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Design comparison of Fixed Offshore Structures Designed by WSD and LRFD

Methods

Bae-Keun Jeong], Doo-Yong Cho™

Abstract: When designing fixed jacket structures, overseas design standards are applied due to the absence of domestic design methods. Although
the US API standards are mainly applied, API RP 2A suggests two design methods: the allowable stress design method (WSD) and the load resistance
coefficient method (LRFD), and is applied according to the designer's judgment. In this study, the stress ratio of the two design methods was reviewed

and compared using SACS, an analysis program dedicated to marine structures, for fixed marine structures actually installed on the domestic coast.
As a result of the review, it was found that the LRFD design method showed a greater stress ratio for extreme load analysis and transportation analysis,

and the WSD design method showed a greater stress ratio for loading and lifting. Therefore, when applying the design method, it is considered
appropriate to select the final design method considering safety and economic feasibility after conducting an applicability review for the two design

methods.
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Table 1 Allowable stress of steel

Item Force Type Allowable Stress ~ Safety Factor
Tensile(Bending) f, =1, /SFien

f, Compression £, = £y /SFeom According to

. Condition and
Flexural -Compression ~ f, =f; /SF.

Loading
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Table 2 Probability of failure

Item APIRP 2A DNV

Probability of Failure |  4x107(p=3.35) 1x107°(B=4.25)

J. Korea Inst. Struct. Maint. Insp. 43



Table 3 Load factor

Load factor
ftem Load Case Dead Load Live Load Environment

Load

Operating 1.0 1.0 1.0

APIRP2A  Ultimate 1.0 1.0 1.0
WSD Fatigue 1.0 1.0 1.0
Earthquake 1.0 1.0 1.0
Operating 1.3 1.5 1.2

APIRP2A  Ultimate 1.1 1.1 1.35
LRFD Fatigue 1.0 1.0 1.0
Earthquake 1.1 1.1 0.9

Table 4 Safety and resistance factor

Item Safety and resistance factor
SF =1.67

APIRP2A T B/SF SF = 1.25(Increase 1/3)

WSD f, = Allow

fy = Yield -
SF = 1.7(Increase 2/3)

APIRP2A . . W=0~=93(8"fsencswn &Be_ndl)ng)

LRED P =YXty y=0.85(Compression

y=0.95(Shear)

Table 5 Allowable stress factor

Analysis case Allowable stress factor

In-Place Operating 1.00
In-Place Extreme Storm 1.33
Load-out(Transporter) 1.00
Transportation 1.33
Lifting 1.00

5188 G A H(WSD)E AHE-& 79, API-RP WSD 3.3.5
TS Y3t Table 59F 2] 3-8-3HA(Allowable
Stress Factor) S #8313}
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Fig. 1 Jacket vertical framing
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Table 8 Applied load

270 DEG.
315 DEG. 225 DEG. Load Value
AN e e
\%// e 1,820tonf
B — 7] Dead (Self-weight and equipment load etc. is automatic
j JACKET calculated from Program)
- » 180 DEG.
0 DEG.
N Wave Hpnay = 11.52m
2 N (Application of 100-year period numerical model results)
v ) /y\\\/ //y\\\ Current V =1.337m/s(Apply 30-days observation data)
45 DEG. 135 DEG. Vio=48.15m/s
x 90 DEG Wind (Application of the 10-minute average extreme wind
’ speed value of the 100-years period)
Fig. 2 Direction of environmental loading Earthquake A, : 0.224g(Applied of Seismic class I in KOREA)
Statistical analysis of annual wave data for 25 years
Table 6 Average wind speed by recurrence period Fatigue (20years of life cycl'e with Syears of installation &
disassembly)
Recurrence Duration Average Wind velocity Impact 320GT Vessel(Investigation data)
Period (year) (min) (m/s)
1.0 23.10
100.0 1.0 5001 Table 9 Static analysis load combination and their conditions
Case Conditions
Table 7 Design wave height and period LC#1 Dead load(surcharge of 5% jacket, 10% deck)
LC#2 Utility load(Stair, Padeye, Handrail etc.)
Recurrence Wave height Period LC #3 Self-weieht(Buildi
Period(year) (m) (sec) elf-weight(Building etc.)
10 9.24 10.16 LC#4 Equipment load(Electrical, mechanical etc.)
100.0 11.63 11.98 LC#5 Live load
LC#11~18  1-year cycle environmental load during Operating
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Table 10 Applied ground acceleration

Item Value Standard Response Spectrum
1
Earthquake Ca 0.16 os
factor C 0.23 sa 0.6
v . @
04
Control T 0.575 0.2 K
eyele . o115 T

Period(sec)
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Systemo] glom, & AJor= AR T st
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Fig. 5 Analysis conditions for lifting state
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Table 11 Unity check for operating condition

Member U.C. of LRFD U.C. of WSD
Boat landing 0.63 0.85
Pile 0.51 0.73
Jacket leg 0.42 0.58
Jacket brace 0.41 0.54
Top side 0.77 0.84

Boatlanding Pile Jacket Leg Jacket Brace Top Side

Fig. 6 Comparison of U.C in operation condition

Table 12 Unity check for ultimate condition

Member U.C. of LRFD U.C. of WSD
Boat landing 0.88 0.82
Pile 0.89 0.89
Jacket leg 0.66 0.67
Jacket brace 0.83 0.71
Top side 0.63 0.64

Boatlanding Pile Jacket Leg Jacket Brace Top Side

Fig.7 Comparison of U.C in ultimate condition

Table 13 Unity check for earthquake condition

Member U.C. of LRFD U.C. of WSD
Boat landing 0.22 0.22
Pile 0.61 0.66
Jacket leg 0.48 0.52
Jacket brace 0.53 0.52
Top side 0.78 0.60

= LFRD

1.2 - NWsSD
1 < 0.78

08 1

06

0.4 — 0.22 0.

| #h

0

T T T T
Boatlanding Pile Jacket Leg Jacket Brace Top Side

Fig. 8 Comparison of U.C in earthquake condition
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Table 14 Unity check for jacket in loadout state

Member U.C. of LRFD U.C. of WSD
Mudmat frame-1 0.24 0.27
Mudmat frame-2 0.29 0.34

Boat landing 0.21 0.26

= LFRD
12 N WSsD

0.8

0.6 0.34

04 024 Q.25 021 026

0 T T T
Mudmat Frame-1 Mudmat Frame-2 Boat Landing

Fig. 9 Comparison of U.C for jacket in loadout state
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1) A28

Table 15 Unity check for deck in loadout state

3) QloFaf ]

Table 18 Unity check for jacket in lifting state

Member U.C. of LRFD U.C. of WSD Member U.C. of LRFD U.C. of WSD
Roof deck-1 0.51 0.59 Mudmat frame-1 0.19 0.22
Roof deck-2 0.48 0.55 Mudmat frame-2 0.24 0.28
Cellar deck 0.57 0.66 Jacket leg 0.12 0.20

s ® LFRD
R WSD

Roof Deck-1 Roof Deck-2 Cellar Deck

Fig. 10 Comparison of U.C for deck in loadout state
2) 534

Table 16 Unity check for jacket in transportation state

1.2

0.8
0.6
0.4
0.2

M LFRD
NWSD

147

s 022 0.28 0

Jacket Leg

Mudmat Frame-1 Mudmat Frame-2

Fig. 13 Comparison of U.C for jacket in lifting state

Table 19 Unity check for deck in lifting state

Member U.C. of LRFD U.C. of WSD
Mudmat frame 0.31 0.30
Jacket leg 0.14 0.19
Boat landing 0.16 0.21

,,,/ u LFRD
< WSD

016 _0.21

e

Boat landing

Mudmat Frame

Jacket Leg

Fig. 11 Comparison of U.C for jacket in transportation state

Table 17 Unity check for deck in transportation state

Member U.C. of LRFD U.C. of WSD
Cellar deck-1 0.84 0.91
Cellar deck-2 0.78 0.83

Deck brace 0.67 0.80

[ WLFRD

12 ~ WSD
1
0.8
0.6
0.4
0.2

Cellar Deck-1 Cellar Deck-2 Deck Brace

Fig. 12 Comparison of U.C for deck in transportation state

48 SHRPEZZICHX|A2| R 5E =2 F M 273 M 25 (2023. 4)

Member U.C. of LRFD U.C. of WSD
Roof deck-1 0.51 0.59
Roof deck-2 0.65 0.77
Cellar deck 0.48 0.55
| = LFRD
NWSD

Roof Deck-1 Roof Deck-2 Cellar Deck

Fig. 14 Comparison of U.C for deck in lifting state

B Aol M= el ol A de A8t = A=Y
AP19| &85 AA 3 stEA AT AN S 285t
U Aol A Al A2 s gl thell 73l
A& AASHT. F Aol thek vl al A= vt 2

1

A %, BALR 2T A WSDAAM

o] LRFDAAIY tiu] 81| =7]= Hof 1.43u] o)A
2 1.0981 2 FA ko S3-3 28l A= &
3% 2 35| Pako] Z HUA A= LRFDE)
£eu]7}1 1,079l A 1.1781742] 2A) sk Th

- Al o] 7ol = A A FThA 0= 5o 9lo]
s

]

A 7131 ol Yol 2 Top Side FAloll A LRFDA



Aol ¢ 1.38) ZA v} AHFEES] HolVt =2
iLRFD**ﬁH%O] O B4 0 2 AAIgHS & S AT
3. A 9] A5, $skso lelehA| e AR <l
FaliAd A, WSDH”ﬁ o] FA= oF 1.6781A A=
1139 =LA vskow sdskaS e g &3 Aol A
© Y5 Aol A LRFD2] -§-8 8|7} A ¢t o
WSDH 2] g8 n] Zfo|7} o5& & o AT
E}-Aﬂ x]—%o] Odﬁl:o] /\H;Hx«lgi = A]-o]zg] ;(].9;]1&
WSDAA o], | nlttol] A2 =& ARATFZ2E2] 73
+ LRFDAAY o] B o2 A Ao R M&%%E‘r.
4. o= 33tz FFo| F55 LRFDWHA A 873t
Zo| B S 1 AT E A8 =M A
TZES U RFF o R A S 202 AuHn
5. 2 A7 T EES AATEES Fa 5k A
_ﬁ}a‘r—s}%o] }\l-q] Ko7 zq-_g [z | o].oﬂ 2 ;qg ?—}‘%E’H
S stzol @aFol HJAA R virhol] X = =l g+
Z=9] 75 LREDAAHo] Yol o & o+ A= A
sohE )
w}am A F2= AN H82 Fx2Eo A 914,

N ot

O

TZE 7] 283 Ay 9 FHHA EA 5& 15t
Z-gEojof sl 7|4 A Al WSDe} LRFD® ol tj gt
HAeA AEES 838 T Lz b AAA S 185}
o HF AANH S A 8she Ao ARttt Aakenh

References

. Ferguson, M. C. (1990), A Comparative Study using API RP

2A-LRFD, Annual Offshore Technology Conference 22"d,
341-351.

. Jang, H. S., Goo, J. S., Bae, D. M., and Bae, S. Y.(2012), Analysis

of Offshore Wind Turbine Considering Environmental Loads,
KSCE 2012 Convention, 149-152.

. Sun, M. Y., Lee, S. B, Lee, K. Y., and Moon, B. Y. (2014), The

Study on Substructure Design and Analysis for SMW Offshore
Wind Turbine, Journal of the Korean Society of Marine
Engineering, 38(9), 1075-1080.

. Lee, D. H.,, Choi, H. S, Ha, S. Y., Jang, H. S., and Kim, H. S.

(2017), The Design of a Jacket Substructure for Offshore Wind
Turbine based on Offshore Wind Turbine Design Criteria, Journal
of New and Renewable Energy, 85-89.

. Kim, W. S., Jeong, Y. S., Kim, K. D., Kim, K. J., Lee, J. H. (2016),

Seismic Analysis for Multi-pile Concrete Foundation in SMW
Class Offshore Wind Turbine, Journal of Computational
Structural Engineering Institute of Korea, 29(3), 209-218.

. SACS User’s Manual. (2018), Introduction of Linear and

Nonlinear Analysis and it’s Application of Shell Modelling, 2,
50-65.

. American Petroleum Institute (API). (2014), Recommended

Practice for Planning, Designing and Constructiong Fixed Offshore
Platforms- Working Stress Design, APl RP-2A-WSD, 2om Edition,
38-44.

. Ministry of Land, Infrastructure and Transportation. (2018),

Earthquake Design Standard, Korea Design Standard(KDS) 11 50
25, 15-50.

Received : 01/28/2023
Revised : 03/10/2023
Accepted : 03/13/2023

Doty b

g

g AAFEE AA A S AR FAR o] AAVEE 7‘*%‘3}1 Atk 53], w29 APIV|ES FE A3l

©1} APIRP2AE 3-S5 EAMWSD)H 354 AIFH(LRFD) 2] F AAM
= Ao

o gt 39

A 5153

B3 T kAT AAA T& 1EEl HF AANES Agse A

8ol AATRE, FxIN, HAVE FHE-SHEANWSD), sHEALASF

< At lar A Aol wet 2-g-skar §l

o & dTellMs Il Aol AA A8 A sl thel sjdTE A8 Z2 27 SACSE o83t F A
HIE =R S AEAS, fstae] ol F SskFaA T el Alolli= LRFDAAWM 0], AH5-2] gl
143 2] gl )1k Alell= WSDAA ] B & $HIE HojFal §lof 7|24 A A = AA tid H84 HES

At BeE,

AAIH(LRFD)

J. Korea Inst. Struct. Maint. Insp. 49




<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


