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ABSTRACT 

 
 
Majority of offshore steel platforms in Mumbai High Field in Arabian Sea as well as 

around the world are about to reach their design life. To continue to operate the 

platforms after their design life, existing offshore platforms requires re-certification. 

Also change in design criteria, addition of new facility and damages of the structure 

may lead to a need for assessment. Underwater & topside surveys are carried out to 

collect sufficient information about the present condition of the structures for their 

engineering assessment. The method normally used for assessment of existing 

offshore structures is In-place analysis based on Design level & Ultimate level check. 

In-place analysis of the jacket structure has been carried out using SAC’s software to 

evaluate the structural adequacy of the jacket structure in accordance with code API-

RP2A criteria’s for life extension.  

 

In-place analysis is based on working stress and considers only linear analysis for the 

jacket structure. If platform does not pass design level analysis, advance analysis such 

as ultimate strength analysis needs to be carried out as per criteria of API-RP-2A to 

study failure mechanism of the structure and determine Reserve Strength Ratio (RSR). 

In ultimate strength analysis both material & geometrical nonlinearity is considered & 

incremental loading is applied to study the behaviour of the structure. This paper 

intends to provide Re-assessment of existing fixed offshore steel platform and results 

from the investigation are discussed and conclusions are drawn about the applicability 

of the proposed framework. 
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CHAPTER 1 

INTRODUCTION 

1.1 BACKGROUND 

Offshore iactivities iprimarily iinvolve ithe iinstallation iof istructures iin ia isea ienvironment 

ifor ithe iproduction iof ioil iand igas. iMainly icomprises iof iextracting ioil iand igas ifrom ithe 

isea iand itransporting iit ito iland ifor iuse iafter isome iamount iof iprocessing. iFixed ioffshore 

isteel iplatforms iare icommonly iused ito iprovide isupport ifor ioil iand igas iexploration iand 

iproduction ifacilities. iMajority iof ioffshore isteel iplatforms iin iMumbai iHigh iField iin 

iArabian iSea ias iwell ias iaround ithe iworld iare iof ifixed itype iinstalled iat isea ihaving 

ishallow iwater idepths, iit icomprises iof imainly ithree iparts, iJacket i-Underwater 

iStructure, iDeck i-Topside iStructure i& ifoundation. 

Re-assessment iof iexisting iplatforms iis iperformed ito iextend iservice ilife iof ithe iover 

ilived ijacket istructures. iAlso ichange iin idesign icriteria, iaddition iof inew ifacility iand 

idamages iof ithe istructure imay ilead ito ia ineed ifor iassessment. iFrom ia icommercial ipoint 

iof iview, ithe iuse iof iexisting iplatform iin imany icases iis igiven ipreference, icompared ito 

iinstallation iof inew iplatform. iThis iwill ibe iacceptable ifor imany iplatform istructures 

ieven iwith imajor imodifications. iThe ipurpose iof ithe iassessment iof ian iexisting iplatform 

iis ito iensure ithat ithe istructure ihas ian iacceptable ilevel iof isafety ias icompared ito inew 

idesigned iplatform. iThis ipaper iintends ito iprovide iRe- iassessment imethodology iof 

iJacket istructure iof ithe ifixed ioffshore isteel iplatform ifor ilife iextension iwhich iis ilocated 

iin ithe iMumbai iHigh iField iin iArabian iSea. 

1.1.1 Indian Western Offshore – Overview 

• ONGC operates around ~250 fixed offshore platforms in western offshore.  

• Water depth ranges from 55m to 90m. 

• Designed based on API code for the design life of 25 years. 

• More than 40% of the platforms have exceeded their design life. As a result, Life 

extension studies are therefore required to ensure their fitness for purpose for the 

extended life.  
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1.1.2 Components of Typical Fixed Platform 

Components of typical fixed offshore platform are described in following points with 

the help of schematic of platform shown in Fig. 1.1. 

• Tubular space frame structure to support platform topsides. 

• Fixed to the seabed by driving piles through main legs or skirt piles around the 

legs. 

• Typically used up to water depths of 120m to 150m. 

• Self-weight of the jacket is governed by Water depth, Topside Weight, 

Environmental conditions. 

• Top portion of a fixed platform which sits on the jacket and consists of the decks, 

accommodation and facilities required for processing oil/gas/ water injection. 

• Mudmat is present at bottom-most level and prevents tilting of jacket due to 

settlement of seabed. 

• Conductors are installed inside the jacket with guide frames at different levels, 

which assist in drilling and provide casing pipes through which oil/gas is taken 

out. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  Fig. 1.1: Schematic of a generalized fixed offshore platform  
(Ann Scarborough Bull & Milton, 2018) 

https://www.sciencedirect.com/science/article/pii/S0964569118304484#!
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1.2 FIXED PLATFORM CLASSIFICATION 

For ithe ilast ifew idecades, ithe ifixed iplatform iconcept ihas ibeen iutilized iextensively iover 

i300m idepth iwith ivarious iconfigurations ias ishown iin iFig. i1.2. 

1.2.1 Functional Classification 

The ioffshore iplatforms ifor ioil iand igas iexploration ipurpose ican ibe iclassified ibased ion 

ifunctionality iand ipurpose iof iinstallation. i 

• Wellhead iplatform i- i primarily imeant ifor idrilling iand isupporting iwellhead 

iequipment. iIt isupports ivery ifew iequipment isuch ias iwellhead icontrol ipanel iand 

ipiping. iOccasionally iit ialso isupports ihelicopter ilanding istructure ifor iemergency 

ievacuation. 

• Process iPlatform i- iprimary imeant ifor iproduction ifacilities i(oil ior igas) iand iit imay 

isupport iin iaddition ito iequipment. ifor iproduction, isuch ias ipower igeneration, 

iutilities iand iliving iquarters. 

• Riser iPlatform i- iThis iis ianother ikind iof istructure ispecially ibuilt ito isupport iall ithe 

iincoming iand ioutgoing irisers ion ia iplanned icomplex. iThis iwill ialso ibe iconnected 

ito ithe imain iplatform iby ibridge. 

• Living iQuarters iPlatform- iSometimes idue ito isafety irequirements, ithe iliving 

iquarters iwill ibe isupported ion ia iseparate istructure iaway ifrom ithe iwellhead iand 

iprocess iplatforms. iThis itypes iof iplatform iwill ibe ilocated iat ileast i50m iaway ifrom 

ithe ineighbouring iprocess iplatforms iand iwill ibe iconnected iby ia ibridge. 

• Flare iSupport iPlatform- iThe iflare iboom istructure ito iflare ithe iexcess igas ifrom 

iwell ireservoirs imay ibe isupported ion ia iseparate istructure ieither ia itripod ior ifour 

ilegged ijacket ifor isafety ireasons. iThis iis ito iavoid iexcessive iheat ion iwellhead iand 

iprocess iequipment ion ithe ineighbouring iplatforms. iUsually ithis iwill ihave ilocated 

iaway iby ia idistance ito ibe icalculated ibased ion ithe iheat ioutput iduring iflaring. 
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Fig. i1.2: iPlatform iComplex i(S. iNallayarasu) 

1.2.2 Geometrical Classification 

The istructural iconfiguration iof ifixed itemplate itype istructures ivaries iextensively ifrom 

ilocation ito ilocation idepending ion ithe irequirement iand ienvironmental iconditions isuch 

ias iwater idepth, iwave iand icurrent iloads ietc. iBased ion igeometry, ijackets ican ibe 

iclassified iin ito ifollowing icategories. 

• Tripod i- ibasically ito isupport iminimum ifacility isuch ias ifew iwellhead iand iriser ior 

ito isupport ia ibridge ibetween itwo imajor iplatforms ior ito isupport ia iflare iboom 

• 4 iLegged- itypically ifor iwellhead iplatforms 

• 6 ior i8 iLegged i- imainly ifor iprocess icomplex 

1.2.3 Foundation Concepts 

The ioffshore iplatforms ishall ibe ifixed ito ithe iseabed iby imeans iof ipiles ieither idriven 

ithrough ithe imain ilegs iof ithe ijacket ior ithrough iskirt isleeves iattached ito ithe ijacket ilegs 

ior ithe icombinations iof iboth imain iand iskirt ipiles. 
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1.3 NEED OF THE ASSESSMENT 

Platform idesign ilife iis i25 iyears iand ithe imajority iof ithe iplatforms iaround ithe iworld 

ihave iexceeded itheir idesign ilife. iAPI-RP-2A irequires ian iassessment iof ian iexisting 

iplatform iif iany iof ithe ifollowing iindicators iexists: 

• Changes iin idesign icodes iresulting iin iincreased ienvironmental iloading. i 

• Damages isuch ias idents i/ iholes i/ icracks i/ iparting iof imembers. i 

• Additional ifacilities ilike iclamp-on iwells, iriser, ideck iextension ietc. i 

• Use iof istructure ibeyond idesign ilife. 

• Structure iis isubjected ito iincreased iloading idue ito imodifications iin istructures. 

1.4 OBJECTIVE OF THE STUDY 

The iobjectives iof istudy ican ibe ioutlined ias ifollows: 

1. The imethod inormally iused ifor iassessment iof iexisting ioffshore istructures iis iIn-

place ianalysis ibased ion iDesign ilevel i& iUltimate ilevel icheck. iIn-place ianalysis iof 

ithe ijacket istructure ihas ibeen icarried iout iusing iSACS isoftware ito ievaluate ithe 

istructural iadequacy iof ithe ijacket istructure iin iaccordance iwith icode iAPI-RP2A 

icriteria ifor ilife iextension. 

2. To iperform iinelastic ipushover ianalysis ito icalculate iRSR iof ifixed iplatform iwith 

irespect ito imetocean idata ito iassess ithe iultimate icapacity iof ithe iplatform. iRSR iis 

idefined ias ithe iratio iof ia iplatform’s iultimate ilateral iload icarrying icapacity ito iits 

i100-year ienvironmental icondition ilateral iloading. 

Based ion ithe iabove ianalyses ithis istudy iintends ito iprovide iRe-assessment iof iexisting 

ifixed ioffshore isteel iplatform iand iresults ifrom ithe iinvestigation iare idiscussed iand 

iconclusions iare idrawn iabout ithe iapplicability iof ithe iproposed iframework ito igive ian 

iup-to-date ipicture iof iplatform istrength. iThen ithis ipicture iis iused ito iassess iif ithe 

iexisting iplatform iis istill i“fit-for-purpose”, iand ito idecide ithe isuitability iof istructures 

ifor ian iextended ilifetime. 
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1.5 ORGANIZATION OF THESIS 

Chapter 1 gives a brief background of fixed offshore platforms, covering the 

overview in Indian western offshore and its classification. Also, need of assessment 

and objectives behind this study have been explained.  

Chapter 2 gives the details about the literature review done for this dissertation work 

and which have been used throughout for investigation work. This also includes the 

required and detailed study of API RP-2A code. Chapter 3 gives a description of 

assessment methodology and procedures for assessment of existing structures. 

Chapter 4 includes the various types of loads which are going to be encountered by 

offshore platform. Also, the various types hydrodynamic parameters considered for 

the wave force calculations for these types of structures are included and discussed.   

Chapter 5 deals with brief Introduction & Validation to the software tool that used 

for the Re-assessment analyses of offshore platform for the dissertation work.  

Chapter 6 interacts with the problem statement of the investigation, various input 

parameters, technical details, modelling and types of analysis done for dissertation 

work etc. is presented and the results obtained from the analysis are presented in 

Chapter 7. The conclusions drawn from the study and analysis which is done on the 

present model are defined in problem are included in Chapter 8. Also, the future 

scope for studies and work on this particular topic is included in same chapter. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1   LITERATURE SURVEY 

The inecessary iliterature ireview iand istudies iwere icarried iout ithrough inational iand 

iinternational ijournals, iconferences, ibooks, icodes iof ipractice iand ithe idata iavailable ion 

ithe iinternet iand isources. 

Shehata iE. iAbdel iRaheem, iElsayed iM. iAbdel iAal, iAly iG. iA. iAbdel iShafy, 

iMohamed iF. iM. iFahmy, iMohamed iOmar i& iMahmoud iH. iMansour i(2020) iused 

iIn-place ianalysis ito iverify ithat ithe iplatform istructural imembers ihave ithe irobustness 

iand icapability ito isupport ithe iloads iin ioperating iand istorm iconditions. iA ifinite-

element ianalysis iis iadopted ito iestimate ithe iin-place ibehavior iof ia itypical ifixed 

ioffshore iplatform ifor ireassessing idesign iparameters ibased ion imeasured 

iperformances. iThe iSACS isoftware iis iemployed ito ifind ithe idynamic icharacteristics 

iand ithe idisplacement iresponses iof iplatform iconsistent iwith iin-place ianalysis ialigned 

iwith ithe istresses iat iselected imembers iand ijoints iare iexamined ibased ion iunity ichecks. i 

It iwas ifound ithat ithe idirections iof ienvironmental iloads iand iwater idepth ivariations 

ihave isignificant ieffects ion ithe iresults iof ithe iin-place ibehavior. iThe iresults iconfirm 

ithat ithe iin-place ianalysis iis iquite iessential ifor ithe ireliable idesign iof ithe ioffshore 

iplatform iand iassessment iof iexisting ioffshore istructures. iIt iwas iconcluded ithat imain 

ifactors iwhich idrive iand icontrol ithe idifferent istorm iconditions iare ithe ienvironmental 

iloads ireturn iperiods iand ithe iwater idepth ivariation. 

Mohamed iMubarak iAbdul iWahab i& iV. iJohn iKurian i& iMohd iShahir iLiew i& 

iDo iKyun iKim i(2020) igives ithis istudy, iin iwhich itechnical ipapers ion istructural 

icondition iassessment iof iaged ifixed-type ioffshore iplatforms ireported iover ithe ipast ifew 

idecades iare ipresented. iOther iancillary irelated iworks iare ialso idiscussed. iLarge 

inumbers iof iresearches iare iavailable iin ithe iarea iof irequalification ifor ilife iextension iof 

ioffshore ijacket iplatforms. iMany iof ithese istudies iinvolve ireassessment iof iexisting 

iplatforms iby imeans iof iconducting ipushover ianalysis, ia istatic inonlinear icollapse 
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ianalysis imethod ito ievaluate ithe istructure inonlinear ibehaviour iand icapacity ibeyond 

ithe ielastic ilimit. 

Many istudies iare ireported ion ireassessment iof iexisting ioffshore ijacket iplatforms iby 

iconsidering imaintenance iand/or idecommissioning. iThey iutilised inumerous 

iassessment imethodologies, ieither ideterministic ior iprobabilistic itypes. iIn ilieu iof ithe 

icurrent ipractice, iprobabilistic imethodologies ito iconduct icomponent iand isystem 

ireliability ireassessments ias ian ialternative ito ithe icurrent iindustry iadopted iapproach iare 

ineeded. iIn iaddition, ithe irelationship ibetween icomponent iand isystem ireliability iis 

ipreferred. iWith ithe ideveloped imethodologies, iparametric istudy iaffecting ithe 

icomponent iand isystem ireliability ihas ibeen iperformed. iThe isensitivity istudy ion 

iparameters iwhich icontributes ito ithe ivariation iof ithe ireliability iindices ihas ibeen 

iconducted. 

Ashish iAeran, iSudath iC. iSiriwardane, iOve iMikkelsen i& iIvar iLangen i(2017) 

ihave iproposed ia iframework iwhich iprovides imore iprecise icorrosion imodels, inew 

idamage itheories iand iassessment iguidelines ito ipredict ithe iremaining ifatigue ilife iand 

icheck ithe istructural iadequacy iin iall ithe ilimit istates iduring ithe iwhole iextended iservice 

ilife. i iInitially, ithe ipaper ipresents ithe iproposed iframework iin idetail. iThe iframework 

iapproach iis ithen iapplied ito ian iageing ijacket ias ia icase istudy iand iresults iare icompared 

iwith iconventional iapproach. i 

The iproposed iapproach iresults iin ia iremaining ilife iof iten iyears ias icompared ito ione 

iyear iusing ithe iconventional iapproach. iThus, ithe ijacket istructure ican ibe isafely 

ioperated ifor ian iadditional inine iyears iusing ithe iproposed iapproach. iRecommendations 

iare ialso imade ion iincreasing ithe iremaining ifatigue ilife iusing ilife iimprovement 

itechniques. iFinally, ithe iapplicability, isignificance iand ivalidity iof ithe iproposed 

iframework iare idiscussed. 

S. iIshwary, iM. iArockiasamy iand iR. iSenthil i(2016) iperformed iinelastic inonlinear 

ipushover ianalysis ion ia i3-D imodel iof ia ijacket-type ioffshore iplatform ifor ithe iNorth iSea 

iconditions. iThe istructure iis imodelled, ianalysed iand idesigned iusing ifinite ielement 

isoftware iSACS i(structural ianalysis icomputer isystem). iThe ibehavior iof ijackets iwith 

idifferent ibracing isystems iunder ipushover ianalysis iis iexamined. iFurther, iby ivarying 
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ithe ileg ibatter ivalues iof ithe iplatform, iweight ioptimization iis icarried-out. iSoil-structure 

iinteraction ieffect iis iconsidered iin ithe ianalyses iand ithe iresults iare icompared iwith ithe 

ihypothetical ifixed-support iend icondition. i 

Static iand idynamic ipushover ianalyses iare iperformed iby iusing iwave iand iseismic iloads 

irespectively. iFrom ithe ianalyses, iit iis ifound ithat ithe ioptimum ileg ibatter ivaries ibetween 

i15 ito i16 iand i2% iof iweight isaving iis iachieved. iMoreover, iit ihas ibeen iobserved ithat ithe 

itype iof ibracing idoes inot iplay ia imajor irole iin ithe iseismic idesign iof ijacket iplatform 

iconsidering ithe isoil-structure iinteraction. 

Yong iBai, iYounghoon iKim, iHui-bin iYan, iXiao-feng iSong i& iHua iJiang i(2016) 

iprovides iReassessment iof ia ijacket istructure isubjected ito icorrosion idamages iwas 

ianalysed iin ithis istudy. iProgramme iSACS iwas iused ifor imodelling iand iconducting 

ipushover ianalysis ifor ithe ijacket istructure. iThere iare itwo itypes iof icorrosion idamage, 

i‘general icorrosion’ iand i‘localised icorrosion’, iand ithe igeneral icorrosion iwas iapplied 

ion ithe istructure. iCorrosion irates iof ithe ijacket istructure icould ibe idivided iinto ithree 

iparts, iatmospheric izone, isplash izone iand ifull iimmersion izone. iThrough ithe ipushover 

ianalyses iusing iSACS, ithe irelation ibetween itime iand iRSR iwas iestablished iand iit iwas 

iverified iwhich izone ihad imore icorrosion iinfluence ito ithe ijacket istructure. 

In ithe ianalyses ito idefine iwhich izone ihas imore iinfluence ion ithe ijacket istructure, iit iwas 

iproven ithat ithe ifull iimmersion izone ihas i3.5 itimes icorrosion ieffect ithan ithe isplash 

izone ialthough ithe isplash izone ihas ilarger icoefficient ithan ithe ifull iimmersion izone. iThe 

ireason iof ithis iis ithat ithe ifull iimmersion izone iis iincluding imore ielements iof ithe 

istructure ithan ithe isplash izone. iFurther iwork iis ineeded ito iestablish imore ireliable 

irelations ibetween itime iand icorrosion ieffects ion ithe ijacket istructure iwhich iinclude 

ilocal icorrosion ion ithe itop-side iand ijacket istructure. iIt imay ibe imore icomplicated 

ibecause ithe itop-side ihas imore ifacilities iand icomplex istructure. 

Mostafa iZeinoddini, iPooya iRanjbar, iHadi iKhalili, iAlireza iRanaei, iHamid 

iGolpour iand iJavad iFakheri i(2015) ireviews ithe ispectral ifatigue ianalysis iapproach 

ifor ievaluating ithe iremaining ilife iof ian iaging ifixed ioffshore isteel iplatform. iThe ipaper 

idescribes ithe iprincipals iand ithe ioutcomes iof ia inumerical iwave iclimate imodelling 

iapproach ifor iobtaining ithe iscatter idiagrams irequired ifor ia ispectral ifatigue ianalysis. 

iThe iavailable icodes iof ipractice, iregarding ithe ifatigue ilife iassessment iof iexisting 
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ioffshore istructures iare ialso ihighlighted. iThe ireliability iof ithe ifatigue ilife ievaluations, 

ipossible iremedy imeasures ias iwell ias imeans ifor ifatigue ihealth imonitoring iof iexisting 

isteel iplatforms iare idiscussed. i 

The imethodology iused ifor ithese iassessments iincorporates iguidelines ifrom idifferent 

ioffshore icodes. iIt ihad ibeen itried ito ihighlight ithe ipotential igaps ibetween ithe 

iregulations ifor ithe ifatigue iassessment iof ioffshore iplatforms. iThe iresidual istrength iof 

ithe ifatigue idamaged iplatform ihas ialso ibeen ievaluated. iIn igeneral, ithe icurrent 

imultidisciplinary icase istudy iprovides ia iproblem-based iunderstanding iof ithe ifatigue 

iintegrity iassessment iof iexisting ioffshore iplatforms. iIt ipinpoints isome ipractical iissues 

iand iimplications irelated ito ithe ifatigue iintegrity iassessment iof ithe iaging ioffshore 

iplatforms. iThe iresults ican iextend iexisting iknowledge ion ithe istructural iintegrity 

iassessment iof ioffshore iplatforms. 

Alireza iFayazi, iAliakbar iAghakouchak i(2015) ipresents ia idetailed istructural 

ireliability iprocedure iin iorder ito iachieve ian iacceptable isafety imargin ifor itemplate itype 

ioffshore iplatforms ilocated iin ithe iPersian iGulf. iProbability iof ifailure iin ithis istudy iis 

icalculated iby iconsidering ithe icumulative ieffects iof iall ilevels iof iwave iloading iduring 

ithe ilifetime iof ithe istructure iand iuncertainties iassociated iwith isoil, imaterial iproperties, 

iconnection istrength iand ienvironmental iconditions iin ithe ireliability ianalysis. 

The ipresented iprocedure iis icapable iof icalculating ithe iprobability iof ifailure iduring ithe 

ilifetime iof iplatform iconsidering iall iextreme iwave iloading ipatterns. iFurthermore, iit iis 

ipossible ito itake iinto iaccount ithe iuncertainty iof iall iaffecting iparameters isuch ias 

iconnections, isoil icapacity, iwave iin-deck, icorrosion, iwave iperiod iassociated ito 

imaximum iwave iheight, imaterial iyield istrength. iBesides, iwave ihazard icurve ifor ithe 

iPersian iGulf ihas ibeen iused ito iestimate ithe iprobability iof ifailure ifor ia isample ifour 

ilegged iplatform, iwhich iis ifound ito ibe ihigher ithan iwhat ican ibe iexpected iif ithe iReserve 

iStrength iRatio, iRSR, icriteria iwere ito ibe iconsidered. 

Mike iEfthymiou iand iJan iWillem ivan ide iGraaf i(2011) ireviews ithe istructural 

iintegrity iand ireliability iof ifixed isteel ioffshore istructures iwith ia ifocus ion iin ifour ikey 

iareas. iThe ifirst iarea iis ithe iextreme ienvironmental iloading ion ian ioffshore iplatform; ithe 

isecond iarea iis ithe ijoint ioccurrence iof iwaves, iwinds iand icurrents, ii.e. iaccounting ifor 
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ithe ifact ithat ithese ido inot, iin igeneral, ipeak iat ithe isame itime iand ido inot iact iin ithe isame 

idirection. iThe ithird iarea iis ithe iestimation iof ithe iultimate istrength iof ia ifixed isteel 

iplatform i& ifourth iand ifinal iarea iis ithe iintegration iof ithe iabove imodels ito iestimate ithe 

iprobability iof ifailure. 

These iresults iin ia itotal iof ifour iexposure ilevels iand itarget ireliabilities ifor ieach ihave 

ibeen ideveloped. iFor ieach iof ithe iabove itarget ireliabilities, iload ifactors ifor ithe iextreme 

istorm iloading iand icorresponding iRSR itargets ihave ibeen ipresented ifor ikey 

igeographical iareas. iFor iGoM istructures ia isignificant iimprovement iin ithe ireliability iof 

iL-1 iand iL-2 istructures ican ibe iachieved iby ia imodest iincrease iin ideck ielevation. iThe 

imodifications ito iISO iand iAPI iRP i2A irecommended iachieving iharmonization iin 

idesign ipractices iworldwide iand iconvergence ibetween iISO iand iAPI. 

Gunnar iSolland, iGudfinnur iSigurdsson i& iAnupam iGhosal i(2011) idiscusses ithe 

ioverall iassessment iprocess ifor ilife iextension iand ioutline iprocedures iconnected ito ihow 

ito ideal iwith ithe ispecific iaspects ithat iengineers imeet iwhen iperforming iassessment ifor 

istructural ilife iextension. iFor ivarious ireasons ithese iplatforms iwill irequire ian 

iassessment iof itheir istructural iintegrity. iAs iexamples ione imay iexperience ioperational 

ichanges iof ithe iplatform ithat imay ilead ito iincreased iloads ior ithere imay ibe idamages ithat 

ireduce ithe istructural icapacity. iConsequently, ithe idesign ipremises imay ihave ichanged 

isignificantly iand imay iresult iin iincreased iuncertainty iabout ithe isafety iof ithe istructure. 

iIn isuch icases ithe iassessment iprocess iis ifocused itowards ireassuring ithat ithe istructure 

ihas iadequate isafety. 

Even iif ithe istructure ineeds ito icarry imore iloads ithan ioriginally idesigned ifor iit iis 

ipossible ito ishow ithat ithe istructure iis istill isafe iby iutilizing irefined ianalysis imethods 

ie.g. inon-linear ifinite ielement imethods. iRefined imethods ican ialso ibe iused iwhen 

ianalysing idamaged istructures iin iorder ito iavoid iexpensive irepair. iBy irefined imethods 

iit iis ialso ipossible ito ishow ithat ithe istructure imay ioperate ibeyond iits ioriginal idesign ilife 

iand iby iuse iof iresults ifrom iin-service iexperience, iplatforms ican ibe isafely ioperated 

ieven ilonger ithan itheoretical idetermined ilife. 

H.S. iWestlake, iF.J. iPuskar, iP.E. iO'Connor iand iJ.R. iBucknell i(2006) iprovides ian 

ioverview iof iultimate istrength iassessments iand itheir irole iin iunderstanding ithe 
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istructural isystem iresponse ito iextreme iloads ifor idefining iappropriate irisk-based 

iinspection istrategies iand ifor idemonstrating ifitness ifor-purpose iand ialso ireviews 

ifuture irecommended ipractices i(RPs) iand iregulations, i& iprovides iseveral iinformative 

istudies ito ifurther idemonstrate ithe irole iof iultimate istrength iassessments iin ithe iSIM iof 

ioffshore istructures. 

In-service iperformance i[Bucknell, iet ial., i2000] isuggests ithat iwell-maintained 

iplatforms iare imore irobust iand idamage itolerant ithan ia icomponent-based idesign 

iapproach iwould iindicate. iAs ia iresult iof ithis iinherent idesign i‘reserve-strength’, ilarge 

inumbers iof ifixed iplatforms iare iseeing isafe iservice iwell ibeyond itheir iintended idesign 

ilives. iIt iis iapparent ithat iengineers ishould iuse iultimate istrength iassessments ias ian 

iimportant idecision-making itool iin ithe idesign iof inew istructures iand, imore 

iimportantly, iduring ithe ilife-cycle iSIM ifor iexisting ioffshore istructures. iThrough imore 

irealistic isimulation iand ivisualization iof ia iplatform’s istructural ibehavior, ithe iengineer 

igets ia ibetter iunderstanding iof ithe istructure’s iintegrity iand isusceptibility ito idamage. 

iThis iincreased iknowledge ican ibe iused ito idetermine ithe icriticality iof icomponents 

iwithin ithe istructural isystem iand ito iassess iinspection iand irepair ischemes. 

 

2.2   GAP OF LITERATURE 

Previously iassessment iwas iperformed iconservatively iwhich isuggests iunnecessary 

ineed ifor istrengthening ior iproviding iadditional ifoundation isupports, iwhich iis ivery 

iexpensive ifor ioffshore iplatforms. iSuch iexcessive icosts icould icompromise ithe i i i 

ifeasibility iof ioil iand igas idevelopments, ithereby iresulting iin ilosses ias ia iwhole. i 

Therefore ian iultimate istrength ianalysis iwill ibe iperformed ito ireduce iconservatism 

iattempting ito iperform ian iunbiased iestimate iof iplatform icapacity iand ifocusing ion 

isystem irather ithan icomponent ireliability. iSuch ianalysis ireduces ithe ipotential ifor ierror 

iin iconducting iplatform iassessments iand iimproving iefficiency. i  
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CHAPTER 3 

PROBLEM STATEMENT 

3.1 PROBLEM STATEMENT  

3.1.1 Structural Model 

The Jacket structure analysed is comprised of a four legged Well platform in 

Mumbai high field. It is located in a water depth of 76.00m. The entire platform is 

considered supported and fixed to the sea bed   by piled foundation system. Overall 

view of Offshore Platform in SACS software is shown in Fig. 3.1.  

 

Topside consists of three decks, Main 

deck at (+23.00 m), Cellar deck at 

(+18.00 m) and Helideck at elevation 

(+33.00 m) w.r.t. chart datum. The 

cellar and the main deck framing is 28 

x 17 m in plan. Jacket consists of four 

legs and five horizontal framings; top 

dimension (+6.70 m) is 18.25 × 9.50 m 

and base dimension on seabed (−75.00 

m) is 28.50 × 30.00 m.  

Steel Material Constants 

• Young’s Modulus: 200,000 N/mm2 

• Shear Modulus: 80,000 N/mm2 

• Steel density: 7850 kg/m3 

• Minimum Yield Strength: 248 MPa 

• Poisson’s Ratio: 0.28 

Fig. 3.1: Overall View of Offshore Platform 
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3.1.2 Assumptions and Modelling Features  

Following are the salient modelling features: 

• Conductors are modelled for environmental loads acting on them. The stiffness 

of conductors is not considered for analysis.  

• Jacket appurtenances like Barge Bumper & Boat landings have been modelled as 

dummy structures to take into account the environmental forces acting on them 

but their stiffness is neglected in analysis. 

• Risers are vertically supported from jacket walkway member and laterally 

supported at other horizontal levels. Stiffness of the risers is neglected in 

analysis. 

• Drag forces on anodes have been considered in the model by increasing the 

marine growth thickness. 

• Cd and Cm values for rough and smooth members have been given as per API. 

• Position of wave for In-place analysis has been fixed on maximum shear for 

orthogonal direction and on maximum overturning moment for diagonal 

direction. 

• Water depth for operating and storm condition is given as: 

• Water depth = 76.00 +LAT + 50% AT + Storm surge 

• Pile stub is has given fixity at the mudline level. 

• Additional member thickness provided for members in splash zone is exempted 

for strength and stiffness calculation.  

• All jacket appurtenances load has been considered in analysis. 

• All jacket legs are considered as flooded and grouted for analysis. 

• Conductor shielding factor has been considered for both orthogonal and diagonal 

directions based on S/D ratio. Effect of increase in diameter due to marine growth 

has been taken in to consideration in calculation of S/D ratio. 

• The effective lengths coefficient considered for jacket members are as follows: 
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Table 3.1 Effective length coefficient 

Member Coefficient 
Jacket Legs  1.0 
Jacket Braces 0.8 
X braces (Longer segment Length) 0.9 

 

3.1.3 Global Axis System 

The right hand rule coordinate system is used as follows: 

• X axis in platform N-S direction, with X coordinates +ve towards platform SE. 

• Y axis in platform W-E direction, with Y coordinates +ve towards platform NE. 

• Z axis in vertical direction, with Z co-ordinates +ve upwards 

3.1.4 Load Contingency factor 

Following load contingency factors are considered for the analysis. 

Contingency factor for substructure    = 5 % 

Contingency factor for superstructure = 10 % 

Weld metal and mill tolerance factor   = 3 % 

 

Contingency factor considered for the analysis are as follows, 

Super structure (Deck) = 10 + 3 = 13 % 

Sub structure (Jacket) = 5 + 3   = 8 % 

The above contingency has been taken care by increasing the density of modelled 

members from 7.85 t/m3 to 8.87 t/m3 for super structure and 8.478 t/m3 for sub-

structure. 
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 3.2 ANALYSIS BASIS 

Structural ianalysis iis iperformed iby iusing ithe icommonly iused iStructural iAnalysis 

iComputer iSystem i(SACS) isoftware. iThe iSACS isoftware ipresents ithe istructural 

iresponse iin iterms iof imember’s istress iutilization iratio iand ijoint iutilization iratios. iThe 

istructure iis idefined ias icode icompliant iif iall imembers ihave istress iutilization iratio iof 

iless ithan i1.0. iFollowing ianalysis ihas ibeen iperformed ito iestablish i“Fit ifor iPurpose” iof 

ithe iOver ilived ijackets. 

3.2.1 Jacket In-Place Analysis 

The iplatform ihas ibeen ianalysed ito iresist ienvironment iloads iand igravity iloads iin 

iaccordance i iwith i ifollowing ienvironmental iconditions: 

• Extreme istorm icondition iwith i85 i% ienvironmental iloading. 

• Extreme istorm icondition iwith i100% ienvironmental iloading. 

The iIn-place ianalysis ihas ibeen icarried iout ifor ia iminimum iof ieight istorm iapproach 

iangles ieach ifor i i i ithe iextreme istorm iload icombination. iStill iwater idepth ihas ibeen 

itaken ias i(CD) i+ i(LAT) i+ i(50% iof iAstronomical iTide) i+ i(Storm iSurge) ifor iStorm 

iEnvironment. i 

3.2.1.1 Design Level Analysis 

Design ilevel ianalysis ihas ibeen icarried iout iin iaccordance iwith isection i17.7.2 iof iAPI-

RP-2A-WSD-2007. iStructure ihas ibeen ievaluated ibased ion iits icurrent icondition, 

iaccounting ifor iany idamage, irepair, ior iother ifactors iaffecting iits iperformance ior 

iintegrity. 

In-place istatic ianalysis ihas ibeen icarried iout ias iper isection i3, i4, i5, i6 i&7 iand i17 iof iAPI-

RP-2A i(WSD)-2007. iLinear istatic iglobal ianalysis ihas ibeen icarried iout ifor i100-year 

iextreme istorm icondition ifor i8 idirections iof iwave, icurrent iand iwind iwith iother idesign 

iloads. iThe iadequacy icheck ihas ibeen icarried iout ifor ijacket ionly. iReduced 

i“Assessment iCriteria ifor iMetocean iloading” ias iper ifigure i17.5.2 iof iAPI-RP-2A-

WSD-2007 ihas ibeen iused ifor ithe idesign ilevel ianalysis. iAccordingly, i85% iof 

ienvironmental iloading icaused iby i100-year ienvironmental icondition ihas ibeen iused. 
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3.2.1.2 Ultimate Level Analysis 

Ultimate iStrength iAnalysis ihas ibeen icarried iout ias iper isection i17.7.3 iof iAPI-RP-2A-

WSD-2007. iElastic iIn-place ianalysis ihas ibeen icarried iout iby isimulating iultimate 

istrength ifor i100% ienvironmental iloading, iallowable istresses imay ibe iincreased iby i70 

ipercent. iThese iprovisions ipermit iminor iyielding ibut ino isignificant idamage ito ioccur. 

3.2.2 Pushover Analysis 

Jacket iis isubjected ito ilateral iloads imainly idue ito iwaves i& icurrent. iIn iorder ito 

idetermine ithe ireserve istrength iratio i(RSR) iof ijacket istructure, ilateral iloads iare iapplied 

iin iincremental isteps iconsidering iboth imaterial i& igeometric inonlinearity. iFirst iplastic 

ihinge iis iformed iat ithe iworst iloaded ijoint. iAs ithe iload iincreases icollapse imechanism iis 

iformed idue ito iformation iof imultiple iplastic ihinges iat ijoints/members. iRatio iof 

imaximum ilateral iload iprior ito icollapse ito idesign ilateral iloads igives ithe ireserve 

istrength iratio i(RSR) iof ithe istructure. i 

A iReserve iStrength iRatio i(RSR) iof i1.6 iis ipermissible ifor ihigh iexposure icategory 

iwhereas ia iRSR iof i0.8 iis ipermissible ifor ilow iexposure icategory ias iper iclause ino. 

i17.5.2 iof iAPI iRP2A. iHowever, iall ithe iplatforms iunder irequalification istudy iwill ibe 

iconsidered ias ihigh iexposure icategory. iEvaluation iof iload ifactor iat iwhich ifirst 

iplasticity ioccurs iin ithe iMember/Joint, iif iit iis imore ithan i1.0, ithis iindicate istructure ican 

iwithstand idesign iload i(Extreme iStorm) iwithout igoing iin iplastic izone. 

3.3 LOAD CALCULATION 

3.3.1 Dead Load  

3.3.1.1 Structural Dead Loads 

There are two types of structural dead loads: 

i) Generated by SACS 

ii) Non-generated loads  
 

Following Non-generated dead loads have been considered for the analysis: 
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• Dead load from Jacket 

       Table 3.2: Jacket Un-Modelled Load 

 
• Dead load from Topside 

Table 3.3: Deck Un-Modelled Load 

Sl.
no Description 

Load -Joint (KN) / 
Member(kN/m)/ 

Pressure (kN/m2) 

Total load 
Applied in 
SACS (kN) 

1 Anode 40.00 600.00 

2 
Corrosion allowance for brace 2.40 98.11 
Corrosion allowance leg 5.20 164.12 

  3 Grating Load   0.50 41.08 
4 Handrail   0.45 49.20 
5 Collapse Ring 1.50 30.00 
6 Flooding and grouting lines 4.20 63.00 

7 Rubstrip for  Boat landing 0.40 28.68 

8 Grout packer 36.0 144.00 
9 Conductor Guide 2.00 90.00 

10 Crown Shim plate 10.0 40.00 
11 Boat landing stabbing guide 10.0 20.00 

12 Riser clamp 10.0 40.00 
13 Pile spacer 5.00 60.00 
14 Mudmat 35.0 560.00 
15 Riser load - 118.00 

Sl.
no 

Description 
Load -Joint (KN) / 

Member(kN/m)/ 
Pressure (kN/m2) 

Total load 
Applied in 
SACS (kN) 

1 Grating  0.50 36.00 
2 Handrail  0.45 115.20 

  3 Stabbing guide 10.00 40.00 
4 X-mas tree platform 5.00 20.00 
5 Barrier wall 3.00 75.00 
6 Lift eye 20.00 80.00 

7 Conductor Guide 2.00 18.00 



 
 

19 

 

• Dead load from Jacket Appurtenants: 

Boat landing/Barge Bumper: The boat landing integrated with barge bumper is 

modelled in SACS to account for self-weight as well as wave forces calculation. 

3.3.2 Live Load  

• Uniformly distributed area live loads for plated area and all loading & unloading 

area of platform are considered as 1500 kg/m2. 

• Grated area live load is considered as 500 kg/m2. 

 3.3.3 Design Environmental Loads  

The environmental loadings were applied to approach angles from 0˚ to 315˚ at 45˚ 

intervals as shown in Figure 2. Still water depth has been taken as (CD) + (LAT) + 

(50% of Astronomical Tide) + (Storm Surge) for Storm Environment.  Metocean 

data used for the In-Place & Pushover analysis of jacket structure are as shown in 

Table 3.4 & Table 3.5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.2: SACS Direction Considered for Loading 
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Table 3.4: Extreme Storm Wave data 

Wave Data 
Approach 
Direction 0 45 90   135   180   225   270   315 

100 Year Wave 
Max. Ht. (m) 15.09 16.77 17.07 17.68 18.00 14.48 13.26 16.00 

100 Year Wave 
Period (Sec) 13.00 13.70 13.90 14.20 14.40 12.50 11.80 13.80 

Still Water 
Depth (m) 78.26 78.44 78.56 78.81 78.81 78.26 78.26 78.26 

 

Table 3.5: Extreme Storm Current profile.  

Elevation  
Current Speed (m/s) 
Approach Direction 

0 45 90 135 180 225 270 315 
Bottom 0.51 0.31 0.213 0.27 0.37 0.31 0.25 0.25 
Y-1/4 0.97 0.69 0.609 0.66 0.81 0.72 0.65 0.65 
Y-1/2 1.19 0.86 0.75 0.82 1.02 1.20 0.83 0.82 
Y-3/4 1.40 1.02 0.90 0.99 1.21 1.08 0.95 0.98 

Surface 1.64 1.23 1.09 1.18 1.45 1.27 1.16 1.22 

3.3.4 Wind Loads 

For Jacket analysis one-hour wind speed is used as wind loading is input in SACS as 

wind load areas. The entire area between cellar and main deck level is divided into 

different wind areas. The wind speeds used have been tabulated in Table 3.6. 

Table 3.6: Extreme Storm Wind Speed Data 

Sr. 
No. Storm Condition Direction from 

North 
Design Wind Speed 

(m/sec) 

1 Extreme 0 51.90 
2 Extreme 45 49.70 
3 Extreme 90 48.90 
4 Extreme 135 50.60 
5 Extreme 180 53.30 
6 Extreme 225 53.30 
7 Extreme 270 53.30 
8 Extreme 315 53.30 
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3.3.5 Hydrodynamic coefficients 

• Drag Coefficient (Cd) and Mass coefficient (Cm) values taken are as follows 

• Smooth members, Cd = 0.65, Cm = 1.60, Rough members, Cd = 1.05, Cm = 1.20 

• Lowest Astronomical Tide (LAT) = -0.183 meters 

• Wave Kinematics Factor = 0.88 

• Current Blockage Factors for four legged platforms in different current heading 

directions are as follows, End-on = 0.8, Diagonal = 0.85, Broad side = 0.8 

• Marine Growth Profile & Zones: 

Table 3.7: Marine Growth Profile 

Item From 
Elevation (m) 

     To 
Elevation (m) 

Marine Growth Thk. 
on radius (mm) 

Marine Growth 
Profile 

(+) 3.0 (-) 30.0 100.0 
(-) 30.0 Mudline 50.0 

Submerge Zone (-) 1.8 Mudline - 

Splash Zone (-) 1.8 (+) 6.0 - 

Atmosphere Zone (+) 6.0 Upwards - 

3.4 BASIC LOAD CASES AND LOAD COMBINATIONS 

3.4.1 Basic Load cases 

Table 3.8: Basic Load Cases 

Load Case No. Load case Description 

1 Dead Load (Modelled) 

2 Dead Load –  Jacket (Un-modelled) 

3 Dead Load –  Deck (Un-modelled) 

4 Blanket Live load – Deck 

5 Building Module Dead Load 

6 Building Module Live Load 

7 Crane load 

31 to 38 Wave, Current & Wind Extreme storm 
0°,45°,90°,135°,180°,225°,270°,315° 
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3.4.2 Load Combinations  

Table 3.9: Load Combination 

Load  
Combination 

Load 
Case 

Load 
Factor 

Load 
Case 

Load 
Factor 

Load 
Case 

Load 
Factor 

100 1 1.00 2 1.08 3 1.13 
- 4 0.60 5 1.00 6 0.60 

- 7 1.00 - - - - 

   - - - Design Level Ultimate Level 

101 100 1.00 31 0.85 31 1.00 
102 100 1.00 32 0.85 32 1.00 
103 100 1.00 33 0.85 33 1.00 
104 100 1.00 34 0.85 34 1.00 
105 100 1.00 35 0.85 35 1.00 
106 100 1.00 36 0.85 36 1.00 
107 100 1.00 37 0.85 37 1.00 

108 100 1.00 38 0.85 38 1.00 

 

 

 

 

 

 

 

  



 
 

23 

 

CHAPTER 4 

ASSESSMENT METHODOLOGY 

4.1 PLATFORM ASSESSMENT METHODOLOGY 

Process flow of Platform Assessment Methodology based on API RP - 2A, Platform 

has to pass following: 

• Platform selection: Functional basis or exposure category. 

• Categorization: Based on platform configuration. 

• Condition assessment: Survey based.  

• Mitigation - Repairs / Reduction of loads.  

• Design & Analysis checks. 

 

4.1.1 Platform selection: Functional basis 

API requires an assessment of an existing platform if any of the following indicators 

exists: 

• Addition of facility. 

• Increase loading. 

• Inadequate deck height. 

 

4.1.2 Categorization: Based on platform configuration 

If a platform is selected for an assessment, it should have categorized with respect to 

human life safety (manned, non-evacuated, manned – evaluated and un-manned) and 

consequence of failure i.e. high or low. 

 

4.1.3 Condition assessment: Survey based 

The following parameters to be considered: 

• Damage, accident with subsequent repairs. 

• Corrosion, anodes maintenance. 

• Records of marine growth thickness & cleaning operations, scour & debris 

observations. 
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4.1.4 Mitigation – Repairs / Reduction of loads 

Options available for Mitigation measures:  

• Load reduction by removal of redundant structures. 

• Marine growth removal - Controlling marine growth thickness by reducing 

cleaning frequency. 

• Increase / Restore capacity by repair damages by Underwater welding or member 

& joint strengthening by Grouted Clamp / mechanical clamp 

4.1.5 Design and Analysis checks: 

The itwo idifferent ianalysis iof ithe iplatform ishould ibe icarried iout ito igive ian iextended iup 

ito-date ipicture iof iplatform istrength i& ito iconfirm ithe isuitability iof istructures ifor ia 

ilifetime. i i i i 

4.1.5.1 In-place Analysis 

In-place ianalysis iwas iperformed ibased ion ithe i3-dimensional ifinite ielement imodel iof 

ithe iintegrated iplatform iincluding ithe itopsides, isubstructure iand ipiles. iBoth ioperating 

ias iwell ias iextreme istorm iloading iconditions iwere iconsidered. iDesign ilevel ianalysis 

iconsidering ilinear istatic imethodology iis ivery iconservative iand ido inot iutilize ithe 

ireserved istrength iof ijacket istructure. iDesign ilevel iin-place ianalysis ito iassess ithe 

iintegrity iof istructure ifor ipresent icondition. iThe istrength iis iexpressed ithe imaximum iof 

iall iunity ichecks i(UC’s iin icase iof icomponents icheck). iMembers iand ijoints iare ichecked 

ifor iyield i/ istability iand ipunching ishear. 

4.1.5.2 Pushover Analysis 

A ipushover ianalysis iis icarried iout iusing ithe iSACS i'COLLAPSE' imodule. iThis 

iprogram iuses ia ilarge ideflection, iiterative, itangent idirect istiffness isolution itechnique 

ito isolve ifor ithe igeometric iand imaterial inon-linearity’s iassociated iwith ithe iultimate 

iload icapacity iof ia istructure. iA iprogressive icollapse ianalysis iis iperformed ito iestablish 

ithe iresidual istrength iReserve iStrength iRatio, iRSR iis ithe iload ifactor iapplied ito ithe 

idesign ienvironmental iload iprior ito icollapse ior iprior ito iobtaining imaximum 

idisplacement. i 
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Overall iReserve iStrength iRatio iis ithe ilowest iRSR ifor iall idirections iconsidered. iRSR 

iis ia imeasure iof iplatform istrength iwhen icompared ito idesign istrength. iThe istrength iis 

imeasured iin iterms iof ithe itotal iload ithat ican ibe iresisted ias ishown iin iFig. i4.1. 

 

                                    

 

 

 

 

 

 

 

 

Fig. 4.1: Base shear from pushover analysis 

(Abdul Wahab & John Kurian, 2020) 

Gravity loadings are applied first to the model. The storm load case has been applied 

by factoring the environmental loading until the structure turns into a mechanism or 

any of defined failure criteria occurs. The environmental loading is applied to the 

structure in increments. The nodal deflection and member forces are calculated for 

every load step and the stiffness matrix is reformed at every step. When the stress in 

the member reaches the yield stress, plasticity occurs in the member. The presence of 

plasticity reduces the stiffness of the structure and additional loads due to subsequent 

load increments will be re-distributed to members adjacent to the members that have 

plasticity. This is continued until the whole structure is collapsed or pushed over. 

 

Displacement 
 

Collapse 
Base Shear 

 

Design 
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Base Shear 
 

Reserve 
Strength Ratio 

 

https://link.springer.com/article/10.1007/s11804-020-00181-z#auth-Mohamed_Mubarak_Abdul-Wahab
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4.2 ANALYSIS PROCEDURE 

Assessment iof iexisting ifixed ioffshore isteel iplatform iis icarried iout iin iSACS isoftware 

ias iper icriteria iof iAPI-RP-2A i[1] iin ithree istages. iThe iSACS isoftware ipresents ithe 

istructural iresponse iin iterms iof imember’s istress iutilization iratio iand ijoint iutilization 

iratios. iThe istructure iis idefined ias icode icompliant iif iall imembers ihave istress 

iutilization iratio iof iless ithan i1.0. i 

First istage iinvolves iIn-Place ianalysis iwhich iis icarried iout ito isimulate ithe ibehaviour iof 

ithe istructure ias iclose ias ipossible ito igive ithe iresponse iof ithe istructure iduring iits 

iservice iand iit iis iperformed iwith i85% iof ienvironmental iload iat idesign ilevel iand 

ioverstressed iJoints/Members iare iidentified ifrom ithe ianalysis. i 

Further iin isecond istage, ithese ioverstressed imembers i& ijoints iare ito ibe ichecked iin iIn-

place ianalysis iwith i100% iof ienvironmental iload iat iultimate ilevel. iIn ithe ifinal istage 

ioverstressed ijoints iand imembers iidentified iin iultimate ilevel icheck iare ifurther 

iassessed iby iperforming iNon-linear ianalysis iin iSACS, iwhere iincremental 

ienvironmental iloading iis iapplied ion ithe istructure itill iit icollapses iand ireserve istrength 

iof ithe istructure iis iachieved. iIf iRSR iof ithe istructure iis iless ithan ithe idesired icriteria iof 

iAPI iRP i2A, ithen istrengthening iof ioverstressed imembers i& ijoints iidentified iduring 

iultimate ianalysis iis iprovided ito iachieve ithe idesire iReserve istrength iratio i(RSR) 
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CHAPTER 5 

LOADS & HYDRODYNAMIC PARAMETERS 

5.1 TYPE OF LOADS 

Fixed ioffshore iplatforms iare inormally idesigned ifor iservice ilife iof i25 iyears. 

iThroughout iservice ilife, ithe iplatforms iare iexposed ito imany itypes iof iloading isuch ias 

igravity iloads, ihydrostatic iloads, ienvironmental iloads i(winds, icurrents iand iwaves 

iloads), iaccidental iloads i(boat iimpact, idropped iobject, ifire iand iexplosion) iand 

iearthquake iloads. iEnvironmental iloads iplay ia imajor irole igoverning ithe idesign iof 

ioffshore istructures. iBefore istarting ithe idesign iof iany istructure, iprediction iof 

ienvironmental iloads iaccurately iis iimportant. 

5.1.1 Gravity Loads 

Dead iand ilive iloads iare idue ito igravity. iDead iloads ithat iare iimposed ion ithe iplatforms 

icontinuously iare ithe iweights iof istructural isteel ijacket iand itopside istructures, 

iproduction iequipment iand ihydrostatic iloads. iLive iloads iare ithose iloads ithat iexist 

itemporarily ion ithe iplatforms, isuch ias iweight iof iconsumables iduring imaintenance 

iworks, ihelicopter iweight, imooring iloads iand iloads idue ito iactivities ion ithe iplatforms. 

5.1.1.1 Structure Dead Loads 

It iincludes iall ithe iprimary istructural isteel imembers ias iwell ias isecondary istructural 

iitems isuch ias iboat ilanding, ihandrail ietc. iWeight iof ithe isecondary istructural isteel iitem 

iis icalculated iand iapplied ito istructural imodel iat iappropriate ilocation. iProgram iSACS 

iusing ielement iareas iand idensities icomputes ithe idead iweight iof iall ijacket iand itopside 

istructural ielements. iThe iweight iof inon-modelled icomponents, isuch ias ileg 

idiaphragms, ipile isleeve iguides iand iappurtenance isteel iwill ibe iinput ias iadditional 

imember ior ijoint iloads, iat iappropriate ipoints iof iapplication ion ithe istructure. i 

5.1.1.2 Facility Dead Loads: 

The istructure iis ibuilt ieither ias iwellhead itype iplatform ior iprocess itype iplatform iwhich 

isupports ivarious iequipment iand ifacilities ilike 
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• Mechanical iEquipment. 

• Electrical iEquipment. 

• Pipe iconnecting ieach iequipment. 

• Electrical icable itrays. 

• Instrumentation iitems. 

5.1.1.3 Fluid Loads 

The ifluid iloads iare iweight iof ifluid iin ithe iequipment iand ipiping ion ithe iplatform iduring 

ioperation. iThe iweight iof ithe ifluid iload ishall ibe icalculated iaccurately iand iapplied iat 

iequipment iand ipiping isupport ilocations. 

5.1.1.4 Drilling Loads 

Drilling iLoads iinclude ireaction ifrom iJack-up icantilever itype irig ior iDeck imounted 

irigs. 

• Dead iloads. 

• Movable iDrill ifloor iloads. 

• Drill istring iweight. 

Depending ion ithe itype iof idrilling irig iused, ithis iloads iwill ivary. iFor ishallow iwater 

idepths, iJack-up itype irig imay ibe iused. i 

 5.1.1.5   Live Load 

Live iloads iare idefined ias imovable iloads iand iwill ibe itemporary iin inature. iLive iloads 

iwill ionly ibe iapplied ion iareas idesignated ifor ithe ipurpose iof istorage ieither itemporary ior 

ilong iterm. iFurther, ithe iareas idesigned ifor ilay idown iduring iboat itransfer iof imaterials 

ifrom iboat ishall ialso ibe iconsidered ias ilive iloads. iOther ilive iload iincludes iopen iareas 

isuch ias iwalkways, iaccess iplatforms, igalley iareas iin ithe iliving iquarters, ihelicopter 

iloads iin ithe ihelipad, ietc. iThese iloads ishall ibe iapplied iin iaccordance iwith ithe 

irequirement ifrom ithe ioperator iof ithe iplatform. 
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5.1.2 Environmental Loads 

Environmental iloads iare idue ito iwind, icurrent iand iwave iacting ion ithe iplatforms. 

iCurrent iand iwave iloads icontribute ito i90% iof ithe itotal ienvironmental iload iand i10% iis 

idue ito ithe iwind. 

5.1.2.1 Wave and Current Loading 

• Unlike ithe ionshore istructures, iwhere iwind iplays ithe ipredominant irole, iwave 

iloading iis ithe igoverning iload iin icase iof ioffshore istructures. i 

• 1 iyear ireturn iperiod ishall ibe iconsidered ifor ioperating istorm icases. i 

• 100 iyear ireturn iperiod ishall ibe iconsidered ifor iextreme istorm icases. i 

• Still iwater idepth ishall ibe itaken ias i(CD) i+ i(LAT) i+ i(50% iof iAstronomical iTide) i+ 

i(Storm iSurge) ifor istorm ienvironment. 

Fig. i5.1: iWave iParameters 

Drag iand iinertia iforces ion iindividual imembers iwill ibe icalculated iusing iMorison’s 

iEquation. iShielding ior iinteraction ieffects iwithin ithe istructure iwill ibe iconsidered. 

iCurrent iand iwave idirections iwill ialways ibe iassumed iparallel iand iof ithe isame isense; 

iresultant iparticle ivelocities ibeing ithe ivector isum iof ithese icomponents. 

Elements iwith iattachments iwill ihave iwave iloading icalculated ibased ion ithe inominal 

imember isection iwith imodified iCm iand iCd ivalues. iDrag iand iinertia icoefficients ifor 

inon-tubular iand/or icomplex igeometry iwill ibe icalculated iusing ian iequivalent 

idiameter. iThe iequivalent idiameter iwill ibe ibased ion ithe icircumscribing icircle. iIn ithe 

icalculation iof iall ieffective idrag iand iinertia icoefficients, ithe iincrease iin idiameter idue 

ito imarine igrowth iof iboth ithe itrue istructural imembers iand ithe iequivalent iwave iforce 

imembers iwill ibe itaken iinto iaccount iwhere iappropriate. 
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5.1.2.2 Wind loads 

The iwind iforces ishall ibe icalculated itaking iinto iconsideration ishielding, ishape 

icoefficients iand ivariation iof iwind ivelocity iwith iheight ias ispecified iin iAPI-RP i2A. 

iWind ishall ibe iassumed ito iact isimultaneously iand icollinearly iwith iwave iand icurrent 

iforces. iFor iJacket iIn-place iAnalysis iwind ispeeds ishall ibe iconsidered iis iof i1 iHr 

iAverage. 

5.1.3 Seismic Loading 

Seismic idesign iis imore icritical ifor iProcess iPlatforms. iIn ia iwell iplatform, ithe itopside 

iloads iare ivery ismall. iThe ibase ishear iwe iget ifrom istorm iwaves iis ivery ilarge icompared 

ito ithe ishear iwe iget ifrom iseismic iconditions. iFor iIndian iconditions, iwe ido inot icheck 

iwell iplatforms ifor iseismic iconditions. iSince iprocess iplatforms ihave ia ilarge itopside 

imass, ithe iseismic ishear iat ideck ilevel icould ibe igreater ithan iwind i/ iwave ishear. iIt iis 

itherefore inecessary ito icheck iplatforms iwith ilarge itopside iloads ifor iseismic 

iconditions. 

API iRP-2A irecommends iuse iof iResponse iSpectrum iMethod. iStandardised iNon 

idimensional iresponse ispectrum iis iavailable iwhich iwhen imultiplied iwith iPGA i(peak 

iground iacceleration) igives iResponse iSpectrum ifor ia ilocation. i iPlot iof iSa/g iwith ilog iT 

iis iavailable ifor ivarious isoil/sea ibed iconditions isuch ias irock ietc. i70% iincrease iin 

ipermissible istresses iis iallowed. iStructure iis ialso ito ibe idesigned ifor irare iintense 

iearthquake iby iusing ia ifactor iof i2.0. iStructure ishould inot ibecome ia imechanism iunder 

ithis iload. iEarthquake iloading iis iconsidered i100% iin iX i& iY idirections iand i50% iin 

ivertical idirections. i 

5.2 MAXIMUM GLOBAL LOADS 

Maximum iglobal iloads ion ia iplatform ican ibe icalculated iusing itwo iprinciples. 

• Maximum iBase iShear iMethod 

• Maximum iOverturning iMoment iMethod 
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Fig. i5.2: iWave iLoads ion iJacket iStructure i(S. iNallayarasu) 

It iis iimportant ithat ithe iwave iloads ion ithe istructure ibe ichecked ifor iboth iconditions. 

iThe imaximum ioverturning imoment imethod iwill igive imore ipile iloads ithan ithe iother. 

iSimilarly, ithe imaximum ibase ishear imethod imay igovern ithe idesign iof isome ijacket ileg 

imembers inear iseabed idue ito ihigh ishear. 

5.2.1 Maximum Base Shear 

Maximum ibase ishear ior imaximum itotal iforce ion ia istructure ihas ito ibe idetermined ifor 

ithe iglobal ianalysis iof istructures. iAs ithe iwave ipropagates iacross istructure iwave iforce 

ion ieach imember iis idifferent iand iall ithe ilocations iwill inot ibe iattaining ithe imaximum 

iforces. iTo ifind ithe imaximum itotal iforce ia istructure, ifollowing isteps ineed ito ibe 

iconsidered. 
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• Position ithe iwave icrest iat ithe iorigin iof ithe istructure ias ishown iin iFig.5.2 

• Divide ione iwave icycle iinto inumber iof isegments ieither iin iterms iof iµ ior iin iterms iof 

ilength. 

• Compute ithe iwave iforces ion iall imembers iat ithat iinstant iof itime iusing iwater iwave 

ivelocities iand iaccelerations icomputed. 

• Sum iup ithe iforces iin ihorizontal idirection ifor iall ithe imembers. 

• Repeat ithe icalculation iin istep i4 ifor iall ithe ipoints ifor ione iwave icycle. 

• The imaximum iof iall ithe itotal iforces icomputed iin istep i5 iis ithe imaximum ibase 

ishear ior itotal iforce. 

5.2.2 Maximum Overturning moment 

Maximum ioverturning imoment ion ia istructure ican ibe idetermined ifollowing ithe 

iprocedure ifor ithe imaximum ibase ishear icase. iIn ithis icase, ithe iloads ion ithe imembers 

ishall ibe imultiplied iby ithe ilever iarm ifrom imud-line. iThis ishall ibe isummed iup iand ithe 

iprocedure ishall ibe irepeated ifor iall ithe isteps iin ithe iwave. 

5.3 WAVE FORCES CALCULATION BY API-RP-2A 

The iwave iloads ion ia iplatform iare idynamic iin inature. iFor imost idesign iwater idepths 

ipresently iencountered, ithese iloads imay ibe iadequately irepresented iby itheir istatic 

iequivalents. iFor ideeper iwaters ior iwhere iplatforms itend ito ibe imore iflexible, ithe istatic 

ianalysis imay inot iadequately idescribe ithe itrue idynamic iloads iinduced iin ithe iplatform. 

iCorrect ianalysis iof isuch iplatforms irequires ia iload ianalysis iaccounting ifor ithe 

idynamic iresponse iof ithe istructure. iThe iprocedure, ifor ia igiven iwave idirection, ibegins 

iwith ithe ispecification iof ithe idesign iwave iheight iand iassociated iwave iperiod, istorm 

iwater idepth, iand icurrent iprofile. i iThe iwave iforce icalculation iprocedure ifollows ithese 

isteps. 

An iapparent iwave iperiod iis idetermined, iaccounting ifor ithe iDoppler ieffect iof ithe 

icurrent ion ithe iwave. 

a) The itwo-dimensional iwave ikinematics iare idetermined ifrom ian iappropriate iwave 

itheory ifor ithe ispecified iwave iheight, istorm iwater idepth, iand iapparent iperiod. 
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b) The ihorizontal icomponents iof iwave-induced iparticle ivelocities iand iaccelerations 

iare ireduced iby ithe iwave ikinematics ifactor, iwhich iaccounts iprimarily ifor iwave 

idirectional ispreading. 

c) The ieffective ilocal icurrent iprofile iis idetermined iby imultiplying ithe ispecified 

icurrent iprofile iby ithe icurrent iblockage ifactor. 

d) The ieffective ilocal icurrent iprofile iis icombined ivectorially iwith ithe iwave 

ikinematics ito idetermine ilocally iincident ifluid ivelocities iand iaccelerations ifor iuse 

iin iMorison’s iequation. 

e) Member idimensions iare iincreased ito iaccount ifor imarine igrowth. 

f) Drag iand iinertia iforce icoefficients iare idetermined ias ifunctions iof iwave iand 

icurrent iparameters, imember ishape, iroughness i(marine igrowth), isize, iand 

iorientation. 

g) Wave iforce icoefficients ifor ithe iconductor iarray iare ireduced iby ithe iconductor 

ishielding ifactor. 

h) Hydrodynamic imodels ifor irisers iand iappurtenances iare ideveloped. 

i) Local iwave/current iforces iare icalculated ifor iall iplatform imembers, iconductors, 

irisers, iand iappurtenances iusing iMorison’s iequation. 

j) The iglobal iforce iis icomputed ias ithe ivector isum iof iall ithe ilocal iforces. 

The isequence iof isteps iin ithe icalculation iof ideterministic istatic idesign iwave iforces ion 

ia ifixed iplatform iis ishown igraphically iin iFigure i5.3. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. i5.3 iCalculation iWave iPlus iCurrent iLoads i(Extract ifrom iAPI iRP-2A) 
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5.4 IMPORTANT ASPECTS ASSOCIATED WITH WAVE FORCES 

CALCULATION 

5.4.1 Apparent wave period 

Due ito isuperposition iof icurrent ifield ion ithe iwave, ithe itime iperiod iof iwave iis ichanged. 

iThis ihas ito ibe icalculated iby isubstituting ivalue iof iwavelength ias i(L+VT), iwhere iVT iis 

iincrease iin iwavelength idue ito icurrent ifield. iThe irevised itime iperiod iis iback icalculated 

iby iusing ithis iwavelength iis itermed ias iApparent iTime iPeriod. 

T-app i> iT-orig. i(if ithe icurrent iis iin ithe isame idirection iof iwave) 

If ithe icurrent itravels iin ithe isame idirection ias ithe iwave, ithen ithe iwave iperiod ibecomes 

ilonger iand iit iis icalled iapparent iwave iperiod i(Tapp). iRecommendation iof iAPI iRP2A 

ishall ibe iused ito iestimate ithe iapparent iwave iperiod. iThe iwave icurrent iinteraction iis ian 

iimportant iphenomenon isince ithe iwaves ipropagate ion ithe icurrent. iBoth icurrent 

imodifies ithe iwave iand iwave imodifies ithe icurrent iexist. iBut ithe iformer itakes imost 

ipriority iin ithe icalculations iof iwave iloads. iThis iinteraction imodifies ithe iwave 

iparameters iand imodifies ithe iwave ifield. iDepending ion ithe idirection iof icurrent iin 

irespect iof iwave idirection, iit ieither istretches ithe iwave ilonger ior ishortens iit. 

 

5.4.2 Selection of wave theory 

The icomputation iof iwave ikinematics isuch ias ivelocity iand iacceleration iinvolves ithe 

iequations ifrom iwave itheory. iThere iare ivarious ikinds iof isolutions iavailable idepending 

ion ithe iaccuracy irequired, iand iparameters iinvolved iin ithe icomputation. iThe ivarious 

iwave itheories iare ilisted ibelow. 

• Linear i/ iAiry iWave iTheory 

• Stokes iWave iTheory i 

• Stream iFunction iWave iTheory i 

• Cnoidal iWave iTheory 

Depending ion ithe ilocation isuch ias ideep iwater ior ishallow iwater iand iassociated iwave 

iparameters, ia isuitable iwave itheory ishall ibe iselected ifor iuse. iAPI iRP i2A irecommends 
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ito iuse ia ichart ifor isuch iselection ibased ion id/gT2 iand iH/gT2 ias ithe iX iand iY iaxis. iRefer 

ito iFig. i5.4 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. i5.4: iSelection iof iwave itheory ifor iload icalculation i(Extract ifrom iAPI iRP i2A) 

 

5.4.3 Wave kinematics factor 

Waves iapproach ia iparticular imember/ iplatform ifrom idifferent idirections iand ia 

ispreading ieffect itakes iplace. iThis ireduces ithe ivelocity, iwhich iis icomputed iusing ia 

iunidirectional iapproach iwave. iSince ithe icalculated iwave iloading iis ibased ion i2-

dimensional iwave itheory iwhile ithe iactual iloading iis i3-dimensional. iA ifactor iknown 

ias iwave ikinematics ifactor iis iused ito ireduce ithe ivalue iof ivelocity ito ibe iused ifor iwave 

iforces icalculation. iTypical ivalue ifor iTropical icyclones iis i0.88. 
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5.4.4 Current blockage factor (CBF) 

Since ithe iplatform iis ian iobstruction ito ithe icurrent ifield iexisting iin isea iit imodifies ithe 

icurrent ifield. iIt iis ifound ithat ivelocity iat ithe istructure ilocation iis iless ithan iV iat ia 

ilocation iupstream iof istructure iwhere iflow iis iundisturbed. iThis ireduction iis icalculated 

iby imultiplying ivelocity iby iCBF. iA iminimum iCBF iof i0.7 ihas ito ibe iused. iCBF ialso 

idepends ion idirection iof iwave iand iis ihigher ifor idirection iwhere iprojected iarea ior 

iblockage iarea iis ihigher. iAlong idepth iof ithe istructure iCBF ivaries isince iat inear isurface 

iboat ilanding ietc., ioffer imore iobstruction ito iflow. 

5.4.5 Marine growth 

Marine igrowth iis ian iimportant ipart iin iincreasing ithe iloads ion ioffshore istructures. 

iDepending ion iavailability iof iOxygen iand isun ilight imarine igrowth itakes iplace. iThe 

igrowth iof imarine ialgae iincreases ithe idiameter iand iroughness iof imembers iwhich iin 

iturn icause ithe iwave ior icurrent iloading ito iincrease. iThe ithickness iof imarine igrowth 

igenerally idecreases iwith idepth ifrom ithe imean isea ilevel iand iit iis imaximum iin ithe 

isplash izone. iThe ithickness iof imarine igrowth iin ithe isplash izone ican ibe ias imuch ias 

i10cm iand iwill ireduce ibelow ito i5cm. iIn ideeper izones, ithe ithickness imay ibe inegligible. 

Splash iZone iis ia iregion iwhere ithe iwater ilevels ifluctuate ibetween ilow ito ihigh. iThe 

iactual ielevation iof ithe ibottom iand itop iof ithese ivary ifrom ilocation ito ilocation idue ito 

idifferent itidal iconditions. iIn igeneral iterms, ithe isplash izone iwill ivary ifrom i-1.8m ito 

i+6m. iIn istructural ianalysis, ithe iincreased idiameter iof ithe imember i(D i= id i+ itm) ishall 

ibe iincluded iso ithat ithe iwave iand icurrent iloads ican ibe icalculated icorrectly. iD iand id iare 

ithe idiameter iof iincreased imember iand ioriginal imember irespectively iand itm iis ithe 

ithickness iof imarine igrowth. 

There iare isome imethods iby iwhich imarine igrowth ican ibe iprevented ifrom igrowing. 

iThese iare icovering iwith ia iNeoprene isheathing ihaving iCu/Ni ipellets iembedded 

i(Pellets ihave i90% iCu, i10% iNi, iit iis ian ialloy) ior iinstalling iOcean ipowered imarine 

igrowth ipreventer ias ishown iin iFig. i5.5. iThe ilater isystem ihas ibeen isuccessfully iused iin 

iIndia. 
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Fig. i5.5: iMarine iGrowth iPreventer i(FoundOcean.) 

 

5.4.6 Corrosion Allowance 

• In iaddition ito icathodic iprotection ito ithe ijacket imember’s icorrosion iallowance iis 

ialso iprovided ifor istructural imembers iwithin isplash izone. 

• Except ifor iremovable iand ireplaceable iitems isuch ias ihand irailing, iflooring, 

iladders, iriser iclamps, ietc. 

• This iallowance ishall ibe iremoved ifrom ithe ianalysis ias iit iis inot iavailable ifor 

istrength. iHowever, iweight iof isuch iallowance iis itaken ias iadditional iweight. 

5.4.7 Cathodic Protection 

There imany iways iof iprotecting ithe istructures iagainst icorrosion isuch ias iselecting ia 

ibase imaterial isuch ithat ithey ihave icorrosion iresistant iproperty iinherently, iproviding 

iprotective icoating ior iother imeans ito istop ithe ienvironment ifrom iattacking ithe isteel 

isurface iand iCathodic iProtection iby imeans iof isacrificial ianodes. iThis imethod iis ivery 

isuitable ifor ioffshore ifixed itype iplatforms. i 

This imethod idoes inot irequire iany imaintenance iand ino iexternal iresources ifor 

ioperation. iIt iis ito ibe inoted ithat ithe icathodic iprotection iby imeans iof isacrificial ianodes 

idoes inot iwork iin ithe isplash izone idue ito iintermittent iexposure. iHence ithe ianodes ineed 
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inot ibe iprovided iin ithe isplash izone. iA itypical ifixed ioffshore iplatform ias ishown iin i i i 

iFig. i5.6 iis iprovided iwith imany inumber iof ianodes idistributed ifrom imudline ito iLAT. 

The iamount iof isacrificial ianodes irequired ito iprotect ithe istructure idepends ion ithe 

ifollowing iparameters iand ishall ibe icarefully istudied. 

• Seawater iResistivity, iSalinity, itemperature iand iflow ivelocity 

• Total iSurface iarea ito ibe iprotected 

• Type iof iAnode iMaterial iand iits icomposition, isize iand ishape. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. i5.6: iOffshore iplatform iprotected iwith isacrificial ianodes (S. iNallayarasu) 
 

5.4.8 Cd & Cm Values 

Cd, iCm idepends iupon ithe iflow ifield i& iStructure isize iand irelated iby iKeulegan-

Carpenter iNumber iK. iBasic iCd, iCm ivalues ifor itubular imembers iare ias ifollows, 

Table i5.1: iCd iand iCm iValues i 

Tubular iType Cd Cm 

Smooth 0.65 1.60 

Rough 1.05 1.20 
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5.4.9 Conductor shielding factor 

This itakes ishielding ieffect iof iconductors ion ieach iother. iPresence iof irows iof 

iconductors iprovides ishielding ieffect ito ithe iconductors ibehind. iIt idepends ion ispacing 

i& inumber iof iconductors. 

5.4.10 Modelling of Appurtenances 

These iare iappendages ito ijacket iand iare inon-structural imembers. i 

• Risers ifor isubmarine ipipe iline, 

• Boat ilanding i/ iBarge iBumpers, 

• Anodes ifor icathodic iprotection. 

Since ithese ido inot iprovide istiffness ito istructure ibut iincrease ithe iloads, ithese iare 

imodelled ias inon-load icarrying imembers iin ianalysis. iEffect iof ianodes iis icatered ito iby 

isuitably iincreasing ithe iCD ivalue, ior iincreasing ithe ieffective idiameter iby iadding ito 

imarine igrowth. 

5.4.11 Morison Equation 

Wave iand icurrent iloading ican ibe icalculated iby iMorison iequation. iMorison iequation 

ican ibe iwritten ias: 

 

where iFT iis ithe itotal iforce, iρw iis ithe idensity iof iwater, iCD iand iCM iare ithe idrag iand 

iinertia icoefficients irespectively, iD iis ithe idiameter iof ithe imember iincluding imarine 

igrowth, iV iis ithe ivelocity iand ia iis ithe iacceleration. 

The ifirst iterm iin ithe iequation iis idrag icomponent i(FD)and ithe isecond iterm iis ithe iinertia 

icomponent i(FI). iThis ican ibe iexpressed ias, 

FT i= iFD i+ iFI 

Most iof ithe itime, icurrent iexist iin ithe isame idirection iof ithe iwave ipropagation iand 

ihence ithe icurrent ishall ibe itaken iinto iconsideration iin ithe iload icalculation. iHowever, 
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ialgebraic isum iof iwave iand icurrent iloads iis idifferent ifrom icalculation iof iload iby 

iadding ithe ihorizontal iwater iparticle ivelocity iwith ithe icurrent ivelocity iand icomputing 

ithe iloads. iThis iis ibecause iof inonlinear iterm iin ithe idrag iequation. 

Current ivelocity ishall ibe iadded ivectorially iwith ithe iwater iparticle ivelocity ibefore 

icomputation iof idrag iforce, ii.e. iV i= iVw i+ iVc iwhere iV iis ithe itotal ivelocity, iVw iis ithe 

iVelocity idue ito iwaves iand iVc iis ithe ivelocity iof icurrent. iThis iis irequired isince ithere iis 

ia isquare iterm iin ithe idrag iforce iequation. 

5.4.12 Specific Problems in Wave Hydrodynamics 

• Wave iSlamming: 

This iis ithe ieffect iof iwave ion ia imember, iwhich iis iabove iSWL. iThe iwave igives 

ihorizontal iforce ias iwell ias iuplift ion ithe imember. iThe iload iis icritical ifor ionly 

ihorizontal imembers. iMembers ihave ito ibe ilocally ichecked iin idesign. 

• Vortex iShedding: i i 

Steady iflow iis idisrupted idue ito iplacement iof ian iobstruction isuch ias ia itubular. iAs 

ivelocity iof iflow iincreases iinline ioscillation ichange ito icross iflow ioscillation iwhich 

iare ivery icritical iin idesign. iThis ihappens idue ito ieddy iformation idownstream iof ithe 

iobstruction. iIf ieddy ishedding ifrequency icoincides iwith inatural ifrequency iof ithe 

imember iit ican icreate iresonance icondition iand icause iextensive idamage. 
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CHAPTER 6 

OVERVIEW OF SOFTWARE AND ITS VALIDATION 

6.1 OVERVIEW OF SACS SOFTWARE 

Structural ianalysis iis iperformed iby iusing ithe icommonly iused iStructural iAnalysis 

iComputer iSystem i(SACS) isoftware. iThe iSACS isoftware ipresents ithe istructural 

iresponse iin iterms iof imember’s istress iutilization iratio iand ijoint iutilization iratios. iAll 

istructural idata, igeometry, imember idimensions, imaterial iproperties iand ienvironmental 

iconditions iare igenerated iby ithe iinput igenerating iprograms iand ireside iin ithe icommon 

iinput ifile. iThe isolution iprograms ioperate ion ithis idata iand iproduce ithe icommon 

isolution ifile iwhich icontains ijoint idisplacements iand ielement iinternal iforces. iThe ipost 

iprocessing iprograms, iusing ithis iinformation, ievaluate ithe iperformance iof ithe 

istructure iwith irespect ito iany iof iseveral istructural icodes. iAny istructure inot isatisfying 

ithe icode imay ibe iautomatically iredesigned. iAdditionally, iplots iof ithe istructural 

igeometry, ideformed ishapes iand icode ichecking iinformation iare iavailable. 

The isystem iconsists iof inumerous icompatible iprogram imodules, iall ifully iinterfaced ito 

ione ianother. iThe ifollowing iSACS imodules ihave ibeen iused ifor iperforming ithe iIn-

Place ianalysis i& iPushover ianalysis. 

PRECEDE i - iModel igeneration icapabilities iinclude igeometry iand iloading. 

SEASTATE i - iEnvironmental iloads igenerator 

JOINT iCAN i - iTubular ijoint icode ichecks iand iredesign 

PSI  - iTo iperform inon-linear ifoundation ianalysis. 

POSTVUE  - iInteractive igraphics ipost-processor 

COLLAPSE - iTo iperform iplastic inon-linear ipushover ianalysis. 

 

A istatic iinelastic ipushover ianalysis iis icarried iout iusing ithe iSACS i'COLLAPSE' 

imodule. iThis iprogram iuses ia ilarge ideflection, iiterative, itangent idirect istiffness 

isolution itechnique ito isolve ifor ithe igeometric iand imaterial inon-linearity’s iassociated 

iwith ithe iultimate iload icapacity iof ia istructure. i 
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6.2 MODELING IN SACS SOFTWARE 

The two major components of a fixed offshore structure are Jacket and Topside. The 

in-place analysis involves 3D modelling of both the jacket and deck. This 3D 

modelling is done through the Precede Module of SACS & It includes following 

steps: 

• Modeling all members of the jacket and deck as per actual diameter and 

thicknesses. 

• Modeling all topside components and considering the appropriate loads due to 

these components. 

• Applying all applicable environmental loads as per the available data. 

• Preparing the joint can file for checking tubular to tubular punching. 

• Jacket legs are modeled as grouted concentric tubular signifying the presence of 

pile inside the jacket legs. 

6.2.1 Geometry 

• Computer model of a structure is set of joints & members. 

• Joints shall have X, Y & Z co-ordinates in global co-ordinate system. 

• Members are formed by connecting to joints that may be noted as legs, braces 

etc. 

6.2.2 Co-ordinate System 

• Co-ordinates in X, Y & Z directions from 

origin shall be specified. 

• Vertical axis (Z) = 0.00 at chart datum. 

• Plan Axis (X and Y) = 0.00 at centre of 

jacket. 

           Fig. 6.1: Co-ordinate system in SACS  
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6.2.3 Support condition  

The entire platform is considered supported and fixed to the sea bed by piled 

foundation system.  

6.2.4 Joint & Member definition: 

• Member is defined as structural element connected between two predefined 

joints. 

• Beam element with 6 DOF at each joint is used for frame analysis. 

• Members shall be defined with properties such as, Member sizes (Diameter & 

Wall thickness for tubes), Modulus of Elasticity (E) , Yield Strength (Fy), Shear 

modulus (G), Effective length factors (Kx , Ky) and End Releases. 

6.3 VALIDATION OF SACS SOFTWARE 

• Validation Problem 

A ivertical icylindrical istructural imember iof ian ioffshore istructure iwith idiameter 

i1.0m iis iinstalled iat ia isite iwhere ithe iwater idepth iis i150m iand ithe imean icurrent iis 

inegligible ias ishown iin iFig. i6.2. iThe idesign iwave ifor ithe istructural imember ihas ia 

iheight iof i8m iand iperiod iof i12sec. iCalculate ithe imaximum iwave iinduced 

ihorizontal iDrag iand iInertia iforces ion ithe istructural imember. i 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6.2: Vertical cylindrical structural member 
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The maximum wave induced horizontal force is given by Morrison Equation, 

 

 

Where, 

FT is the total instantaneous force. 

V is the instantaneous water particle velocity. 

Ṽ is the instantaneous water particle acceleration. 

Ap is the projected area 

Vvol is the volume of structure 

 

The maximum wave induced horizontal force 

calculated through manual calculation by using 

Morrison equation is, 

                     FT = 72.82 kN 

The maximum wave induced horizontal force is 

given by SAC’s Software is given by,                      

FT = 79.48 kN   

 

          Fig.6.3: SACS Model of Member 

The result obtained for maximum wave induced horizontal force is compared here 

for manual calculation method and SACS software: 

Table 6.1: Maximum wave induced horizontal force 

Manual 
Calculation 

SACS 
Software Error (%) 

72.82 kN 79.48 kN 8.37 

From comparison we can see that the values obtained by manual calculation and 

SACS software do not differ too much. So, SACS software is reliable to be used for 

the further study.                                           
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CHAPTER 7 

RESULTS & DISCUSSION 

7.1 DESIGN LEVEL ANALYSIS 

It is seen from the results that no member has a UC value more than 1.0. However, 

few joints have seen with unity check value more than 1.0 shown in the following 

Table 7.1.  

Table 7.1: Design Level Joint UC Summary 

 

Joint Location UC ratio 

0101 Row-B, X-Brace Joint at EL. (-) 61.774 1.196 

0063 Row-2, X-Brace Joint at EL. (-) 38.823 1.153 

0104 Row-1, X-Brace Joint at EL. (-) 38.823 1.114 

0062 X-Brace Joint at EL. (-) 61.774 on Row-A 1.049 

0084 Row-A, X-Brace Joint at EL. (-) 39.481 1.014 

Above joint has a Load UC value greater than 1.0. These joints will further be 

checked in Ultimate strength analysis. Refer Appendix-5 for SACS output. 

7.2 ULTIMATE LEVEL ANALYSIS 

It is seen from the results that no member has a UC value more than 1.0. However, 

few joints have seen with Unity check value more than 1.0 shown in the following 

Table 7.2. 

Table 7.2: Ultimate Level Joint UC Summary  

Joint Location UC ratio 

0101 Row-B, X-Brace Joint at EL. (-) 61.774 1.393 
0063 Row-2, X-Brace Joint at EL. (-) 38.823 1.348 
0104 Row-1, X-Brace Joint at EL. (-) 38.823 1.316 
0062 Row-A, X-Brace Joint at EL. (-) 61.774 1.222 
0084 Row-A, X-Brace Joint at EL. (-) 39.481 1.168 
0102 Row-B, X-Brace Joint at EL. (-) 39.481 1.035 
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Above joint has a Load UC value greater than 1.0. These joints will further be 

checked in Pushover analysis.  Refer Appendix-5 for SACS output. 

7.3 PUSHOVER ANALYSIS 

As per API RP2A a minimum RSR of 1.60 is necessary for a high exposure category 

platform. From the above results it is observed that RSR is more than 1.60 for all the 

load cases and no members and joints are undergone plasticity at 100 % 

environmental loading. Hence the jacket can withstand 100% environmental loading 

without collapse. 

Table 7.3: Reserve Strength Ratio 
 

 

7.4 ANALYSIS FINDINGS 

In-place ianalysis ihas ibeen iexecuted ito icheck ithat ithe iplatform istructural imembers 

iwith iall iappurtenances ihave ithe irobustness iand icapability ito isupport ithe iapplied iloads 

iin storm iconditions. iThe itotal ienvironmental iloading ion ithe ijacket istructures iis 

itranslated iinto ioverturning imoment iand ibase ishear iat ithe imudline. iThe iBase iShear 

iand iOverturning iMoment iincreases iwith iincrease iin iwave iheight. iThe imaximum 

Sl. 
No. Load case 

Reserve 
Strength 

Ratio 
(RSR) 

Plasticity at 
100% 

Environmental 
load 

1. 101 (0 degree –Extreme Storm) 2.45    - 

2. 102 (45 degree-Extreme Storm) 2.45 - 

3. 103 (90 degree-Extreme Storm) 2.45 - 

4. 104 (135 degree-Extreme Storm) 1.85 - 

5. 105 (180 degree-Extreme Storm) 1.60 - 

6. 106 (225 degree-Extreme Storm) 2.45 - 

7. 107 (270 degree-Extreme Storm) 2.45 - 

8. 108 (315 degree-Extreme Storm) 2.45 - 
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ioverturning imoment iand iBase iShear iare iin iload icase i105. iRefer iAppendix-3 ifor 

iSeastate ioutput. iThe iobtained iresults imay ibe isummarised ias ifollows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Design Base Shear                                 Collapse Base Shear                              

       Fig.7.1: Pushover Analysis Plots at Design load and Collapse load condition 

 

The iresults iof ithe idesign ilevel ianalysis iare ishown iin iSection-7.1 ifrom ithat iit iis 

iobserved ithat ino imembers iare ihaving iUC iratio imore ithan i1.00 iand ifive ijoints iare 

ihaving iUC iratio imore ithan i1.00. iThe iresults iof ithe iUltimate istrength ianalysis iare 

ishown iin iSection-7.2 ifrom ithat iit iis iobserved ithat ino imembers iare ihaving iUC iratio 

imore ithan i1.278 iand ithree ijoints iare ihaving iUC iratio imore ithan iallowable iUC iratio. 
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iThese imembers iwill ibe ifurther ichecked iin ipushover ianalysis. iRefer iAppendix-4 

i&Appendix-5 ifor iMember iUC i& iJoint iUC ioutput. 

The iresults iof iPushover ianalysis iare ishown iin isection-7.3 ishows ithat iRSR iis imore 

ithan i1.60 ifor iall ithe iload icases i& ino imembers iand ijoints ihave iundergone iplasticity iat 

i100 i% ienvironmental iloading. iRefer iAppendix-6 ifor iSACS iinput i/ ioutput iof ipushover 

ianalysis ifor ithe icritical iload icondition i105. i 
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CHAPTER 8 

CONCLUSION & FUTURE SCOPE OF WORK 

8.1 CONCLUSIONS  

In ithis ireport, ithe iresearch istudies ion istructural icondition iassessment iof iageing 

ioffshore ijacket iplatforms ireported iin ithe iliterature iover ithe ipast ifew idecades iare 

idiscussed. i iThe idegree iof istructural iresponse ito ithe iextreme iconditions iis irepresented 

iby ithe ilevel iof istress ion ithe istructure iand iit iis iquantified iby iusing iinteraction iratio. 

iThe ientire ivalues iof iunity icheck ifor iall imembers iand ijoints ifulfil ithe irequirements iof 

iAPI iRP i2A. 

The iresults iof ipushover ianalysis ishow ithat iplatform ihas isufficient ireserve istrength 

iratio ifor iall ithe iload icases i& ino imembers iand ijoints ihave iundergone iplasticity iat 

i100% ienvironmental iloading. iThe iresults ishowed ithat ithe istudied iplatform ihas 

iadequate istrength iand ican iresist ithe ienvironmental iload. i 

Accordingly, iit ican ibe iconcluded ithat iJacket istructure iis i“Fit ifor iPurpose” iwith 

irecommendation ithat iin ifuture iadditional ifacilities i/ iappurtenances ilike irisers, iriser 

iguards ietc. iover iand iabove ithe iexisting ifacilities iwhich iwill ienhance iloading ion ithe 

ijacket ishall ibe iavoided. 

8.2 FUTURE SCOPE OF WORK 

This ithesis ievaluates ithe ijacket istructures iexposed ito iwave iloading. iOther istructural 

iparts isuch ias ipiles iand ifoundation iare inot ievaluated. iPiles iwill iclearly ibe ian iimportant 

ielement iof ia ifull iassessment iof ian iexisting istructure ifor ilife iextension. iPiles iwill 

idegrade idue ito ifatigue iand icorrosion. iIt iis ialso idifficult ito iinspect ithe ipiles iof ian 

ioffshore ijacket istructure. iCorrosion iwill idefinitely ibe ian iimportant ihazard ifor ithe 

istructure iin icases iwhere ithe icorrosion iprotection iis inot isufficient ifor ithe iextended ilife, 

ior iwhere icorrosion iallowance ifrom idesign iis inot isufficient ifor ithe iextended ilife. 

iHence, ialso icorrosion ieffects ion ian iageing istructure iin ia ilife iextension iwould ineed ia 

ispecific iinvestigation. 
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APPENDICES 

 

APPENDIX-1 

Conductor shielding factor 

Calculation of conductor shielding factor for wells 

Wave 
direc
tion 

Elevation 
(m) 

Conductor (762 dia.) 
Shield

ing 
Factor 

Type of 
Surface Cd Cm Spacing 

(S) 
Diameter 

(D) S/D 
  (m) (m) 

0 3 & ABOVE 2.500 0.762 3.281 0.820 SM 0.533 1.312 
  -30 TO +3 2.500 0.962 2.599 0.650 RM 0.682 0.780 
  -30 TO mudline 2.500 0.862 2.900 0.725 RM 0.761 0.870 

45 3 & ABOVE 2.968 0.762 3.895 0.974 SM 0.633 1.558 
  -30 TO +3 2.968 0.962 3.085 0.771 RM 0.810 0.926 
  -30 TO mudline 2.968 0.862 3.443 0.861 RM 0.904 1.033 

90 3 & ABOVE 1.600 0.762 2.100 0.525 SM 0.341 0.840 
  -30 TO +3 1.600 0.962 1.663 0.416 RM 0.437 0.499 
  -30 TO mudline 1.600 0.862 1.856 0.464 RM 0.487 0.557 

135 3 & ABOVE 2.968 0.762 3.895 0.974 SM 0.633 1.558 
  -30 TO +3 2.968 0.962 3.085 0.771 RM 0.810 0.926 
  -30 TO mudline 2.968 0.862 3.443 0.861 RM 0.904 1.033 

180 3 & ABOVE 2.500 0.762 3.281 0.820 SM 0.533 1.312 
  -30 TO +3 2.500 0.962 2.599 0.650 RM 0.682 0.780 
  -30 TO mudline 2.500 0.862 2.900 0.725 RM 0.761 0.870 

225 3 & ABOVE 2.968 0.762 3.895 0.974 SM 0.633 1.558 
  -30 TO +3 2.968 0.962 3.085 0.771 RM 0.810 0.926 
  -30 TO mudline 2.968 0.862 3.443 0.861 RM 0.904 1.033 

270 3 & ABOVE 1.600 0.762 2.100 0.525 SM 0.341 0.840 
  -30 TO +3 1.600 0.962 1.663 0.416 RM 0.437 0.499 
  -30 TO mudline 1.600 0.862 1.856 0.464 RM 0.487 0.557 

315 3 & ABOVE 2.968 0.762 3.895 0.974 SM 0.633 1.558 
  -30 TO +3 2.968 0.962 3.085 0.771 RM 0.810 0.926 
  -30 TO mudline 2.968 0.862 3.443 0.861 RM 0.904 1.033 
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APPENDIX-2 

Riser Load Calculation 

Riser Load calculation: 
    Thk of concrete (mm) 
  

25.400 
 Density of monel 5mm thick (t/m3) 

 
8.930 

 Density of coat and wrap 5mm thick (t/m3) 
 

1.400 
 Cellar deck level  

  
18.000 

 Density of steel t/m3 
  

7.850 
 Density of product water t/m3 

  
1.000 

 Water depth (m)  
  

76.000  
Thk of wrap coat(mm) 

  
5.00   

Density of concrete thick (t/m3) 
 

2.450  
Density of sea water t/m3 

  
1.025  

Thk of monel (mm) 
  

5.000  

 
     

Diameter of riser  Wall 
thickness  

Inner dia. 
of riser  

Weight of 
riser  

Wt. of 
coat and 

wrap 
5mm thk  

(inches) (mm) (mm) (mm) (tonnes) (tonnes) 
12 304.8 12.7 279.400 8.600 0.506 

Wt. of concrete 1" 
thick  

Wt. of 
monel 
5mm 
thick  

Wt. of 
product 
water  

Buoyancy 
wt. 

Net 
weight 

(tonnes) 
KN 

(tonnes) (tonnes) (tonnes) (tonnes) (tonnes)   
4.935 0.339 5.763 8.178 11.965 117.37 
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APPENDIX-3 

SEASTATE Output 

 

****** SEASTATE BASIC LOAD CASE SUMMARY ****** 

RELATIVE TO MUDLINE ELEVATION 

MARINE METHOD 

LOAD  LOAD              FX           FY           FZ           MX           MY           MZ      DEAD LOAD    BUOYANCY 

CASE  LABEL 

(KN)         (KN)         (KN)       (KN-M)       (KN-M)       (KN-M)        (KN)        (KN) 

 

1     1                0.00         0.00    -15321.35      -5148.8      17467.2          0.0     30098.46     14776.93 

2     2                0.00         0.00     -2123.49       1040.3       5968.0          0.0         0.00         0.00 

3     3                0.00         0.00      -522.20          0.0       2178.8          0.0         0.00         0.00 

4     4                0.00         0.00    -12608.24         54.3      79695.8          0.0         0.00         0.00 

5     5                0.00         0.00      -990.00          0.0      13860.0          0.0         0.00         0.00 

6     6                0.00         0.00      -225.00          0.0       3150.0          0.0         0.00         0.00 

7     7                0.00         0.00      -400.00      -3400.0       3600.0          0.0         0.00         0.00 

8    31            10180.35       -11.18       218.68       1002.0     618793.6      -9304.9         0.00         0.00 

9    32             7526.96      8144.97       145.07    -504352.2     459562.0      -7813.6         0.00         0.00 

10    33              -47.93     10108.13        37.35    -627527.0      -2665.2       3939.2         0.00         0.00 

11    34            -8030.49      8601.20      -374.44    -532937.4    -489591.1       4876.1         0.00         0.00 

12    35           -12374.41        20.29      -611.58      -1800.1    -744508.3      10879.5         0.00         0.00 

13    36            -6155.96     -6670.21      -406.68     430132.4    -389493.8       6637.4         0.00         0.00 

14    37              -21.99     -7390.84      -192.54     492013.6       -385.2      -4446.6         0.00         0.00 

15    38             7016.49     -7610.94       118.46     476140.6     431752.2      -5894.6         0.00         0.00 

 

 

                                     ***** SEASTATE COMBINED LOAD CASE SUMMARY ***** 

                                              RELATIVE TO MUDLINE ELEVATION 

   LOAD  LOAD              FX           FY           FZ           MX           MY           MZ 

   CASE  LABEL 

                          (KN)         (KN)         (KN)       (KN-M)       (KN-M)       (KN-M)   

    16   100                0.00         0.00    -27294.74      -7392.7      93542.1          0.0 

    17   101             8653.30        -9.50    -27108.86      -6540.9     619516.7      -7909.2 

    18   102             6397.91      6923.22    -27171.43    -436092.0     484169.8      -6641.6 

    19   103              -40.74      8591.91    -27262.99    -540790.6      91276.7       3348.4 

    20   104            -6825.92      7311.02    -27613.02    -460389.4    -322610.3       4144.7 

    21   105           -10518.25        17.24    -27814.58      -8922.7    -539289.9       9247.6 

    22   106            -5232.56     -5669.68    -27640.42     358219.9    -237527.6       5641.8 

    23   107              -18.69     -6282.21    -27458.40     410818.9      93214.7      -3779.6 

    24   108             5964.01     -6469.30    -27194.05     397326.9     460531.5      -5010.5 
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APPENDIX-4 

Member Unity Check Output 
 
 
 
SACS-IV   MEMBER UNITY CHECK RANGE SUMMARY 
 
                                         GROUP I   - UNITY CHECKS GREATER THAN    0.00 AND LESS THAN    0.80 
 
                MAXIMUM  LOAD  DIST   AXIAL   BENDING STRESS   SHEAR FORCE                       SECOND-HIGHEST  THIRD-HIGHEST 
 MEMBER   GROUP COMBINED COND  FROM   STRESS    Y       Z       FY      FZ      KLY/RY  KLZ/RZ   UNITY    LOAD   UNITY    LOAD 
           ID   UNITY CK  NO.  END     N/MM2   N/MM2   N/MM2   KN      KN                        CHECK    COND   CHECK    COND 
 
0005-543F CG1     0.074   104   0.0    -9.87    0.34   -5.43    4.58    0.62      18.3    18.3    0.058    108    0.035    103 
 
0006-543F CG1     0.123   104   0.0    16.52   -0.31   -9.75    5.29    0.66      16.6    16.6    0.101    108    0.076    105 
 
0008-548F CG1     0.101   104   0.0   -12.86   -5.41    6.39   -4.13    1.80      15.9    15.9    0.094    105    0.081    108 
 
0009-545F CG1     0.048   104   0.0    -6.22   -2.81    2.80   -1.80    1.25      15.9    15.9    0.045    108    0.039    102 
 
0009-547F CG1     0.044   105   1.3     3.82   -5.69    1.95    2.39   -1.11      14.3    14.3    0.037    104    0.030    102 
 
0009-548F CG1     0.089   108   1.2   -12.14    5.12    3.89    2.25    0.94      12.7    12.7    0.084    104    0.068    103 
 
0010-542F CG1     0.073   102   1.5   -10.92    3.69    1.08    2.43    0.16      15.9    15.9    0.057    106    0.054    105 
 
0010-545F CG1     0.076   102   1.2    10.58    3.27   -4.46   -3.62    0.61      12.7    12.7    0.069    106    0.053    108 
 
0011-541F CG1     0.124   102   1.2   -15.37    3.94   10.19    2.57    0.63      12.7    12.7    0.109    106    0.105    105 
 
0011-542F CG1     0.133   102   0.0    12.06    0.24   17.80  -12.03    1.70      14.3    14.3    0.117    106    0.080    105 
 
0012-549F CG1     0.096   105   0.0   -11.50   -2.16   -8.65    5.64    1.39      15.9    15.9    0.086    101    0.079    102 
 
0013-546F CG1     0.042   101   1.3     4.77    4.47    0.83    1.86    0.62      14.3    14.3    0.042    102    0.038    108 
 
0013-549F CG1     0.046   108   1.2    -4.81    4.55    2.56    0.89    0.41      12.7    12.7    0.037    104    0.033    102 
 
0014-542F CG1     0.041   105   0.0    -5.35    1.65   -2.75    2.25   -0.29      12.7    12.7    0.039    101    0.035    108 
 
0014-543F CG1     0.040   102   1.3    -3.53    4.42   -3.23   -0.58    0.65      14.3    14.3    0.037    104    0.032    105 
 
0015-543F CG1     0.068   102   0.0     7.56    2.66   -6.80    2.21    0.43      15.9    15.9    0.065    105    0.062    106 
 
0018-446F CG1     0.046   102   0.0    -5.89   -0.56   -3.56    1.64    1.02      18.3    18.3    0.038    106    0.027    104 
 
0018-449F CG1     0.060   102   0.0     5.36   -0.45   -8.26    6.33    1.34      14.8    14.8    0.049    106    0.033    103 
 
0019-443F CG1     0.062   104   0.0    -7.54   -0.56   -5.44    3.70    0.46      18.3    18.3    0.053    108    0.035    103 
 
0019-446F CG1     0.073   104   0.0     8.34   -0.88   -7.65    4.71    0.99      14.8    14.8    0.061    108    0.038    103 
 
0020-443F CG1     0.091   105   1.5    14.05    0.43   -5.08   -2.68    1.03      16.6    16.6    0.089    104    0.074    101 
 
0021-449F CG1     0.068   105   0.0     8.83   -3.02   -4.98    3.28    1.31      18.3    18.3    0.056    101    0.049    102 
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                                              SACS-IV   MEMBER UNITY CHECK RANGE SUMMARY 
 
                                         GROUP I   - UNITY CHECKS GREATER THAN    0.00 AND LESS THAN    0.80 
 
                MAXIMUM  LOAD  DIST   AXIAL   BENDING STRESS   SHEAR FORCE                       SECOND-HIGHEST  THIRD-HIGHEST 
 MEMBER   GROUP COMBINED COND  FROM   STRESS    Y       Z       FY      FZ      KLY/RY  KLZ/RZ   UNITY    LOAD   UNITY    LOAD 
           ID   UNITY CK  NO.  END     N/MM2   N/MM2   N/MM2   KN      KN                        CHECK    COND   CHECK    COND 
 
0022-447F CG1     0.056   104   0.0     6.70   -1.80   -5.33    5.01    0.92      14.3    14.3    0.054    108    0.041    103 
 
0022-448F CG1     0.035   104   1.5    -4.74    1.22   -2.32   -1.38    0.71      15.9    15.9    0.034    108    0.026    103 
 
0023-444F CG1     0.048   108   1.3    -6.68    2.55   -1.88    0.17   -0.30      14.3    14.3    0.044    104    0.041    103 
 
0023-445F CG1     0.032   102   1.5    -3.50    3.21   -1.22    0.04    0.43      15.9    15.9    0.025    103    0.023    106 
 
0023-447F CG1     0.026   101   1.3    -2.71    2.87    0.23   -0.29    0.43      14.3    14.3    0.025    105    0.023    102 
 
0023-448F CG1     0.058   108   1.2    -7.90    3.68    1.94    0.81    0.34      12.7    12.7    0.052    104    0.042    103 
 
0024-442F CG1     0.049   102   0.0    -7.09    2.05    2.18   -2.65    0.29      15.9    15.9    0.037    106    0.030    105 
 
0024-445F CG1     0.048   102   1.2     6.26    3.64   -1.71   -1.13    0.53      12.7    12.7    0.041    108    0.040    103 
 
0025-442F CG1     0.040   102   1.3     3.34    3.84   -4.34   -2.06    1.13      14.3    14.3    0.031    101    0.029    106 
 
0026-448F CG1     0.059   108   1.2    -6.92    3.91   -4.19   -2.68    1.10      12.7    12.7    0.057    104    0.044    101 
 
0026-449F CG1     0.034   102   1.3     3.35    3.37   -2.51   -0.53    1.12      14.3    14.3    0.031    105    0.031    104 
 
0027-445F CG1     0.036   108   1.2    -3.29    4.01   -2.40   -0.88    0.73      12.7    12.7    0.030    104    0.028    103 
 
0027-446F CG1     0.029   102   1.3     2.28    3.26   -2.79   -0.68    0.70      14.3    14.3    0.023    104    0.019    106 
 
0027-448F CG1     0.015   101   1.5    -0.88    2.58    0.39   -0.10    0.10      15.9    15.9    0.014    108    0.010    104 
 
0027-449F CG1     0.036   108   0.0    -5.04    2.44   -0.22    1.37   -0.17      14.3    14.3    0.032    104    0.031    101 
 
0028-442F CG1     0.028   102   1.2    -2.32    3.54    1.80    0.83    0.48      12.7    12.7    0.027    108    0.024    104 
 
0028-443F CG1     0.051   105   1.3     9.36    0.26    0.91    0.14    0.10      14.3    14.3    0.045    104    0.043    102 
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                                              SACS-IV   MEMBER UNITY CHECK RANGE SUMMARY 
 
                                         GROUP I   - UNITY CHECKS GREATER THAN    0.00 AND LESS THAN    0.80 
 
                MAXIMUM  LOAD  DIST   AXIAL   BENDING STRESS   SHEAR FORCE                       SECOND-HIGHEST  THIRD-HIGHEST 
 MEMBER   GROUP COMBINED COND  FROM   STRESS    Y       Z       FY      FZ      KLY/RY  KLZ/RZ   UNITY    LOAD   UNITY    LOAD 
           ID   UNITY CK  NO.  END     N/MM2   N/MM2   N/MM2   KN      KN                        CHECK    COND   CHECK    COND 
 
0032-647F CG1     0.222   104   0.0    24.00  -25.06    0.15    1.96    6.37      16.5    16.5    0.200    108    0.171    103 
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0033-641F CG1     0.198   102   0.0   -25.20  -16.18    3.22   -0.44    2.15      16.6    16.6    0.170    106    0.154    104 
 
0033-644F CG1     0.209   102   0.0    18.49  -22.76   17.41   -9.68    6.11      14.7    14.7    0.201    106    0.192    104 
 
0034-649F CG1     0.123   104   0.0     8.97    1.95  -19.19   13.90    2.32      14.7    14.7    0.109    108    0.085    102 
 
0035-643F CG1     0.097   108   1.7    13.42    5.75    4.63    2.90   -0.24      18.3    18.3    0.094    104    0.090    101 
 
0036-641F CG1     0.418   102   0.0    46.32  -29.73   34.70  -12.37    9.54      18.3    18.3    0.384    105    0.376    106 
 
0037-643F CG1     0.228   101   0.0   -20.39    3.70   29.72  -11.62    3.38      16.6    16.6    0.213    108    0.207    105 
 
0040-647F CG1     0.401   104   0.0   -41.81  -29.48   36.96  -16.48    6.21      16.6    16.6    0.332    108    0.298    103 
 
0042-346F CG1     0.022   106   1.7     2.36    1.50   -2.05   -1.19    0.47      18.3    18.3    0.019    108    0.018    102 
 
0042-349F CG1     0.024   102   1.4     2.51    2.53    1.29    0.63    1.12      14.8    14.8    0.021    106    0.020    105 
 
0043-346F CG1     0.030   104   1.4     3.37    2.02    2.67    2.08    1.04      14.7    14.7    0.022    102    0.019    108 
 
0044-648F CG1     0.079   104   1.5   -11.81    3.82   -2.00    0.09    1.69      15.9    15.9    0.077    108    0.054    103 
 
0045-645F CG1     0.092   104   1.5   -12.90    4.41   -4.25   -2.72    1.93      15.9    15.9    0.086    102    0.085    103 
 
0045-647F CG1     0.190   104   1.3   -26.76  -12.44    2.56   -0.98   -6.01      14.3    14.3    0.160    103    0.134    108 
 
0045-648F CG1     0.096   108   1.2   -11.60    6.48    6.20    4.55    3.47      12.7    12.7    0.090    104    0.065    107 
 
0046-642F CG1     0.111   102   0.0   -15.51   -1.49    7.34   -5.69    2.96      15.9    15.9    0.082    103    0.078    106 
 
0046-644F CG1     0.137   102   1.5   -16.72   -8.04    9.23    4.12   -3.63      15.9    15.9    0.105    106    0.095    103 
 
0046-645F CG1     0.126   102   1.2    19.14    6.72   -3.05   -3.56    2.77      12.7    12.7    0.102    106    0.086    103 
 
0047-642F CG1     0.154   102   1.3    23.69    8.46    0.08    1.05    3.14      14.3    14.3    0.145    105    0.132    101 
 
0048-649F CG1     0.070   102   1.3     6.75    8.19   -3.51   -1.74    0.59      14.3    14.3    0.069    108    0.066    101 
 
0049-646F CG1     0.064   102   1.3     3.50   10.06   -5.79   -2.78    1.69      14.3    14.3    0.051    101    0.051    100 
 
0049-649F CG1     0.095   108   1.3    -8.95    9.94    6.58    3.43   -0.16      14.3    14.3    0.076    101    0.074    104 
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                                              SACS-IV   MEMBER UNITY CHECK RANGE SUMMARY 
 
                                         GROUP I   - UNITY CHECKS GREATER THAN    0.00 AND LESS THAN    0.80 
 
                MAXIMUM  LOAD  DIST   AXIAL   BENDING STRESS   SHEAR FORCE                       SECOND-HIGHEST  THIRD-HIGHEST 
 MEMBER   GROUP COMBINED COND  FROM   STRESS    Y       Z       FY      FZ      KLY/RY  KLZ/RZ   UNITY    LOAD   UNITY    LOAD 
           ID   UNITY CK  NO.  END     N/MM2   N/MM2   N/MM2   KN      KN                        CHECK    COND   CHECK    COND 
 
0050-643F CG1     0.129   102   1.3   -14.47   11.47   -6.78   -4.41    1.78      14.3    14.3    0.115    101    0.089    105 
 
0050-646F CG1     0.102   105   1.3   -12.61    7.18   -5.60   -3.41   -0.46      14.3    14.3    0.097    101    0.086    102 
 
0051-642F CG1     0.108   102   0.0   -13.17    9.19   -3.52    3.78   -1.45      14.3    14.3    0.092    101    0.074    105 
 
0051-643F CG1     0.103   101   0.0    14.36    7.36   -2.16    2.01   -0.29      15.9    15.9    0.101    105    0.091    102 
 
0052-343F CG1     0.054   105   0.0     4.74   -2.07   -7.09    3.66    1.41      16.5    16.5    0.050    104    0.028    106 
 
0053-349F CG1     0.048   105   0.0     4.39   -1.69    6.26   -3.07    1.14      18.3    18.3    0.037    106    0.024    102 
 
0054-347F CG1     0.025   108   1.3    -3.25    2.02   -0.37    0.10    0.07      14.3    14.3    0.021    106    0.021    104 
 
0054-348F CG1     0.034   104   1.5    -4.93    1.93    0.68    0.28    0.56      15.9    15.9    0.032    108    0.030    105 
 
0055-344F CG1     0.032   104   1.3     5.33    1.00    0.91   -0.35   -0.09      14.3    14.3    0.027    108    0.025    105 
 
0055-345F CG1     0.028   108   1.5     3.52    2.63    0.17    0.18    0.34      15.9    15.9    0.022    104    0.022    106 
 
0055-347F CG1     0.035   108   1.3     5.16    2.12   -0.79   -0.26    0.32      14.3    14.3    0.034    106    0.031    107 
 
0055-348F CG1     0.030   108   1.2    -2.82    3.48    1.51    1.08    0.53      12.7    12.7    0.029    104    0.025    102 
 
0056-341F CG1     0.032   102   0.0     4.52    2.28   -0.31    0.51   -0.20      14.3    14.3    0.032    104    0.032    103 
 
0056-342F CG1     0.027   102   1.5    -3.00    2.54   -0.86   -0.21    0.16      15.9    15.9    0.021    106    0.020    103 
 
0056-344F CG1     0.034   102   1.3    -3.95    2.78    1.80    0.46    0.47      14.3    14.3    0.030    106    0.025    105 
 
0056-345F CG1     0.034   102   1.2     3.77    3.70   -0.63   -0.75    0.66      12.7    12.7    0.030    103    0.027    104 
 
0057-341F CG1     0.030   102   1.2    -3.56    2.76    0.60    0.14    0.59      12.7    12.7    0.023    104    0.023    103 
 
0057-342F CG1     0.040   102   1.3     4.96    3.70    0.22    0.36    1.04      14.3    14.3    0.038    105    0.034    101 
 
0058-348F CG1     0.027   105   1.2     2.96    2.73   -1.24   -0.45    0.80      12.7    12.7    0.027    108    0.027    101 
 
0058-349F CG1     0.028   105   1.3    -3.48    1.65    1.72    1.31    0.65      14.3    14.3    0.023    101    0.022    102 
 
0059-345F CG1     0.024   104   1.2     2.42    2.72    1.08    0.36    0.59      12.7    12.7    0.023    103    0.021    105 
 
0059-346F CG1     0.018   101   1.3     1.25    2.87   -0.13    0.12    0.53      14.3    14.3    0.018    108    0.018    102 
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0059-348F CG1     0.020   105   1.5    -2.24    1.37   -1.49   -0.72    0.09      15.9    15.9    0.019    101    0.018    108 
 
0059-349F CG1     0.021   105   0.0     2.56    1.56    1.12   -0.72   -0.09      14.3    14.3    0.020    104    0.016    100 
 
0060-342F CG1     0.027   105   1.2    -2.91    2.11    2.10    1.54    0.40      12.7    12.7    0.025    101    0.024    102 
 
0060-343F CG1     0.022   105   1.3     3.03    1.58   -0.82   -0.29    0.24      14.3    14.3    0.020    106    0.018    104 
 
0060-345F CG1     0.020   106   1.5     2.26    2.06   -0.85   -0.15    0.33      15.9    15.9    0.020    105    0.019    102 
 
0060-346F CG1     0.017   101   0.0     1.32    2.60    0.01    0.18   -0.19      14.3    14.3    0.016    102    0.016    108 
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0061-342F CG1     0.023   102   1.3    -2.26    2.80    0.22   -0.29    0.31      14.3    14.3    0.023    105    0.022    101 
 
0061-343F CG1     0.028   105   1.5    -3.54    1.25   -2.04   -1.22    0.32      15.9    15.9    0.024    104    0.020    101 
 
0064-246F CG1     0.014   104   1.7    -1.28    1.65    0.43    0.00    0.61      18.3    18.3    0.012    108    0.012    103 
 
0064-249F CG1     0.011   102   1.4     1.27    1.15    0.41    0.14    0.66      14.8    14.8    0.011    104    0.010    103 
 
0065-243F CG1     0.010   104   0.0    -1.36   -0.17   -0.74    0.71    0.31      18.3    18.3    0.008    108    0.008    102 
 
0065-246F CG1     0.015   102   1.4     1.17    2.24    0.73    0.40    1.18      14.8    14.8    0.014    104    0.014    103 
 
0067-249F CG1     0.017   102   1.7    -0.99    2.89    0.48    0.46    1.53      18.3    18.3    0.015    100    0.015    106 
 
0068-247F CG1     0.010   104   0.0     1.38    0.67    0.10    0.28   -0.33      14.3    14.3    0.009    108    0.008    105 
 
0068-248F CG1     0.024   105   1.5    -1.68    3.69    0.51    0.23    0.41      15.9    15.9    0.022    104    0.022    101 
 
0069-244F CG1     0.016   104   1.3     1.22    2.46    0.65    0.07    0.13      14.3    14.3    0.016    108    0.015    103 
 
0069-245F CG1     0.019   104   1.5    -1.33    2.99   -0.13   -0.07    0.21      15.9    15.9    0.018    108    0.017    105 
 
0069-247F CG1     0.032   104   1.3    -2.25    5.05    0.34    0.08    1.16      14.3    14.3    0.031    105    0.030    108 
 
0069-248F CG1     0.016   104   1.2     0.97    2.67   -0.59   -0.28    0.47      12.7    12.7    0.016    108    0.016    102 
 
0070-241F CG1     0.026   102   1.3     1.91    4.06    0.26    0.04    0.11      14.3    14.3    0.026    105    0.023    101 
 
0070-242F CG1     0.012   104   1.5    -0.91    1.72   -0.08   -0.02    0.03      15.9    15.9    0.012    102    0.011    103 
 
0070-244F CG1     0.021   102   1.3    -1.06    3.89    0.67    0.13    1.19      14.3    14.3    0.020    103    0.020    100 
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0070-245F CG1     0.023   102   1.2     1.23    4.06   -0.26   -0.19    0.42      12.7    12.7    0.021    100    0.020    105 
 
0071-242F CG1     0.028   105   1.3    -1.74    4.59   -0.49   -0.31    0.89      14.3    14.3    0.026    102    0.026    101 
 
0072-248F CG1     0.017   100   1.2     0.01    3.19    0.00    0.00    0.63      12.7    12.7    0.017    104    0.017    108 
 
0072-249F CG1     0.011   102   1.3     1.01    1.27   -0.72   -0.26    0.13      14.3    14.3    0.010    105    0.009    101 
 
0073-245F CG1     0.020   100   1.2     0.00    3.76    0.00    0.00    0.90      12.7    12.7    0.016    102    0.016    101 
 
0073-246F CG1     0.015   102   1.3     0.90    2.51   -0.60   -0.10    0.54      14.3    14.3    0.014    105    0.014    101 
 
0073-248F CG1     0.017   102   1.5     0.79    3.18   -0.04   -0.31    0.57      15.9    15.9    0.017    105    0.017    100 
 
0073-249F CG1     0.012   100   0.0     0.00    2.19    0.01   -0.01   -0.11      14.3    14.3    0.010    101    0.010    102 
 
0074-243F CG1     0.012   100   1.3     0.00    2.24    0.00    0.00    0.35      14.3    14.3    0.010    102    0.010    101 
 
0074-245F CG1     0.015   100   1.5     0.00    2.88    0.00    0.00    0.53      15.9    15.9    0.013    101    0.012    103 
 
0074-246F CG1     0.013   104   0.0    -0.98    1.90    0.37   -0.70   -0.11      14.3    14.3    0.012    105    0.012    108 
 
0075-243F CG1     0.010   104   0.0    -1.06    0.90    0.74   -0.89   -0.06      15.9    15.9    0.009    108    0.009    105 
 
0078-541F CG1     0.158   106   0.0   -17.93   -6.11  -14.55    8.33    1.76      18.3    18.3    0.151    102    0.135    103 
 
0079-547F CG1     0.118   104   0.0   -11.93   -8.33   10.84   -5.20    1.11      16.5    16.5    0.101    108    0.086    103 
 
0080-544F CG1     0.087   102   0.0   -11.37   -1.85    6.52   -4.89    1.93      16.6    16.6    0.072    104    0.065    106 
 
0080-547F CG1     0.117   104   0.0    14.22   -3.05   10.89   -8.67    0.80      16.5    16.5    0.108    108    0.101    102 
 
0081-541F CG1     0.140   102   0.0   -18.74   -0.36   10.50   -7.09    1.58      16.5    16.5    0.116    106    0.077    103 
 
0081-544F CG1     0.152   102   0.0    19.71   -1.84   13.03   -7.87    1.00      16.5    16.5    0.145    106    0.122    103 
 
0085-447F CG1     0.043   102   0.0    -4.12   -1.48    5.01   -3.06    1.47      16.5    16.5    0.042    104    0.039    103 
 
0086-441F CG1     0.117   104   0.0    10.60   -2.20   15.50   -9.42    0.72      18.3    18.3    0.116    103    0.101    102 
 
0087-441F CG1     0.073   102   0.0   -10.40   -0.51    4.57   -3.18    1.51      16.5    16.5    0.064    106    0.063    103 
 
0087-444F CG1     0.095   102   0.0    11.52    0.31    9.21   -5.81    0.70      16.5    16.5    0.090    103    0.088    104 
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0088-444F CG1     0.049   102   0.0    -6.63   -1.23    3.32   -2.40    1.71      16.5    16.5    0.047    106    0.040    108 
 
0088-447F CG1     0.072   104   0.0     8.16   -2.39    7.28   -5.96    0.86      16.5    16.5    0.069    108    0.068    102 
 
0091-341F CG1     0.066   104   0.0     5.84   -2.14    8.86   -5.89    1.02      18.3    18.3    0.055    103    0.050    102 
 
0092-341F CG1     0.042   102   0.0    -4.91   -0.93    3.90   -2.58    1.36      16.5    16.5    0.039    104    0.036    106 
 
0092-344F CG1     0.061   104   0.0     6.51   -1.79    6.79   -5.18    1.05      16.5    16.5    0.044    103    0.037    105 
 
0093-344F CG1     0.051   106   0.0     5.17   -1.69   -5.95    4.38    1.05      16.5    16.5    0.041    102    0.037    105 
 
0093-347F CG1     0.050   104   0.0     4.52   -1.51    6.55   -4.73    0.98      16.5    16.5    0.037    106    0.035    108 
 
0094-347F CG1     0.068   106   0.0     6.14   -2.03   -8.93    5.99    1.10      16.5    16.5    0.057    108    0.051    107 
 
0097-247F CG1     0.044   104   1.5    -3.79    6.08    0.06   -0.46    2.36      16.5    16.5    0.041    105    0.040    108 
 
0098-241F CG1     0.038   102   1.7     3.21    5.45   -0.18   -0.46    1.84      18.3    18.3    0.037    105    0.033    106 
 
0099-244F CG1     0.026   104   1.5    -2.00    3.88   -0.65   -0.69    0.91      16.5    16.5    0.025    103    0.025    108 
 
0099-247F CG1     0.021   104   0.0     1.94    2.56    1.32   -0.91   -0.87      16.5    16.5    0.020    108    0.019    103 



 
 

58 

 

 
0100-241F CG1     0.015   102   0.0    -1.77    1.08    1.10   -0.76    0.08      16.6    16.6    0.014    103    0.013    104 
 
0100-244F CG1     0.022   102   0.0     1.79    2.83    1.54   -0.82   -0.02      16.5    16.5    0.020    103    0.019    104 
 
241F-0071 CG1     0.010   102   0.0    -1.28    0.83   -0.05   -0.27   -0.18      12.7    12.7    0.008    105    0.008    103 
 
242F-0074 CG1     0.022   100   0.0    -0.01    4.04    0.00    0.00   -1.02      12.7    12.7    0.021    104    0.021    105 
 
242F-0075 CG1     0.013   102   0.0    -0.60    2.34   -0.15   -0.22   -0.12      14.3    14.3    0.012    105    0.012    100 
 
243F-0066 CG1     0.019   104   1.5     1.22   -2.70    1.51    0.77   -1.90      16.6    16.6    0.016    108    0.015    105 
 
343F-0043 CG1     0.023   104   0.0    -3.26    1.19    0.99   -0.91   -0.32      18.3    18.3    0.020    105    0.018    108 
 
441F-0024 CG1     0.056   104   1.3     8.68   -0.61   -2.89   -0.19   -0.18      14.3    14.3    0.056    103    0.051    108 
 
441F-0025 CG1     0.081   102   0.0    -8.69    3.45   -8.14    6.46   -1.01      12.7    12.7    0.064    106    0.057    103 
 
444F-0024 CG1     0.047   102   0.0    -4.99    3.33   -4.13    1.71   -0.56      14.3    14.3    0.038    106    0.032    101 
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541F-0010 CG1     0.055   106   0.0    -6.96   -1.59    4.51   -1.71    0.63      14.3    14.3    0.054    102    0.051    103 
 
542F-0015 CG1     0.136   102   1.3   -10.21    2.95   20.43   15.93   -0.43      14.3    14.3    0.119    106    0.119    104 
 
544F-0009 CG1     0.057   108   1.3    -8.11    3.63    0.16   -2.27    0.74      14.3    14.3    0.052    102    0.049    106 
 
544F-0010 CG1     0.074   102   0.0    -7.93    3.36   -7.25    3.02   -0.12      14.3    14.3    0.060    106    0.055    105 
 
545F-0013 CG1     0.040   108   0.0    -3.20    4.59    3.73   -1.28   -0.35      12.7    12.7    0.031    101    0.030    104 
 
545F-0014 CG1     0.040   104   0.0     5.81   -0.52   -2.49    1.61    0.44      15.9    15.9    0.038    101    0.036    105 
 
546F-0004 CG1     0.058   102   0.0    -8.57    2.87   -1.55    1.01   -0.41      18.3    18.3    0.042    106    0.042    104 
 
546F-0005 CG1     0.072   104   1.4     9.55   -0.03    5.82    3.99   -0.72      14.7    14.7    0.061    102    0.056    108 
 
546F-0014 CG1     0.042   102   0.0     3.33    2.34    5.83   -4.18    0.64      14.3    14.3    0.041    106    0.030    105 
 
547F-0008 CG1     0.087   104   0.0    11.68    1.01   -6.87    2.67   -1.75      14.3    14.3    0.084    108    0.073    103 
 
548F-0012 CG1     0.101   104   1.2    10.98   -3.13   10.92   10.22   -1.37      12.7    12.7    0.097    105    0.090    108 
 
548F-0013 CG1     0.048   102   1.5     5.09    3.57    4.20    4.82    0.15      15.9    15.9    0.044    101    0.039    105 
 
549F-0004 CG1     0.079   102   1.5     9.82    1.08    7.15    6.08   -0.79      16.5    16.5    0.062    106    0.044    101 
 
549F-0007 CG1     0.084   102   1.5    -9.68    1.90    8.09    5.21   -0.81      16.6    16.6    0.066    106    0.056    101 
 
641F-0046 CG1     0.187   105   0.0   -28.31   -8.70   -4.39    3.73    2.59      14.3    14.3    0.169    106    0.165    102 
 
641F-0047 CG1     0.145   102   0.0   -18.98  -11.49    1.14   -1.82    4.61      12.7    12.7    0.137    105    0.128    106 
 
642F-0050 CG1     0.096   105   1.2   -13.09    6.46    2.90    2.77    0.16      12.7    12.7    0.092    101    0.084    102 
 
644F-0045 CG1     0.134   104   0.0    13.20   -9.33  -13.81    9.77    3.04      12.7    12.7    0.122    108    0.089    103 
 
645F-0049 CG1     0.063   102   1.2     5.36    8.80    1.82    2.31    0.44      12.7    12.7    0.061    106    0.060    103 
 
645F-0050 CG1     0.080   102   1.5    -9.77    6.91   -1.93    0.44    0.24      15.9    15.9    0.069    101    0.060    103 
 
646F-0034 CG1     0.092   104   0.0   -11.59    7.52   -1.10    0.54   -0.18      18.3    18.3    0.088    108    0.061    101 
 
646F-0035 CG1     0.115   104   0.0    13.61    8.48   -7.79    6.86   -1.11      14.8    14.8    0.101    108    0.081    102 
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647F-0044 CG1     0.126   104   0.0    17.02   -9.05   -3.95    1.00    2.61      14.3    14.3    0.121    108    0.093    105 
 
648F-0048 CG1     0.102   108   1.2   -10.29    9.56   -7.40   -7.64    0.97      12.7    12.7    0.097    101    0.084    104 
 
648F-0049 CG1     0.034   103   1.5    -2.47    5.04    1.32    2.20    0.38      15.9    15.9    0.033    102    0.030    100 
 
649F-0041 CG1     0.176   101   1.7   -14.34    7.38   23.80    8.75   -1.56      18.3    18.3    0.175    102    0.174    105 
 
041C-241C CON     0.058   100   0.0    -8.52    0.00    0.00    0.00    0.00       7.7     7.7    0.055    105    0.051    106 
 
042C-242C CON     0.053   100   0.0    -7.81    0.00    0.00    0.00    0.00       7.7     7.7    0.042    107    0.041    108 
 
043C-243C CON     0.061   100   0.0    -9.00    0.00    0.00    0.00    0.00       7.7     7.7    0.048    105    0.048    106 
 
044C-244C CON     0.055   100   0.0    -8.11    0.00    0.00    0.00    0.00       7.7     7.7    0.050    105    0.047    104 
 
045C-245C CON     0.052   100   0.0    -7.57    0.00    0.00    0.00    0.00       7.7     7.7    0.039    101    0.039    102 
 
046C-246C CON     0.057   100   0.0    -8.37    0.00    0.00    0.00    0.00       7.7     7.7    0.043    105    0.043    104 
 
047C-247C CON     0.059   100   0.0    -8.58    0.00    0.00    0.00    0.00       7.7     7.7    0.055    105    0.052    104 
 
048C-248C CON     0.054   100   0.0    -7.90    0.00    0.00    0.00    0.00       7.7     7.7    0.042    103    0.041    104 
 
049C-249C CON     0.062   100   0.0    -9.15    0.00    0.00    0.00    0.00       7.7     7.7    0.049    104    0.049    105 
 
0000-604L H1A     0.345   105   0.0    37.29   37.43   10.41  -12.18  -23.65      41.5    41.5    0.322    101    0.314    104 
 
0001-602L H1A     0.449   100   0.0   -16.74   59.71    2.88   -2.15  -52.26      41.5    41.5    0.387    106    0.387    105 
 
0032-0040 H1A     0.235   104   1.6   -17.39  -13.36  -33.62  -99.48  -65.40       7.1     7.1    0.179    103    0.167    102 
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0033-0032 H1A     0.169   102   0.0   -20.31   12.95    9.66  -18.23  -24.31       7.1     7.1    0.149    103    0.125    104 
 
0036-0033 H1A     0.266   102   0.0   -15.45   13.66   44.38 -112.33   -0.18       7.1     7.1    0.208    105    0.197    101 
 
0036-601L H1A     0.398   102   1.5    -9.97    6.40   85.93  554.04  -31.16       6.6     6.6    0.278    101    0.268    105 
 
0040-603L H1A     0.377   103   1.5   -25.33  -32.31   52.09  279.02  -85.62       6.6     6.6    0.369    104    0.314    102 
 
0306-0000 H1A     0.351   104   0.0    29.78   27.28  -41.64   85.71   18.04      11.3    11.3    0.344    101    0.323    105 
 
0464-0306 H1A     0.337   104   0.9    27.06   27.28  -41.64  -42.01   89.05       4.2     4.2    0.297    105    0.275    101 
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601L-0001 H1A     0.623   105   0.0   -36.35 -101.37  -40.11   53.85  156.92      31.6    31.6    0.603    100    0.567    104 
 
602L-604L H1A     0.460   107   0.0   -43.62  -54.40  -24.36   37.16   97.27      34.4    34.4    0.422    108    0.359    106 
 
603L-0464 H1A     0.585   104   0.0    24.34  -90.05   70.73 -179.75  174.90      16.1    16.1    0.555    105    0.538    100 
 
0001-0037 H1B     0.313   102   0.0    10.55   -4.93  -64.17  172.09   23.61      13.6    13.6    0.283    105    0.276    101 
 
0001-604L H1B     0.295   104  13.1   -24.24  -30.58   13.60   23.40  -30.94      75.8    75.8    0.265    103    0.235    102 
 
0034-0041 H1B     0.190   101   1.6     6.26    5.59   38.77   83.02  -11.61       9.2     9.2    0.168    105    0.160    108 
 
0035-0034 H1B     0.103   102   0.0    11.22   11.09    2.86   -6.16   -1.26       9.2     9.2    0.095    103    0.082    104 
 
0037-0035 H1B     0.242   102   0.0    12.66    8.21   43.43  -93.59    8.65       9.2     9.2    0.183    101    0.141    105 
 
0041-0000 H1B     0.316   101   2.3     3.77   -7.83  -73.21 -180.95  -23.95      13.6    13.6    0.308    102    0.232    108 
 
0032-0045 H1C     0.162   104   0.0     6.67  -29.49   12.31   -7.38    7.95      24.8    24.8    0.158    100    0.151    105 
 
0033-0046 H1C     0.164   100   0.0     0.40  -29.95    0.35   -0.12    8.51      24.8    24.8    0.161    105    0.154    106 
 
0036-0047 H1C     0.419   105   0.0   -34.72  -46.86  -38.41   14.86   14.96      24.8    24.8    0.404    102    0.365    106 
 
0040-0044 H1C     0.308   104   0.0   -17.15  -39.40   36.45  -17.64   12.59      24.8    24.8    0.267    108    0.239    103 
 
0044-0045 H1C     0.070   104   0.0    -3.06   -0.48  -13.42   11.28    1.72      14.4    14.4    0.059    108    0.042    105 
 
0044-0048 H1C     0.076   108   2.5    -5.87   11.18   -0.01   -2.39    1.29      22.5    22.5    0.070    101    0.066    100 
 
0045-0046 H1C     0.076   104   1.6    -8.57    5.08    5.89    4.83    0.91      14.4    14.4    0.063    105    0.055    102 
 
0045-0049 H1C     0.061   100   2.5    -0.59   10.57    0.16    0.08    2.75      22.5    22.5    0.057    102    0.057    101 
 
0046-0047 H1C     0.078   102   1.6    -1.09    0.73   17.80   15.66   -2.57      14.4    14.4    0.063    105    0.058    106 
 
0046-0050 H1C     0.060   101   2.5     2.00   11.70   -4.02   -2.66    2.58      22.5    22.5    0.058    102    0.057    100 
 
0047-0051 H1C     0.101   104   2.5   -11.71    9.42   -1.68    1.43    1.47      22.5    22.5    0.088    105    0.088    108 
 
0048-0041 H1C     0.184   101   2.7   -15.77    5.26   24.11    9.16   -5.35      24.8    24.8    0.171    108    0.162    105 
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0049-0034 H1C     0.066   101   0.0     3.52   11.81    2.41   -1.32   -0.06      24.8    24.8    0.065    108    0.064    104 
 
0049-0050 H1C     0.042   101   0.0    -4.63    3.16   -3.26    1.36    0.08      14.4    14.4    0.040    102    0.039    105 
 
0050-0035 H1C     0.077   101   0.0     6.09   11.23    2.30   -1.22   -0.03      24.8    24.8    0.071    108    0.067    105 
 
0050-0051 H1C     0.058   101   1.6    -2.66   -0.34   10.97   10.41   -2.11      14.4    14.4    0.056    105    0.048    102 
 
0051-0037 H1C     0.193   102   2.7   -17.24    3.53  -24.65   -6.91   -5.21      24.8    24.8    0.181    101    0.144    105 
 
0076-0105 H2A     0.153   102   2.5    21.56    4.16   10.27   18.50   -3.52      14.4    14.4    0.128    101    0.109    105 
 
0077-0106 H2A     0.201   105   2.5    29.08   10.42    8.41   16.16    4.78      14.4    14.4    0.157    104    0.144    102 
 
0078-0081 H2A     0.175   103   0.0    25.81   11.03   -0.18    0.93   -8.40       9.2     9.2    0.173    108    0.170    104 
 
0079-503L H2A     0.268   103   3.6    17.04  -30.02   33.74   48.21  -22.51      20.9    20.9    0.263    107    0.248    108 
 
0080-0079 H2A     0.188   108   1.6   -23.69    9.70   13.36   23.17    4.64       9.2     9.2    0.169    107    0.145    103 
 
0081-0080 H2A     0.168   108   1.6   -26.90    7.40   -1.15  -14.41    9.05       9.2     9.2    0.149    104    0.143    103 
 
0105-504L H2A     0.163   105   9.0   -13.56    8.36  -18.53  -11.32   -2.54      52.2    52.2    0.161    101    0.130    102 
 
0106-502L H2A     0.242   105   0.0    38.78    9.66   -6.23    5.09    0.91      52.2    52.2    0.212    101    0.201    104 
 
0109-504L H2A     0.238   104   6.0   -17.76  -21.81  -26.79  -15.86  -17.17      34.8    34.8    0.211    103    0.194    108 
 
501L-0077 H2A     0.248   105   0.0    19.71  -28.97  -22.87   16.93   19.89      41.4    41.4    0.179    104    0.175    102 
 
501L-0078 H2A     0.326   108   0.0   -32.38  -25.94   30.89  -38.10   21.41      20.9    20.9    0.281    107    0.267    104 
 
502L-0109 H2A     0.165   103   0.0    -7.10   12.79   28.28  -23.99   -4.64      34.8    34.8    0.137    107    0.123    104 
 
503L-0076 H2A     0.277   105   0.0   -20.51  -35.66   17.33  -12.12   20.85      41.4    41.4    0.214    106    0.172    102 
 
0004-0007 H2B     0.054   104   0.0    -7.48    3.60   -1.44   -0.76   -2.79      11.5    11.5    0.054    108    0.045    105 
 
0005-0004 H2B     0.057   102   0.0     4.73    6.58    4.90   -6.90   -1.64      11.5    11.5    0.056    105    0.050    104 
 
0006-0005 H2B     0.067   102   1.6     7.90    6.83    0.49   -2.75    1.82      11.5    11.5    0.048    105    0.047    101 
 
0007-0076 H2B     0.123   105   4.5   -10.74   -3.24   15.39   16.22   -2.66      32.2    32.2    0.094    101    0.092    104 
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0008-0079 H2B     0.077   104   2.7     2.77   -9.03  -12.70  -13.97   -2.07      19.8    19.8    0.059    108    0.056    105 
 
0008-0107 H2B     0.165   105   1.2    10.40   -7.10   27.00   49.01   -3.04       9.0     9.0    0.119    104    0.117    101 
 
0011-0078 H2B     0.131   102   0.0   -10.19    2.09   19.06  -15.91   -2.91      19.8    19.8    0.118    106    0.095    103 
 
0011-0108 H2B     0.273   102   1.2   -22.25    1.95   39.23   79.69   -1.13       9.0     9.0    0.236    106    0.187    103 
 
0012-0007 H2B     0.052   102   2.7     5.34    4.75    3.86    5.02   -0.31      19.8    19.8    0.042    101    0.034    106 
 
0015-0006 H2B     0.058   104   0.0    -0.45   -1.21  -13.72   12.01    1.34      19.8    19.8    0.055    102    0.052    108 
 
0077-0006 H2B     0.177   105   0.0   -16.74   -2.18   20.88  -19.56    1.72      32.2    32.2    0.150    104    0.138    101 
 
0105-0109 H2B     0.181   102  12.0    12.79   -0.53   28.78   21.42    2.27      86.5    86.5    0.170    103    0.162    106 
 
0106-0110 H2B     0.134   105   0.0   -10.70   -1.57   17.56  -17.71    1.84      49.4    49.4    0.102    101    0.092    104 
 
0107-0012 H2B     0.166   105   0.0   -13.96   -8.17   21.87  -48.50    6.58       9.0     9.0    0.147    101    0.118    102 
 
0107-0076 H2B     0.119   105   6.0    14.78   -5.31    9.80    9.67   -1.42      43.1    43.1    0.115    104    0.106    108 
 
0108-0015 H2B     0.178   104   0.0    -8.07   -3.05   33.63  -69.82    3.16       9.0     9.0    0.156    108    0.155    102 
 
0108-0077 H2B     0.178   105   6.0    23.11   -1.17  -15.20  -12.65    0.48      43.1    43.1    0.157    101    0.131    102 
 
0108-501L H2B     0.252   105   5.2   -23.15  -23.07   19.57    3.48   -7.78      37.0    37.0    0.250    106    0.203    102 
 
0109-0106 H2B     0.303   104   0.0   -20.74   -3.85  -38.30   24.17    4.10      86.5    86.5    0.207    103    0.203    108 
 
0110-0105 H2B     0.118   104   6.9   -12.14   -7.11    8.99    8.48   -2.72      49.4    49.4    0.114    105    0.084    101 
 
503L-0107 H2B     0.247   104   0.0   -20.20  -32.51   -6.56    4.41   10.43      37.0    37.0    0.228    105    0.151    108 
 
0006-0106 H2C     0.174   105   5.1    22.03    1.08  -15.48  -10.46   -0.50      46.5    46.5    0.152    104    0.149    101 
 
0007-0110 H2C     0.057   102   0.0     6.21    6.25    1.49   -4.99   -1.46      31.5    31.5    0.049    101    0.041    106 
 
0008-0009 H2C     0.056   107   0.0    -2.54    5.46    9.21   -8.82    0.29      14.5    14.5    0.055    106    0.053    103 
 
0009-0010 H2C     0.054   103   1.6     5.11    5.58    4.39    4.12    1.62      14.5    14.5    0.053    104    0.051    102 
SACS CONNECT Edition (v11.0)    Personal                                                  
ID=ZX5pb3Z5aGh8p2uSpmmVp6hmYGtucmZ0aZZup5qEdGs= 
     WELL PLATFORM                                                                DATE 02-FEB-2022  TIME 18:27:10   PST PAGE    29 
 
                                              SACS-IV   MEMBER UNITY CHECK RANGE SUMMARY 
 
                                         GROUP I   - UNITY CHECKS GREATER THAN    0.00 AND LESS THAN    0.80 
 
                MAXIMUM  LOAD  DIST   AXIAL   BENDING STRESS   SHEAR FORCE                       SECOND-HIGHEST  THIRD-HIGHEST 
 MEMBER   GROUP COMBINED COND  FROM   STRESS    Y       Z       FY      FZ      KLY/RY  KLZ/RZ   UNITY    LOAD   UNITY    LOAD 
           ID   UNITY CK  NO.  END     N/MM2   N/MM2   N/MM2   KN      KN                        CHECK    COND   CHECK    COND 
 
0009-0080 H2C     0.033   102   2.7     1.01   -2.53   -6.45   -5.91   -2.03      25.0    25.0    0.031    106    0.031    104 
 
0010-0011 H2C     0.077   104   1.6     6.23    4.60  -10.40  -10.69   -1.10      14.5    14.5    0.068    103    0.067    102 
 
0010-0014 H2C     0.031   102   2.5    -2.59    3.20   -2.81    0.09    0.16      22.7    22.7    0.029    105    0.028    101 
 
0010-0081 H2C     0.044   102   2.7    -1.06   -2.22   -9.15   -7.62   -1.88      25.0    25.0    0.043    106    0.041    103 
 
0012-0013 H2C     0.074   105   0.0    -2.97    2.95  -14.11   16.05    1.81      14.5    14.5    0.063    101    0.052    104 
 
0013-0004 H2C     0.025   101   0.0    -0.51    4.74   -2.67    1.64   -0.75      25.0    25.0    0.021    102    0.019    108 
 
0013-0014 H2C     0.043   102   1.6     4.25    5.22   -0.93    1.01    0.58      14.5    14.5    0.039    106    0.036    105 
 
0014-0005 H2C     0.023   101   0.0    -1.04    4.21    0.79   -0.63   -0.54      25.0    25.0    0.022    102    0.017    104 
 
0014-0015 H2C     0.099   102   1.6     6.04    4.81   16.36   16.38   -0.85      14.5    14.5    0.085    106    0.072    103 
 
0105-0007 H2C     0.088   105   0.0     8.64   -1.74  -10.87    8.69    1.05      46.5    46.5    0.078    101    0.075    104 
 
0110-0006 H2C     0.060   102   3.5    -4.33    8.26   -3.72   -1.98    1.49      31.5    31.5    0.048    104    0.040    103 
 
0082-0112 H3A     0.196   105   4.0   -33.99    3.99   -2.65   -6.50    8.77      19.1    19.1    0.152    106    0.139    102 
 
0083-0113 H3A     0.246   105   0.0    42.03   -1.13    8.29  -10.48    5.92      19.1    19.1    0.193    106    0.164    104 
 
0085-403L H3A     0.210   103   6.1    18.11  -19.55   22.11   28.70  -16.45      29.3    29.3    0.190    104    0.160    102 
 
0086-0087 H3A     0.160   104   0.0    25.20    6.08    5.34  -21.52   -3.81       7.7     7.7    0.147    103    0.112    108 
 
0087-0088 H3A     0.140   104   0.0    23.04    5.03   -2.90    6.12   -6.38       7.7     7.7    0.128    103    0.110    108 
 
0088-0085 H3A     0.138   104   1.6    21.35    0.16   -7.60  -16.42   -9.22       7.7     7.7    0.130    103    0.112    108 
 
0112-404L H3A     0.255   105  10.0   -27.89   20.13  -15.46  -13.32    8.82      48.0    48.0    0.183    104    0.166    106 
 
0113-402L H3A     0.309   105  10.0    45.47   10.43   16.67   14.21    3.16      48.0    48.0    0.212    106    0.193    104 
 
0115-404L H3A     0.218   108   8.5    24.98   13.07   18.58   12.81   11.47      40.8    40.8    0.202    104    0.182    103 
 
401L-0083 H3A     0.340   105   0.0    40.14  -19.88  -27.58   30.92   14.99      34.2    34.2    0.244    104    0.219    106 
 
401L-0086 H3A     0.250   104   0.0    27.21    5.77  -27.46   28.86    0.91      29.3    29.3    0.220    103    0.219    108 
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402L-0115 H3A     0.157   103   0.0   -11.39   16.17   16.04  -13.81   -9.94      40.8    40.8    0.134    104    0.129    108 
 
403L-0082 H3A     0.273   105   0.0   -34.43  -19.17   13.06  -11.57   13.03      34.2    34.2    0.201    106    0.179    101 
 
0018-0021 H3B     0.068   105   1.6    -4.03    3.62   11.20   29.19   -0.80       9.1     9.1    0.065    102    0.065    101 
 
0019-0018 H3B     0.069   102   0.0     7.39    4.64    6.36   -7.97   -2.95       9.1     9.1    0.053    105    0.051    101 
 
0020-0019 H3B     0.078   102   0.0     9.39    4.66   -6.11   18.35   -0.35       9.1     9.1    0.062    105    0.062    101 
 
0020-401L H3B     0.117   105   9.8    -8.23  -12.47   10.70   -1.12   -2.84      55.8    55.8    0.093    102    0.092    106 
 
0021-0082 H3B     0.051   105   7.0    -0.26   -1.58   12.31   15.49   -0.08      39.8    39.8    0.047    102    0.044    101 
 
0022-0026 H3B     0.042   108   0.0    -4.71    4.25   -0.91    4.33   -0.73      14.3    14.3    0.034    101    0.030    104 
 
0022-0085 H3B     0.039   103   2.7    -1.27   -2.08   -7.69  -11.16   -2.39      15.7    15.7    0.033    104    0.029    102 
 
0025-0029 H3B     0.066   102   0.0    -8.83    4.36   -2.47   -1.92   -0.53      14.3    14.3    0.046    101    0.046    106 
 
0025-0086 H3B     0.065   103   2.7    -1.94   -1.27  -13.65  -22.25   -2.23      15.7    15.7    0.062    104    0.060    102 
 
0026-0021 H3B     0.057   108   0.0    -7.80    4.01    0.94    1.31   -3.55      15.7    15.7    0.054    104    0.049    101 
 
0029-0020 H3B     0.078   105   2.7    11.20   -4.20    3.44    3.81   -2.80      15.7    15.7    0.078    102    0.062    101 
 
0083-0020 H3B     0.080   105   0.0    -2.08   -1.80   16.73  -18.99   -0.14      39.8    39.8    0.075    104    0.057    108 
 
0112-0114 H3B     0.070   104   0.0    -5.34   -3.21   -8.82    8.85    0.08      53.5    53.5    0.067    105    0.048    108 
 
0114-0113 H3B     0.115   105   9.4   -11.03   -0.28  -12.01  -16.81    0.18      53.5    53.5    0.082    104    0.065    101 
 
403L-0021 H3B     0.167   105   0.0   -21.02   -9.42    1.09    5.34    2.00      55.8    55.8    0.154    104    0.109    102 
 
0112-0115 H3C     0.102   102  14.4     7.38    2.18   15.67   22.10    7.95      68.0    68.0    0.099    106    0.079    105 
 
0115-0113 H3C     0.117   104   0.0    -4.59    4.17  -20.88   24.83   -2.29      68.0    68.0    0.095    108    0.085    103 
 
0020-0113 H3D     0.128   105   8.0    15.64   -0.33  -12.23  -10.76   -0.20      57.8    57.8    0.109    104    0.093    101 
 
0021-0114 H3D     0.077   105   0.0   -11.88    0.15    2.73    0.27    0.27      33.5    33.5    0.061    106    0.056    101 
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0114-0020 H3D     0.058   105   0.0     9.65   -0.71   -2.14    2.11    0.75      33.5    33.5    0.055    102    0.052    101 
 
0022-0023 H3E     0.022   108   1.6     0.52    3.22   -3.71   -3.14    1.13      14.4    14.4    0.021    104    0.020    102 
 
0023-0024 H3E     0.032   104   1.6     2.96    3.38    2.66    1.15    0.39      14.4    14.4    0.029    103    0.026    108 
 
0023-0027 H3E     0.026   108   0.0    -2.48    2.72   -1.62    1.95   -0.01      22.5    22.5    0.023    104    0.021    103 
 
0023-0088 H3E     0.022   104   2.7     0.91   -2.56   -3.35   -2.88   -0.57      24.8    24.8    0.022    103    0.020    102 
 
0024-0025 H3E     0.043   102   1.6     2.59    1.17    7.38    6.27   -1.26      14.4    14.4    0.041    103    0.033    104 
 
0024-0028 H3E     0.024   101   0.0    -1.83    3.40    0.80   -0.56    0.09      22.5    22.5    0.021    105    0.019    102 
 
0024-0087 H3E     0.035   103   2.7    -2.18   -0.83   -5.60   -4.83   -0.53      24.8    24.8    0.033    102    0.031    104 
 
0026-0027 H3E     0.025   104   1.6    -1.67    3.16    2.50    1.68    1.74      14.4    14.4    0.023    108    0.022    105 
 
0027-0018 H3E     0.021   101   0.0    -1.26    3.26   -1.31    1.01   -0.66      24.8    24.8    0.021    105    0.020    102 
 
0027-0028 H3E     0.018   105   0.0     0.87    3.39    0.55    1.27   -0.11      14.4    14.4    0.018    106    0.018    102 
 
0028-0019 H3E     0.026   104   2.7     0.52   -1.05    5.62    3.89   -0.36      24.8    24.8    0.024    105    0.021    108 
 
0028-0029 H3E     0.034   105   1.6    -2.06   -0.03   -5.73   -6.56   -1.67      14.4    14.4    0.029    104    0.027    102 
 
0089-0116 H4A     0.215   104   5.0    34.63   -9.18    3.53    6.28    1.24      23.7    23.7    0.195    103    0.169    105 
 
0090-0117 H4A     0.152   107   5.0    21.13  -10.01   -4.92   -5.89   -1.85      23.7    23.7    0.149    108    0.147    106 
 
0091-0092 H4A     0.173   105   1.6    30.62    1.44   -4.34   -5.75    2.38       7.6     7.6    0.125    104    0.116    106 
 
0092-0093 H4A     0.171   105   0.0    30.25    1.55   -4.34   -0.95   -0.81       7.6     7.6    0.121    104    0.119    106 
 
0093-0094 H4A     0.173   105   0.0    30.63    1.46   -4.33    5.27   -2.25       7.6     7.6    0.123    106    0.114    104 
 
0094-0121 H4A     0.176   105   3.0    29.32   -1.81    6.53   11.86   -0.80      14.2    14.2    0.133    106    0.111    104 
 
0116-304L H4A     0.316   104  11.5    38.55   27.63  -10.33   -1.42   17.46      54.6    54.6    0.311    105    0.236    103 
 
0117-302L H4A     0.248   105  11.5    23.57   27.07   15.94    8.63   16.31      54.6    54.6    0.243    106    0.205    107 
 
0118-304L H4A     0.236   101  11.0    29.87   20.30    3.96   -4.12   16.82      52.2    52.2    0.221    108    0.185    102 
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0121-303L H4A     0.208   105   5.6    29.30    4.52  -14.05   -6.95    6.82      26.6    26.6    0.175    106    0.115    102 
 
0122-0091 H4A     0.168   105   0.0    29.03   -2.03    4.85   -9.83    1.10      14.2    14.2    0.132    104    0.111    106 
 
301L-0090 H4A     0.202   108   0.0    20.86   21.58    9.58   -2.91  -14.87      33.9    33.9    0.167    107    0.135    101 
 
301L-0122 H4A     0.192   105   0.0    28.99    3.68  -10.42    3.25   -6.34      26.6    26.6    0.190    104    0.116    103 
 
302L-0118 H4A     0.230   102   0.0    27.83   19.43   10.12   -1.87  -14.61      52.2    52.2    0.220    101    0.174    100 
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303L-0089 H4A     0.217   103   0.0    27.99   17.91   -4.97   -2.55  -15.24      33.9    33.9    0.215    104    0.190    102 
 
0042-0053 H4B     0.062   105   1.6     8.89    1.68   -3.93   -5.56   -1.59       9.1     9.1    0.055    106    0.045    104 
 
0043-0042 H4B     0.054   105   0.0     8.26    2.91    0.77   -1.45   -0.34       9.1     9.1    0.049    106    0.042    104 
 
0052-0043 H4B     0.064   105   0.0     8.91    1.58   -4.47    6.06    1.54       9.1     9.1    0.050    106    0.048    104 
 
0053-0119 H4B     0.086   105   0.0    10.12    1.79   -8.59    8.68   -5.35      17.1    17.1    0.069    100    0.063    106 
 
0090-0120 H4B     0.039   104   0.0    -2.03    1.82    6.62   -6.09   -1.72      37.0    37.0    0.034    105    0.031    103 
 
0116-0118 H4B     0.075   102  17.2     3.00    3.68   14.41   12.14    4.43      97.9    97.9    0.058    106    0.056    105 
 
0116-0119 H4B     0.102   105   0.0    15.38   -3.24   -5.16    6.65   -1.69      46.7    46.7    0.100    104    0.060    103 
 
0116-0123 H4B     0.126   105   0.0   -12.79    3.76   -9.69   11.62   -2.95      67.8    67.8    0.102    104    0.064    106 
 
0118-0117 H4B     0.117   104   0.0    -6.30    3.29  -15.74   13.17   -1.88      97.9    97.9    0.078    105    0.073    108 
 
0119-0089 H4B     0.037   105   6.5    -0.44   -0.57    8.54   10.21    1.03      37.0    37.0    0.028    101    0.025    102 
 
0119-0123 H4B     0.037   108   0.0    -2.70    4.91   -2.24    1.48   -3.90      42.0    42.0    0.033    104    0.031    103 
 
0120-0052 H4B     0.091   105   3.0    10.26    1.52   -9.65  -10.99    5.35      17.1    17.1    0.069    100    0.068    106 
 
0120-0117 H4B     0.097   105   8.2    15.02   -2.10   -4.91   -6.08    2.05      46.7    46.7    0.081    106    0.067    104 
 
0121-0119 H4B     0.033   108   0.0    -1.03    5.33   -4.12    4.22   -2.05      45.7    45.7    0.031    101    0.030    103 
 
0122-0120 H4B     0.031   102   0.0    -0.68    4.27    5.28   -4.94   -1.51      45.7    45.7    0.031    103    0.029    108 
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0123-0120 H4B     0.048   104   7.4    -5.37    3.55   -2.22   -5.96    3.10      42.0    42.0    0.044    103    0.034    108 
 
301L-0120 H4B     0.092   101   0.0     6.85   13.57    4.41    0.37   -5.28      53.9    53.9    0.082    100    0.081    102 
 
303L-0119 H4B     0.099   100   0.0     4.13   13.18   -0.70    0.22   -6.23      53.9    53.9    0.090    108    0.087    101 
 
0054-0058 H4C     0.035   105   0.0    -4.19    1.85    2.75   -1.50    0.36      18.0    18.0    0.028    106    0.027    101 
 
0054-0094 H4C     0.050   105   0.0    -6.54    1.76   -3.41    2.71   -2.28      19.8    19.8    0.046    104    0.043    108 
 
0057-0061 H4C     0.036   105   0.0    -4.17    2.00   -2.82    1.57    0.16      18.0    18.0    0.032    104    0.027    101 
 
0057-0091 H4C     0.053   105   0.0    -6.97    1.93    3.37   -2.62   -2.51      19.8    19.8    0.045    102    0.041    104 
 
0058-0053 H4C     0.028   105   2.7    -1.04   -1.97   -5.24   -4.56   -2.62      19.8    19.8    0.024    108    0.023    106 
 
0061-0052 H4C     0.030   105   2.7    -1.01   -1.86    5.79    4.98   -2.41      19.8    19.8    0.027    104    0.023    102 
 
0119-0094 H4C     0.078   104   8.5     9.28    1.90   -7.54   -5.89    0.67      61.4    61.4    0.074    108    0.054    105 
 
0120-0091 H4C     0.082   102   8.5    -8.99    2.48   -5.74   -4.87   -0.02      61.4    61.4    0.058    105    0.058    106 
 
0054-0055 H4D     0.019   104   1.6     1.09    1.53    2.91    2.24    0.87      14.4    14.4    0.018    105    0.016    108 
 
0055-0056 H4D     0.017   104   1.6     0.99    1.67    2.48    1.40    0.23      14.4    14.4    0.016    106    0.015    105 
 
0055-0059 H4D     0.019   100   2.5     0.75    2.51    0.11    0.01    0.04      22.5    22.5    0.018    108    0.016    107 
 
0055-0093 H4D     0.018   104   2.7    -0.82   -1.48   -3.16   -2.03   -0.89      24.8    24.8    0.018    102    0.017    106 
 
0056-0057 H4D     0.018   102   1.6    -0.54    0.42    3.73    3.53   -0.63      14.4    14.4    0.018    105    0.015    104 
 
0056-0060 H4D     0.018   100   0.0     0.72    2.47   -0.18    0.04   -0.02      22.5    22.5    0.016    106    0.015    108 
 
0056-0092 H4D     0.018   104   2.7    -1.14   -1.39   -2.73   -2.09   -0.86      24.8    24.8    0.017    101    0.017    102 
 
0058-0059 H4D     0.017   105   0.0     0.39    0.19   -3.77    3.75    0.79      14.4    14.4    0.012    104    0.009    106 
 
0059-0042 H4D     0.016   101   0.0     0.32    3.46   -0.08    0.01   -0.84      24.8    24.8    0.014    108    0.014    102 
 
0059-0060 H4D     0.010   105   0.0    -0.29    1.99   -0.13    0.87   -0.14      14.4    14.4    0.009    104    0.008    108 
 
0060-0043 H4D     0.016   101   0.0     0.43    3.35    0.11   -0.03   -0.81      24.8    24.8    0.014    102    0.014    108 
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0060-0061 H4D     0.019   105   1.6     0.54   -0.10   -3.95   -3.88   -1.04      14.4    14.4    0.012    104    0.012    106 
 
0095-0130 H5A     0.064   100   0.0     0.03   11.92   -0.01    0.03   -4.19      26.5    26.5    0.053    101    0.053    102 
 
0096-0129 H5A     0.054   100   0.0     0.00    9.98    0.02   -0.04   -2.96      26.5    26.5    0.045    101    0.044    108 
 
0097-0125 H5A     0.089   100   0.0     0.03   16.59   -0.02    0.09   -2.52      17.6    17.6    0.072    102    0.071    103 
 
0098-0100 H5A     0.085   100   1.6     0.05   15.76   -0.02   -0.05    1.76       7.1     7.1    0.072    105    0.071    104 
 
0099-0097 H5A     0.089   100   1.6     0.05   16.42   -0.01    0.05    1.80       7.1     7.1    0.074    105    0.072    102 
 
0100-0099 H5A     0.086   100   1.6     0.05   15.97   -0.03   -0.01    1.77       7.1     7.1    0.073    105    0.070    101 
 
0125-203L H5A     0.192   100   8.6     0.02  -35.71   -0.08   -0.08  -33.66      37.9    37.9    0.152    103    0.151    104 
 
0126-0098 H5A     0.084   100   4.0     0.03   15.59   -0.02   -0.09    5.52      17.6    17.6    0.070    104    0.068    103 
 
0129-0308 H5A     0.066   100   7.0     0.01   12.28    0.02    0.04    5.60      30.9    30.9    0.055    105    0.053    106 
 
0130-0307 H5A     0.064   100   7.0     0.03   11.84   -0.01   -0.03    4.51      30.9    30.9    0.054    105    0.053    104 
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0131-0408 H5A     0.065   100   7.6     0.07   12.05   -0.01   -0.02    8.65      33.3    33.3    0.052    108    0.051    105 
 
0307-204L H5A     0.168   100   6.6     0.03  -31.29   -0.05   -0.04  -37.75      29.3    29.3    0.134    101    0.132    108 
 
0308-202L H5A     0.159   100   6.6     0.01  -29.64    0.06    0.04  -36.67      29.3    29.3    0.127    101    0.126    102 
 
0408-204L H5A     0.148   100   6.6     0.05  -27.45   -0.04   -0.03  -34.78      29.1    29.1    0.115    104    0.115    103 
 
0409-0131 H5A     0.065   100   0.0     0.07   12.03   -0.01    0.02   -8.74      33.3    33.3    0.052    102    0.052    103 
 
201L-0096 H5A     0.141   100   0.0     0.00  -26.17   -0.09    0.11   29.43      31.6    31.6    0.117    105    0.114    104 
 
201L-0126 H5A     0.201   100   0.0     0.02  -37.35   -0.10    0.11   37.02      34.2    34.2    0.157    108    0.156    106 
 
202L-0409 H5A     0.148   100   0.0     0.05  -27.37   -0.05    0.04   34.69      29.1    29.1    0.113    108    0.113    106 
 
203L-0095 H5A     0.148   100   0.0     0.01  -27.48    0.07   -0.07   28.91      35.3    35.3    0.123    105    0.118    104 
 
0002-0016 H5B     0.014   100   0.0     0.02    2.58   -0.02    0.02   -4.05      30.3    30.3    0.013    103    0.012    104 
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0003-0403 H5B     0.115   100   8.1     0.06   20.87    0.02    0.02   17.26      38.5    38.5    0.098    105    0.097    104 
 
0016-0130 H5B     0.029   105   0.0    -1.09    5.34    1.33   -4.68   -5.61      40.7    40.7    0.028    100    0.025    106 
 
0016-0131 H5B     0.034   100   0.0     0.00    6.21    0.00    0.00   -8.74      75.0    75.0    0.033    102    0.031    103 
 
0017-0096 H5B     0.069   100   0.0     0.00  -12.53    0.03   -0.04    5.35      27.8    27.8    0.055    105    0.054    106 
 
0017-0127 H5B     0.094   100   5.9     0.01   17.15    0.00    0.00   13.19      27.8    27.8    0.076    102    0.075    105 
 
0030-0095 H5B     0.066   100   0.0     0.00  -12.13   -0.02    0.03    4.68      27.8    27.8    0.054    104    0.053    105 
 
0030-0124 H5B     0.094   100   5.9     0.01   17.15   -0.01    0.00   11.45      27.8    27.8    0.076    104    0.075    105 
 
0064-0067 H5B     0.047   105   1.6    -2.08    8.54   -2.53   -4.55    0.34       7.6     7.6    0.047    100    0.045    104 
 
0065-0064 H5B     0.047   100   1.6     0.00    8.52    0.00    0.00    1.10       7.6     7.6    0.046    105    0.043    101 
 
0066-0065 H5B     0.046   100   1.6     0.00    8.31    0.00    0.07    1.97       7.6     7.6    0.045    105    0.043    102 
 
0067-0124 H5B     0.049   105   0.0    -1.97    8.85   -2.91    3.99   -3.58      18.9    18.9    0.047    100    0.046    104 
 
0096-0127 H5B     0.036   100   0.0     0.00   -6.65    0.01    0.00    0.54      40.7    40.7    0.032    105    0.030    106 
 
0124-0095 H5B     0.034   100   8.6     0.00   -6.18    0.00    0.00   -0.82      40.7    40.7    0.030    105    0.029    104 
 
0125-0030 H5B     0.067   100   5.9     0.00  -12.25    0.01    0.01   -6.00      27.8    27.8    0.054    105    0.054    104 
 
0126-0017 H5B     0.070   100   5.9     0.00  -12.81   -0.02   -0.02   -5.86      27.8    27.8    0.056    105    0.055    106 
 
0127-0066 H5B     0.046   105   4.0    -1.96    8.17   -2.89   -3.94    4.25      18.9    18.9    0.044    100    0.043    102 
 
0129-0003 H5B     0.029   105   8.6    -1.08    5.33    1.30    4.66    5.85      40.7    40.7    0.028    104    0.028    100 
 
0131-0003 H5B     0.036   104  15.8    -0.42    6.79   -4.52   -6.55    8.70      75.0    75.0    0.036    100    0.033    103 
 
0309-0016 H5B     0.114   100   0.0     0.06   20.79    0.01   -0.02  -16.92      38.5    38.5    0.097    105    0.092    106 
 
0403-202L H5B     0.170   100   7.9     0.02  -31.03    0.04    0.01  -19.19      37.2    37.2    0.135    101    0.135    108 
 
201L-0017 H5B     0.211   100   0.0     0.01  -38.56   -0.13    0.14   27.93      23.8    23.8    0.171    105    0.168    106 
 
203L-0030 H5B     0.206   100   0.0     0.02  -37.68    0.09   -0.08   24.84      27.8    27.8    0.168    104    0.166    105 
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204L-0309 H5B     0.175   100   0.0     0.02  -31.87    0.03   -0.01   19.53      37.2    37.2    0.139    102    0.139    101 
 
0002-0127 H5C     0.096   100   8.8     0.00   17.94    0.01    0.00    7.57      50.1    50.1    0.076    102    0.076    103 
 
0124-0002 H5C     0.099   100   0.0     0.00   18.47    0.01    0.00   -7.90      50.1    50.1    0.078    108    0.078    104 
 
0124-0016 H5C     0.085   100   0.0     0.06   15.70    0.02   -0.01   -9.80      34.3    34.3    0.070    102    0.069    101 
 
0124-0125 H5C     0.037   100   0.0     0.00    6.82    0.01    0.00   -4.67      45.7    45.7    0.030    102    0.029    101 
 
0126-0127 H5C     0.035   100   8.0     0.00    6.55    0.01    0.00    4.66      45.7    45.7    0.028    108    0.028    101 
 
0127-0003 H5C     0.082   100   0.0     0.05   15.10   -0.02    0.01   -9.46      34.3    34.3    0.067    101    0.067    108 
 
0127-0129 H5C     0.022   105   0.0     1.81   -1.21   -2.82    3.80   -1.80      59.9    59.9    0.019    102    0.016    101 
 
0130-0124 H5C     0.021   105   0.0     1.80    0.37   -2.88    3.80   -2.31      59.9    59.9    0.020    104    0.017    108 
 
0097-0124 H5D     0.032   104   0.0     3.23    2.03    3.34   -3.13   -0.41      64.3    64.3    0.030    108    0.028    105 
 
0098-0127 H5D     0.032   102   0.0    -2.81    2.02    2.95   -2.78   -0.40      64.3    64.3    0.027    105    0.025    101 
 
0068-0069 H5E     0.029   100   1.6     0.01    5.47    0.02    0.01    2.09      14.4    14.4    0.024    105    0.024    102 
 
0068-0072 H5E     0.019   102   2.5     1.18    3.30    0.17    0.43    0.05      22.5    22.5    0.017    100    0.017    105 
 
0068-0097 H5E     0.034   105   0.0    -2.82    4.65    0.67   -0.64   -2.33      24.8    24.8    0.030    101    0.030    104 
 
0069-0070 H5E     0.028   100   1.6    -0.01    5.28    0.00    0.00    0.06      14.4    14.4    0.024    105    0.023    104 
 
0069-0073 H5E     0.013   100   0.0    -0.01    2.35    0.01    0.00   -0.15      22.5    22.5    0.012    101    0.012    102 
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0069-0099 H5E     0.010   100   0.0     0.00    1.82    0.00    0.00   -0.27      24.8    24.8    0.009    102    0.009    101 
 
0070-0071 H5E     0.026   100   0.0     0.00    4.83    0.01   -0.01   -1.59      14.4    14.4    0.021    104    0.021    105 
 
0070-0074 H5E     0.013   100   0.0    -0.01    2.41    0.00    0.00   -0.19      22.5    22.5    0.012    101    0.012    108 
 
0070-0100 H5E     0.011   100   0.0     0.00    2.02    0.00    0.00   -0.39      24.8    24.8    0.010    108    0.010    101 
 
0071-0075 H5E     0.020   104   0.0    -1.34    3.28    0.02   -0.37   -0.21      22.5    22.5    0.019    108    0.018    100 
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0072-0067 H5E     0.023   100   2.7     0.01   -4.19   -0.02   -0.01   -2.19      24.8    24.8    0.022    104    0.021    105 
 
0072-0073 H5E     0.021   100   1.6     0.00    3.89    0.01    0.01    1.31      14.4    14.4    0.017    102    0.017    106 
 
0073-0064 H5E     0.010   100   0.0    -0.01    1.76    0.00    0.00   -0.88      24.8    24.8    0.009    101    0.009    102 
 
0073-0074 H5E     0.023   100   0.0     0.00    4.32    0.00    0.00   -0.18      14.4    14.4    0.018    105    0.018    102 
 
0074-0065 H5E     0.009   100   0.0    -0.01    1.63    0.00    0.00   -0.83      24.8    24.8    0.009    108    0.009    101 
 
0074-0075 H5E     0.022   100   0.0     0.00    4.17    0.01   -0.01   -1.63      14.4    14.4    0.018    104    0.018    108 
 
0075-0066 H5E     0.021   100   2.7     0.00   -3.85    0.02    0.01   -1.95      24.8    24.8    0.020    102    0.019    105 
 
101L-201L L1A     0.358   105   0.0   -44.78    1.84   32.66-2653.37 -572.40       1.8     1.8    0.325    106    0.212    107 
 
102L-202L L1A     0.310   108   0.0   -49.77   14.61   -0.89  -72.34-1442.27       1.8     1.8    0.262    101    0.236    104 
 
103L-203L L1A     0.395   104   0.0   -55.23   12.19  -26.08 2120.80-1333.94       1.8     1.8    0.369    105    0.258    103 
 
104L-204L L1A     0.328   102   0.0   -52.12   16.16    1.96 -112.83-1536.59       1.8     1.8    0.264    101    0.244    103 
 
201L-301L L1B     0.422   106   2.0   -59.86    6.30   10.74  -69.44  -24.02      46.0    46.0    0.418    105    0.298    107 
 
202L-302L L1B     0.443   108   2.0   -65.36    8.92   -1.79   16.43  -33.44      46.4    46.4    0.366    101    0.296    107 
 
203L-303L L1B     0.506   104   2.0   -69.74    6.47  -16.09  119.33  -23.16      46.0    46.0    0.434    105    0.352    103 
 
204L-304L L1B     0.467   102   2.0   -68.47    9.97    1.64   -6.73  -43.69      46.4    46.4    0.365    101    0.354    103 
 
301L-401L L1C     0.296   106  18.2   -43.60    7.61    4.80   70.51   59.13      36.8    36.8    0.269    105    0.222    107 
 
302L-402L L1C     0.335   108  18.3   -51.98    5.92   -2.39  -26.82   63.22      37.1    37.1    0.270    101    0.252    107 
 
303L-403L L1C     0.339   104  18.2   -49.41    3.38  -10.52 -136.36   32.52      36.8    36.8    0.270    105    0.253    103 
 
304L-404L L1C     0.360   102  18.3   -54.29    8.69   -2.72  -11.76   84.78      37.1    37.1    0.299    103    0.275    101 
 
401L-501L L1D     0.200   106   2.0   -28.64    7.34    0.74  -37.81  -83.66      36.8    36.8    0.179    107    0.148    108 
 
402L-502L L1D     0.253   108   2.0   -39.20    4.40   -1.91   28.08  -48.02      37.1    37.1    0.236    101    0.186    107 
 
403L-503L L1D     0.239   105   2.0   -31.92   -1.07  -12.31  137.65   26.17      36.8    36.8    0.238    104    0.161    103 
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404L-504L L1D     0.298   103   2.0   -45.29    3.87   -5.97  100.27  -11.63      37.1    37.1    0.288    102    0.256    104 
 
501L-0451 L1E     0.099   105   4.5   -13.72   -3.66   -3.76  -65.26   11.34       7.7     7.7    0.096    106    0.077    107 
 
502L-0157 L1E     0.213   108   8.3   -32.75   -6.84    4.00  -11.76  -54.44      15.0    15.0    0.205    107    0.200    100 
 
503L-0452 L1E     0.121   104   4.5   -13.05   -2.98   10.51  156.11 -104.22       7.7     7.7    0.116    103    0.109    102 
 
504L-0181 L1E     0.233   102   8.3   -30.44  -15.98   -2.84  -96.79 -174.25      15.0    15.0    0.232    101    0.219    103 
 
0455-601L L1F     0.060   105   1.0    -8.01   -3.34    3.57  179.05  -38.56       1.8     1.8    0.053    100    0.052    106 
 
0456-604L L1F     0.155   100   1.0   -14.38  -10.42   -2.90  -69.24 -156.91       1.8     1.8    0.134    104    0.131    103 
 
0457-602L L1F     0.141   100   1.0   -14.61   -7.67   -1.87  -39.34 -124.57       1.8     1.8    0.137    107    0.128    108 
 
0458-603L L1F     0.058   102   1.0    -7.69   -1.73    4.40  316.83  290.96       1.8     1.8    0.057    103    0.053    104 
 
601L-701L L1G     0.051   105   0.0    -1.81   -3.08   10.03 -361.26  146.97       1.8     1.8    0.044    106    0.033    104 
 
602L-702L L1G     0.125   100   0.0   -13.86   -5.18   -2.67    8.49  803.49       1.8     1.8    0.124    103    0.123    102 
 
603L-703L L1G     0.036   105   0.0    -2.00   -2.14   -6.04  238.92  118.18       1.8     1.8    0.035    104    0.032    106 
 
604L-704L L1G     0.146   100   0.0   -15.39   -7.81    0.16   30.69  959.67       1.8     1.8    0.142    104    0.140    105 
 
701L-801L L1H     0.103   105   0.0    -4.31   -5.23   19.19 -347.59  142.27       1.9     1.9    0.089    106    0.064    101 
 
702L-802L L1H     0.328   100   1.0   -34.53   16.31   -6.54    8.49  794.97       1.9     1.9    0.318    107    0.305    108 
 
703L-803L L1H     0.076   104   0.0    -5.85    5.74   -9.69  200.18   17.94       1.9     1.9    0.072    105    0.071    103 
 
704L-804L L1H     0.342   100   1.0   -38.40   15.34    1.54   30.69  951.14       1.9     1.9    0.336    103    0.335    102 
 
0038-0427 L1L     0.104   106   0.0   -11.45   -8.67   -2.24   -8.83  -20.40      10.7    10.7    0.101    105    0.089    104 
 
0181-0404 L1L     0.228   102   0.0   -30.01  -15.98   -2.84  -50.28  -10.95      10.8    10.8    0.228    101    0.227    100 
 
0451-0038 L1L     0.103   106   3.7   -11.45   -8.67   -2.24   -8.83  -20.40       6.8     6.8    0.100    105    0.088    104 
 
0452-0039 L1L     0.149   103   3.7   -14.57  -14.81    3.75    1.97 -161.27       6.8     6.8    0.148    104    0.147    105 
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0157-0457 L1X     0.219   107   6.9   -32.72   -6.73    6.79   77.47  -30.63      14.5    14.5    0.217    100    0.212    108 
 
0404-0456 L1X     0.231   100   1.0   -22.38  -12.85   -3.16  -54.24 -155.02       3.5     3.5    0.219    102    0.208    103 
 
0427-0455 L1X     0.094   106   0.0   -10.70   -7.79   -0.40   63.80   44.43       3.5     3.5    0.090    105    0.084    100 
 
0454-0458 L1X     0.113   103   0.0   -13.36   -8.21    3.54   -3.27  152.91       3.5     3.5    0.109    104    0.107    102 
 
0412-501L R1A     0.379   102   8.1    53.14  -17.67   21.05   38.51  -37.53      35.7    35.7    0.371    103    0.347    106 
 
504L-0413 R1A     0.393   103   8.1   -64.21   -9.29    2.38   -3.07   10.00      35.9    35.9    0.365    104    0.324    107 
 
402L-504L R1B     0.595   108  23.1   -58.96   28.07   -8.31  -28.20   47.90      88.0    88.0    0.549    107    0.420    106 
 
501L-403L R1B     0.712   103   0.0   -74.76   25.01   -5.50    3.68  -42.93      87.6    87.6    0.638    102    0.589    104 
 
301L-0104 R1C     0.354   106   0.0   -47.96    0.28  -10.99   12.53    6.33      65.8    64.4    0.336    108    0.320    107 
 
302L-0063 R1C     0.315   108   0.0   -39.84    1.22   14.55  -15.98    6.35      66.0    64.7    0.263    107    0.214    106 
 
303L-0104 R1C     0.358   104   0.0   -45.75   -0.06  -15.69   17.63   -8.23      65.8    64.4    0.353    103    0.321    102 
 
304L-0063 R1C     0.375   103  15.0   -53.39    7.28    0.05   -0.44   13.11      66.0    64.7    0.346    102    0.332    104 
 
401L-0104 R1C     0.388   103   0.0   -50.64   14.02   -8.38    4.83  -14.61      51.8    64.4    0.363    104    0.361    102 
 
402L-0063 R1C     0.399   103   0.0   -53.48   12.61    7.10   -4.09  -12.79      52.0    64.7    0.373    104    0.353    102 
 
403L-0104 R1C     0.374   106   0.0   -48.44  -11.29   11.67  -15.47   11.98      51.8    64.4    0.363    108    0.333    107 
 
404L-0063 R1C     0.320   108   0.0   -40.06  -12.23  -11.32   17.14   14.70      52.0    64.7    0.277    107    0.248    106 
 
201L-0103 R1D     0.325   106   0.0   -38.16   -0.44  -10.58    9.37    0.90      84.9    81.7    0.267    105    0.249    108 
 
202L-0031 R1D     0.328   108   0.0   -38.07   -0.25   11.11  -10.69    1.03      85.3    82.0    0.222    107    0.222    101 
 
203L-0103 R1D     0.404   104   0.0   -43.34   -1.45   15.91  -14.96    3.01      90.8    81.7    0.331    103    0.290    102 
 
204L-0031 R1D     0.311   102   0.0   -35.19   -0.08  -12.31   11.99    1.15      85.3    82.0    0.273    103    0.234    104 
 
301L-0103 R1D     0.359   104   0.0   -42.87   -8.52   -8.86   14.57    8.78      67.1    81.7    0.323    103    0.269    102 
 
302L-0031 R1D     0.291   102   0.0   -34.68   -8.13    6.48  -12.17    8.35      67.4    82.0    0.282    103    0.216    104 
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303L-0103 R1D     0.308   106   0.0   -37.73   -8.14    4.57   -8.60    7.33      67.1    81.7    0.247    107    0.238    108 
 
304L-0031 R1D     0.314   108   0.0   -37.64   -8.07   -6.91   11.63    8.02      67.4    82.0    0.230    107    0.197    101 
 
0413-602L RA1     0.469   103   9.4   -65.77   21.30  -11.23  -11.87   18.70      43.4    43.4    0.452    104    0.411    107 
 
603L-0412 RA1     0.420   103   0.0    61.96  -26.60   -2.14    1.77   55.29      43.1    43.1    0.409    102    0.359    104 
 
0410-604L RAB     0.617   105  11.8   -85.80   23.17  -17.69  -17.48   10.84      46.7    46.7    0.483    104    0.454    106 
 
0411-601L RAB     0.616   105  12.6    74.99  -57.26   13.97   11.90 -101.11      49.6    49.6    0.509    104    0.476    106 
 
404L-503L RAC     0.607   105  27.8    98.67  -25.05   -8.90  -12.30  -34.77      88.0    88.0    0.557    101    0.459    104 
 
302L-0084 RAD     0.394   105   0.0    75.23    1.05   -3.47    1.23    6.55      69.6    69.6    0.361    104    0.329    101 
 
304L-0102 RAD     0.356   105   0.0    67.65   -1.91    3.12   -1.30    9.43      69.6    69.6    0.311    101    0.293    102 
 
401L-0084 RAD     0.417   105   0.0    74.72   -5.75   -8.04    4.53    5.82      62.7    62.7    0.345    104    0.326    101 
 
403L-0102 RAD     0.393   105   0.0    66.88  -13.06    4.83   -2.81   12.06      62.7    62.7    0.319    101    0.291    104 
 
201L-0062 RAE     0.655   105   0.0   -88.05   -6.87    1.12   -0.83    9.33      78.2    75.1    0.486    104    0.462    106 
 
203L-0101 RAE     0.707   105   0.0   -90.43    7.76    0.85   -0.64  -10.09      83.4    75.1    0.600    104    0.407    106 
 
302L-0062 RAE     0.661   105   0.0   -88.11  -10.94    3.54   -1.43   11.21      69.5    75.1    0.475    104    0.456    106 
 
304L-0101 RAE     0.694   105   0.0   -90.46   14.56    1.93   -0.85  -13.49      69.5    75.1    0.573    104    0.387    106 
 
202L-0062 RAX     0.390   101   0.0   -49.77    6.75    1.17   -1.18   -9.68      82.4    74.5    0.376    108    0.376    105 
 
204L-0101 RAX     0.454   102   0.0   -52.25    4.97  -16.93   13.15   -8.09      82.4    74.5    0.446    101    0.430    105 
 
301L-0062 RAX     0.386   105   0.0    70.20   -6.24   -5.01    2.73    4.05      73.3    73.3    0.385    101    0.363    108 
 
303L-0101 RAX     0.440   102   0.0   -52.56   11.22   15.08  -15.37  -12.18      73.3    74.5    0.434    101    0.428    105 
 
301L-0084 RAY     0.445   105   0.0   -64.23    6.42    3.59   -1.56    4.16      65.4    63.4    0.353    104    0.316    106 
 
303L-0102 RAY     0.651   105   0.0   -93.72    9.37   -2.40    0.91    1.79      65.4    63.4    0.524    104    0.413    106 
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                                              SACS-IV   MEMBER UNITY CHECK RANGE SUMMARY 
 
                                         GROUP I   - UNITY CHECKS GREATER THAN    0.00 AND LESS THAN    0.80 
 
                MAXIMUM  LOAD  DIST   AXIAL   BENDING STRESS   SHEAR FORCE                       SECOND-HIGHEST  THIRD-HIGHEST 
 MEMBER   GROUP COMBINED COND  FROM   STRESS    Y       Z       FY      FZ      KLY/RY  KLZ/RZ   UNITY    LOAD   UNITY    LOAD 
           ID   UNITY CK  NO.  END     N/MM2   N/MM2   N/MM2   KN      KN                        CHECK    COND   CHECK    COND 
 
404L-0102 RAY     0.661   105   0.0   -93.55  -13.99   -3.29    2.61   11.16      58.9    63.4    0.522    104    0.419    106 
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502L-0411 RBA     0.478   105   0.0    71.41  -29.32   -1.55   -3.19   58.00      44.0    44.0    0.424    104    0.373    106 
 
503L-0410 RBA     0.552   105  10.9   -83.91  -18.41    4.82   -6.22    7.00      41.5    41.5    0.466    104    0.371    106 
 
 
SACS CONNECT Edition (v11.0)    Personal                                                  
ID=ZX5pb3Z5aGh8p2uSpmmVp6hmYGtucmZ0aZZup5qEdGs= 
     WELL PLATFORM                                                                DATE 02-FEB-2022  TIME 18:27:10   PST PAGE    42 
 
                                              SACS-IV   MEMBER UNITY CHECK RANGE SUMMARY 
 
                                         GROUP II  - UNITY CHECKS GREATER THAN    0.80 AND LESS THAN    1.00 
 
                MAXIMUM  LOAD  DIST   AXIAL   BENDING STRESS   SHEAR FORCE                       SECOND-HIGHEST  THIRD-HIGHEST 
 MEMBER   GROUP COMBINED COND  FROM   STRESS    Y       Z       FY      FZ      KLY/RY  KLZ/RZ   UNITY    LOAD   UNITY    LOAD 
           ID   UNITY CK  NO.  END     N/MM2   N/MM2   N/MM2   KN      KN                        CHECK    COND   CHECK    COND 
 
401L-502L RAC     0.824   105  26.2   -84.80   33.12   10.23   13.71   62.83      82.8    82.8    0.628    104    0.522    106 
 
 
 
SACS CONNECT Edition (v11.0)    Personal                                                  
ID=ZX5pb3Z5aGh8p2uSpmmVp6hmYGtucmZ0aZZup5qEdGs= 
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                                              SACS-IV   MEMBER UNITY CHECK RANGE SUMMARY 
 
                                         GROUP III - UNITY CHECKS GREATER THAN    1.00 
 
                                            ** NO UNITY CHECKS IN THIS GROUP ** 
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APPENDIX-5 

Joint Unity Check Output 
 

* * J O I N T   C A N   S U M M A R Y * * 
(UNITY CHECK ORDER) 

**************** ORIGINAL *************     ***************** DESIGN ************** 
 
JOINT      DIAMETER   THICKNESS  YLD STRS     UC       DIAMETER   THICKNESS  YLD STRS     UC 
(CM)       (CM)      (N/MM2)                (CM)       (CM)      (N/MM2) 
 
0101       66.000      1.900    248.000    1.196       66.000      1.900    248.000    1.196 
0063       66.000      1.600    248.000    1.153       66.000      1.600    248.000    1.153 
0104       66.000      1.600    248.000    1.114       66.000      1.600    248.000    1.114 
0062       66.000      1.900    248.000    1.049       66.000      1.900    248.000    1.049 
0084       66.000      2.500    248.000    1.014       66.000      2.500    248.000    1.014 
0102       66.000      2.500    248.000    0.895       66.000      2.500    248.000    0.895 
203L      168.800      5.441    248.000    0.837      168.800      5.441    248.000    0.837 
201L      168.800      5.441    248.000    0.817      168.800      5.441    248.000    0.817 
0103       66.000      2.200    248.000    0.720       66.000      2.200    248.000    0.720 
0036       66.000      1.900    248.000    0.708       66.000      1.900    248.000    0.708 
641F       27.300      1.000    248.000    0.656       27.300      1.000    248.000    0.656 
0031       66.000      2.200    248.000    0.583       66.000      2.200    248.000    0.583 
0040       66.000      1.900    248.000    0.578       66.000      1.900    248.000    0.578 
647F       27.300      1.000    248.000    0.560       27.300      1.000    248.000    0.560 
603L      168.800      5.441    248.000    0.488      168.800      5.441    248.000    0.488 
601L      168.800      5.441    248.000    0.461      168.800      5.441    248.000    0.461 
604L      168.800      5.441    248.000    0.451      168.800      5.441    248.000    0.451 
204L      168.800      5.441    248.000    0.448      168.800      5.441    248.000    0.448 
404L      168.800      5.441    248.000    0.439      168.800      5.441    248.000    0.439 
503L      168.800      5.441    248.000    0.426      168.800      5.441    248.000    0.426 
0001       66.000      1.900    248.000    0.419       66.000      1.900    248.000    0.419 
0000       66.000      1.900    248.000    0.413       66.000      1.900    248.000    0.413 
642F       27.300      1.000    248.000    0.403       27.300      1.000    248.000    0.403 
202L      168.800      5.441    248.000    0.398      168.800      5.441    248.000    0.398 
303L      168.800      5.441    248.000    0.388      168.800      5.441    248.000    0.388 
304L      168.800      5.441    248.000    0.374      168.800      5.441    248.000    0.374 
401L      168.800      5.441    248.000    0.372      168.800      5.441    248.000    0.372 
302L      168.800      5.441    248.000    0.367      168.800      5.441    248.000    0.367 
502L      168.800      5.441    248.000    0.363      168.800      5.441    248.000    0.363 
403L      168.800      5.441    248.000    0.361      168.800      5.441    248.000    0.361 
0108       40.600      1.270    248.000    0.351       40.600      1.270    248.000    0.351 
0032       66.000      1.900    248.000    0.343       66.000      1.900    248.000    0.343 
402L      168.800      5.441    248.000    0.342      168.800      5.441    248.000    0.342 
0046       32.400      1.000    248.000    0.341       32.400      1.000    248.000    0.341 
602L      168.800      5.441    248.000    0.338      168.800      5.441    248.000    0.338 
643F       27.300      1.000    248.000    0.338       27.300      1.000    248.000    0.338 
501L      168.800      5.441    248.000    0.333      168.800      5.441    248.000    0.333 
644F       27.300      1.000    248.000    0.332       27.300      1.000    248.000    0.332 
645F       27.300      1.000    248.000    0.313       27.300      1.000    248.000    0.313 
0045       32.400      1.000    248.000    0.310       32.400      1.000    248.000    0.310 
0033       66.000      1.900    248.000    0.305       66.000      1.900    248.000    0.305 
504L      168.800      5.441    248.000    0.300      168.800      5.441    248.000    0.300 
0021       50.800      1.270    248.000    0.294       50.800      1.270    248.000    0.294 
0124       61.000      1.270    248.000    0.283       61.000      1.270    248.000    0.283 
0020       50.800      1.270    248.000    0.278       50.800      1.270    248.000    0.278 
0116       61.000      1.270    248.000    0.272       61.000      1.270    248.000    0.272 
0127       61.000      1.270    248.000    0.269       61.000      1.270    248.000    0.269 
301L      168.800      5.441    248.000    0.265      168.800      5.441    248.000    0.265 
544F       27.300      1.000    248.000    0.249       27.300      1.000    248.000    0.249 
0119       50.800      1.270    248.000    0.245       50.800      1.270    248.000    0.245 
649F       27.300      1.000    248.000    0.245       27.300      1.000    248.000    0.245 
0107       40.600      1.270    248.000    0.240       40.600      1.270    248.000    0.240 
541F       27.300      1.000    248.000    0.239       27.300      1.000    248.000    0.239 
0006       40.600      1.270    248.000    0.237       40.600      1.270    248.000    0.237 
0117       61.000      1.270    248.000    0.232       61.000      1.270    248.000    0.232 
646F       27.300      1.000    248.000    0.226       27.300      1.000    248.000    0.226 
0120       50.800      1.270    248.000    0.214       50.800      1.270    248.000    0.214 
648F       27.300      1.000    248.000    0.213       27.300      1.000    248.000    0.213 
547F       27.300      1.000    248.000    0.211       27.300      1.000    248.000    0.211 
548F       27.300      1.000    248.000    0.205       27.300      1.000    248.000    0.205 
543F       27.300      1.000    248.000    0.203       27.300      1.000    248.000    0.203 
542F       27.300      1.000    248.000    0.198       27.300      1.000    248.000    0.198 
443F       27.300      1.000    248.000    0.196       27.300      1.000    248.000    0.196 
0091       61.000      1.270    248.000    0.195       61.000      1.270    248.000    0.195 
0106       50.800      1.900    248.000    0.194       50.800      1.900    248.000    0.194 
0011       40.600      1.270    248.000    0.187       40.600      1.270    248.000    0.187 
0094       61.000      1.270    248.000    0.185       61.000      1.270    248.000    0.185 
0023       32.400      1.000    248.000    0.184       32.400      1.000    248.000    0.184 
0037       50.800      1.900    248.000    0.182       50.800      1.900    248.000    0.182 
0050       32.400      1.000    248.000    0.182       32.400      1.000    248.000    0.182 
0041       50.800      1.900    248.000    0.180       50.800      1.900    248.000    0.180 
0047       32.400      1.000    248.000    0.180       32.400      1.000    248.000    0.180 
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0109       50.800      1.900    248.000    0.174       50.800      1.900    248.000    0.174 
0049       32.400      1.000    248.000    0.172       32.400      1.000    248.000    0.172 
0015       40.600      1.270    248.000    0.163       40.600      1.270    248.000    0.163 
0051       32.400      1.000    248.000    0.158       32.400      1.000    248.000    0.158 
545F       27.300      1.000    248.000    0.158       27.300      1.000    248.000    0.158 
0114       50.800      1.270    248.000    0.155       50.800      1.270    248.000    0.155 
0014       32.400      1.270    248.000    0.153       32.400      1.270    248.000    0.153 
0077       50.800      1.900    248.000    0.152       50.800      1.900    248.000    0.152 
0009       32.400      1.270    248.000    0.152       32.400      1.270    248.000    0.152 
0044       32.400      1.000    248.000    0.150       32.400      1.000    248.000    0.150 
0105       50.800      1.900    248.000    0.149       50.800      1.900    248.000    0.149 
0003       61.000      1.270    248.000    0.148       61.000      1.270    248.000    0.148 
0024       32.400      1.000    248.000    0.145       32.400      1.000    248.000    0.145 
441F       27.300      1.000    248.000    0.144       27.300      1.000    248.000    0.144 
0048       32.400      1.000    248.000    0.142       32.400      1.000    248.000    0.142 
0078       50.800      1.900    248.000    0.142       50.800      1.900    248.000    0.142 
0016       61.000      1.270    248.000    0.140       61.000      1.270    248.000    0.140 
448F       27.300      1.000    248.000    0.140       27.300      1.000    248.000    0.140 
0113       61.000      1.900    248.000    0.137       61.000      1.900    248.000    0.137 
0076       50.800      1.900    248.000    0.132       50.800      1.900    248.000    0.132 
347F       27.300      1.000    248.000    0.131       27.300      1.000    248.000    0.131 
0081       50.800      1.900    248.000    0.129       50.800      1.900    248.000    0.129 
549F       27.300      1.000    248.000    0.126       27.300      1.000    248.000    0.126 
0010       32.400      1.270    248.000    0.124       32.400      1.270    248.000    0.124 
0007       40.600      1.270    248.000    0.123       40.600      1.270    248.000    0.123 
0118       61.000      1.270    248.000    0.122       61.000      1.270    248.000    0.122 
0121       61.000      1.270    248.000    0.122       61.000      1.270    248.000    0.122 
0079       50.800      1.900    248.000    0.120       50.800      1.900    248.000    0.120 
449F       27.300      1.000    248.000    0.119       27.300      1.000    248.000    0.119 
0030       61.000      1.270    248.000    0.117       61.000      1.270    248.000    0.117 
0035       50.800      1.900    248.000    0.115       50.800      1.900    248.000    0.115 
0013       32.400      1.270    248.000    0.114       32.400      1.270    248.000    0.114 
0008       40.600      1.270    248.000    0.112       40.600      1.270    248.000    0.112 
0034       50.800      1.900    248.000    0.110       50.800      1.900    248.000    0.110 
0122       61.000      1.270    248.000    0.109       61.000      1.270    248.000    0.109 
445F       27.300      1.000    248.000    0.109       27.300      1.000    248.000    0.109 
446F       27.300      1.000    248.000    0.108       27.300      1.000    248.000    0.108 
0004       40.600      1.270    248.000    0.107       40.600      1.270    248.000    0.107 
546F       27.300      1.000    248.000    0.106       27.300      1.000    248.000    0.106 
0092       61.000      1.270    248.000    0.105       61.000      1.270    248.000    0.105 
0019       50.800      1.270    248.000    0.102       50.800      1.270    248.000    0.102 
0080       50.800      1.900    248.000    0.101       50.800      1.900    248.000    0.101 
0005       40.600      1.270    248.000    0.100       40.600      1.270    248.000    0.100 
342F       27.300      1.000    248.000    0.100       27.300      1.000    248.000    0.100 
444F       27.300      1.000    248.000    0.099       27.300      1.000    248.000    0.099 
0112       61.000      1.900    248.000    0.093       61.000      1.900    248.000    0.093 
0012       40.600      1.270    248.000    0.092       40.600      1.270    248.000    0.092 
0090       61.000      1.270    248.000    0.090       61.000      1.270    248.000    0.090 
247F       27.300      1.000    248.000    0.090       27.300      1.000    248.000    0.090 
0055       32.400      1.000    248.000    0.088       32.400      1.000    248.000    0.088 
344F       27.300      1.000    248.000    0.087       27.300      1.000    248.000    0.087 
0086       61.000      1.900    248.000    0.087       61.000      1.900    248.000    0.087 
0028       32.400      1.000    248.000    0.085       32.400      1.000    248.000    0.085 
0056       32.400      1.000    248.000    0.084       32.400      1.000    248.000    0.084 
0093       61.000      1.270    248.000    0.081       61.000      1.270    248.000    0.081 
345F       27.300      1.000    248.000    0.080       27.300      1.000    248.000    0.080 
0087       61.000      1.900    248.000    0.080       61.000      1.900    248.000    0.080 
348F       27.300      1.000    248.000    0.078       27.300      1.000    248.000    0.078 
341F       27.300      1.000    248.000    0.076       27.300      1.000    248.000    0.076 
0123       50.800      1.270    248.000    0.075       50.800      1.270    248.000    0.075 
442F       27.300      1.000    248.000    0.075       27.300      1.000    248.000    0.075 
447F       27.300      1.000    248.000    0.074       27.300      1.000    248.000    0.074 
0052       50.800      1.270    248.000    0.073       50.800      1.270    248.000    0.073 
0110       40.600      1.270    248.000    0.071       40.600      1.270    248.000    0.071 
0067       61.000      1.270    248.000    0.071       61.000      1.270    248.000    0.071 
0070       32.400      1.000    248.000    0.070       32.400      1.000    248.000    0.070 
0025       50.800      1.270    248.000    0.070       50.800      1.270    248.000    0.070 
0088       61.000      1.900    248.000    0.070       61.000      1.900    248.000    0.070 
349F       27.300      1.000    248.000    0.069       27.300      1.000    248.000    0.069 
0029       50.800      1.270    248.000    0.067       50.800      1.270    248.000    0.067 
0018       50.800      1.270    248.000    0.066       50.800      1.270    248.000    0.066 
0017       61.000      1.270    248.000    0.066       61.000      1.270    248.000    0.066 
0053       50.800      1.270    248.000    0.065       50.800      1.270    248.000    0.065 
0115       61.000      1.900    248.000    0.063       61.000      1.900    248.000    0.063 
0026       50.800      1.270    248.000    0.063       50.800      1.270    248.000    0.063 
0066       61.000      1.270    248.000    0.062       61.000      1.270    248.000    0.062 
0082       61.000      1.900    248.000    0.062       61.000      1.900    248.000    0.062 
0096       66.000      1.900    248.000    0.062       66.000      1.900    248.000    0.062 
0069       32.400      1.000    248.000    0.061       32.400      1.000    248.000    0.061 
242F       27.300      1.000    248.000    0.060       27.300      1.000    248.000    0.060 
0027       32.400      1.000    248.000    0.060       32.400      1.000    248.000    0.060 
0022       50.800      1.270    248.000    0.059       50.800      1.270    248.000    0.059 
0095       66.000      1.900    248.000    0.057       66.000      1.900    248.000    0.057 
0083       61.000      1.900    248.000    0.055       61.000      1.900    248.000    0.055 
346F       27.300      1.000    248.000    0.054       27.300      1.000    248.000    0.054 
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244F       27.300      1.000    248.000    0.052       27.300      1.000    248.000    0.052 
0085       61.000      1.900    248.000    0.051       61.000      1.900    248.000    0.051 
343F       27.300      1.000    248.000    0.051       27.300      1.000    248.000    0.051 
245F       27.300      1.000    248.000    0.051       27.300      1.000    248.000    0.051 
0098       66.000      1.900    248.000    0.049       66.000      1.900    248.000    0.049 
0097       66.000      1.900    248.000    0.049       66.000      1.900    248.000    0.049 
0073       32.400      1.000    248.000    0.048       32.400      1.000    248.000    0.048 
0074       32.400      1.000    248.000    0.045       32.400      1.000    248.000    0.045 
0002       61.000      1.270    248.000    0.045       61.000      1.270    248.000    0.045 
0043       50.800      1.270    248.000    0.044       50.800      1.270    248.000    0.044 
248F       27.300      1.000    248.000    0.040       27.300      1.000    248.000    0.040 
0057       40.600      1.270    248.000    0.039       40.600      1.270    248.000    0.039 
0126       66.000      1.900    248.000    0.039       66.000      1.900    248.000    0.039 
0125       66.000      1.900    248.000    0.037       66.000      1.900    248.000    0.037 
246F       27.300      1.000    248.000    0.037       27.300      1.000    248.000    0.037 
0089       61.000      1.270    248.000    0.036       61.000      1.270    248.000    0.036 
0060       32.400      1.000    248.000    0.035       32.400      1.000    248.000    0.035 
0059       32.400      1.000    248.000    0.035       32.400      1.000    248.000    0.035 
243F       27.300      1.000    248.000    0.034       27.300      1.000    248.000    0.034 
0054       40.600      1.270    248.000    0.034       40.600      1.270    248.000    0.034 
0042       50.800      1.270    248.000    0.033       50.800      1.270    248.000    0.033 
0100       66.000      1.900    248.000    0.032       66.000      1.900    248.000    0.032 
0071       32.400      1.000    248.000    0.031       32.400      1.000    248.000    0.031 
0068       32.400      1.000    248.000    0.030       32.400      1.000    248.000    0.030 
249F       27.300      1.000    248.000    0.029       27.300      1.000    248.000    0.029 
0099       66.000      1.900    248.000    0.029       66.000      1.900    248.000    0.029 
241F       27.300      1.000    248.000    0.028       27.300      1.000    248.000    0.028 
0064       61.000      1.270    248.000    0.026       61.000      1.270    248.000    0.026 
0061       40.600      1.270    248.000    0.026       40.600      1.270    248.000    0.026 
0058       40.600      1.270    248.000    0.026       40.600      1.270    248.000    0.026 
0065       61.000      1.270    248.000    0.025       61.000      1.270    248.000    0.025 
0130       66.000      1.900    248.000    0.022       66.000      1.900    248.000    0.022 
0072       32.400      1.000    248.000    0.018       32.400      1.000    248.000    0.018 
0075       32.400      1.000    248.000    0.018       32.400      1.000    248.000    0.018 
0129       66.000      1.900    248.000    0.017       66.000      1.900    248.000    0.017 
0131       66.000      1.900    248.000    0.014       66.000      1.900    248.000    0.014 
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APPENDIX-6 

Collapse Input & Output files for Critical Load Condition- 105 
 

Collapse Input file 
 
CLPOPT    100  8 40        CN  LBJFPPJS            MG   0.100.001 0.01 300.0.002                                         
CLPRPT P0R0M0MP    SM                                                                                                    
LDSEQ AAAA           100   1         1.0 101  50         2.5                                                             
GRPELA         CDA CDB CDC CDD DLC HDA HDB HDC MDA MDB VB1 VB1 VB3 VB4                                                   
PGRELA     PL1  CDP  MDP                                                                                                 
END            
 

Collapse Output file 
 
                    ***** COLLAPSE ANALYSIS PARAMETERS ***** 
 
                    COLLAPSE VERSION .............................. 12.0.0.34        
 
                    NUMBER ITERATIONS ALLOWED ..................... 100 
 
                    NUMBER OF MEMBER SEGMENTS .....................   8 
 
                    DEFLECTION PRINT OPTION .......................FINAL ONLY     
 
                    CREATE SACS FILE OPTION .......................NO  
 
                    CONTINUE AFTER ALLOWABLE ITERATIONS EXCEEDED...YES 
 
                    JOINT FLEXIBILITY INCLUDED ....................YES (FESSLER JOINT FLEXIBILITY)      
 
                    PILE/STRUCTURE NON-LINEARITIES INCLUDED .......NO  
 
                    SKIPPED MEMBERS AUTOMATICALLY LINEAR ..........YES 
 
                    MAXIMUM DEFLECTION ALLOWED BEFORE COLLAPSE ....   300.0 CM         
 
                    DEFLECTION TOLERANCE FOR CONVERGENCE ..........  0.1000 CM         
 
                    ROTATION.. TOLERANCE FOR CONVERGENCE ..........0.001000 RAD        
 
                    STRAIN HARDENING RATIO ........................0.002000 
 
                    YIELD STRENGTH FACTOR ......................... not set  
 
                    YIELD STRENGTH UNIVERSAL OVERRIDE.............. not set          
 
                    JOINT STRENGTH OPTION .........................YES 
 
                    ALL MEMBERS ELASTIC ...........................NO  
 
                    ALL PLATES ELASTIC ............................NO  
 
 
                    MEMBER LOCAL BUCKLING CHECKED .................YES 
 
                    SUPER ELEMENT INCLUDED ........................NO  
 
                    BUCKLING INTERACTION INCLUDED .................NO  
 
 
                          BUCKLING CRITERIA .......................MARSHALL GATES 
 
 
 
                    ***** JOINT STRENGTH PARAMETERS ***** 
 
                    MINIMUM GAP ..........................,,,,,.... -254.00 CM         
 
                    MAXIMUM GAP ..........................,,,,,.... 2540.00 CM         
 
                    RELIEF OPTION .................................NO  
 
                    EFFECTIVE THICKNESS OPTION ....................NO  
 
                    EFFECTIVE THICKNESS LIMIT RATIO ...............    1.75 
 
                    MINIMUM UNITY CHECK PRINT LEVEL ...............    0.00 
 
                    JOINT FRACTURE CHECK ..........................NO  
 
             ***** FIRST LOAD PATH *****   **** SECOND LOAD PATH ****    ***** THIRD LOAD PATH ***** 
LOAD  LOAD   LOAD   NO.   START    END     LOAD   NO.   START    END     LOAD   NO.   START    END 
SEQ.   ID    CASE  INCR.  FACTOR  FACTOR   CASE  INCR.  FACTOR  FACTOR   CASE  INCR.  FACTOR  FACTOR 
 
  1   AAAA   100     1     0.000   1.000   101    50     0.000   2.500 

*** PLASTICITY OCCURRED ON MEMBER 404L-503L AT LOAD STEP   48       
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