Structural Design of Modules for
Energy and Industrial Facilities

Task Committee on Onshore Heavy Industrial
Modularization Guidelines

ISBN: 979-8-3313-0883-4



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2024) by American Society of Civil Engineers
All rights reserved.

Printed with permission by Curran Associates, Inc. (2024)

For permission requests, please contact American Society of Civil Engineers
at the address below.

American Society of Civil Engineers
1801 Alexander Bell Drive

Reston, VA 20191

USA

Phone: (800) 548-2723
Fax:  (703) 295-6333

WWW.ascCe.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web: www.proceedings.com


http://www.asce.org/

Contents

Task Committee on Onshore Heavy Industrial Modularization Guidelines........xi
ACKNOWIEAGMENTS....coriretsrireieisssss s sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns Xiii
PO ACE et s XV
DiISCIAIME ..ottt ssssbs st ssss s ssasssss st asesss s sssssssassssssessssssssasess XVii
Chapter 1 Overview 1
1T INTFOAUCTION ottt ssssssssssss s ssssssssssasssssssssssssssssssssssssssens 1

1.2 REPOIT PUIPOSE ....oeieineteteieisineiseisesssisessessessessessssssesssassssssssssssssesssssssssssssas 1

1.3 RESEAICRN .ttt sttt sss s s b sass b s s saseses 2

T4 MOAUIES .ottt ssss s ssss s sssssssssssssssssssssssasssssssssssssses 2
147 BACKGrOUNG .eeeeteietseessisstsstssssissississsssssssssssssssssssssssssssssasssssssssans 3

1.4.2 Buildings or Equivalent Structures..........eeneneressesseseesesssesnens 3

1.4.3  Structure SUDQSSEMDIIES .......ocuvivreerirernneinnissississsseeseasssssssssasssaees 5

144 PiPE RACKS ottt tes st tes s sssassssessesssssssassessssassassessenans 5

1.4.5 Packaged UNitS....cenrsessisinsssississsssssssssssssssssssssssssssssssssssssens 5

1.4.6  ProCess MOAUIES ......cereeereiseiseinsissississsisssssasssssssssssssssssssssssssasess 6

1.5 Transportation MOAES ... sessssssasssessessessassssssssessasens 7
157 LANuirrrisrnsseie s isssssssss st sssssssssssssssssssssssssssssssssssssssans 7

1.5.2 WaATEN .ttt sssssssisssssssssssassssssssssssssassasssnss 8

1.5.3 AN ettt ase sttt bt ts 8

1.6 Sustainability CONSIAErations ..........ininnensinsisssssssissssssssessssssssssens 9
REFEIENCES ...ttt ssss s s s sas s sssssss st ssssssss s sasssansssssanes 10
Appendix 1A. Structure Subassemblies...........coeeveeerericneeresesisssesssssseseeesens 12
Chapter2 Philosophy and Early Design Development Concepts......... 29
2.1 INTFOAUCTION ot tsssiesssesseass st ssssssssssesssessssssssasess 29
211 D INITIONS.esereireiessssesssisssissssssassssssssssssssasssssssssssssssssssssssssssns 29

2.2 Modularization Objectives and Drivers..........nenesesssesssseennes 30

2.3 Modularization STrat@gy ........ceeeermnseieesessssssessssssssssssssssssssssssesss 30
2.3.1 Modularization Design WOrkShOps ..........ccneeseenseenseseesssasesens 31

2.3.2 Module Design Strategy .....ccccmeneesseesssssesssssssssssssssssssssssssssssssnns 32

2.3.3  MOAUIE LAYOUL .....oueeeeeneeeireeeeeessesssesseeusesssesssessesssessssssssssesssessesanes 33

2.4 Civil/Structural Design PhilOSOPRIES ........cueeeererneicrrnsrensissississssassssssnes 35
241 Target Reliability and Associated Reliability Indexes ............... 35

2.4.2 Site Preparation and Foundation Design Strategy.......cccceuuuuu. 39



Vi CONTENTS

2.4.3  Primary Steel STrUCTUIE. ... cveercerereereieeseeseissisessssissssssssssssssasssens 40
2.4.4 Module Size, Structural System, and Connections.........c..coe..... 41
2.4.5 MultidisCipling SUPPOITS......cveeverrrenrreirsiseisssssssississssssssssssssesssssens 43
2.4.6 Marine Transport Structural Characteristics.......ccoeeeerrverernnen. 43
2.4.7 Land Transport Structural Characteristics........coevererrerrcrerernnnne 44
2.5 Logistics PhilOSOPNY .....ocuueueeereeeeeeeeeneeeeseeeeieeseesense e eessessesssessesssesaees 44
2.5.1 Marine Transport: Heavy-Lift Vessel and Barge........ccccccouevuunece. 46

2.5.2 Land Transport: Self-Propelled Modular Transporter and
Propelled Modular Transporter and Rail.........cccoeeeveeeeeeceennenennee 47
2.6 Weight Management PhiloSOphy ... 48
2.7 Module Installation PhiloSOPIES .......ceeveereerereireiesireeessiseisssesssaessesenes 49
2.8 Interface/Project ManagemeNnt........enennineeneisssensssssessssssssssssssssssees 50
2.9 IMmpact ON Project SUMMArY ... eeesisessesesissssessesessssssssssesssssssssssnns 51
REFEIENCES ...ttt ssss st s ssssass s s ssssssssss s sasssessssnsanes 52
Chapter 3 Front-End Engineering Design 53
3.1 INErOAUCTION et s s sssssssssssssssssssssssassssssenes 53
3.2 MOAUIE LAYOUL .cereeeiireseeeissseisssiesesesssssssssssssessssssssssssssssssssssssssssesasess 54
3.3 TraNSPOITALION ...ttt ssssssssssssassasasasssssssesassens 55
3.3.1 Transportation for Planning and Schedule............cceeenrennene. 55
3.3.2 Dimensional and Weight Limitations.........cocceeeeeeenecneeseenseuneennes 55
3.3.3 Available Transportation Options ........ceceeessesiesneseseennens 55
3.3.4 Water Transportation ... cceeeseesseecseessessesssesssessssssssssssssenns 56
3.3.5 Self-Propelled Modular TranSpOrters.........erssssseenssensenns 56
3.30  TIUCKS ottt sssesss s sssessssssesssessssssssssessssssssases 56
3.3.7  RAIIWAY et sssisssisssssssssssssssssssssssssssssssssssssssssssssssssns 57
3.3.8 Selection of Transportation Contractors ........ceeereereercreerrennne 57
3.4 Module Structure Design Criteria.....ueinrnernersssnsnsssisssssssssssssssessnes 58
3.5  Constructability StUAY .......oveenrireineineiseisesiseiseisesssssssssssessssssssssssssees 59
3.5.1 Planning and Logistics Management ..........cenneseesneesneens 59
3.5.2 Schedule Compression and Cost Reduction..........ccevereenn. 60
3.5.3 Bolted versus Welded CONNECLiONS.......ooveeeereereeseeneesennensennns 60
3.54 Extent of Field Construction versus Shop Fabrication............. 60
3.5.5 Selection of Fabrication Yard ... 61
3.6 Weight Management ProCEAUIE .....irneneensinesessisssssssssssasssssssnes 61
3.6.1 Weight and Center of Gravity REPOrt.......ecnrenneeneeesseesnnenne 61
3.6.2 Weight Report Updates......ineeneensinsinseissesssssssssssssssssssssssssens 62
3.7 Dimensional CoNtrol Basis ........iininessinsssssnsnssssssssssssssssssssssssnes 62
3.8  RiSK MAN@GEMENT ...ttt sssssssssssssssssssssssssssssssssenes 64
3.9 Permitting Plan... . rneiessseississssssssissssssssssssssssssssssssssssssssssssssssasees 64
310 SCREAUIE st sssssssssss s assssssssssssssssssssssssssssssssssssssssssees 65
31T COSE ESIMALE ot ssessesssssssssessssssssssssssssssssssssssssnns 65
3,12 INtErface MALliX couecveereeereeseeeseressessssesssisssssssssssesssssssssssssssssssssssssssssssssssssssssssssses 65
3,13 Value ENGINEEIING c.uccieieireersieissssessseisssssssssasssssssssssssssssssssssssssssssssssssssssees 66

REOTEIEINCES ettt eetee e stesa e e sestesssssssestesasnsesassasnsssssessasnsssessssasasnsen 68



CONTENTS vii
Chapter4 Weight Management..... 69
4] PUIPOSE coueeeeereeertseestesstssssssssssssssssssssesassssssssssssssassasassssssssssssssssssessssessssesassasssns 69
4.2 SCOPE cevrrerrenresisisessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 69
4.3 TaAOFNG ottt sss s s st ssssssassssssesssssssssssasssssssssnsans 69
44 DEfINIIONS..cierererseisssisssssiseisssssssss s sssssssssssssssssssassssssssssssssssssssssssssssssssssssens 69
A5 ACTONYIMS..eiririeirensisissasesssssessssssssssssasssssssssssssssssssssenssssssssssssssssssssssssssssssssssssss 71
4.6  General REQUIFEMENTS......coccricerereereiseissssssssssisssssssssssssssssssssssssssssssssssssssssssans 71
4.6.1 Scope Determination..... . eccseessssssessssssssssssssssssssssssesens 72
4.6.2 Complexity EValUution .........ninsinnsnsissinsessssnsssssessssssssssens 72
4.6.3 Management DeciSion MatriX ......cceeevernernesesessrseesensesssssessensnnns 74
4.6.4 Definition of List of Tools and Setup (G, Y, R)...cccoerevrreerrernrrnnnne 79
4.6.5 Use of Allowances (G, Y, R).crerrnenneneinnsissssensssssssssssssssssssssssssens 81
4.6.6 Establishment of a Module Datum Point.........cccceeeveerensrcnrennnne 84
4.6.7 Use of Discipline Checklists (G, Y, R)...ccceerrrrerrrenrrnsrnsrsssesssansensens 86
4.7 Requirements for Various Project Phases..........eneenneeneenerseenenne 94
4.7.1 Early Estimate of Pre-FEED and FEED (G, Y, R) ..c.coeevevnrrrrrreennnne 95
4.7.2 Detailed Design (G, Y, R)..ccunrrrcrinerenrinsisssnssssssesssssssssssssssssssssnes 926
4.7.3  Fabrication (G, Y, R) ccneeseeseisesisessesssssesssessesssessssssesassssssans 97
4.8  Procedures/SPeCifiCations........inrieinssseisnsissssssssssssssssssssssssssssssssnes 100
4.8.1 Definition of Weight Management
Procedure/Specification (G, Y, R).....ccoemrerrnnrnseensinssesssenssssennees 101
4.8.2 Define Vendor Weight Reporting
Procedure/Specification (G, Y, R)...cocerceerrreeereeeeensee s 104
4.8.3 Definition of Fabricator Weight Management
Procedure/Specification (G, Y, R).....ccueerrerernnrnreensinssenssensssssnnees 107
4.8.4 Job Bulletins (As APPlicable) .......coeeecereenerneierrerereseeieesssessenes 110
Chapter 5 Detailed Engineering m
5.1 INTOAUCTION ettt ssssssssssssssssssssssssssssssssssssssssssssssses m
5.2 DESIGN LOAUS.....iriiiireirrieneississssssisssissssssssssssssssssssssssssssssssssssssssssssssssssssssssssnns m
5,21 IN-PlaCO.sseseresese sttt sssssssssssss s s sssassssssssssssssssssasssns 112
5.2.2 Land Transportation by TrucK.......ceerenneneenneenecneeseesceenns 12
5.2.3 Self-Propelled Modular Transporter Transportation.............. 125
5.2.4 Water TranspOrtation ... ceneeeeeessessecsseesssesssesssssssens 127
5.2.5  Lifting LOAAS....oeieererrrereeisssssississsenssssssssssssssssssssssssssssssssssssssssssnses 145
5.2.6 Setting Loads and Fabrication Yard Loads........ccceecovevreureunnces 151
5.2.7 Rl LOAAS.ciirrirninineinstississississsssssssssssssssssssssssssssssssssssssssssssssssses 152
5.2.8  WiINA LOAAS ..cvuerrrrieriireireinsisississississssssssssssssssssssssssssssssssssssssssssssssssns 152
5.3  Load COMDBINATIONS .....cuveueeeeirreeeeiieeseieeisesssissssesssessesssessssssessesssessssssssnss 157
531 INErOAUCHION wceueeceereeetseieisssesssisssssssssssssssssssssssssssssssssssssses 157
5.3.2  Allowable Stress DeSIgN......reneinnrssissessssssssssssssssssssssssssnses 157
5.3.3 Load and Resistance Factor Design ........ceeenenenensessrsnssnnnns 158
5.3.4  Structural Reliability ........cocoeerinrrreeneereiseinsireiseieeisesseisessesesenns 159
5.3.5 Load COMDINALIONS ....vurereerrreirnriseissississssssissssssssssssssssssssesssssssees 159
5.3.6 Development of Load Criteria on Projects........cnreeereneennes 162



viii CONTENTS
5.4 SErUCTUIAl DESIGN ..cucieieeieirerseiseissisessssisssissssssssssssssssssssssssssssssssssssssssssssssass 163
5.4.1 Structural Modeling and ANAlYSIs .......c..coerrnnenernsenseessssesnsesnees 164
5.4.2 Structural Members and CONNECLIONS......cccoeuevrerereererrsesersnseneens 169
5.4.3 General Design Criteria .....ccmeeresrseeeeesessssssssssssssssssssssssssassaens 172
54.4 DNV-ST-NOOT DeSign Criteria....cccoeeerereerersemsesesersemsensesessensesseennes 172
5.5 FatigUE DESIGN...iiriirirerreririeineisesisisessessessssssesssssssssssssssssssssssssssesssssssssens 173
551 MethodolOgy ......eiseeieieeisesessesssssssesssesssssssesssessasess 173
5.6 Other CoNSIAEratioNns........enriseenensesesseisssssssssssssssssssssssssssssssssssssssass 174
REFEIENCES ..ttt ssssssssssssssssssssss s sssssssssssssssssssssnses 175
Appendix 5A. Survey Data of Truck Transportation
DESIGN LOAAS ...ttt isssssessasssssssssssssssssssssssssssssssasssssassssssssassans 178
Appendix 5B. Example of Transverse Wind with Truck
TransSPOrtation LOAdS ...ttt sssssssessessessessassensens 181
REFEIENCE ettt sss s s s s e ss st s ssssass s sssnses 183
Chapter 6 Module Yard Fabrication and Assembly 185
6.1 INTFOAUCTION ettt ssssssssssssssssssssssssssssssssssssssssssses 185
6.2 Modularizations, Prefabrication, and Packaged Equipment............. 185
6.3 Module Assembly and EreCtion ........enineisensiseinsssesssssssessssssses 186
6.4 Module Fabrication TOIEraNCES .........cveereenreesseensisseessississsssssssssssessssssssnns 189
6.5 Module Miscellaneous SUPPOILS .....ccocvrrrirrrreereersiserssssssssssssssssssssssssssans 190
6.6 MOAUIE WEIGNING ...ttt issssssssssssssssssssssssssssssessssassanes 191
6.7  DIimensional CONTIOL ... iinireiessiseississsssisssisssssssssssssssssssssssssssssses 191
6.8 Compliance Certification and INSpection..........cceerenrnerensisseenssnsennns 192
6.9 Fabrication Interface with ENgGiN€Ering.......coveenneecrerseeenseeserssresseeenens 192
REFEIENCES ..ttt sssssssssssssss s s sssessssssssasesssasseses 193
Chapter 7 Logistics and Transportation ......ccccceceeeecccccsnnnnecccssensseccssenns 195
70 INTrOAUCTION ettt sssessstassssssssssssesssessssssssasssssssssssseses 195
7.2 INEEI ACES oottt sssssssssssssssssssssessssssssssssssssssssseses 195
7.3 Procurement and Planning......insinsinssssississessssssssssssssssssssssssses 196
7.3.1  Roles and Responsibilities........ccouerrrerereneinersssssneereississsssassens 197
7.3.2  Operational CONSEraiNtS.......ccceeeereererrneererssiesissssssssessssssssssssssasseens 198
74  Water TransPOrtatioN ...t sssssssssssssssesses 199
74.1  Marine Transport Methods ... 199
74.2  Available Ship TYPES....eeeseiseiseeseiseeseisesssesssssssasesssessseas 200
7.4.3 Transport Vessel SElection ......eceensnsecseessssesisssessessnsenns 202
744  Grillage and Sea Fastenings......ccnensrnsisnsesssnsssssssssssssssssnees 203
7.4.5 Internal Sea FasteNiNgS......ccrnernsicneneensissississsssssessssssssssssssssns 210
74.6 Loading and Offloading.......c.cereerceensrensiessnsssssssssssesssesssnses 21
74.7  Marine Warranty SUIVEYOT .......cereneenernesessssessessensesessessessessses 213
748 STUIES ...ttt issssssssssss s ssssssssssssssssssssssssssssssssssssens 215
749  MOotion MONITOIING .cuciriiecrnisicieninisisessesisisssessessssssssssssasssaes 216

7.5  Land Transportation ... cesieseesesesisssssssssssssssesssssssssssssssessssssssesses 217



CONTENTS ix

7.5.1 Self-Propelled Modular TranSporter........neeseessessensenns 217

7.5.2 THUCK ettt sasssssesssessssssssesssssssssssesssessssssssesssessssssssesssess 218

7.5.3 Rl sisessse s sssssssss s s sssssesssesissess 221

7.5.4 Stability during Land Transportation.............eneenneennens 222

7.5.5 ROULE SUIVEY ....ueeeereerirerennesesessensessessssessessessssssssssensessssssssssasssses 225

7.5.6  LASHING .uiirirrisinireseiseisessssisstsssssssssssssssssssssssssssssssssssssssssssssssssssens 225

7.6 Lifting @nd SELHING c..vveeveeererrericiseisesssissssesisssssssssssesssssssssssssssssssssssssenes 230

7.6.1  Lifting DEVICES ....vueerrererreirsiisesseissisesssississsssssssssssssssssssssssssssssssssses 230

7.6.2  Crane LiftS oeesesnereiessssssississsssssssssssssssssssssssssssssssssssssssssssssssses 232

7.6.3 Self-Propelled Modular Transporter Lifting.......cceecoverrereneenne. 233

7.6.4  BUIIINGS ..ottt sssssssssssssssssssssssssssssssssssssssassasssns 235

7.7 Other CONSIAEIatioNS......cccvereereerseerriseisssissssssissssssssssssssssssssssssssssssssssssssses 236

771 Air TranSPOIrtation ...t tess s sssessssesssesassenans 236

7.7.2  Weight ManagemMeNnt ......neneinsineneessississssssssssssssssssssssssssssens 237

7.7.3 Staging and Transshipment Areas...........ceensessssesssssenes 237

774  Material Offloading FaCilities....cccocorrnrrrrrrsrinnerssrseinseesssesessneesnnes 238

7.7.5 Heavy-Haul ROAdS........ereeireeseeecseesessessessseseessesssesssesseees 238

7.7.6  Permits and Customs Clearance .........cocnreneeseensenneesensesenns 239

REFEIENCES ..ttt ass s sssssssssssssssssssssessssssssssssssesssssssses 240

Appendix 7A. Sample Tiedown Calculations..........cceeeveereereerinenerneseesessnnens 241

REFEIENCES ..ttt bss s s sssssssssss s s sassssssssssasssensssnses 249

Appendix 7B. Structural Modeling of Self-Propelled Modular

TraNSPOITEr SYSTEMS ....eereeeeeeeererereseessessestessessessesssessessessssessssssasassass 250

Appendix 7C. Barge Analysis Sample Calculation ...........neneeverenenennns 261

Chapter 8 Site Construction and Installation 277

8.1 INTrOAUCTION ettt ssssssssssssssssssssssssssssssssssass 277

8.2 Module Assembly and Site Preparation.........coeeeeneenseensensersersecesennne 277

8.3 Site PreparatioN...csesesieiseisssssississsssssssssssssssssssssssssssssssssssssssssssens 278

8.4 Module Placement Leveling and Alignment.........cninereneennennnnne 280

8.5 Module Offloading FaCility......cccooueeemrnnrnirisrisnrnsinsinssesssssesssssssssssssesssens 282

8.6 Quality AssUrance INSPECLIONS .......cocrereereereenseneenserseesseesesssessesssessesssesnne 284

8.7 Construction Execution: Work Package Concept .....cccvenerreeeennennee 284

REFEIENCE ettt ssss s s ssss s sssssssssssssssssssssnses 284

Chapter9 Lessons Learned and Case Histories 285

0.1 INTFOAUCTION ottt ssssissssssssssssssassssssssssssssssssssssssssssssns 285

9.2 Reuvisiting Early Design ASSUMPLIONS .......ccceverineenninneensessesnssssssssssnsesssens 285

9.3 Fabrication @nd Lift.......ceniesinsssssssssissssssesssssssssssssssssssssssssssssssens 285

9.4  Marine TranSPOrTAtION ....ceecrcrientsesisesiseersssersssessssssssssssssssssssssssssesssns 286
9.4.1 Impact on Fabrication Yard owing to Conservative

Engineering ASSUMPLIONS .......ocvveeerereneenesesisenensesesesessessesseseens 286

0.4.2  CONCIUSION ettt ssessssssesssessssssessssssssssssssessssssesass 286

9.5 DimenSioNal CONLIOL .....iirrereirrireineieessiseisssssssssssssssssssssssssssssssssssssssass 287



X CONTENTS

9.5.1 Pipe Rack Base Datum for Measurements..........ccceeeerevreernrenns 287

9.5.2 Two-Dimensional Best-Fit Mapping Process.........covneeeneeen. 287

9.6 Ductwork Fabrication TOIErancCes.......nenensensensessssssssssssssessensens 288
9.7 Licensed SUIveyor’s EXPEIIENCES..........ceineesessesusessssssesssssssssssssssssssans 288
9.7.1  Mirrored DraWings .....c.cenensrsseessssssessssssssssssssssssssssssssssssssssssssass 290

9.7.2  RUSSIAN EXPEIIENCES ....ouvveereuirreerrerreseessessessessasssssssessassssesssssassasssans 290

9.7.3 Flange-to-Flange HOOKUPS........coeerereeneeneeneeseensesensessesnseeseanae 290

9.74  Sags and ShIMS......nrrnseiseiseisssesssissssssssissssssssssssssssssass 292

9.7.5 Dimensional Control for Large Modules............cccourerrrererrererennn. 292

9.76 Medium Module Dimensional Control...........ncereneenns 293

9.7.7  Small Module Dimensional Control..........ecneeeneenecnennne 294

9.8 Major Qil and Gas Company Project Case History........nsennenn. 295
9.8.1 Gulf Coast Project Pipe racks......eenensensisseesssessssnssssenssnns 295

9.8.2 Dimensional CONtrol ... isssssssssssssnes 295
9.8.3  Height CONSTIAINTS .....ovvueerereireereieseiseissisessssissssessssssssssssssssssssssass 295
90.8.4  COAtING SYSTEMS ...uereeeeereerieineeeseeesessensesasssessessensesessessessessases 296
9.8.5 Structural SUbasSEMDBIIES ... 296
0.8.6  MaIN LEAININGS ...ccuverrierrienrinerinessinssessssessesessssssssssssessssssssssssssssssssssas 298

9.9 Crane Selection Case HIiStOrY .......inisinsesssssessssssssssssssssssess 300
9.10 Fabrication Yard Lifting Capaciti€s......cccuermrrmrerrernneessessessssssssssssnsessenns 301
9.10.1 Governing Criteria for Module Setting.......ccccoeeevernerenereerenenen. 301

011 Clash DeteCtiON .......ceeeeeereereissiseisetssisesssessssssssssessssssessssssssssssssssssssssssssssns 302
0.12  SChEAUIE DEIAYS....cecereerieriireieissississsisssisssssisssssssssssssssssssssssssssssssssssssssass 302
9.13 Tons, Long Tons, Short Tons, and TONNES .........vneeeesesersersessssessennnns 303
O.T4  PEIMNILS .eeereeeieinenensesseasisinsensesessesssssstssessessssssssssssasssasssssssssssssssssessssssssssassas 303
RETEIENCE .ottt ss st sss s s sse s s sase b st sasasas 304
Index 305






