	 Target reliability								          93
12.6	 Verification methods							         94



vi

13.	 Costs										           95
13.1	 Cost competitiveness							         95
13.2	 Cost comparison								          96
13.3	 Cost estimates								          97
13.4	 Cost drivers									          98
13.5	 Cost uncertainties and sensitivities					       99

14.	 Studies on the SFTB							              100
14.1	 General								                 100
14.2	 Short descriptions of concepts				              101

15.	 References								                109


