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PREFACE

The strength of ships is a topic of key interest to naval architects and
shipbuilders. Ships which are built too strong are heavy, slow, and cost extra money
to build and operate since they weigh more, whilst ships which are built too weakly
suffer from minor hull damage and in some extreme cases catastrophic failures and

sinking.

The scope of the present thesis is to create a useful tool which is able to
compute the scantlings of the Midship section of a Bulk Carrier, B/C, based on the
IACS Common Structural Rules, CSR, so as to satisfy all the strength criteria.
Moreover, a Finite Element Analysis (FEA) is conducted in order to compare the
results given by two differently meshed models with the one proposed by the IACS

Rules.The structure of the thesis is the following:

= Chapter 1: Reference to the IACS CSR procedures of designing the Midship
section of a Bulk carrier.

= Chapter 2: Ship Loads and stresses. Types of loads applied on ship structures.
Types and distribution of bending stresses.

= Chapter 3: Introduction to the basic materials used in shipbuilding. Definition
of thicknesses required in CSR.

= Chapter 4: Principles of the Finite element method. Procedure of FEA analysis.
Type of elements used in ship structures. Yielding check procedure based on
FEA according to the CSR.

= Chapter 5: Software used. Analytic description and guidelines of the
spreadsheets created.

= Chapter 6: Procedure followed for the calculation of scantlings using
developed spreadsheets. Analytic presentation of calculation. Evaluation of
spreadsheets loads results in comparison to MARS 2000.

= Chapter 7: Modeling using FEA method. Loading and Boundary conditions.
Evaluation of the model.

= Chapter 8: Post processing. Presentation of the results.

= Chapter 9: General Conclusions
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INTRODUCTION

Before analyzing the basic elements of this diploma thesis, there will be a first
approach of two methodologies of analysis and design used in considering the

strength of ship structures.

Classification societies are governmental agencies that develop,
establish and apply technical requirements for the design, construction and
survey and operation of marine-related facilities, principally ships and
offshore structures. These requirements are published as classification
rules. Classification societies maintain research departments that
participate in the on-going development of technical safety standards. The
vast majority of ships are built and surveyed to the standards laid down by
classification societies. Classification rules have been developed over many
years by each society through extensive research and development and
service experience. In addition, certain Unified Requirements have been
agreed by IACS members and transposed into the individual members’
rules. As mentioned above, 'statutory' requirements have been developed
at International Maritime Organization (IMO) and, where necessary,
Unified Interpretations of them are adopted by IACS.

IACS can trace its origins back to the International Load Line Convention of
1930 and its recommendations. The Convention recommended collaboration
between classification societies to secure as ‘much uniformity as possible in the

application of the standards of strength’.

Following the Convention, RINA hosted the first conference of major societies
in 1939 - also attended by ABS, BV, DNV, GL, LR and NK - which agreed on further
cooperation between the societies. Nowadays , the association consists of the major
societies mentioned above as well as the RS, KR, CCS who joined during the following

years.

In recent years some attempts have been made to analyze part of or the
complete vessel as a three-dimensional model. Traditionally, ship structural design

criteria are based on long experiences as set forth in the rules of ship classification
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societies mentioned above. The last thirty five years have seen many departures from
conventional ship design with respect to ship size and types. For example, oil tankers
have increased in size from a typical 30,000 tones to well over 300,000 tones. The
period saw the birth of container ships and the great increase in size of the bulk
carriers. Since little or no experience has been accumulated for these vessels more
rational methods of analysis had to be employed. The finite element method has
been appearing as a powerful tool for the analysis of various types of structures, with
result to be introduced into all the classification societies design methodologies,

1993, ABS SafeHull 1.1.

The finite element method requires that the actual continuous ship structure
to be replaced by a mathematical model made up of discrete structural elements of
known elastic and geometric properties. The objective is to develop a model which
simulates the elastic behavior of the continuous structure as closely as required. The
original structure is approximated by an assemblage of a finite number of
approximately shaped elements interconnected at a finite number of points, called
nodal points or nodes. The basic unknowns of this model are the values of the
displacement components at these nodal points. The loading on the structure is
approximated by concentrated forces acting at the nodal points and in the direction
of nodal displacement parameters. Calculation of displacements compliant with the
applied boundary conditions can also produce the corresponding deformation fields,

and, for the given elasticity properties, the stresses developed in the vessel.
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EKTENHX MNEPIAHWYH

H mapoloa SuTAwHATIK, N omola xwplleTtal o Tpla Baoka pépn, Baoiletal
OTNV KOTOOKEUN €VOG Xprioluou epyadeiou yla tn oxediaon tng HEONG TOUAG €VOG
Bulk Carrier. H oxeblaon otnpixtnke otoug Kavoviopoug tou dteBvolg opyaviopol
vnoyvopovwy, IACS, (International Association of Classification Societies), kat to
NAEKTPOVIKO pyaAsio €ylve LEOW TOU Mpoypappatog Excel. Itn ouvéxela akohouBel
uilo avaluon pe ™ pEBodo Twv Memepoopévwy ITOXEIWV XPNOLLOTOWWVTAC TO

Tipoypappa Femap.

- 2TO MPWTIO WEPOG, kedahaia 1-4, yivetal pia avadopd otn Swadkaocia mou
akoAouBeital and Toug KOVOVLOMOUG yla TN oxedlaon tng LEoNG Topng, kabwg Kal
ota ¢opTla KoL TI§ TACEL( TOU avamtucovial oto mAolo. Emiong, mapatiBevrat
KATIOLEG PACIKEG apXEG TNG LEOOSOU TWV TIEMEPACUEVWY OTOLXELWV KaL TOU EAEYXOU
TIOU YiveTal HEOW QUTAC TNG OVAOAUONG OO TOUC KAVOVIOUOUG. TO MPWTO UEPOG
TEPLYPAPETAL OVAAUTIKA TTOPAKATW.

Ou &ebvng opyaviopog twv Nnoyvoudvwy, (IACS), opilel upla Sdtadikacia
oxedlaong, n omola MpEneL va akoAouBeital and oAa ta ¢poptnyd mAoia, ANV TwV
HUKPWV A HEYOAwV o€ SLaoTAOELG, TiX KATWw ard 90m r mavw oo 350m. Ta mAola,
mou O&&V EUTUMTOUV OTOUG TIEPLOPLOMOUC TOU HMAKOUC KOl KATIOlWV OKOUO
XQPOKTNPLOTIKWY, €€eTdlovial omd TOV OPyovIouO autovopa. [MNepattépw
Slakpttonoinon yivetal, emiong, xwpllovtdg ta O KOTnyopieg oavaloya HE TNV
TIUKVOTNTA Tou ¢optiou mou petadépouv. Kata tn Stadikaocia oxediaong, apxka
urtoAoyilovtol oL KIVAOELG KOl ETLTAXUVOELG TOU TAOLOU, oL SLapnKelg dpoptioelg Kat
ol KAOeTECG oTATIKEG KOl adpavelakeg poptioels. OL KABeTeG oTaTIKEG POPTIOELG ElvaL
oL USPOOTOTIKEG, OL OTtoleg aoKoUVTaL OTO €EWTEPLIKO TEPIPANUO KAl QUTEG TOU
0.OKOUVTOL OTI E0WTEPIKEC eTiipavelec. Odeilovtal oto Baldoolo mepBaiiov Kat
oTo €ppa kabwg Kal to poptio mou petadépel To MAoio Kol Bewpolvtal otabepég
oto Xpovo. O adpavelakes dopTioelg opeilovtal otn PETAKIVNON UEYAAWY palwv

KQTA TN Knon tou okadpoug eEwTePIKA OAAA Kol ECWTEPLKA TOU TTAolou. TeAog, ol
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Slapunkelg poptioelg mpoépyxovtal amo tig Stadopeg TNG KATAVOUARG Tou BApoug Kal
™S POPTIONG TOU KOTA TO MARKOG TOU MAOLOU, KABWC Kal 0TOUG KUUATIOMOUC OTav TO
mAoio Bploketal oe katdotaon shagging r hogging.

Baoel twv napandavw ¢popticewv umoAoyilovtal Ta maxn Twv EAACUATWY Kal ol
OLOOTACELG TWV EVIOXUTIKWY TIOU T oTnpilouv. ZTn CUVEXELD, YIVETOL EVOG TIPWTOG
€Aeyxo¢ tNG SLAUAKOUG aVTOXNG TNG MEONG TOMNG TOu TAolou, ToU TPEMEL va
LKOVOTIOLEL TO KPLTAPLA TWV KOVOVIOUWV HE BAcn TN pOTH aviiotacnc tng Slatounc.
OL 0pB€¢ TaoELG TTOU TIPOKUTITOUV OTA SLAUAKN KOTAOKEUAOTIKA OTOLXELA TOU TTAolou
Sev npenel va untepBaivouv To 6plo Stappornc, SnAadn va Klvouvtal TAvTo LECO TNV
elaotiki {wvn. EMeTal o €AeyX0g yLa TG SLaTPNTIKEG TACELS. O EMOUEVOG EAEYXOG TIOU
okoAouBel ival o €Aeyxoc yla To Oplo avioxng OAng tng péonc toung, (Ultimate
strength check). Ta teAeutatla xpovia n MéBobog twv MemepacUeEVWY OTOLXELWV EXEL
€L0EAOEL OTIC VOUTINYIKEC KOTOOKEUEG KoL ammoteAel €vav aplOunTiko €Aeyxo twv
TACEWV Kal TNG amokpLlong TnG KAtaokeung, opilovtag tnv ¢option tng. H pebodog
outn Ba avaAuBel mapakATw.

210 Tpito KEPAAALO TNC SUTAWHATIKAG Epyaciag yiveTal po avadopd ota UALKA
TIOU XPNOLIOTIOLoUVTOL 0TN vauTinytk {wvn. To UALKO TIOU Xpnolpomoleital yia thv
KOTOLOKEUN TwV MAolwv gival o Amog xaAuBag Adyw tng uPnAng Tou avtoxne, tng
OAKLULOTNTAG KAl TNG XOUNANG TOU OLWKOVOWUIKAG alag. Ztn SumAwpatiki epyacia
napatiBetal Kal To avtiotolo Slaypappa Taong — moapapopdwonc tou uAkou. Ot
X0AUBeG xwpllovtal oe KATNYopLleG avAaAoya HE TG XNILKEG TOUG TIEPLEKTIKOTNTEG OF
oA\G otolyela kol TNV Kotepyaoia Toug. EKTOC amd Toug nmouc XAAuBec,
XPNOLLOTIOLOUVTAL T TEAEUTALO XPOVIQ €UPEWG, Kal XAAuPBeg uPnAng avtoxng. To
OTTOTEAECHO ELVOL OL KATOLOKEVEG va yivovtal eEAadpOTepeC, KoOwWG TO 0pLo avtoxrg
ToUC eival apketd uPnAOTEPO ATO TOUG NTILOUC.

210 enopevo kepahalo avadépovtal KAMOLEG Baolkég apxEG TNG MeBddou twv
TIEMEPACUEVWY OTOLXElwY, TIOU OmMwg TpoavadEPOBNKe, XpnoLUOmoloUVIaL OTNV
oxebloon twv mMhoiwv. H MMZ amnotelel pia umtoAoylotikr) LEBodo mou emAUEL UE
TIPOOEYYLOTIKEG PeBOSoUC TIc OepeAiwdelc e€lowoelg mou SLEMOUV pLa eupeia opada
TPOBANUATWY CUVEXOUG UECOU Ta OTola €xouv aubaipetn yEWUETPLA, CUVOPLOKEG
ouvOnkec kot ¢option. Baoikn Wéa tng peBoOdou eival n Slakpltomoinon Tou

ouveXoUC UECOU OE EMUEPOUC TUAMOTO, OMOU TA TUAUATA QUTA ovoudlovtal
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TIEMEPACUEVA OTOLXELA. ZTNV AMOAUTA OPLOUEVN AUTH TEPLOXA KABE MEMEPATUEVOU
otolxelov emAUovtal oL  e€lOWOELC LooppoTiag, KoL €v  ouvexela yivetal
ouvappoAoynon OAwv Twv e£LCWOEWV AUTWVY yLla TNV EMIAUVCH TOUG OoTa TAALOLO TOU
ouvexoU¢ pEoou. Etol n pEBodog emhUel KABe POBANUA TTOU TiEPLYPAdETAL ATTO Lo
uepkny Stadopikn e€lowon (mpoPARuata MAPAHOPPWOLUWY OTEPEWV, UETASOONG
BepUOTNTOC, LNXOVIKAG TWV PEVOTWY, KATT), n omola mpooeyyiletal ano éva cuoTnua

YPOUUKWV EELOWOEWV, TTIOU ETUAUETAL LE TEXVLKEC YPOMLIKAG GAYEBpPQC.

- Jto beutepo MEPOC, kKedpaAalo 5,6, yivetal pla avoadpopd OTa UTTOAOYLOTLKA

epyaieia mou xpnolponowBnkav yla Ty Sekmepaiwon tng SUTAwUATIKAG Epyaoiag
KoOwg KaL avOAUTIKA €MEEAYNON TOU TIPOYPAUOTOG TTOU KATAOKEUAOTNKE 0To Excel
yla tnv oxediaon tng HEong TOUNAG.

Ta mpoypappata mou xpnotponotdnkav eivat to Excel, to Mars2000, to Femap
kat to Nastran. To Mars2000 eival To TPOYPOUHA TIOU XPNOLUOTIOLELTOL KATA KUPLO
Aoyo amd tov laAAiko Nnoyvwpova, (Bureau Veritas), ylia tov £Agyxo Twv
KATAOKEUAOTIKWY OTOLXELWV TNG LEONG TOUAG Tou TAoiou e Baon ta CSR (Common
Structural Rules). To Femap gival 1o MPOYPOUUO TIEMEPACUEVWY OTOLXELWV TNG PLM
Siemens, ou xpnotlpomnoiel o Apepikavikog Nnoyvwpovag (ABS), pe To omolo €ylve n
povtehomoinon otnv napovoa SutAwpatikn epyacia. TEAog, To Nastran givat o AUtng
TIOU EMETOL TN HovTeAomoinong yla tnv emiluon tou mpoPAnpatoc.

AUO nAexTpovikad gpyaleia kataokeudotnkav oto Excel, Ta omoia and edw Kot
oto £€n1¢ Ba avadEpovtal He TIC ovopaoieg ‘CSR. CALC' kat ‘SM CALC’. To ‘CSR.
CALC’ €xeL oKOTtO TOV UTIOAOYLOMO TWV TOXWV TWV EANCHATWY KAl TWV SL00TACEWY
TWV EVIOXUTIKWV TNC HEoNC Toung evog Bulk Carrier. Itnpiletal otoug KOVoOVIOUOUG
tou IACS kal amnattel ooo to duvatov Ayotepa dedopéva, kablotwvtag To eVXPNOTO
Kal IALKO Ttpog Tov xpriotn. Emiong, dev anatteitatl o oxedlaocpodg TG LEONC TOUNG OE
£LKOVLKO TtepLBAAAOV. M€ aUTOV TOV TPOTO, UIMOPEL VAL XPNOLUOTIOLNOEL KAl TOTILKA yLa
TOV €AEYXO TOU TIAXOUG EVOG EAAOCHATOG, KATA TN SLAPKELX ULAG ETILOKEUNG, XWPLG va
eival xpovoBopo.

Apxikd, Oomwg daiveTal Kal amnod TG ELKOVEG IOV TtapatiBevtal otn SuTAwpatiki

epyaocia, eloayovrtol ol BaolkéG SLAOTACEL TOU TAOLOU, UNKOG, TTAOTOC, KOIAO, KTA.
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Méow autwv umoAoyilovtal oL KIVAOELG TOU TTAOLOU KAl OL ETUTAXVUVOELS TOU WG TIPOG
™ Slopnkn, gykapaota Kot katakopudn StevBuvon. OL emitayUVoeL SladEpouv amo
onueio o€ onpeio TNG KATaokeung. O XPOTNG ELOAYEL TLG CUVIETAYMEVEG TOU onueiou
npog éAeyxo oto avtiotolyo medio. Ot umoAoylopol yivovtal yla tTnv adiktn, tv
€udoptn, KABwC KoL yla TNV KATAOTAON €PUATIOMOU. ITta enopeva edia dpaivovral
ol Slapnkelg popticelg tou mMAoilou, omwe akplPwg mpodlaypddouv oL KAVoVIGUOL.
Itn ouvéxela umoloyilovtal ot KABete¢ ¢HoOPTIOEL], OMWE Ol USPOOTATIKEC KoL
UOPOSUVAULKEG TILEOELG, KOOWCG KAl OL OTATIKEG KoL OOPOAVELOKEG TILECEL TIOU
odellovtal otn petadopd Poptiou kot Epuatog. Ol TECELS aUTEC SladEpouv
avaloya ME TNV Kivnon tou mAoilou, kol tnv B€on tou, ot sagging f hogging
katdaotaon. O kavoviopog mpodlaypddel oxtw ‘load cases’ mou avaAlovtal pecO
otnv gpyacia. Na Tov UTTOAOYLOUO TWV TILECEWV TIOU TIPOEPXOVTAL aTtd To $opTio Kal
TO £pUa amaltouvTal TEPLOCOTEPO SedopEva oo ToV XPROoTN, OTWGE yLlo TTOPASELY O,
TO UAKOC TOU KUTOUG, To UPo¢ Tou Sumubuévou, Tnv mukvotnta Tou doptiou, K.o., TA
orola eivat epdavn ota BAoKA KOTOOKEUAOTIKA oXESLa evOc TTAolou. Elodyovtac Ta
napanavw dedopéva, Kol T CUVTETOYUEVEC TOU ONUELOU MPOC e€ETOON, KL XWPLC va
Sleukpuvilel o xpnotng tn B€on tou, Y. av To CNUELO AUTO PploKeTal MAVW 1 KOTW
amno tnv ioalo emidpavela ) av Bploketal otov muBUEva r} oTo SUTUOUEVO, MALPVEL WG
QTOTEAECUO TO TIAXOG Tou Ba €mpeme va €xelL To EAaoua oto onueio auto. Mpotol
AnN®Oel n TN aUTH, €L0AYOVTOL KOl KATIOLEG LOLOTNTEC TOU UALKOU, KOBwWC KoL N
anootoon UETAEU TWV EVIOXUTIKWY TIOU TO otnpilouv. Avtiotolyol TIVAKEG €XOuV
KATAOKEVAOTEL yla TNV €TAOYN TWV KATAAANAWY SLAOTACEWV TWV EVIOXUTIKWY TNG
MEONG TOUAG.

To ‘SM calc’, gival to gpyaleio, To omoio XpNOLUOTOLELTOL Yla TOV EAEYXO TOU
oplou Stappong TG HEonc Toung. Elodayovtag ta urtoAoyloBévta maxn ota aviiotolya
nedila, Ta anoteAéopata TOU TPOKUTTOUV e€ival ta €€nG: to euPadov tng péong
TOUNG, N B€on tou oudétepou aova Kal n PO avtioTaong otov MUBUEvA Kal 0TO
KATAOTPpWHUA, TIOU OeV TPEMEL val UTIEPPOALVEL TNV TIUH TIOU TIPOKUTITEL ATIO TOUG
Kavoviopoug, n omoia ¢aivetal oe mapakatw medlo. To ‘CSR. CALC’ umopel va
xpnowuomnotnBet yla onotodnmote Bulk Carrier ,evw to ‘SM calc’ meplopiletal povo yla

To e€eTalOpevVo TTAOLO TNC Epyaoiac.
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H Swadwaoia yia tn oxediaon tng péong toung Ba meplypadel cuvomtikd.
YrevOu piletal OTL Ol TACELG TTOU TIPOKUTITOUV OO TNV Slapnkn kappn ota eAaopoto
tou mAoiou &ev elval mavtov n dla. ‘Oco o TMOAU améxeL €va €Aaocpa and Tov
oubétepo afova tng Slatopng, TOOO TLO MEYAAN Katamovnon O£xetal. Itov
UTTOAOYLOMO TOU TIAXOUG TWV EAACUATWY XPNOLUOTIOLETAL EUUECO N T AUTAG TNG
TAONG. APXLKA, yLO VOl YIVEL LLaL TIPWTN EKTLLNON TNG andotaong tou oudétepou agova
oo tov mubuéva, Bewpeltal 6TL auth n toon eivatl iSla yio OAa Ta eEAdopata Kat ion
HE TO MEYLOTO Oplo Slapporng tou XAAuBo TOU XPNOLUOTOLE(TAL 2T OCUVEXELQ,
£€XOVTOG MLa TIPWTN €LKOVA yla Tn B€on Tou oudétepou afova yivetal £vag SeUTtepoC
uTtoAoylopog pe to ‘CSR. CALC' ywa tnv KaAUTEPN TPOCEYYLON TOU TAXOUG TWV
ehaopatwyv. Adou sloaxBouv ta amoteAéopata oto ‘Sm Calc’ yia tnv deltepn Kat
oKopa KaAUTeEpN pooéyylon tng B€ong tou oudétepou dgova, Kpivetal av xpelaletal
uio akopa KukALkr Stadikaoia. Av dev amatteital pia tétolwa emavaindn, eAEyxetat
ov n pomn avtiotaong t¢ SLHTOUNG lval LeyaAUTEPN amo To €AAXLOTO Oplo. Av n
POTIN) AVTIOTAONC TNG SLATOUNG ELVOL LLKPOTEPN OO TO EAAXLOTO OpLo, auavovtal Ta
TAXN TwWV EANCUATWV TOU KOTOOTPWUATOC (To omolo SE€xetal tn peyaAltepn
Katanovnon), UEXPLG OTOU va LKAVOTIOLEL n SlaTounR T KPLTAPLA. ITn CUVEXELQ,
xpnowtoroleitat to Mars2000 ylo tov €AEyX0 TNG MEYLOTNG AVIOXNG TNC SLATOUNAG
(Ultimate strength). Av xpelaletal, yivetol pla akopn avénon Tou TAXOUuG Tou
KOTOOTPWHATOC oMo To oxedlootr. TeAlkd, ov Ta TAXN TOU €EAACUOTOC TOU
KATAOTPWUATOG €Xouv auénBel onUavTikd pEXPL QUTO TO PAUA, LE QMOTEAECHA O
oubétepog atovag vo €XEL LETATOMLOTEL TIPOG T EMAVW, YIVETAL €vag teAeutaiog
UTTOAOYLOMOG TV TaXWV Twv eAacudtwy pe to ‘CSR. CALC, opilovtag tn véa B€on
Tou oub£tepou afova.

TNV mapouoa £pyacio xpnoLlonowtnkav to otolela evog Adn UTTAPXOVTOG
Bulk Carrier, kaL oxedldotnkav TECOEPLS PECEG TOUEG HE AAAOYEC OTLC OMIOOTAOELS
TWV SLOUAKWY KoL EYKAPOLWY EVIOXUTIKWV. O OKOTOC ATAV O MPOCGOLOPLOUOC TNG
ETULPPONG TIOU EXOUV oL aAAayEG oTnV evioxuon Tou TAoilou oTn CUVOALKN emidAveLd
¢ HéEong toung. MNoapatnpnBnke OTL oL aAAAYEC OTNV OMOOTACH TWV EYKAPOLWV
EVIOXUTIKWVY €XOUV ULKPOTEPN E€Tppon otnv emupavela TNG MEONG TOUAG QMO TLG

oA\ayEC OTIC QmOOTAOEL TNG Slapnkoug evioxuong. [MMeploocotepa  Slapnkn
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EVIOXUTIKA 0TO 1810 TAoilo KatéAn&av o€ pLa o ULIKPAG EMLPAVELAG LESH TOWN, TIOU

OnNUALVEL TILO eEAadpLd KOTOOKEUN KAl TILO OLKOVOULKA oUUpEpouaal.

- 1o 1pito pépog, keddlaito 7,8, yivetal Ml QVAAUTIKH Tapouciacn Twv
HOVTEAWV TIOU KATALOKEUAOTNKOV LE TIETMEPUCHEVO OTOLXELD KOL TWV OMOTEAECUATWV
TIOU TtpoEKU V.

O IACS £xeL oploel Tov TpoOmoO SlakpLtomoinong evog HEPOUC Tou TTAolou o€
TIEMEPACHUEVOL OTOLXELA yla TNV TIEPALTEPW OVAAUCK Tou. H €ktacn Tou HOVTEAOU
outou eival tpla kKUTN OTo HECO TOu MAoiou. ITo mMpwto PBrua, dnuloupyeital to
MOVTEAO ME TO €EAC XOPOKTNPLOTIKA HOVTEAOTOINONG: O) TA OTOWKELQ TOU
xpnotwuomolouvTal £ival TETPAKOUBLKA, TPWKOUPBKA oTolxelar KeAUPOUC Kal oToLyEla
dokoi, mMoOu xpnowLomoloUVTAL OTn HOVIEAOTOINON TwV EAACHATWY KAl TwvV
EVIOXUTIKWV avtiotolxa, B) to UAIKO elval LOOTPOTILKO, TIANPWC EAAOTIKO HE UETPO
gAaoTIKATNTAC KaTtd Young 206 GPa, mukvotnta 7.85 t/m? kot Adyo Poisson 0.3, y) o
mAEypa Sev elval TUkvO, §) Katd tnv eykdpola SltevBuvon avapeca o Suo Slapnkn
EVIOXUTIKA UTIAPXEL £Val LLOVO OTOLXELO Kol oTn Stapnkng dtevBuvaon umapyxouv éva I
6Vo otoela petall duo eykApPolWV eVIOYXUTIKwY (transverse frame stiffeners),
€) ota onuela Omou oL TAoELg EemepvolV To 95% TNG HUEYLOTNG, TO MAEYUQ, £ite yiveTal
TILO TIUKVO HEoa O0To AdN umMApXOoV HOVTEAOD, N XPNOLLOTIOLOUVTOL UTIOMOVTEAQ (sub-
modeling techniques). ¥tnv mapovoa epyacio KOTOOKEUAOTNKOV Tplat HOVTEAQ LE
Sladopetikd tPOMo Slakplrtonmoinong. Ta HOVIEAX OUTA OMOTEAOUVTOL OO TO
SumuBpevo (double bottom) kat tig mAayleg katw Se€apeveg (hopper tanks) kat kata
HAKOG £XOUV éKTaohn 000 éva KUToG. H Stakpttonoinon oto 1° povtélo €ywve pe Baon
TOUC KAVOVIOUOoUC, OTwe avadEpBnke mapamdvw. 2to 2° povtélo xpnotpomnotdnkoy
otoxela KeEAUPOUC yla Ta SLAUAKN EVIOYXUTIKA, OMWE Kal ylo Ta eAdacpata. ESw
UTIAPXoOUV 6 otolxela avapeca oe SUO Slapnkn EVIOXUTIKA Kal 8 petafy duo
€YKApOlwy. Ta €VIOXUTIKA amoteAouvtal amd dVo otolxeia oto ‘web’ kot SUo oto
‘flange’. To 3° povtéAo £ylve PE akOUA TILO TTUKVO TAEYUa Kot TEAAL Ldvo pE oTolXEia
KeEAUPoUC. MeTafl TwV SLOUNKWY EVIOXUTIKWY UTtdpxouv twpa 10 otolelor Kot
METAEL TWV EYKAPOLWVY EVIOXUTIKWY 16. Emiong, To web twv eVIoXUTIKWY EXEL XWPLOTEL
oe 4 otoyela amd 2 otnv mponyoupevn Swakpitonoinon. To 1°, 2° ,3° povtélo

amoteAeital teAlka amd 14.778 otolxeia, 220.780 otoixeio kot 814.442 otolyela,
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avtiotolya. 2 OAa ta LOVTEAQ OL EEWTEPLKOL KOPBOL TG Mpwpaiag Kal TN mpupvaiag
HEONG TOUNG OUVOEBNKAV HECW QAKOUMTWY EVWOEWV UE ‘master’ kOuBo, €vag yla
KABe mAeupd, otoug omoioug epapuooTnkav ta poptia KoL oL OPLAKEC CUVONRKEC.
Itnv epyaocia €ywvav Suo oevapla.

210 oevdplo A otov €vav kOpPo meploplotnkav OAEG OL UETOTOTIOELG KoL
otpodEg (maktwon), Kat otov dAo koupo adédnke eAevBepn HOvo n peTATOTION
KaTd to X afova, dSnAadr) KATA TO HKOC Tou MAoiou. ITov KOUBO auTO Kal KATA T X
SlevBuvon epappdotnke BAuTTIKA Suvaun. Emiong, umtoAoylopéveg amo to CSR. CALC
glonxOnoav oL USPOOTATIKEG KAl UOPOSUVAULKEC eEWTEPIKEC TILECELS, KABWC Kal oL
OTATIKEG Kal adpaVELOKEG TILECELG TOU dopTtiou yia tnv Full Load Condition kat yia to
load case H2 (kataotaon hogging), unto tnv popdn e€lowoswv.

210 oevdplo B kat ot dUo kopPol elval MAKTWHEVOL KoL aokouvial HOvo ol
UVOPOOTATIKEC TILEDELG. Mla TNV eMAUON TOUC, XPNOLUOTIOLNONKE O YPOUUULIKOG KWSELKAC
Tou ANSYS, (linear static analysis). Ot xpdvol emiAuong Atav: 13sec, 45min, 7h:32min,
avtiotolya.

EmAéxOnkav mévte ePLOXEC MpoC avaAuon. Mia oto €éAaocpa tou muBuéva oto
HMECO TOU MOVTEAOU, Hia oto €Aaopa tou SumuBuevou MAAL OTO HECO TOU HOVTEAOU,
Kall piot oto SutuBpevo SimAa 0To KEKALUEVO EAACHA TNG KATW TPLYWVIKNC de€apevnc.
OL @AAeg Vo NTav otig GAAVTIEG TWV EVIOYUTIKWY, EVOG OTO LECO TOU HOVTEAOU Kal
€VOG OTO onpELo emadnC He eykapola €5pa. Ta amoteAéopata mPog cUYKPLON NTav ol
TAoelg otnv X kat y tevBuvon, kabwg kal n taon Von Misses. Mo CUYKEKPLUEVQ, N
TLEPLOXN TNG AVAAUONG NTOV O £KTOON OCO NTOV £VO OTOLYELO TOU TPWTOU HOVTEAOU.
Ol TIUEG TWV TACEWV TIOU TIPOKUTITOUV YLa TO TIPWTO OTOLXELO, CUYKpivovTal UE TIG
TIUEG TWV TACEWV QO Ta MOpeva SU0 HOVTEAQ, OTA OTola TO apPXLKO OTOLXELO £XEL
SlapeBei o pkpodTEpa THAMOTA. EKTOC amtd tn péon Tdon Twv otoleiwy, oto 2° kat
3° povtélo MapoucLdleTal emiong Kal To eVPOG TWV TIHWY, dNAadH N péylotn Kat n
€AAXLOTN TLUA TIOU epdavIoTNKE oTnv Teploxn auth. Ekel Baoiotnke n olykplon Twv
TLLWV TIOU Tipoékuav.

Y10 oevaplo A, pe tnv BAuTTKA Suvapn, Sev mapatnpnOnkav peyaAsg dtadopéc
TWV OX TACEWV OTA YELTOVIKA OTolXEla Katd tnv X dlevBuvon, o€ avtiBeon pe tn oy
Taon otnv eykapowo StevBuvon PeTafl Twv SLAUAKWY EVIOXUTIKWY. H Tl mou

g€dyetal ano 1o 1° povtého sivar pia, Adyw tng Umapéng evdg udvo otolxeiou, HeETag
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TwV SLAURKWY EVIOXUTIKWVY. Me Tn Slakpltomoinon TnG amdotaong autng o€ €§L Kal
6£ka otolyela, ota umtoAouta poviéAa dnutoupynBnkav SLaypARMOTO KATAVOE TNG
oy tdong o€ pia iva avapeoa ota eVIOXUTIKA. AUTEG OL TAOELG Elval oL TPLTEVOUOES
TAOELG, oL omolec Sev mapalapfavovtol Pe TO apald MAEYUA TIOU TIPOTE(VOUV oL
kavoviopotl. Emiong mapouaoiaovtal SlaypAaplata KAToUVOUnG TG oX TAong, KoTtd To
UAKOG TNG GAAVTIAG TWV EVIOXUTIKWV.

Y10 oevaplo B, xwplc tnv BAutTik SUvaun, mapatnpouvTol HEYAAEC SlapopEc
TWV TACEWV O€ YELTOVIKA oTOoLKEla 0TV Yy 600 Kot otnv X StevBuvon oto 2° kat 3°
povtého. ESw n elkodva mou maipvoupe amo to 1° povtélo, apatd mAéypa, Sev propet
Vo Lag SWOEL LKOWOTIOLNTIKA TNV aKPLB KOTOVOUN TWV TACEWY OUTE OTNV X OUTE 0TNV
y 61evBuvon, Kupilwg ota EAAopaTa OTIoU aoKE(TaL N USPOCTATLKA TIiEoN AUEDQ.

O OKOMOG TNG AVWTIEPW €Pyaciog €lval n OUYKPLON TOU MOVIEAOU HE TN
Slakpronoinon mou mpodiaypddouv ot kavoviopoi, 1° povieho, pE HOVTEAQ
TIUKVOTEPOU TIAEYMaTOG. Emiong, mapouoidlovtal ot Stadopég mou MPOKUTITOUV ot
OTMOTEAECUOTO, OTAV Yl TN MOVIEAOTOLNON TWV EVIOXUTIKWV XPnOolpomolouvTal
otoxela keEAUPOUG avtl Twv otolxeiwv Sokol, Kabwg Kal n apeon eéaptnon Tou
armoSoTIKOU TAEYHATOG yLa EVOL LOVTEAO WE TIG ouvOnkeg PpopTLoNnG auTou.

Ao to oesvaplo A, To omoio mpooeyyilel TI¢ ouvOnkeg poptiong tou mAoiou,
dAavnke OTL TO TAEYUA TIOU XPNOLUOTIOLOUV OL KOVOVIOMOL yla Tov €AEYXO TNG
SloNKOUG OVTOXAG €vOC TAolou, OTIOU N OX TAON €XEL TOV KUPLO POAO, TOPEXEL
LKAVOTIOLNTLKA amoTteAéopata, kKaBwg Sev mapouoLaoTtikayv LeEYAAEG SladopEg Le TNV
nepaltépw Stakplromoinon. To pelovEKTNUA gival OTL dev mpoodidel kapia elkova
yLloL TNV KOTOWVOH TWV TPLtelouowV Taoewv. Eniong ta anoteAéopata pe ta otolxeia
Sokwv NTav eladpw¢ uPnAotepa amd ouUTA TOU TPoEkuPav HE Ta OTOLKEla

KEAUPOUC OTA EVIOYUTLKA.

T€A0oG, akoAouBoUV LEPLKEC TIPOTACELC YLOL LETEMELTA Epyaoia Kal BeATiwon:

e Na autopotomolnBouv oL KUKALKEG emavaAnPelg mou xpelalovtol Kotd T
Slapkela tng oxediaong pe to CSR Calc, pe ™ xpnon mpoypoppoTiopol. Me
OUTOV ToV TPOMo Ba pmopovoav va Yivouv SOKLMEC yla TIOAAEC EVAAAAYEG
OTOV TPOTIO €Vioxuong pUiag péong Toung Kat va odnyroouV o€ CUUMEPACHOTO

yla tn oxediaon o eAAPpPLWV — OLKOVOULKWVY KOTOOKEU WV.
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e Na povtelomolnBel kot n umoAoutn HEn TOUN UE TIEMEPACHUEVO OTOLYXELO KOl
va €PapUOOTOUV OL KOUTITIKEG POTIEG YLa va YiVEL Lo KOAUTEPN TIPOCEyYyLoN
otn $opTIon Tou TAoLoU.

e Na akoAouBnbeli n (6ia Swadkacia olykplong ywo TO TAEYHA TIOU
XPNOLIOTIOWOUV Ol KOVOVIOUOL Of UTIOMOVTEAQ, OANQ HE TILO QUOTNPEC

QTALTAOELG.
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Chapter 1 - IACS CSR Procedure

The IACS Common structural rules apply to ships of single and double skin bulk
carriers, which have length of 90m or above. Generally, these bulk carriers are
constructed with a specific way; single deck, double bottom, hopper side tanks,
topside tanks and single or double skin construction in the cargo length area. For
single skin bulk carriers all the members except the side shell plating, are
longitudinally framed. However, for the side shell plating transverse stiffening is
used. For double skin bulk carriers, longitudinal framing or transverse framing is used
to support all the structural members.

The present rules contain requirements which apply on ships with the

following characteristics:

e L<350m
e L/B>5
e B/D<25
e (Cz>0.6

For the ships with an unusual hull design the scantlings of the structural members are
to be considered individually by the Society, on the basis of the principles and criteria
adopted in the Rules.

As per CSR, the Bulk Carriers are divided into three categories according to the
specific service features. These types are:

a) BC-A: Bulk carriers which are designed to carry dry bulk cargoes of cargo
density 1.0 t/m* and above with specified holds empty at maximum draught
in addition to BC-B conditions.

b) BC-B: Bulk carriers designed to carry dry bulk cargoes of cargo density of 1.0
t/m?® and above with all cargo holds loaded in addition to BC-C conditions.

c) BC-C: Bulk carriers which are designed to carry dry bulk cargoes of cargo
density less than 1.0 t/m>

In the present thesis the Bulk carrier considered is classified as a BC-C type.

The procedure for the design according to the rules, (Fig.1.1), is as follows:
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Calculation of the ships motions and accelerations

Calculation of the longitudinal strength loads

Calculation of the transverse strength loads

Calculation of the scantlings of plates and stiffeners

Yielding check busing beam theory

Ultimate strength check based on simplified beam theory

Yielding strength assessment using FEA (3-Hold Model, fine mesh and very
fine/hot spot mesh stress analysis)

Buckling and ultimate strength assessment using FEA

Liner fatigue analysis of structural connections for 25 years lifetime.

In the present thesis, a buckling and ultimate strength assessment using the FEA is

not conducted or further analyzed. Similarly, for the traditional shear flow/stresses

evaluation close to the transverse bulkheads. For the calculation of the scantlings,

the stresses due to the bending moments applied on the ship are used implicitly, as

described in CSR, Chapter 6, Section 1. Subsequently, the actual stresses are

calculated using the FEA method.
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START

Calculation of Ships
motions and accelerations

Calculation of Longitudinal
loads

Calculation of Transverse
loads

Calculation of scantlings of
plates and stiffeners

A

Evaluation:
Yielding based S

Evaluation:
Ultimate strength

Evaluation:
Yielding based FEA

Evaluation:
Buckling and Ultimate
strength based FEA

Fatigue Analysis
Based FEA

4’@

Fig. 1.1 1ACS CSR Procedure
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Chapter 2 — Ship Loads and Stresses

2.1 Types of Loads

When a ship is sailing at sea, it is subjected to various load patterns
with many magnitudes which cause deformation of its structure, as well as
stresses. The structural designer needs to know the hull structure load
features, as accurately as possible: direction of the working load, frequency
of occurrence, distribution pattern on the hull structure and behavior in
the time domain, etc. The first design step is to assume exact loads acting
on the structure concerned, in order to estimate the structural strength in
a reasonable way and consequently to develop the design. Loads are
assumed to be linear, independent from the structural response and their
effects could be superimposed.

When considering the load features where the load is transmitted gradually
and continuously from a local structural member to an adjacent bigger supporting

member, the best way to categorize loads on the hull structure is as follows:

* Longitudinal loads

* Transverse loads

(1) Longitudinal Loads-Global Response:

Longitudinal load means the load concerning the overall strength of the ship's
hull, such as the bending moment, shear force and torsional moment acting on a hull
girder and result in global displacements (large wavelength deformations). Since a
ship has a slender shape, it will behave like a beam from the point view of global
deformation. Now let's assume a ship is moving diagonally across a regular wave. The
wave generates not only a bending moment deforming the vessel in a longitudinal
vertical plane but also a bending moment working in the horizontal plane, because of
the horizontal forces acting on side shell. In addition, the wave causes a torsional
moment due to the variation of the wave surface at different sections along the

ship's length. If the above longitudinal strength loads exceed the upper limit of
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longitudinal strength for the hull, the hull will be bent or twisted. Therefore the

longitudinal strength load is one of the most important loads when calculating the

overall strength of a hull structure.

(2)

Transverse Loads-Local Response:

Transverse loads denote the loads which cause distortion of local members

due to unbalance of external and internal loads, including structural and cargo

weights and their dynamic effects. These loads can be regarded as being independent

of longitudinal strength loads, for the longitudinal loads only cause a ship to behave

as a beam and they do not cause distortion of the transverse section. These loads are

categorized as follows:

(a)

(b)

(c)

(d)

Structural weight, ballast water weight and cargo weight: These loads are
dead loads, which mean constant loads that are time independent, induced
by gravity at the centers of gravity of the members.

Hydrostatic and hydrodynamic loads: The hydrostatic load is the static pres-
sure from the water surrounding a transverse section, which acts on the hull
structure as an external load. Another external load is the hydrodynamic load
induced by the interaction between waves and the ship motion and subjects
the outer shell of the ship to fluctuating water pressure. It is superimposed on
the hydrostatic load and creates the total water pressure.

Inertia force of cargo or ballast due to ship motion: The inertia force is
induced by the reaction force of self weight, cargo weight or ballast weight
due to the acceleration of the ship motion. Assume that a vessel is rolling
among waves in a fully loaded condition, then the cargo in each hold has a
cyclic movement in the vertical and/or transverse direction. This must result
in a fluctuating pressure of the hull structure of the hold due to the inertia
force of the cargo movement. In addition, internal pressure is introduced not
only by rolling but also by the ship's other motions, such as heaving, pitching,

etc.

Impact loads on bow, green sea affects on main deck and slamming of the

forward part of the double bottom sub-structure: Slamming may be
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categorized as a local load, as well as a longitudinal strength load and it is
associated with the impact force as the shell plating hits the water surface
severely; it is quite important while vessel is sailing in light ballast condition
and influences decisively the local design of the forward bottom of the vessel.
Many ships are damaged by slamming, resulting in denting of bottom shell
plating. Wave impact pressure is an item for which the pure theoretical
approach is very difficult, so experiments are necessary to estimate the
impact pressure with reliable accuracy.

Sloshing is a phenomenon where the fluid movement in the tank gets into res-
onance with the ship motion and creates an impact force between the moving
free surface of the fluid and the tank structure. Sloshing is caused by the
movement of the fluid's free surface, therefore, if the tank is fully filled with
fluid, sloshing will never happen since the free movement of the liquid's
surface is restricted. When the level of the liquid reaches to a certain portion
of the tank, the liquid resonates with the movement of the tank and then
sloshing occurs. The natural frequency of sloshing is determined by the tank
dimensions and the level of the liquid. Application of sloshing loads is not
applicable to bulk carriers design but only to tanker ships, chemical ships and

liquefied natural gas carriers.

These loads are not always equal to each other at every point, consequently loads
working on transverse members will produce transverse distortion as shown by the

broken line in Fig. 2.1.1.
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Carga

Hydro-static prassurs

Fig. 2.1.1 Example of deformation due to transverse strength loads

2.2 Subdivision of longitudinal strength loads

The longitudinal strength loads may be divided into two categories: static
longitudinal loads and dynamic longitudinal loads.

Static longitudinal loads are induced by the local inequalities of weight and
buoyancy in the still water condition. For instance, differences between weight and
buoyancy in longitudinal direction cause a static bending moment and a static shear
force, and asymmetrical cargo loading causes in a static torsional moment.

Dynamic longitudinal loads are induced by waves. When the ship is on top of
a wave crest in head sea condition, it causes a "hogging" bending moment and a
shear force. When in a wave trough a "sagging" bending moment and shear force are
experienced, as indicated in Fig. 2.2.1. These loads act alternately on the hull girder

as the wave progresses along the ship.
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Fig. 2.2.1 Wave Bending

The magnitude of the dynamic longitudinal load used in strength calculations
of wave bending moment and wave shear force used to vary with each Classification
Society. However, the rules were standardized by the IACS (International association
of Classification Societies) in the Unified Rule Requirement in 1989 and were
accepted by all Classification Societies. For instance, IACS specifies the wave bending
moments with the following equations, which are common equations used by the

major Classification Societies that belong to IACS:

Mw(+) = +0.19C;C,L*BC,, (kN-m)
Mw(-) = -0.11C;C, L*B(C,+0 .7 ) (kN -m)
Where :

Mw(+): the wave bending moment of hogging
Mw(-): the wave bending moment of sagging
Ci1:the parameter determined by ship length

C =10.75 - (300* L/100)** 90m < L < 300m

C1=10.75 300m < L<350m

C,: distribution factor along ship length as specified in Fig. 2.2.2
Gy block coefficient
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Fig. 2.2.1 Still water bending moment

The wave induced bending moment of IACS is determined in such a way that
the magnitude of the bending moment is expected to be approximately equal to the
maximum value once in 20 years, i.e. the expected probability of occurrence is: Q=1
x 10, The IACS formulae were found to be reasonable with the aid of the above

mentioned long-term prediction method carried out by several classification

societies.

2.3 Bending Stresses
From classic bending theory the bending stress (o) at any point in a beam is given by:
o= M*y/l
where M = applied bending moment.
y = distance of point considered from neutral axis.

I = second moment of area of cross-section of beamtdbe neutral axis.

When the beam bends it is seen that the extremesfére, say in the case of
hogging, in tension at the top and in compresstahe bottom. Somewhere between
the two there is a position where the fibres arthaein tension nor compression. This
position is called theeutral axis, and at the farthest fibres from the neutral axes th
greatest stress occurs for plane bending. It shioelldoted that the neutral axis always
contains the centre of gravity of the cross-sectinrthe equation the second moment
of area (I) of the section is a divisor; thereftine greater the value of the second
moment of area the less the bending stress willThes second moment of area of
section varies as the depth and therefore a sn#ase in depth of the section can be

very beneficial in reducing the bending stress.a3mmally reference is made to the
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sectional modulus (Z) of a beam; this is simply th&o between the second moment
of area and the distance of the point considei@u the neutral axis, i.¢/y=Z.

The bending stressis then given by=M/Z.

THE SHIP AS A BEAM - It was seen earlier that the ship bends like a beam; and in fact
the hull can be considered as a box-shaped girder for which the position of the
neutral axis and second moment of area may be calculated. The deck and bottom
shell form the flanges of the hull girder, and are far more important to longitudinal
strength than the sides which form the web of the girder and carry the shear forces.
In a ship the neutral axis is generally nearer the bottom, since the bottom shell will
be heavier than the deck, having to resist water pressure as well as the bending
stresses; moreover, inner bottom and hopper plates also contribute to the moment
of inertia and to the placement of neutral axis lower than the mid-depth of the ship.
In calculating the second moment of an area of the cross-section all longitudinal
material is of greatest importance and the further the material from the neutral axis
the greater will be its second moment of area about the neutral axis. However, at
greater distances from the neutral axis the sectional modulus will be reduced and
correspondingly higher stress may occur in extreme hull girder plates such as the
deck stringer, sheerstrake, and bilge. These strakes of plating are generally thicker

than other plating.

2.4 Subdivisions of stresses

The geometrical arrangement and resulting stress or deflection
response patterns of typical ship structures are such that it is usually
convenient to divide the structure and the associated response into three
components, which are labelled primary, secondary and tertiary. These are
illustrated in Fig. 2.4.1, please see {6}, and described as follows:

Primary response is the response of the entire hull, when bending and twisting as
a beam, under the external longitudinal distribution of vertical, lateral and twisting

loads.
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Secondary response comprises the stress and deflection of a single panel of
stiffened plating, e.g., the panel of bottom structure contained between two adjacent
transverse bulkheads. The loading of the panel is normal to its plane and the
boundaries of the secondary panel are usually formed by other secondary panels
(side shell and bulkheads).

Tertiary response describes the out-of-plane deflection and associated stress of
an individual panel of plating. The loading is normal to the panel, and its boundaries

are formed by the stiffeners of the secondary panel of which it is a part.

PRIMARY: HULL GIROER

SECONDARY:
DOUBLE BOTTOM

tt

TERTIART;
E FLATE PAMEL E

Fig. 2.4.1 Primary, secondary and tertiary structure

27 |Page



Chapter 3 - Scantlings

3.1 Materials

3.1.1 Hull steel

Selection of materials is very important in structural design, because it directly
affects ship cost and strength. Hence, the structure designer should know well the

characteristics of materials, especially newly developed ones.

Mild steel and higher-strength steel are used for hull structure because of
their comparative advantages such as high strength, sufficient ductility, welding
ability and low price.

Fundamental strength evaluations of the steel are done by a tension test, which is
illustrated in Fig. 3.1.1.1 as a stress-strain curve. The line from O to A is called the
elastic zone, in which the stress is proportional to the strain, while B to E is called
plastic zone. B and C are called the upper yield point and lower yield point
respectively, and the latter is the nominal yield stress, which is 235-280 MPa for mild
steel in shipbuilding structures. Some materials have no dominant peak on yield
point, in this case the stress corresponding to 0.2% strain is assumed as the yield
stress. As shown in the figure, the elongation becomes much larger after yield, and
the stress reaches a maximum value at D, which is termed the tensile strength, of
400-500 MPa for mild steel. After that, the strain becomes large and finally the steel
fractures at E or E'; D-E is for nominal stress using the original cross-sectional area
and D-E' is for actual stress using actual cross-sectional area considering its reduction.

If it is unloaded in the plastic zone, it goes from F to G in the figure, parallel to
0-A, and residual strain O-G remains, while in the elastic condition this value is zero.
If it is loaded again after the plastic deformation, the stress increases again along G-F,
hence, the yield stress is greater than B. This is termed work hardening.

In the case of mild steel, strain at the beginning of yielding is 0.01-0.001, and
at failure is 0.3-0.4, therefore it retains some strength after yielding and before

failure. Hence it is assumed that mild steel is a superior material.
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Fig. 3.1.1.1 Strain - Stress curve

3.1.2 Grades of Steel

Since rivets were used to join plates and stiffeners in old steel ships before
world war Il, cracks often stopped at a rivet hole. However, if crack occurs in a more
recently built welded ship, it can propagate a long distance and it may cause disaster.
Hence, quality design to prevent and arrest crack propagation as well as weldability
are required for hull steel. Welded structure ships newly built in USA during World
War Il sometimes broke in two under sail in winter with a loud bang. Almost all of the
failed sections of the steel were crystalloid on the surface, therefore it was concluded
after the investigations that the failure was brittle fracture. Hence IACS regulated the
application of ship hull steel, categorized as A, B, C, D, and E in accordance with the
notch toughness.

= Grade A steel is widely used. Rimmed steel is allowed to be used up to and
including 12.5 mm in thickness, otherwise killed or semi-killed steels should
be used. There is no requirement for the impact test of a specimen.
=  Grade B steel is killed or semi-killed steel. It has higher notch toughness than
A steel.
=  Grade Cis no longer used.
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=  Grade D steel has much toughness as defined by impact tests. The value of ab-
sorbed energy is specified by whether cracks were arrested or not in previously
built ships. D steel is also killed or semi-killed steel up to and including 25 mm
in thickness.
= @Grade E steel is used as a crack arrester, hence it is highest grade. It is killed
steel.
Grade B, D, E steels are used for thick enough steels fitted at highly stressed areas of
the vessel exposed to low temperatures such as shear strake, main deck, bilge plate
and junctions of longitudinal bulkheads with deck and bottom plates.
Chemical compositions are defined by the percentage of C, Si, Mn, P, S, etc
contained in the steel alloy. The hardness of the steel alloy is summarized by the

carbo equivalent content defined by the formula:

=

]

L% ] LY I AT
E.=%C + (w) N (%CH%MH%I ) | (%Cul—;%lz)

The larger the percentage of carbon, the stronger it becomes, but the ductility,
toughness, and weldability become worse. Hence, the percentage of carbon is
restricted to within about 0.2%, and Si and Mn are added. P and S are also limited
within 0.04% each. The mechanical properties of mild as well as high strength steels

are shown at Table 3.1.2.1

Steel grades for plates with Minimum yield stress R,,;,| Ultimate tensile strength
t<100mm in N/mm’ Rp in N/mm’
A-B-D-E Mild 235 450 -520
AH32-DH32-EH32-FH32 HTS 315 440 -570
AH36-DH36-EH36-FH36 HTS 355 490 - 630
AH40-DH40-EH40-FH40 HTS 390 510 - 660

Table 3.1.2.1 Mechanical Properties of hull steels
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3.1.3 Higher-Strength Steel (HTS)

Higher-strength steel is recently widely used in main hull structures,
because of decreasing material costs and hull steel weight, resulting in increased
dead weight and ship speed. At first, it was expensive and the welding procedure
for it was difficult and complicated, however it is now not so expensive and is
easy to weld thanks to improvements in the steel making process. Hence, in
recent merchant ships, the application of HTS has expanded up to 60-70% of the
total hull steel.

The newly developed higher-strength steel is termed CR (Controlled
Rolling) or TMCP (Thermo Mechanical Controlled Process) steel, which improves
notch toughness and weldability by the treatment of rapid water cooling using
control cooling technology during steel making. The plate has a finer grain size
than that of conventional higher-strength steel, and hence increases strength.

Classification societies regulate scantling reduction formulas for higher-
strength steel by using a coefficient k based on yield stress criterion. Coefficient k
is a ratio of yield stresses. The values of the coefficient can be found in the Table

3.1.3.1

On the other hand, the fatigue strength of higher-strength steel does not
increase proportionally with yield strength, therefore it is necessary to take care
of design details and working procedures, especially stress concentrations around
the welding. In addition, consideration of deflection and buckling strength are

necessary, because plate scantlings decrease relative to the yield stress.

Minimum yield stress R, in N/mm2 k
235 1
315 0.78
355 0.72
390 0.68

Table 3.1.3.1 Material factor
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3.2 Scantling Approach

This approach is to clearly specify the differences between the thicknesses of the
plates referred in the CSR Rules.
The plating thicknesses are divided in the following categories and will be

explained further on:

®  tashuilt

tnet required
tgross required
tcorrosion

tvquntary addition

- tas buit - This value refers to the actual thickness that will be provided at the new
building of the ship. It may, or it may not include any voluntarily added values,
such as the owner’s extra margin.

- thet required : This value refers to the thickness calculated from the formulas that
IACS provides in the CSR rules.

~tgross required : This value refers to the net thickness value plus the corrosion
addition regarding the position of the plating.

-teorrosion : This value refers to the corrosion addition needed according to the CSR
rules

- tuoluntary addition : This value refers to the voluntarily added thickness as the

owner’s extra margin for corrosion wastage.

For additional information on corrosion matters refer to Chapter 5.2.9.
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Chapter 4 - Verification

4.1 FEA Method

4.1.1 Fundamentals of FEA Method

Nowadays the finite element analysis (FEA) is an essential and powerful tool
for solving structural problems not only in the field of shipbuilding but also in the
design of most industrial products and even in non-structural fields. FEA can be used
for a wide variety of problems in linear and nonlinear solid mechanics, dynamics, and
ships' structural stability problems, in accordance with the development of computer
technology and its popularization.

The conventional method in solving stress and deformation problems is an analytical
one using theories of beams, columns and plates, etc. Hence its application is

restricted to most simple structures and loads. On the other hand FEA:

(1) divides a structure into small elements
(2) assumes each element to be a mathematical model

(3) assembles the elements and solves the overall

The element shown in Fig. 4.1.1.1 as a typical example is termed a finite element.
Characteristics of FEA are as follows:
It does not give an exact solution but solves approximately, because structures are

modeled as a combination of simple elements and loads.

e It is a kind of numerical experiment without experimental devices, models, or
instruments. Hence it is economical and time-saving.

e It can solve actual structural problems by using some models, although their
shapes and loads are complex. It is even used for non-structural problems.

e |tis used for a wide variety of steel, nonferrous materials and complex materials.

* |t relies on computer technology for both hardware and software.
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* FEA programs, which are easy to operate because of the quite simplified
processors, should not be applied as "a black box tool", but engineers do have to

know the theory and the numerical features of the code they use.

Ythale body Dividing into elements Assuming a simple model Assembling elements
Rod, Bar, Beam Triangle Quadrilateral
Tetrahedron Hexahedron Wedge

Fig. 4.1.1.1 Concepts of FEA and type of Elements

4.1.2 Plate Elements

A ship's structure consists mainly of thin plate structures and it is
assumed to be flat locally, although there are curved shell plates. Therefore,
we now examine the in-plane deformation of a plate element in the case of
linear stress analysis in plane stress condition. A triangular element of constant
thickness t is used for its simplicity, as shown in Fig. 3.2.1. The displacements

and forces are represented by three nodes, as shown in the figure:
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Fig. 4.1.2.1 Triangle element

fX1 ul

fyl vl
o ) fx2 o Ju2
{f} - ]Lyz ; {U} = A V2 g

fx3 u3

fy3 v3

We choose a polynomial to describe the internal displacements in the
triangle, and represent each of these displacement components by a linear
polynomial in the x- and y-direction. This means that the strain in the element

is constant in x and y.

U=C +CX+C3y

V=C4+Cs X+ Ce¥Y

Since there are 6 degrees of freedom as shown in Fig. 3.1.2, the coefficients

C; ~ cg can be represented by uj, vj, uy, v, us, vs.
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On the other hand

{&t=10 0 o o o 1|[{7 = [5]*{c}

Therefore fel = [S]{c) = [S][F~] {u) = [B] {u)

[B] : strain coef Ficient matrix

The stress — strain relationship is shown in the following equation:

{o} = [D]{]

[p]l=—=1Iv 1 o |

[D] = elasticity matrix
E : Young Modulus
V: Poisson ratio

fg} = stress vector

The stiffness equation for the triangular elelment is :

1= [Kl* W
Where :
[K]: Stif fness Matrix
[] = At[B]" [D][B]

t: element thickness

When combining many elements, we assemble the overall stiffness matrix from

each element and solve the stiffness equation with the given loads and
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displacements at the nodes. We then can get the displacement of each node, the

strain and the stress one by one.

4.1.3 Procedure of FEA

The procedure of displacement and stress calculations by computer, in the case of
requiring linear solutions, is generally as follows:
(1) Calculate [B]matrix using the geometry of an element, and to calculate [D] matrix
using material properties.
(2) Calculate matrix [K] of an element
(1) and (2) are repeated for all elements.

(3) Assemble the overall stiffness matrix

(4) Calculate displacements of each node from load and support conditions by
solving the stiffness
(5) Calculate the strains of each element
(6) Calculate the stresses of each element

(7) Calculate principal stresses, equivalent stresses, etc.

Figure 4.1.3.1 shows the process from (1) to (4) and Fig. 4.1.3.2 shows the

program flow of FEA. Figure 4.1.3.3 also shows the procedure of the FEA analysis
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Material constant Geometry of element

Stress — Strain relationship B matrix
Ke f BT X
v
Assembling
Overall stiffness Displacement
4 matrix

K u =

Fig. 4.1.3.1 — Procedure to get Stiffness equation

Load
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Input data

All elements

Overall stiffness
matrix

v
Repeat

l

Boundary condition

Elemental stiffness
matrix

l

Load

}

All elements

Stiffness equation
Ku=f

}

Evaluation

End

v
Repeat

v

Displacement

v

Normal stress

v

Principal stress

v

Equivalent stress

Fig. 4.1.3.2 — Sequence of FEA calculation
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Modifying structure

CAD

Modifying mesh
division

Pre - Processor

|

Input data

Analysis
(Solver)

Output data

l

Post - Processor

No

Evaluation

Fie. 4.1.3.3 — Procedure of FEA Analysis
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4.2 Yielding check according to IACS rules

A three hold length finite element model is recommended for the analysis by
the IACS rules, with the mid-hold as the target of assessment. The elements used are
shell elements for the plates and beam elements for the stiffeners. IACS uses as the
reference value for the verification of the model the Von Misses stress at the center
of the shell element or the axial stress for the beam elements. These values should

not be greater than the maximum allowable stress which is 235/k N/mm?, where k is

the material factor defined in Chapter 3.1.3.

A detailed strength assessment is additionally conducted for the areas where
the calculated stresses exceed 95% of the allowable stress. These areas are modeled
with finer meshes in order to evaluate the stresses more precisely. There are two
methods which can be used for refining the high stressed areas. The refined areas
can be directly included in the global model or they can be analyzed using sub-
models. Within the refined areas the allowable stress is not to be greater than the

maximum allowable stress which in this case is 280/k N/mm?
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Chapter 5 - Software Guidelines

5.1 Software tools

» Excel : Based on the IACS Common structural rules for Bulk Carriers (Jan
2006) , an Excel sheet was created with the purpose to calculate the ship
motions and accelerations, still water loads, external and internal pressures
and finally the scantlings of the midship section defining the coordinates of
the plate for analysis. Despite the scantlings of the plates an additional
calculation is conducted in order to select the appropriate longitudinal
stiffeners that will support the section based on their minimum section
modulus and area requirements. Further on, the excel sheet will be referred
as ‘CSR calc’. A complementary excel sheet will also be used to examine if the
section as a unit satisfies the minimum Section Modulus and Area

requirements of the IACS Rules. This sheet will be referred as ‘SM calc’.

» Mars2000 : Mars2000 is a software used by the Bureau Veritas for the
Classification of Ships according to the IACS Common Structural Rules for
Bulk Carriers and Tankers. It is a tool which is able to check the scantlings of
plating and ordinary stiffeners of any transverse section located all along the
ship length by using the rules formulas. It also allows to check the scantling of
any transverse sections or any transverse bulkheads all along the ship length.

For any transverse section, it calculates:

e The geometric properties (area, inertia and modulus,etc)
e The hull girder strength criteria
e The hull girder ultimate strength
e The rule scantling of strakes, longitudinal and transverse stiffeners taking into
account:
o Yielding criteria
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o Minimum thickness criteria

o Buckling criteria

During the progress of the thesis, Mars2000, will be used as a complementary
tool needed to check the minimum ultimate strength criteria of the cross

section.

Femap V.10 : Femap is an engineering analysis program sold by Siemens PLM
Software that is used to build finite element models of complex engineering
problems ("pre-processing") and view solution results ("post-processing"). It
runs on Microsoft Windows and provides CAD import, modeling and meshing
tools to create a finite element model, as well as post processing
functionality that allows mechanical engineers to interpret analysis results. It
is the main software used by ABS (American Bureau of Shipping), since the
FEA method was introduced by IACS in the ship constructions. It has a wide
variety of tools that can make the design of the geometry and the meshing
easier for the modeler engineer as well as a big library of materials and
element types. Three differently meshed models will be analyzed and

compared further on.

Nx Nastran 6 : Nx Nastran is primarily a solver for finite element analysis. It
does not have functionality that allows for graphically building a model or
meshing. All input and output to the program is in the form of text files.
However, multiple software vendors market pre- and post-processors
designed to simplify building a finite element model and analyzing the
results. These software tools as Femap, include functionality to import and
simplify CAD geometry, mesh with finite elements, and apply loads and
restraints. The tools allow the user to submit an analysis to Nx Nastran, and
import the results and show them graphically. Nx Nastran uses many
common solution sequence codes for different kind of problems like , Linear
Static, Modal, Non-Linear Static, Explicit Non-Linear , etc. However, all

models in the thesis will be examined in Linear Static response.

43 |Page



5.2 Csr. Calc. Guidelines

The ‘Csr. Calc.’ requires the least possible input data making it easy for the engineer
to use without having to design the geometry of the midship section in a visual

environment.
Input:
5.2.1 Principle Dimensions

The cells that indicate the user’s input are in blue colour. In the beginning of
the sheet, as illustrated in Fig.5.2.1, the principle dimensions of the ship are to be

inserted:

e Length overall

Length between Perpendiculars
e Freeboard Length

e Breadth

e Depth

e Scantling Draft

e Ballast Draft

e Service speed

e Block coefficient

Ship's name
Kind of Ship
Principal Dimensions
Length Over All (LOA) 224.900 (m)
Length between Perpendiculars (LBP) 217.000 (m)
Freeboard Length (Li) 217.500 (m)
Breadth (Moulded) 32.260 (m)
Depth (Moulded) 19.400 (m)
1.Designed/Scantling Draft 14.100 (m)
Service speed 14.700 (Kn)
Block coefficient (Cs) 0.854
Define coordi for analysis
X 109.36 m
y 2.70 m
z 0.00 m

Fig. 5.2.1 - Principle Dimensions
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5.2.2 Ship Motions and Accelerations

Further down, in Fig. 5.2.2.1 all the ship absolute motions and accelerations in the
Full Load and Ballast condition are calculated, using the equations given by IACS, i.e
(Roll, Pitch, Heave, Sway, Surge, Yaw ). In general, the values of ship motions and
accelerations to be computed are those which can be reached with a probability
level of 10® .The ship’s relative accelerations will result according to the X, Y, Z
coordinates inserted in the appropriate table in the sheet. They will be computed
forthe longitudinal, transverse, and vertical directions for both loading conditions
(Full load-Ballast) and for all the load cases, ( H1, H2, F1, F2, R1, R2, P1, P2), Tab.
5.2.2.2

Ship Motions and accelerations

Fig 5.2.2.1 — Ship motions and accelerations

45| Page



The load cases present equivalent Design waves which consist of:

e Regular waves when the vertical wave bending moment becomes maximum

in head sea (‘H’)

e Regular waves when the vertical wave bending moment becomes maximum in

following sea (‘F’)

e Regular waves when the roll motion becomes maximum (‘R’)

e Regular waves when the hydrodynamic pressure at the waterline becomes

maximum (‘P’)

Load HI H2 FI F2 RI R2 Pl P2
case
EDW "H" «F" "R" "p"
Heading Head Follow Beam Beam
(Port: weather side)| (Port: weather side)
Effect Max.Bending Max.Bending Max. Roll Max. Ext. Pressurge
Moment Moment
Sagging] Hogging Sagging Hoggilg (4] o) 1 o)

5.2.3 Hull girder Loads

Tab. 5.2.2.2 - Load cases

The second part of the sheet computes the Hull Girder loads, Fig. 5.2.3.1, in the

mid-part of the ship, (0.3 — 0.7 L), for both loading conditions. The hull girder loads

consist of the Still water bending moment, Vertical and Horizontal bending moment,

Vertical Shear Force and Wave Torsional Moment.

In general, the value of still water Bending Moment and shear force are to be

treated as the upper limits with respect to hull girder strength. In case the loading of

the ship is known from the design the exact still water bending moment to be

considered.
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Hull Girder Loads

Fig. 5.2.3.1 — Hull Girder Loads

5.2.4 External Pressures

The external pressures calculated according to the coordinates given by the

user are divided in the following categories:

e Hydrostatic pressure, Fig.5.2.4.1
e Hydrodynamic pressures below waterline, Fig.5.2.4.2
e Hydrodynamic pressures above waterline, Fig.5.2.4.3

e External pressures on exposed Freeboard and Forecastle deck, Fig.5.2.4.4

Section 5 - External Pressures

Fig. 5.2.4.1 — Hydrostatic pressure

Max external pressure (ps+pw) 181.921 KN/m2

Fig. 5.2.4.2 — Hydrodynamic pressures below waterline
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Full Load condition
Hydrodynamic pressure on (z) point over waterline

H1 216.31
H2 0.00
F1 0.00
F2 211.57
R1 161.40
R2 0.00

Weather side Lee side
P1 215.79 166.45
P2 0.00 117.11

For points above waterline , Full Load condition
Fig. 5.2.4.3 — Hydrodynamic pressures above waterline

Load case External pressures on Freeboard and Forecastle KN/m2 - Full Load condition
H1,H2,F1,F2 pD 34.30
R1 pD 0.00
R2 pD 0.00
P1 pD 829
P2 pD 0.00

Max external pressure on freeboard , Full load condition ~ 34.30  KN/m2

Fig. 5.2.4.4 — External pressures on exposed Freeboard and Forecastle deck

The same results are given for the Ballast condition as well. The total pressure
Pex at any point of the hull is obtained from the following formula and is not to be
negative:

Pex = PSex + PWex
where:

PSex : Hydrostatic pressure

PWex: Wave pressure equal to the hydrodynamic pressure

5.2.5 Internal pressure and forces

The internal pressures of a Bulk Carrier can be divided in still and lateral

pressure induced by :

e Dry Bulk Cargo

e Water Ballast
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In order to compute the pressure and forces mentioned above some additional

input data are needed to define the geometry of the area for both cases. The input

necessary for the Cargo Hold are:
e Hold Length, (ln)
e Hold Breadth, (By)
e Height of D.B, (hpg)

e Vertical distance between inner bottom and lower interception of top side tank

and side shell, (hypu)

e Volume of hatch coaming, (Vic)

e Area above the lower interception of topside tank and side shell till the upper

deck level, (So)
e Density of the cargo, (S¢)
e X coordinate of the center of gravity of hold, (xg)

e Y coordinate of center of gravity of hold, (yg)

According to the X, Y, Z, coordinates the results appear in the following figures:

Inputs are used for the calculation of still ,inertial pressure and shear loads
Dry bulk cargo pressure in still water

Define hold length (IH) ,in (m)

Define the breadth of the cargo hold (BH)
Define height of the D.B in the centerline (hDB),in (m)
Define vertical distance ,in m, between inner bottom and lower interseption of top
side tank and side shell (hHPU)
Define the volume ,in m* ,enclosed by the hatch coaming (VHC)
Define the area,in m® ,above the lower interception of top side tank and side shell and
up to the upper deck level (SO)
Define the density of the cargo (SF) ,in (tn/m?)
Define the angle ,in deg, between panel considered and the horizontal plane (o)

Define the (z) co-ordinate of the load point ,in m
If the load point is on ( inner bottom,hopper tank, transverse and longitutinal
bulkheads,lower stool vertical upper stool ,side shell) ,type 1 For load point on (top
side tank,upper deck and sloped upper stool) type 0

Pcs

Fig. 5.2.5.2 — Dry bulk cargo pressure in still water

22.560

32.26
1.700

12.800
429.700
124.600

0.789
20.000
0.000

1.000

138.090

m3

m2
tn/m3
deg

KN/m?
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Maxinternal pressure due to cargo (pcs+pew) 191451 KN/m2

Fig. 5.2.5.3 — Inertial pressure due to to dry bulk cargo

Shear Load in the longitutinal direction in waves (KN/m2)

Shear Load in the transverse direction in waves (KN/m2)

Fig. 5.2.5.3 — Inertial Shear Loads

As far as the still, Fig.5.2.5.4 and inertial pressures, Fig. 5.2.5.5, due to liquid
are concerned, the input required to define the geometry of the ballast holds are :
e Density of liquid, (py)
e Length of airpipe over the top of the tank, (zrop)
e Setting pressure of safety valves (not necessary)
e Height of hopper tank
e Length of Ballast Tank
e Y co-ordinate of the tank top located at the most lee side and at the most
weather side

The results given in this case are the following:
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LATERAL PRESSURE DUE TO LIQUID

Fig.5.2.5.4 - Still Pressure due to liquid in still water

ax internal pressure due to liquid (PBS+PBV 292.625 KN/m2

Fig.5.2.5.5 — Inertial pressure due to liquid in still water

5.2.6 Scantlings

The scantling requirements of this section apply for the strength check of
plating contributing to the longitudinal strength subjected to lateral pressure and to
in-plane hull girder normal stress. The thicknesses do not include any corrosion
addition. The corrosion addition is added separately according to specific tables that
will be discussed further on.

The net thickness of laterally loaded panels is to be not less than the value

obtained, in mm, from the following formula :

t=158¢c,c.5

A : Coefficient defined in Tab 5.2.6.1
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Plating Coefficient .,

Longitudinally O, . .
. — = , without beinds¢éa greater than 0.9
Contributing to the hyl  framed plating 0.95— 045 v §ea g
girder longitudinal
strength
g Transg:;lg frame 0.95 — 0.90 Tx ,without being takgreater than 0.9
¥

Not contributing to the hull girder

longitudinal strength 0.9

Table 5.2.6.1: Coefficient A

Ca : Coefficient of aspect ratio of the plate panel, equal to:

- a4
c. =121 *J' 1+0.33(3)" — 0695 , not greater than 1

¢r : Coefficient of curvature of the panel, equal to:

c,=1—10.5Z ,tobe taken not less than 0.4

The complementary input in order to compute the net scantling of a plate is:
e |ength of the sorter side of the elementary plate panel (s)
e |ength of the longer side of the elementary plate panel (l)
e radius of curvature
e define if the plate is longitudinally or transversely framed
e maximum normal stress of the material (oy)

e vyield point of the material (Ry)

‘Elementary plate panel’: The elementary plate panel is the smallest unstiffened part

of plating between stiffeners.
The lateral pressure in intact conditions is constituted by still water pressure and

wave pressure. Still water pressure psincludes:

e the hydrostatic pressure
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e the still water internal pressure for the various types of cargoes and for
ballast. Wave pressure py includes for each load case H1, H2, F1, F2, R1, R2,
P1 and P2:

e the hydrodynamic pressure

e theinertial pressure for the various types of cargoes and for ballast.

Further on, some figures of the input and output fields are presented :

Scantlings

First case :

Fig.5.2.6.1 — Input for hull scantlings

Second case :

Fig.5.2.6.2 — Output of hull scantlings
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Define coordinates for analysis
X 109.36 m
y 2.70 m
z 0.00 m

Fig.5.2.6.3 — Definitions of co-ordinates for analysis

Load calculation point:

Lateral pressure and hull girder stresses are to be calculated:

e for longitudinal framing, at the lower edge of the elementary plate panel or, in
the case of horizontal plating, at the point of minimum y-value among those of
the elementary plate panel considered, as the case may be

» for transverse framing, at the lower edge of the elementary plate panel or at the
lower edge of the strake or, in the case of horizontal plating, at the point of
minimum y-value among those of the elementary plate panel considered, as the

case may be.

| Longitudinally stiffened plating ~ Transversely siffened plating |

—D EPP 3
1
7 EPP 3 LcP3 X
m
= £
B
= | LCP3 N Eﬁ. EPP 2
= =
E Q
g EPP2 E
@ Bl Lcp2¥
8, rer2Y—Tit— 3
EPP 1 1y EPP 1

LCP1

LCP1 x—l—— \

x Load Calculation Point (LICP) x Load Calculation Point (LCP)

The net thickness, in mm, of each plating is given by the greatest of the net

thicknesses, (in Full load or Ballast condition), calculated for each load calculation
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point (rounded up to 0.5), representative of the considered plating. The geometry to
be considered is that of the elementary plate panel related to the load calculation
point. Regarding the location of the plate the equivalent result thickness is used by

the designer.

5.2.7 Minimum Thicknesses and General requirements

The minimum net thicknesses of the plates regarding the principle dimensions
of the ship as well as the transverse framing space and the material yield strength

are also calculated and presented in the following figures:

Minimum net thicknesses

In the cargo area ,the net thickness of side shell plating from normal ballast draught to 0.25Ts above Ts is not to be less than
Ballast draught 5.400 m

0.25 Ts above Ts 17.625 m

Define the length of the sorter side of the elementaary plate panel (s) 0.940 m

Define the minimum yield stregth of the material used (ReH) 235 Mpa

t 13.83 mm

Fig.5.2.7.1 — Minimum net thicknesses of side shell plating

Keel 14.01
Bottom, Inner bottom 12.01
Weather strength deck and trunk deck ,if any 8.84
Side shell , bilge 12.52
Inner side , hopper sloping plate and topside sloping plate 10.31
Transverse and longitutinal watertight bulkhead 8.84
Wash bulkheads 6.50
Accomodation deck 6.00

Fig.5.2.7.2 — Minimum net thicknesses of platings

e Bilge Plating: The net thickness of the bilge plating is to be not less than the
actual net thicknesses of the adjacent 2 m width bottom or side plating,
whichever is the greater.

e Keel Plating: The net thickness of the keel plating is to be not less than the

actual net thicknesses of the adjacent 2 m width bottom plating.
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e Sheerstrake: The net thickness of a welded sheerstrake is to be not less than
the actual net thicknesses of the adjacent 2 m width side plating, taking into

account higher strength steel corrections if needed.

5.2.8 Strength criteria for single span ordinary stiffeners

The net section modulus w, and the net shear selectional area Ay, of single span
ordinary stiffeners subjected to lateral pressure should not be less than the values

obtained by the Tab. 5.2.8.1

Strength Criteria for single span T-section ordinary stiffeners

Define the spacing ,in m, of ordinary stiffeners,measured at mid span along the chord (s) 0.83 m
Define the span,in m , of ordinary stiffeners ,measured along the chord between the supporting members (I) 4.90 m
Coefficient (m) taken equal to : (10) for vertical stiffeners, (12) for other stiffeners 10.00

Calculated normal stress on plate 172.39

Define the Ry 315.00

Minimum net section modulus (w) 2884.620|cm3
Minimum net shear selectional area (Ash) 30.414|cm2

Table 5.2.8.1 — Strength criteria for single span ordinary stiffeners

The input necessary to obtain the results are in blue colour.

For the selection of the appropriate stiffeners an additional table is available
which can compute the section modulus and sectional Area by defining the
dimensions of the T-bar, Fig.4.2.8.1, or Flat bar stiffener, Fig.4.2.8.2 and the attached
plate dimensions and thickness as well.

The effective width b, of the attached plating to be considered in the actual
net section modulus for the yielding check of ordinary stiffeners is to be obtained, in

m, from the following formulae:

e where the plating extends on both sides of

the ordinary stiffener:

b,=0.21 or bp=s

whichever is lesser.
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e where the plating extends on one side of the ordinary stiffener (i.e. ordinary
stiffeners bounding openings):

b, = 0.5s
b, = 0.1l

whichever is lesser.

Calculation of section modulus of T-section stiffener
Define web dimensions (mm) 340 12 mm
Define flange dimenions (mm) 120 15 mm
Define plate dimensions (mm) 980 11.5
cm3
z 945.8 cm?2
Net shear selectional area (Ash) 57

Fig.5.2.8.1 — Calculation of section modulus of T- section stiffener

Calculation of section modulus of Flat Bar stiffener
Define web dimensions (mm) 500 30 mm
Define plate dimensions (mm) 980 11.5 mm
z 1901.2 cm3
Net shear selectional area (Ash) 150 cm2

Fig.5.2.8.2 — Calculation of section modulus of Flat stiffener stiffener

5.2.9 Corrosion addition for steel

The corrosion addition for each of the two sides of a structural member, tc;
or te,, is specified in Tab.5.2.9.1
The total corrosion addition tc, in mm, for both sides of the structural member is
obtained by the following formula:
tc = Roundup o5 ( tca +tea) + treserve

For an internal member within a given compartment, the total corrosion

addition t¢ is obtained from the following formula:

tc = Roundup g5 (2tc1) + treserve
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where t¢; is the value specified in Tab.5.2.9.1 for one side exposure to that
compartment.

When a structural member is affected by more than one value of corrosion addition
(e.g. a plate in a dry bulk cargo hold extending above the lower zone), the scantling
criteria are generally to be applied considering the severest value of corrosion
addition applicable to the member.

In addition, the total corrosion addition t¢ is not to be taken less than 2 mm, except

for web and face plate of ordinary stiffeners.

treserve : Thickness, in mm, to account for anticipated thickness diminution that may

occur during a survey interval of 2.5 years (treserve =0.5mm)
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Table 5.2.9.1:  Corrosion addition on one side of structural members

Structural member

Compartment Type Corrosion addition, tcy or tcpin mm
BC-A or BC-B ships Other
with L > 150 m
Ballast water tank | Face plate of primaryWithin 3 m below the top of tarfR 2.0
@ members Elsewhere 15
Other members Within 3 m below the top of tarfR 1.7
Elsewhere 1.2
Dry bulk cargo | Transverse bulkhead Upper part” 2.4 1.0
hold @ Lower stool: sloping plate, vertical 5.2 2.6
plate and top plate
Other parts 3.0 1.5
Other members Upper paht 1.8 1.0
Webs and flanges of the upper end
brackets of side frames of single side
bulk carriers
Webs and flanges of lower brackets 2.2 1.2
of side frames of single side bulk
carriers
Other parts 2.0 1.2
Sloped plating of Continuous wooden ceiling 2.0 1.2
hopper tank, inner |No continuous wooden ceiling 3.7 2.4
bottom plating
Exposed to Horizontal member and weather détk 1.7
atmosphere Non horizontal member 1.0
Exposed to sea watEt 1.0
Fuel oil tanks and lubricating oil tanks 0.7
Fresh water tanks 0.7
Void space$” Spaces not normally accessed, e.g. access onlygttro 0.7
bolted manholes openings, pipe tunnels, etc.
Dry spaces Internal of deck houses, machinery spaces, stpgees, 0.5
pump rooms, steering spaces, etc.
Other compartments than above 0.5
Notes

(1) Dry bulk cargo hold includes holds, intended fa tarriage of dry bulk cargoes, which may carryewat
ballast.

(2) The corrosion addition of a plating between watgldst and heated fuel oil tanks is to be incredsed.7
mm.

(3) This is only applicable to ballast tanks with weatHeck as the tank top.

(4) Upper part of the cargo holds corresponds to am a@beve the connection between the top side anidriiee
hull or side shell. If there is no top side, th@eppart corresponds to the upper one third ot#rgo hold
height.

(5) Horizontal member means a member making an angle 29° as regard as a horizontal line.

(6) The corrosion addition on the outer shell platimgvay of pipe tunnel is to be considered as wadtast
tank.

(7) Outer side shell between normal ballast draughtsaadtling draught is to be increased by 0.5 mm.
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5.3 SM. Calc. Guidelines

In addition to the previous excel sheet, ‘CSR calc’, an extra sheet was created
which is used for the Yielding check of the Mid-ship section according to the IACS
rules. The section is to be considered as being constituted by the members
contributing to the hull girder longitudinal strength, i.e, all continuous longitudinal
members including the strength deck. These members are to be considered as
having net offered scantlings increased by 0.5 t..

The section modulus at any point of the transverse section is obtained from the

following formula:

_ _Ir
*Za=
® Zap = ‘% , at bottom
®Z,n= ;—51; , at deck
where:

N : Z co-ordinate, in m, of the center of gravity of the hull transverse secion
ly : Moment of Inertia of the hull transverse secion, about the horizontal
neutral axis
Vp : Vertical distance, in m taken equal to:
Vp,=z,— N
where:

Zp : Z co-ordinate, in m, of strength deck at side

Defining some of the principle dimensions of the ship as well as the still water
moment and vertical wave moment which derive from the ‘CSR calc’, the minimum
requirements of the Section Modulus and Moment of Inertia appear in the following
Tab. 4.3.1. The values vary according to the strength of the steel used in the strength
deck.

60| Page



Requirments k=1 - Mild Steel k=0.78 - High Tensile

ZRmin 21.23 m3 16.56 m3
ZR 21.73 m3 16.95 m3
Imin 138.23 m4 138.23 m4

Table 5.3.1 — Section Modulus and Moment of Inertia requirements

In order to calculate the Section modulus of the section after the approach of

the scantlings from the ‘CSR calc’, two tables have been created, one for the

calculations of the plate scantlings and one for the calculation of all the stiffener

scantlings that support the section. The two Tables are presented below :

Calculation Of Section Modulus

b(m t(m AREA( nf) Y(m [ AY(ntnf) | AY?(n8*m [i =Lb3/ 12(nB*m)
Deck plating (strake 1) 2.496 0.024 0.059 19.400 1.138 22.076 2.70E-06
Deck plating (strake 2) 2.770 0.024 0.065 19.400 1.263 24.499 3.00E-06
Deck plating (strake 3) 2.770 0.024 0.066 19.400 1.290 25.020 3.19E-06
Side plate (strake 1) 2.400 0.021 0.049 18.200 0.895 16.297 2.36E-02
Side plate (strake 2) 2.200 0.020 0.043 15.900 0.682 10.846 1.73E-02
Side plate (strake 3) 3.120 0.023 0.070 13.240 0.929 12.306 5.69E-02
Side plate (strake 4) 3.120 0.023 0.070 11.680 0.820 9.577 5.69E-02
Side plate (strake 5) 3.120 0.023 0.070 10.120 0.710 7.189 5.69E-02
Side plate (strake 6) 3.880 0.018 0.068 8.180 0.555 4543 8.52E-02
Slopping plate (upper wing) .-(strakgl) 2.754 0.021 0.056 18.500 1.044 19.322 2.23E-03
Slopping plate (upper wing) .-(strak¢2) 2.650 0.020 0.052 17.400 0.899 15.645 1.89E-03
Slopping plate (upper wing) .-(strakg3) 2.500 0.020 0.049 16.100 0.785 12.636 1.59E-03
Slopping plate (upper wing) .-(strake4) 1.950 0.020 0.039 15.000 0.585 8.775 7.73E-04
Slopping plate (hopper tank) .-(strake 1) 3.125 0.020 0.063 5.000 0.313 1563 3.18E-03
Slopping plate (hopper tank) .-(strake 2) 3.140 0.022 0.069 2.900 0.200 0.581 3.55E-03
Double bottom plate (strake 1) 1.875 0.024 0.044 1.700 0.075 0.127 2.03E-06
Double bottom plate (strake 2) 3.300 0.024 0.078 1.700 0.132 0.224 3.57E-06
Double bottom plate (strake 3) 3.300 0.024 0.078 1.700 0.132 0.224 3.57E-06
Double bottom plate (strake 4) 3.225 0.024 0.076 1.700 0.129 0.219 3.49E-06
Keel plate (strake 1) 1.875 0.019 0.035 0.000 0.000 0.000 9.89E-07
Bottom plate (strake 2) 3.030 0.019 0.058 0.000 0.000 0.000 1.73E-06
Bottom plate (strake 3) 3.030 0.020 0.059 0.000 0.000 0.000 1.87E-06
Bottom plate (strake 4) 3.030 0.020 0.059 0.000 0.000 0.000 1.87E-06
Bottom plate (strake 5) 3.200 0.020 0.062 0.000 0.000 0.000 1.98E-06 Autocad
Bilge Plate 0.020 0.052 0.595 0.031 | (OA): 1.86
Girder Hole Breadt| Girder Height

Girder (1/4) 1.700 0.013 0.022 0.019 0.020 1.33E-03 0 17

Girder (2/4) 1.130 0.013 0.015 0.012 0.015 3.91E-04 0.57 17

Girder (3/4) 1.130 0.013 0.015 0.012 0.015 3.91E-04 0.57 17

Girder (4/4) 1.130 0.013 0.015 0.012 0.015 3.91E-04 0.57 1.7

TOTAL 1.554 12.664 191.737 0.313
Table 5.3.2 — Plate Properties
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Table 5.3.4 — Input of plate scantlings

Stiffeners b{m) t(m) AREA(m2)-Total | AREA (web) AREA (flange) Y (web) Y (flange) AY (web) AY (flange) AY2(m3*m)- (Total) i=Lb3/12(m3*m)- Total

Deck longi* | (x7) 315x12+100x15 0.058 0.039 0.019 19.214 19.005 0.750 0.367 21.398 4.61E-04
Bottom longi ' I (x11) 340x12+120x15 0.082 0.058 0.024 0.352 0370 0.020 0.009 0.010 6.07E-04

Bottom longi ' | -flat bar- (x2) 300x20 0013 - - 0.150 - 0.002 0.000 0.000099
Inner Bottom longi ' I (x8) 340x12+120x15 0.056 0.039 0.017 1378 1360 0.053 0.024 0.105 3.39E-04

Inner bottom longi ‘| -flat bar- (x2)| 300x20 0.013 - - 1.550 - 0.020 0.032 0.000099
Web space longi ' | (1/9) 370x12+120x20 0.008 0.005 0.003 18.900 19.000 0.023 0.012 0.673 1.66E-05
Web space longi 'I (2/9 370x12+120x20 0.008 0.005 0.003 18.500 18.680 0.020 0.011 0.572 1.66E-05
Web space longi '1 (3/9 370x12+120x20 0.008 0.005 0.003 18.100 18220 0.017 0.009 0.474 1.66E-05
Web space longi ' | (4/9 370x12+120x20 0.008 0.005 0.003 17.680 17.800 0.014 0.007 0.376 1.66E-05
Web space longi 'I (5/9 370x12+120x20 0.008 0.005 0.003 17.310 17.450 0.011 0.006 0.287 1.66E-05
Web space longi 'I (6/9 370x12+120x20 0.008 0.005 0.003 16.880 17.000 0.088 0.047 2281 1.66E-05
Web space longi ' | (7/9 370x12+120x20 0.008 0.005 0.003 16.500 16.600 0.086 0.046 2178 1.66E-05
Web space longi 'I (8/9 370x12+120x20 0.008 0.005 0.003 16.080 16.200 0.084 0.045 2070 1.66E-05
Web space longi '1 (9/9 370x12+120x20 0.008 0.005 0.003 15.610 15.800 0.081 0.044 1957 1.66E-05
Hopper space longi* | (1/5) 315x12+100x15 0.006 0.004 0.002 4.500 4.400 0.020 0.008 0.125 1.02E-05
Hopper space longi'| (2/5) 315x12+100x15 0.006 0.004 0.002 3.900 3820 0.017 0.007 0.094 1.02E-05
Hopper space longi*| (3/5) 315x12+100x15 0.006 0.004 0.002 3320 3210 0.015 0.006 0.068 1.02E-05
Hopper space longi ' | (4/5) 315x12+100x15 0.006 0.004 0.002 2.700 2.600 0.012 0.005 0.045 1.02E-05
Hopper space longi ' | (5/5) 315x12+100x15 0.006 0.004 0.002 2.120 2.000 0.009 0.004 0.027 1.02E-05
Upper side longi | (1/4 370x12+120x20 0.008 0.005 0.003 18.570 18.570 0.097 0.051 2747 5.37E-05
Upper side longi* | (2/4) 370x12+120x20 0.008 0.005 0.003 17.740 17.740 0.092 0.001 1651 5.37E-05
Upper side longi ' | (3/4] 370x12+120x20 0.008 0.005 0.003 16,910 16.910 0.088 0.001 1500 5.37E-05
Upper side longi* | (4/4) 370x12+120x20 0.008 0.005 0.003 16.080 16.080 0.084 0.001 1357 5.37E-05
Lower side longi ' I (1/4) 315x12+100x15 0.006 0.004 0.002 4.250 4.250 0.019 0.008 0113 3.33E-05
Lower side longi ' 1] (2/4) 315x12+100x15 0.006 0.004 0.002 3.450 3450 0.015 0.006 0.074 3.33E-05
Lower side longi ' | (3/4) 315x12+100x15 0.006 0.004 0.002 2,650 2650 0.012 0.005 0.044 3.33E-05
Lower side longi ' | (4/4) 315x12+100x15 0.006 0.004 0.002 1.850 1.850 0.008 0.003 0.021 3.33E-05
Upper longi ' | of Center girder 220x 15 0.003 1.135 0.004 0.004 6.19E-08
Lower longi ' | of Center girder 220x15 0.003 0.283 0.001 0.000 6.19E-08
Upper longi ‘| of girders 150x 12 0.005 1.135 0.006 0.007 6.48E-08
Lower longi 'l of girders 150x 12 0.005 0.283 0.002 0.000 6.48E-08

TOTAL 0.400 2,501 40293 2.15E-03

Table 5.3.3 - Stiffener properties
Net scantlings Cor r osi on
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Net scantlings Corrosion addition Number of stiffeners
h t bf tf
395 15 120 23 0 7
370 15 120 18 0 11
300 22 - - 0 2
340 15 120 18 0 8
300 22 - - 0 2
370 15 120 23 0
370 15 120 23 0
370 15 120 23 0
370 15 120 23 0
370 15 120 23 0
370 15 120 23 0
370 15 120 23 0
370 15 120 23 0
370 15 120 23 0
315 15 100 18 0
315 15 100 18 0
315 15 100 18 0
315 15 100 18 0
315 15 100 18 0
370 15 120 23 0
370 15 120 23 0
370 15 120 23 0
370 15 120 23 0
315 15 100 18 0
315 15 100 18 0
315 15 100 18 0
315 15 100 18 0
220 15 0 1
220 15 0 1
150 12 0 3
150 12 0 3

Table 5.3.5 — Input of stiffener scantlings

The input required appear in blue color and are summarized below :

e Width of plates

e Computed thickness of plates

e Vertical distance of each plate from bottom

e Girder hole breadth

e Corrosion addition ( not necessary )

e Dimensions of stiffeners

e Number of stiffeners, where applicable

e Vertical distance of web and flange from bottom
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The moment of inertia of the bilge plate is inserted individually due to it’s

curved geometry. In the present thesis Autocad was used as a complementary tool

for the calculation of the value.

The output table 5.3.6 consists of :
e Area of Midship section
e Z co-ordinate of neutral axis from B.L

e Moment of Inertia

e Vertical distance of strength deck from neutral axis

e Section Modulus at strength deck

e Section modulus at bottom

Area of section 3.09 m?

Z co-ordinate of neutral axis fromB.L 6.95 m
Moment of Inetia, I 162.98 m4

Vertical distance from Deck to neutral axis 12.45 m
Section Modulus at Deck 13.09 m3
Section Modulus at Bottom 23.46 m3

Table 5.3.6 — Output of ‘SM calc’

In case that corrosion addition has been inserted in the corresponding tables

the output properties of the section calculated are based on the net approach of the

scantlings increased by 0.5 t. as specified by the IACS rules.
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Chapter 6 - Designing a Midship section

Selected Vessel

The vessel selected as a base for the present thesis has been built by DAEWOO
for a Greek shipping company. Built in February 2001, and classified by ABS
(American Bureau of Shipping). The main particulars of the vessel are summarized
below. The size of the selected vessel is justified by the fact that it is a very usual
bulk carrier design placed between the existing bulk carrier size extremes (cape and
handy size), thus better allowing the generalization of any obtained results from this
work. In general terms, the ship is single skin and longitudinally stiffened except for

the side shell between hopper tank and the top-side tank which are transversely

stiffened.
Length OA (m) 2249
Breadth (m) 32.26
Depth (m) 194
LS weight (t) 12.048
Deadweight (t) 74427
Number of holds 7
Type of vessel PANAMAX single-skin construction
Class ABS Bureau of Shipping

A midship section drawing is cited in the end of the thesis.

6.1 Procedure

The two excel sheets, mentioned above, are useful tools in order to design the
midship section of a bulk carrier without relying on a pilot ship and with no need to

import geometry.

The procedure by steps is stated below:
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1% run : Computation of scantlings using ‘CSR calc’ without knowledge of the
position of the neutral axis

( receive scantling values from the section ‘First case’ in the ‘CSR calc’, in this
section the thickness values arise using as input for the maximum normal
stress in the calculations, the maximum allowable strength of the steel used.
The longitudinal stiffeners are selected according to the requirements of
their net section modulus and sectional area. Generally in a transverse
section the plates are liable to lower stress values as they get closer to the
neutral axis. The purpose of this run is to make a first estimation of the

neutral axis of the section)

The scantlings that arise from the previous run are imported in the ‘SM calc’,
for the first estimation of the neutral axis. No input of corrosion addition is

necessary, the values can be set to zero.

2" run : Computation of scantlings using the first estimation of the neutral
axis that derived from the previous run. The values are received from the

‘second case’ of the ‘CSR calc’.

The new scantlings are imported in the ‘SM calc’ for a second and better
estimation of the neutral axis. Corrosion addition is also imported in the
corresponding input cells in order to check if the section satisfies the yield

criteria by the IACS rules.

In case the section modulus of the section is lower than the minimum value
required, the top strakes (deck, stringer, upper slopping plate), are increased

by the designer till the requirement is satisfied.

Import of Gross scantlings in Mars2000 for the calculation of the ultimate
strength of the midship section. In case the value of the ultimate strength of
the section is lower than the required the thickness of the upper strakes are

increased.
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e Due to the significant increase of the scantlings of the upper strakes during
the previous steps, the neutral axis has raised, submiting the bottom strakes
to higher normal stresses. For this reason the gross scantlings are imported

from mars to the ‘SM calc’, and the new neutral axis is computed.

e 3" run : Last run of the ‘CSR calc’ using the neutral axis from the previous

step, in order to define the final net scantlings of the midship section.

e The final gross scantlings are now imported to the ‘SM calc’ and the

properties of the section are defined

6.2 Analytical run of a model

In this chapter, both the excel sheets with cooperation with Mars, will be
used in order to compute the scantlings of a midship section with different
combinations of transverse and longitudinal stiffener spacings. In the first case, the
stiffening arrangement of the selected vessel will be used. In the second case, the
frame space will be increased from 940 to 980 mm. Afterwards, two more runs will
be conducted, the first having a frame space of 940mm and the second 980mm, and
reduced longitudinal stiffener spacing. To be more precise, an extra stifferner was
added to each plate except the bottom and Inner bottom, where two stiffeners were
added. A final comparison of the four midship sections will be presented.

The materials used for the design of the section can be seen in the midship

section drawing which is cited in the end of the thesis.
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Fig.6.2.1 Midship section with no changes to the longitudinal stiffener spacing
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Fig.6.2.2 Midship section with reduced longitudinal stiffener spacing (addition of stiffeners)
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Area of cross section

Spacing of longitudinal Stiffeners Frame spacing
940mm 980mm
As in Pilot ship Case 1 Case 2

Pilot ship with reduced spacing of

Case 3 Case 4
longitudinal stiffeners ase ase

Tab.6.2.1 — Four occasions examined

Detailed presentation of the results:

Casel:
e Frame space (Cargo hold) : 940 mm
e Floor space (Double Bottom) :2.82 mm
e Web space (TST): 4.6 m

e Longitudinal stiffeners : As in Pilot ship

v The floor space was reduced from the already existing Bulk Carrier due to the
IACS rules recommendations. The original floor space was 3.76 m. According to
the rules the floor spacing is reccomened not to be greater than 3.5 mor 4

frame spaces, whichever is smaller.
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1. Without knowledge of the position of the neutral axis a first estimation of the

cross section is made using the ‘CSR calc’.

Net scantlings (mm Corrosion (nmm
Deck plating (strake 1) 7.5 0
Deck plating (strake 2) 7.5 0
Deck plating (strake 3) 8 0
Side plate (strake 1) 12.5 0
Side plate (strake 2) 12.5 0
Side plate (strake 3) 29 0
Side plate (strake 4) 29 0
Side plate (strake 5) 29 0
Side plate (strake 6) 17 0
Slopping plate (upper wing) .-(strakel) 10 0
Slopping plate (upper wing) .-(strake?2) 10.5 0
Slopping plate (upper wing) .-(strake3) 13 0
Slopping plate (upper wing) .-(strake4) 13 0
Slopping plate (hopper tank) .-(strake 1 18 0
Slopping plate (hopper tank) .-(strake 2 19 0
Double bottom plate (strake 1) 20.5 0
Double bottom plate (strake 2) 20.5 0
Double bottom plate (strake 3) 20.5 0
Double bottom plate (strake 4) 20.5 0
Keel plate (strake 1) 17.5 0
Bottom plate (strake 2) 17.5 0
Bottom plate (strake 3) 17.5 0
Bottom plate (strake 4) 18 0
Bottom plate (strake 5) 18 0
Bilge Plate 18 0
Girder (1/4) 11 0
Girder (2/4) 11 0
Girder (3/4) 11 0
Girder (4/4) 11 0

Table 6.2.1 — 1 estimation of Plate net scantlings
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Net scantlings Corrosion addition | Number of stiffeners
Stiffeners h t bf tf
Deck longi ' | (x7) 395 12 120 20 0 7
Bottom longi ' | (x11) 450 12 120 25 0 11
Bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Inner Bottom longi ' | (x8) 425 12 120 25 0 8
Inner bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Web space longi' | (1/9) 425 12 120 25 0
Web space longi ' | (2/9) 425 12 120 25 0
Web space longi ' | (3/9) 425 12 120 25 0
Web space longi ' | (4/9) 425 12 120 25 0
Web space longi ' | (5/9) 425 12 120 25 0
Web space longi ' | (6/9) 425 12 120 25 0
Web space longi ' | (7/9) 425 12 120 25 0
Web space longi ' | (8/9) 425 12 120 25 0
Web space longi ' | (9/9) 425 12 120 25 0
Hopper space longi ' | (1/5) 395 12 120 20 0
Hopper space longi ' | (2/5) 395 12 120 20 0
Hopper space longi ' | (3/5) 395 12 120 20 0
Hopper space longi ' | (4/5) 395 12 120 20 0
Hopper space longi' | (5/5) 395 12 120 20 0
Upper side longi ' | (1/4) 425 12 120 25 0
Upper side longi ' | (2/4) 425 12 120 25 0
Upper side longi ' | (3/4) 425 12 120 25 0
Upper side longi ' | (4/4) 425 12 120 25 0
Lower side longi ' | (1/4) 425 12 120 25 0
Lower side longi ' ] (2/4) 425 12 120 25 0
Lower side longi ' | (3/4) 425 12 120 25 0
Lower side longi ' | (4/4) 425 12 120 25 0
Upper longi ' | of Center girder 220 13 0 1
Lower longi ' | of Center girder 220 13 0 1
Upper longi 'l of girders 150 10 0 3
Lower longi ' | of girders 150 10 0 3

Table 6.2.2 — 1* estimation of Stiffeners net scantlings

Area of section 3.30 m

Z co-ordinate of neutral axis fromB.L 6.69 m
Moment of Inetia, I 161.83 m4

Vertical distance from Deck to neutral axis 12.71 m
Section Modulus at Deck 12.73 m3
Section Modulus at Bottom 24.18 m3

Table 6.2.3 — 1% estimation of Area properties
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2. The first estimation of the neutral axis was 6.69m,(Tab. 6.2.3). Using this

value a second run is being held that leads to the following results.

Net scantlings (nmm Corrosion (mm
Deck plating (strake 1) 7.5 0
Deck plating (strake 2) 7.5 0
Deck plating (strake 3) 8 0
Side plate (strake 1) 10.5 0
Side plate (strake 2) 10.5 0
Side plate (strake 3) 21 0
Side plate (strake 4) 21 0
Side plate (strake 5) 21 0
Side plate (strake 6) 14 0
Slopping plate (upper wing) .-(strakel) 9.5 0
Slopping plate (upper wing) .-(strake2) 10 0
Slopping plate (upper wing) .-(strake3) 13 0
Slopping plate (upper wing) .-(strake4) 13.5 0
Slopping plate (hopper tank) .-(strake 1) 15 0
Slopping plate (hopper tank) .-(strake 2) 16.5 0
Double bottom plate (strake 1) 18 0
Double bottom plate (strake 2) 18 0
Double bottom plate (strake 3) 18 0
Double bottom plate (strake 4) 18 0
Keel plate (strake 1) 155 0
Bottom plate (strake 2) 15.5 0
Bottom plate (strake 3) 155 0
Bottom plate (strake 4) 15.5 0
Bottom plate (strake 5) 16 0
Bilge Plate 16 0
Girder (1/4) 10 0
Girder (2/4) 10 0
Girder (3/4) 10 0
Girder (4/4) 10 0

Table 6.2.4 — 2™ estimation of Plate net scantlings
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Net scantlings Corrosion addition Number of stiffeners
Stiffeners h t bf tf
Deck longi ' | (x7) 395 12 120 20 0 7
Bottom longi ' | (x11) 340 12 120 15 0 11
Bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Inner Bottom longi ' | (x8) 315 12 100 15 0 8
Inner bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Web space longi 'l (1/9) 370 12 120 20 0
Web space longi ' | (2/9) 370 12 120 20 0
Web space longi ' | (3/9) 370 12 120 20 0
Web space longi ' | (4/9) 370 12 120 20 0
Web space longi ' | (5/9) 370 12 120 20 0
Web space longi ' | (6/9) 370 12 120 20 0
Web space longi ' | (7/9) 370 12 120 20 0
Web space longi ' | (8/9) 370 12 120 20 0
Web space longi ' 1 (9/9) 370 12 120 20 0
Hopper space longi ' | (1/5) 315 12 100 15 0
Hopper space longi ' | (2/5) 315 12 100 15 0
Hopper space longi ' | (3/5) 315 12 100 15 0
Hopper space longi ' | (4/5) 315 12 100 15 0
Hopper space longi ' | (5/5) 315 12 100 15 0
Upper side longi 'l (1/4) 370 12 120 20 0
Upper side longi 'l (2/4) 370 12 120 20 0
Upper side longi ' (3/4) 370 12 120 20 0
Upper side longi ' (4/4) 370 12 120 20 0
Lower side longi 'l (1/4) 315 12 100 15 0
Lower side longi ' I ] (2/4) 315 12 100 15 0
Lower side longi ' | (3/4) 315 12 100 15 0
Lower side longi ' | (4/4) 315 12 100 15 0
Upper longi ' | of Center girder 220 13 0 1
Lower longi ' | of Center girder 220 13 0 1
Upper longi ' | of girders 150 10 0 3
Lower longi ' | of girders 150 10 0 3

Table 6.2.5 — 2™ estimation of Stiffeners net scantlings

Area of section 2.77 m?

Z co-ordinate of neutral axis fromB.L 6.85 m
Moment of Inetia, I 143.77 m4

Vertical distance from Deck to neutral axis 12.55 m
Section Modulus at Deck 11.46 m3
Section Modulus at Bottom 20.97 m3

Table 6.2.6 — 2™ estimation of Area properties
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3. The Area of the section was reduced significantly from 3.30 m?® to 2.77 m?.
The new estimation of the neutral axis is 6.85 m. The next step is to check if
the section satisfies the yielding criteria of the rules. Adding the appropriate
corrosion margin, (no voluntary corrosion margin is added), to all the plates

including stiffeners the results that derived from the ‘SM calc’ appear below :

Net scantlings (nm Corrosion (m)
Deck plating (strake 1) 75 4
Deck plating (strake 2) 75 4
Deck plating (strake 3) 8 4
Side plate (strake 1) 10.5 3.5
Side plate (strake 2) 10.5 3
Side plate (strake 3) 21 2.5
Side plate (strake 4) 21 2.5
Side plate (strake 5) 21 25
Side plate (strake 6) 14 3
Slopping plate (upper wing) .-(strakel) 9.5 3.5
Slopping plate (upper wing) .-(strake2) 10 3.5
Slopping plate (upper wing) .-(strake3) 13
Slopping plate (upper wing) .-(strake4) 135
Slopping plate (hopper tank) .-(strake 1) 15 4.5
Slopping plate (hopper tank) .-(strake 2) 16.5 4.5
Double bottom plate (strake 1) 18 4.5
Double bottom plate (strake 2) 18 4.5
Double bottom plate (strake 3) 18 4.5
Double bottom plate (strake 4) 18 4.5
Keel plate (strake 1) 15.5 2.5
Bottom plate (strake 2) 155 3
Bottom plate (strake 3) 15.5 3
Bottom plate (strake 4) 155 3
Bottom plate (strake 5) 16 3
Bilge Plate 16 3
Girder (1/4) 10 3
Girder (2/4) 10 3
Girder (3/4) 10 3
Girder (4/4) 10 3

Table 6.2.7 — 2™ estimation of Plate net scantlings with corrosion margin
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Net scantlings Corrosion addition Number of stiffeners
Stiffeners h t bf tf
Deck longi 'l (x7) 395 12 120 20 3 7
Bottom longi ' | (x11) 340 12 120 15 3 11
Bottom longi ' | -flat bar- (x2) 300 20 - - 2 2
Inner Bottom longi ' | (x8) 315 12 100 15 3 8
Inner bottom longi ' | -flat bar- (x2) 300 20 - - 2 2
Web space longi ' | (1/9) 370 12 120 20 3
Web space longi ' | (2/9) 370 12 120 20 3
Web space longi ' | (3/9) 370 12 120 20 3
Web space longi ' | (4/9) 370 12 120 20 3
Web space longi ' | (5/9) 370 12 120 20 3
Web space longi ' | (6/9) 370 12 120 20 3
Web space longi ' | (7/9) 370 12 120 20 3
Web space longi ' | (8/9) 370 12 120 20 3
Web space longi ' | (9/9) 370 12 120 20 3
Hopper space longi ' | (1/5) 315 12 100 15 3
Hopper space longi ' | (2/5) 315 12 100 15 3
Hopper space longi ' | (3/5) 315 12 100 15 3
Hopper space longi ' | (4/5) 315 12 100 15 3
Hopper space longi ' | (5/5) 315 12 100 15 3
Upper side longi ' | (1/4) 370 12 120 20 3
Upper side longi ' | (2/4) 370 12 120 20 3
Upper side longi ' | (3/4) 370 12 120 20 3
Upper side longi ' | (4/4) 370 12 120 20 3
Lower side longi ' | (1/4) 315 12 100 15 3
Lower side longi ' ] (2/4) 315 12 100 15 3
Lower side longi ' | (3/4) 315 12 100 15 3
Lower side longi ' | (4/4) 315 12 100 15 3
Upper longi ' | of Center girder 220 13 2 1
Lower longi ' | of Center girder 220 13 2 1
Upper longi ' | of girders 150 10 2 3
Lower longi ' | of girders 150 10 2 3

Table 6.2.8 — 2™ estimation of Stiffeners net scantlings with corrosion

Area of section 3.09 m?

Z co-ordinate of neutral axis fromB.L 6.95 m
Moment of Inetia, I 162.98 m4

Vertical distance from Deck to neutral axis 12.45 m
Section Modulus at Deck 13.09 m3
Section Modulus at Bottom 23.46 m3

Table 6.2.9 — Check of 2™ estimation scantlings Yielding criteria

Requirments k=0.78 - High Tensile

ZRmin 16.56 m3
ZR 16.95 m3
Imin 138.23 m4

Table 6.2.10 —Yielding requirements
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4. It can be seen that that the section modulus at deck, (13.09m3), is below the

lower limit from IACS rules, (16.95m3). As a result, the thickness of the upper

plates is increased till the requirement is satisfied. The scantlings appear

below:

Net scantlings (nmm

Corrosion (nm

Deck plating (strake 1) 18 4

Deck plating (strake 2) 18 4

Deck plating (strake 3) 18 4
Side plate (strake 1) 15 3.5

Side plate (strake 2) 15 3
Side plate (strake 3) 21 2.5
Side plate (strake 4) 21 2.5
Side plate (strake 5) 21 2.5

Side plate (strake 6) 14 3
Slopping plate (upper wing) .-(strakefl) 15 3.5
Slopping plate (upper wing) .-(strakg2) 15 3.5

Slopping plate (upper wing) .-(strake3) 16 3

Slopping plate (upper wing) .-(strakg4) 16 3
Slopping plate (hopper tank) .-(strakg 1) 15 4.5
Slopping plate (hopper tank) .-(strakg 2) 16.5 4.5
Double bottom plate (strake 1) 18 4.5
Double bottom plate (strake 2) 18 4.5
Double bottom plate (strake 3) 18 4.5
Double bottom plate (strake 4) 18 4.5
Keel plate (strake 1) 15.5 2.5

Bottom plate (strake 2) 155 3

Bottom plate (strake 3) 15.5 3

Bottom plate (strake 4) 15.5 3

Bottom plate (strake 5) 16 3

Bilge Plate 16 3

Girder (1/4) 10 3

Girder (2/4) 10 3

Girder (3/4) 10 3

Girder (4/4) 10 3

Table 6.2.11 —Plate scantlings increased due to Yielding criteria
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Area of section 3.37 m?

Z co-ordinate of neutral axis fromB.L 7.93 m
Moment of Inetia, I 198.61 m4

Vertical distance from Deck to neutral axis 11.47 m
Section Modulus at Deck 17.32 m3
Section Modulus at Bottom 25.03 m3

Table 6.2.12 — Area properties after increase due to Yielding cretiria

5. The section modulus has now increased to 17.32 m>. Care must be taken so
that the section is not overdesigned, meaning that the section modulus is not
significantly higher than the lower limit of the Rules. The last requirement
needed to be satisfied is that of the Ultimate strength. In order to check the
ultimate strength of the section Mars2000 will be used. Following the
geometry, the scantlings are imported to Mars2000 and the results are the

appear below :

Hull girder, strength criteria

Hull Girder Loads | Section Modul | met/Gross Modui|

Utimate Bending Capacity [kN_m])
Calculated with net zcantling [with corrosion margin « 0.5)
Mu Ultimate Mb =

Hogging £ 365 236, Navigation | 5796578 [ 4621292 | 7986 Hogging
S a0ing m | 4310025 | -4B47E4T. [ 10783 gagging
Hatbour | 5786578 [ 4325630 | 7475 pogging

| 430025 [ -43231 [ 10067 g o0

Damaged | 9796578 | 2364823 [ 4087 pogqing

| 430025 [ -2431328 | 5780 Sagging

The hull girder ultimate bending moment capacity is calculated with a code developed by the Technical University of Szczecin

Cloze

Fig. 6.2.1 — Check for Ultimate Bending Capacity

6. The Ultimate bending capacity of the section is 6365236 (Kn.m), in hogging
condition and -4741028 (KN.m), in sagging condition. A safety factor taken
equal to 1.1 is used and the values drop to 5786578 (KN.m) and -4310025
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(KN.m), respectively for the three conditions, Navigation, Harbour and
Damaged. The lower limits according to the IACS rules appear on the second

column. The formula to calculate these values is:

M= Mgy + ¥y *= Myy

where :

Msw, Mswe, Msw p : Design still water bending moment in sagging and hogging
condtions at the hull transverse section , to be calculated respectively in intact,
flooded and harbor conditions

Mwv, Mwv,e, Mwyp . Vertical wave bending moment in sagging and hogging
condtions at the hull transverse section , to be calculated respectively in intact,
flooded and harbor conditions

Yw : Safety factor on wave hull girder bending moments taken equal to 1.20

In order to increase the section modulus of the transverse section at the Navigation
and Harbour condition, (sagging), some of the upper plate thickness will be

increased. The modified gross scantlings appear on the table below:
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Net scantlings (mm Corrosi on (nmm

Deck plating (strake 1) 19.5 4

Deck plating (strake 2) 19.5 4

Deck plating (strake 3) 20 4
Side plate (strake 1) 17 3.5

Side plate (strake 2) 16.5 3
Side plate (strake 3) 21 2.5
Side plate (strake 4) 21 2.5
Side plate (strake 5) 21 2.5

Side plate (strake 6) 14 3
Slopping plate (upper wing) .-(strakel) 17 3.5
Slopping plate (upper wing) .-(strake2) 16 3.5

Slopping plate (upper wing) .-(strake3) 16.5

Slopping plate (upper wing) .-(strake4) 17 3
Slopping plate (hopper tank) .-(strake 1) 15 4.5
Slopping plate (hopper tank) .-(strake 2) 16.5 4.5
Double bottom plate (strake 1) 18 4.5
Double bottom plate (strake 2) 18 4.5
Double bottom plate (strake 3) 18 4.5
Double bottom plate (strake 4) 18 4.5
Keel plate (strake 1) 15.5 2.5

Bottom plate (strake 2) 15.5 3

Bottom plate (strake 3) 15.5 3

Bottom plate (strake 4) 15.5 3

Bottom plate (strake 5) 16 3

Bilge Plate 16 3

Girder (1/4) 10 3

Girder (2/4) 10 3

Girder (3/4) 10 3

Girder (4/4) 10 3

Table 6.2.13 —Plate scantlings increased due to Ultimate Bending Capacity

Area of section 3.75 m?

Z co-ordinate of neutral axis fromB.L 8.08 m
Moment of Inetia, I 223.70 m4

Vertical distance from Deck to neutral axis 11.32 m
Section Modulus at Deck 19.77 m3
Section Modulus at Bottom 27.67 m3

Table 6.2.14 — Area properties after increase due to Ultimate Bending Capacity
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7. Therefore, it can be noticed that the neutral axis has risen significantly from
6.85m, before the increase due to the yield and ultimate strength check, to
8.08m. As a result, a final run of the ‘SM calc’ will be conducted using this
value of the position of neutral axis. An increase in the thickness of the
bottom plates is expected. The Final Scantlings and section properties of the

section appear below:

G oss scantlings (mm
Deck plating (strake 1) 235
Deck plating (strake 2) 23.5
Deck plating (strake 3) 24
Side plate (strake 1) 20.5
Side plate (strake 2) 19.5
Side plate (strake 3) 225
Side plate (strake 4) 225
Side plate (strake 5) 22.5
Side plate (strake 6) 175
Slopping plate (upper wing) .-(strakef) 20.5
Slopping plate (upper wing) .-(strake2) 19.5
Slopping plate (upper wing) .-(strakeB) 19.5
Slopping plate (upper wing) .-(strakei) 20
Slopping plate (hopper tank) .-(strakg 1) 20
Slopping plate (hopper tank) .-(strake 2) 22
Double bottom plate (strake 1) 23.5
Double bottom plate (strake 2) 23.5
Double bottom plate (strake 3) 23.5
Double bottom plate (strake 4) 23.5
Keel plate (strake 1) 18.5
Bottom plate (strake 2) 19
Bottom plate (strake 3) 19.5
Bottom plate (strake 4) 19.5
Bottom plate (strake 5) 19.5
Bilge Plate 19.5
Girder (1/4) 13
Girder (2/4) 13
Girder (3/4) 13
Girder (4/4) 13

Table 6.2.15 —Final gross Plate scantlings
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Gross scantlings Number of stiffeners
Stiffeners h t bf tf
Deck longi'| (x7) 395 15 120 23 7
Bottom longi ' | (x11) 370 15 120 18 11
Bottom longi ' | -flat bar- (x2) 300 22 - - 2
Inner Bottom longi ' | (x8) 340 15 120 18 8
Inner bottom longi ' | -flat bar- (x4) 300 22 - - 2
Web space longi ' | (1/9) 370 15 120 23
Web space longi ' | (2/9) 370 15 120 23
Web space longi ' | (3/9) 370 15 120 23
Web space longi ' | (4/9) 370 15 120 23
Web space longi ' | (5/9) 370 15 120 23
Web space longi ' | (6/9) 370 15 120 23
Web space longi ' | (7/9) 370 15 120 23
Web space longi ' | (8/9) 370 15 120 23
Web space longi ' | (9/9) 370 15 120 23
Hopper space longi ' | (1/5) 315 15 100 18
Hopper space longi ' | (2/5) 315 15 100 18
Hopper space longi ' | (3/5) 315 15 100 18
Hopper space longi ' | (4/5) 315 15 100 18
Hopper space longi ' | (5/5) 315 15 100 18
Upper side longi ' | (1/4) 370 15 120 23
Upper side longi ' | (2/4) 370 15 120 23
Upper side longi ' | (3/4) 370 15 120 23
Upper side longi ' | (4/4) 370 15 120 23
Lower side longi ' | (1/4) 315 15 100 18
Lower side longi ' 1] (2/4) 315 15 100 18
Lower side longi ' | (3/4) 315 15 100 18
Lower side longi ' | (4/4) 315 15 100 18
Upper longi ' | of Center girder 220 15 1
Lower longi ' | of Center girder 220 15 1
Upper longi ' | of girders 150 12 3
Lower longi ' | of girders 150 12 3
Table 6.2.16 —Final gross Stiffeners scantlings
Area of section 3.01 m?
Z co-ordinate of neutral axis fromB.L 7.76 m
Moment of Inetia, I 233.01 m4
Vertical distance from Deck to neutral axis 11.64 m
Section Modulus at Deck 20.02 m3
Section Modulus at Bottom 30.02 m3

Table 6.2.17 —Final Area Properties
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1. The Final properties of the Midship section appear on the table above. It is
reminded that the materials used are appear in the midship section drawing
cited in the end of the thesis. The same procedure is being followed for the
three additional modificated midship sections.

The Tables are attached in the Appendix 1.

6.3 Evaluation of the Excel sheets

An evaluation of the ‘Csr calc’ and ‘SM calc was conducted by the
comparison of their output values with the ones deriving from Mars2000. It will be
noticed that the differences are negligible, resulting to the increase of their

reliability.

6.3.1 ‘Csrcalc’

The external still and wave pressure for all load cases and the internal
respectively, at a point with random coordinates will be compared and summarized

in the table below:

e Co-ordinates of point for analysis: (x,y,z)=(109.36,2.7,0)
e Qutput Values: External pressures on the above point for both Full load and
Ballast conditions, Ship Motions and accelerations, Moments and Shear

forces.
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Full Load condition
EXTERNAL PRESSURES Load cases CSR CALC MARS2000
Hydrostatic pressure {KN/mz) 141.78 141.78
Hydrodynamic pressure {KN/mz,l H1 40.14 38.67
H2 -40.14 -38.67
F1 -37.59 -36.21
F2 37.59 36.21
R1 19.62 16.93
R2 -19.62 -16.93
Weather side Lee side Weather side Lee side
P1 14.85 4.85 11.06 -3.69
P2 -14.85 -4,95 -11.06 3.69

Table 6.3.1.1 —External pressures, Full Load condition

Ballast condition
EXTERNAL PRESSURES Load cases CSR CALC MARS2000
Hydrostatic pressure 34.3 54.2
Hydrodynamic pressure H1 -29.45 -24.98
H2 29.45 24.98
F1 -37.59 -32.92
F2 37.59 32.92
R1 18.56 15.77
R2 -18.56 -15.77
Weather side Lee side Weather side Lee side

P1 12.94 4,31 9.63 -3.21
P2 -12.94 -4.31 -9.63 3.21

Table 6.3.1.2 — External pressures, Ballast condition

Ship Motions and accelerations CSR CALC MARS2000
surge acceleration 0.71 0.71
Sway acceleration 1.064 1.064
Heave acceleration 3.548 3.548
Roll Full Load condition Ballast condlition Full Load condition Ballast condition
- Amplitude 24.58 26.56 24.57 26.55
- Period 13.19 10.23 13.19 10.23
Pitch - -
- Amplitude 5.01 9.01 9.01 5.01
- Period 12.91 10.73 12.91 11.49

Table 6.3.1.3 — Ship Motions and accelerations

Moments and Shear Forces CSR CALC MARS2000
Vertical Wave Bending Moments
- Hogging 2463357 2463357
-Sagging 2595133 2595133
Vertical still water Bending Moments
- Hogging 1665263 1665263
-Sagging 1533438 1533438
Vertical Wave shear Force 22831 22831
Horizontal wave Bending Moment 2314838 2314838

Table 5.3.1.2 - Moments and shear Forces
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Regarding the ‘Ship motions and accelerations’ and ‘Moments and shear forces’,
the values of both programs are identically equal. A few differences exist in the
external hydrodynamic pressures. As it can be noticed Mars2000 outputs lower
pressure values for most of the loading cases. However, given the fact that the

differences are small, the impact upon the final scantlings is inconsiderable.

6.3.2 ‘SM calc’

The ‘SM calc’ is a helpful tool in order to calculate the properties of the
trasverse section of the vessel for analysis. It cannot be used, without
modifications, for all bulk carriers due to the different number of stiffeners they
might have. For this reason, some additional cells where added in order to
analyze the midship section when the span of the stiffeners was decreased.
Mars2000 can also compute the properties of a section when geometry is
imported, and it can be used as a verification tool for the validation of the output
from ‘SM calc’.

The properties of the section for case 1, designed in the previous chapter,

will be compared with the values from Mars2000. The results are presented

in the following table 6.3.2.1:

Area properties SM CALC MARS2000
Area of section, (m°) 3.91 3.54
Z co-ordinate of neutral axis from B.L, {m) 7.76 7.79
Moment of Inetia, |, {mi} 233.01 237.7
Vertical distance from Deck to neutral axis, (m) 11.64 11.61
Section Modulus at Deck, {m’) 20.02 20.49
section Modulus at Bottom, (m’) 30.02 30.49

Table 6.3.2.1 — Area properties

The output obtained from both programs are approximately the same. The

values differ after the second decimal number and no further optimization is
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necessary. The purpose of this sheet is to check if the transverse section satisfies the
longitudinal strength requirements according to the IACS rules. The section modulus
of the section should be greater than a minimum value which depends on the

principle dimensions of the ship and the vertical moments applied.

6.4 Results

In order to examine the impact that some structural changes might have on
the final scantlings of the transverse section four different runs where conducted
with modifications in the frame spacing and in the spacing of the longitudinal
stiffeners. The results of the final area properties are depicted in the following

tables.

Case 1:
Frame space 940 mm

Spacing of stiffeners : As in Pilot ship

Area of section 3901 m’

Z co-ordinate of neuntral axis from B.L 7.76 m
Moment of Inefia, I 233,01 md4

Vertical distance from Deck to neutral axis 11.64 m
Section Modulus at Deck 20.02 m3
Section Modulus at Bottom 30.02 m3

Table 6.4.1 — Area properties for case 1
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Case 2:
Frame space 940mm

Spacing of stiffeners : Decrease of spacing

Area of section 3.70 m’
Z co-ordinate of nentral axis from B.L 7.81 m
Moment of Inetia, I 226.80 m4
Vertical distance from Deck to neutral axis 11.59 m
Section Modulus at Deck 19.57 m3
Section Modulus at Bottom 20.04 m3
Table 6.4.2 — Area properties for case
Case 3:
Frame space 980mm
Span of stiffeners : As in Pilot ship
Area of section 3.94 m’
Z co-ordinate of neutral axis from B.L 7.69 m
Moment of Inetia, I 234.20 m4
Vertical distance from Deck to neutral axis 11.71 m
Section Modulus at Deck 20.01 m3
Section Modulus at Bottom 30.44 m3
Table 6.4.3 — Area properties for case 3
Case 4:
Frame space 980mm
Spacin of stiffeners : Decrease of spacing
Area of section 3.54 m’
Z co-ordinate of neutral axis from B.L 7.76 m
Moment of Inetia, T 228.89 md
Vertical distance from Deck to neutral axis 11.04 m
Section Modulus at Deck 19.67 m3
Section Modulus at Bottom 20.48 m3

Table 5.4.4 — Area properties for case 4

86 |Page




A summary table with the cross section Areas of each case is shown below :

Area of cross section

Spacing of longitudinal Stiffeners Frame spacing
940mm 980mm
As in Pilot ship 3.91m’ 3.94 m’

Pilot ship with reduced spacing of

2 2
longitudinal stiffeners 3.79m 3.84m

Table 6.4.5 — Area for all cases

6.5 Conclusions

The increase of the transverse frames spacing by 40mm , leads to an increase
of the Area of the section of about 0.03 — 0.05 m? . However, the change of the
spacing of the longitudinal stiffeners has a bigger influence which leads to values
around 0.1 m? , almost doubled. The affect is significant, it reaches 2.5% of the
area/weight of the ship. The cost of the steel during the ship built would decrease if
more stiffeners were added due to the smaller scantlings of the shell plates. The
requirements of the IACS rules would also be satisfied as there is no limit about the
spacing of the stiffeners that the designer will decide on. Welding work would
increase, as well as working man hours , thus, it would be a more cost efficient

choice.
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Chapter 7 - Modeling using Finite Elements

IACS CSR for Bulk carriers contain guidelines on the procedure that and the type
of elements which are used in order to design a model for further analysis. The
model should have a length of three holds, for ships over 150m, while for the rest of
the ships the use of the FEA method is not necessary. The model consists of two
types of elements. Plate elements for the outer shell and the primary supporting
members, i.e girders, floors, and beam elements for the stiffeners. The properties
and differences of these two types will be depicted further on.

On this thesis, three models have been created. They consist of the double
bottom and hopper tank including all the longitudinal and transverse stiffening, with
length of one cargo hold. The scantlings and loads as well as the boundary conditions
will be the same and a comparison of the output values obtained will be presented

in the end.

7.1 Properties of Elements and material used

Type of elements :

e Beamelement:
Description: Uniaxial element with tension, compression, torsion, and
bending capabilities. This element can be tapered. Different properties can
be specified at each end of the beam.
Properties: Area, Moments of Inertia (11, 12, 112), Torsional Constant, Shear
Areas (Y, Z), Nonstructural Mass/Length, Warping Constant, Stress Recovery

Locations, Neutral Axis Offsets (Nay, Naz, Nby and Nbz).
e Plate element:

Description: A combined planar shell element. This element typically resists

membrane (in-plane), shear forces, and bending moments.
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Properties: Thickness (average, or varying at each corner), Nonstructural
mass/area, Bending Stiffness parameter, Transverse shear/Membrane
thickness, Bending, Shear and Membrane-Bending Coupling Materials, Fiber

distances for stress recovery.

e Rigid element:
Description: Represents a rigid connection between a master node and one
or more other nodes. It is used for modeling connections which are very stiff

relative to the remainder of the structure.

Properties: None

Material used in the models : The material used is elastic isotropic with Young

modulus equal to 206 GPa, mass density 7.85 t/m? and Poisson ratio 0.3

7.2 Loading and Boundary conditions

Loading cases : Each model response was examined under two different loading
cases and boundary conditions.

In the first scenario, (Scenario A), the loads applied on the models were the
hydrostatic and hydrodynamic external pressures that act on the ship in the Full load
condition and the H2 load cace, (hogging condition), with draught equal to 14.1m.
The internal still and inertia pressures due to the cargo were also calculated by the
‘CSR calc’” and were applied on the models. In hogging condition all the elements
below the neutral axis of a midship section underlie to compression. In order to
simulate this condition, without having the rest of the midship section modeled, a
compression force on the x-axis was applied on the model. All the nodes of the
longitudinal members at each edge of the model were connected to a master node
with rigid links ,(Fig.7.2.1) and the force was applied on it.

In the second scenario, (Scenario B), only the external still water loads were

applied in the outer shell and no other pressure or compression force.
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Pressure equations: ‘SM calc’ was used in order to reach the final equations of still

and inertia pressures that a ship is submitted to. These equations were used in

Femap for the calculation of the load of each element.

External still pressure:

(H.Pr,) + (1025 %9.81 = (ZEL))

3

External hydrodynamic pressure,(hogging):
XEL
L

_ 67 4= |YEL|\

: - £ |3 5 -

_mm,c(_(H{_ﬁ)x( _ )x
A

3
300 — I\2 | 125 ¢ZFEL |2¥EL
—) ® (2.2 — x( ‘ ‘+ 1)
100 | L T T

= | 1475 — (
&

Still dry bulk cargo pressure:

a=3.14\,2 a*3.14\\7%
SF=9.81= (cos (—)) w5 = (sin (—))
180 180
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——E& 4+ hpp— ZEL

= | h +
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Inertial pressure due to dry bulk cargo:

5F= |025+ | 9581

3.14 /6187 D T D
+| = x( ) | ZEL— MIN (—+—), —
180 Tp 4 2 2

a = 31442 a=3.14°
*(—025= L) + (cos—) + 0.5% (sin—)

180 180
* —0.6# O oave
314+ (6,18\2
$( ) * MAX(0,2L ,|XEL — 0.45L])
180 Tp
SD—F%%E

# | hypy +———"+ hpp — ZEL

BH

All the values obtained from the previous formulae are in Pa.

Where:
e Hold Length, (ln)
e Hold Breadth, (By)
e Height of D.B, (hpg)
e Vertical distance between inner bottom and lower interception of top side tank
and side shell, (hypy)
e Volume of hatch coaming, (Vic)
e Area above the lower interception of topside tank and side shell till the upper
deck level, (So)
e Density of the cargo, (S¢)

e Legth between peperdiculars, (L)
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e Moulded Breadth, (B)

e Depth, (D)

e T, (Draught)

e Breadth of cargo hold, (By)

¢ Block coefficient, (Cg)

e Angle between panel and considered horizontal plane in degrees, (a)
e X co-ordinate of element, (XEL)

e Y co-ordinate of element, (YEL)

e Z co-ordinate of element, (ZEL)

e Initial hydrostatic pressure, (H.Pro)

e Single pitch amplitude in degrees, (D)
e Vertical acceleration, (anheave)

e Longitudinal acceleration, (asurge)

Fig.7.2.1 - Rigid Links

Boundary conditions: The boundary conditions differ for each loading case, but

remain the same for all models and they were applied only on the two master nodes

in the fore and aft of the model.
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In the first scenario, (Scenario A), one master node was fixed, meaning that all
rotations and translations were restricted, while the other was able to translate only
in the X axis in which the compression force was applied. Connecting the outer
nodes with rigid elements makes the edge transverse sections of the model to
remain in plane.

In the second scenario, (Scenario B), all translations and rotations are restricted

for both master nodes.

7.3 F.E Model evaluation

Most classification societies indicate the maximum distortion values for the
elements, which can be used for evaluation of the model that has been designed.
However, IACS does not refer to a way of evaluation of the F.E model rather than the
aspect ratio of the elements that is not to exceed 1:4.

ABS, (American Bureau of Shipping), guidelines for the verification of the model
were followed during this thesis. These are:

e Aspect ratio should be less than 3

e Taper should be less than 10

e Warping should be less than 10

e Internal angles should not be less than 30 degrees

e No free edge caused by wrong element connectivity
e Coincident nodes should be merged

e No coincident elements should exist

Femap is equipped with tools to check the distortion of the elements, so that in

all models no element exceeded the above limits. A further explanation of the four

first restrictions follows:
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Aspect Ratio Checking

Is based on the ratio of the length of the longest element side, to the length of
the shortest side. This check looks at all element edges to find the maximum and
minimum lengths. Only element corners are used. Midside nodes of parabolic

elements are simply ignored.

Aspect Ratio =1 Aspect Ratio =3
X 3 X
=
3X
X
Taper Checking

Is similar to aspect ratio checking. It formulates a ratio of the length of a longest
edge to a shortest edge. Whereas aspect ratio checking looks at all edge
combinations, Taper checking only considers ratios of edges which are opposite to

each other on a face. Midside nodes are ignored.

Tapar=1 Tapar=2
X

Taper checking is only done on quadrilateral faces. It will identify elements which

have trapezoidal faces.

Warping Checking

Evaluates the planarity of element faces. This check evaluates "out of plane"
parameters. This check only looks at quadrilateral faces. Internally, this check divides

the quadrilateral face into triangles. If the face is planar, then all triangles should be
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coplanar. That is, their normals will all point in the same direction. If the face is
warped however, the normals will not be in the same direction. This check evaluates
the maximum angle between the normals, and identifies any elements where the

angle exceeds the limit you specify.

Wanping calculated from

this angle —\1 E

Mo Wanping 50% Warping

/)

=

Internal Angles Checking

Evaluates whether the included angles at the corners of an element face
deviate from an optimal condition. For quadrilateral faces, the deviation is based on

a 90 degree angle. For triangular faces, the deviation is based on a 60 degree angle.

/— Angle deviation from

90 degrees

Angle deviation from
/_ G0 dagress

b o

This check will identify elements which are skewed from a square or equilateral

triangle.
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7.4 Mesh Description
7.4.1 1 st Model description

The first model was created according to the specifications of the IACS rules and
is consisted of 14.778 elements. The outer shell and primary supporting members
were modeled using plate elements. However, beam elements were used for all the
stiffeners. The size of the plate elements is 470 x 900. The spacing of the longitudinal
stiffeners is 900mm, and only one element lies between two longitudinal stiffeners.
The frame spacing is 940mm. It was decided that two elements should cover this
length. IACS indicates that the mesh size is to be equal to or less than the
representative longitudinal stiffener or transverse side frame spacing. A global view

of the model is shown at Fig.7.4.1.1

Fig.7.4.1.1 — 1st Model Global view

There were some difficulties in the meshing of the hopper web plates due to the
stiffeners that had to be added. That’s the reason why a mapped meshing could not
be followed. However, in all cases none of the elements exceeded the maximum
distortion values given from the classification societies. The mesh of the hopper web

plates with the attached stiffeners is shown at Fig.7.4.1.2
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Fig.7.4.1.2 — 1st Model — Hopper web plate

Referring to the beam elements, all properties of the transverse section area
where calculated by defining the geometry, Fig.7.4.1.3. An offset was also given at

both ends.

Define Property - BEAM Element Type

QN cpperside: longit, (3151 5-1 001 3] k aterial| 1..5teel v
Calor (110 Layer |11
Froperty WYaluez Strezz Recoveny [2 to 4 Blank=5guare|
[] Tapered Beam End & . -
e, A (00062 Enda1[-00075 | |-0.297458
Maoment of Inertia, 11 orlzz |1.58353E-6 5 [0.0075 0297458
|2 or lyy | B 4R982E-5 3 005 0017542
iz e 4 005 0.017542
Taorsional Constant, J |5.26505E-7
' Shear Area [ 0.00713486
Z Shear Area |0.00413714
Maonstuct massAlength | 0.
“Warping Conztant | 0.
Perimeter (0.3
Y Meutral &xis Offset | 0. ) [ Shape... ]
Z Meutral Axiz Offset | -0.103634 -0.103634
Load... ] [ Save... l [ Copu... ] l (] l [ Cancel l

Fig.6.4.1.3 — Beam Element Properties
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7.4.2 2" Model description

The second model was created with a finer mesh, (220.780 elements) and with
plate elements only, without the use of beams. A global view of the model is shown
at Fig.7.4.2.1. The size of the plate elements is about 0.15 x 0.1175 m. In this case six
elements lie between two longitudinal stiffeners and eight between two transverse
frames. The web and the flange of the longitudinal stiffeners are divided by two
elements respectively. The mesh of the longitudinal stiffeners is shown at Fig.7.4.2.2
and Fig.7.4.2.3

Specific nodes lied on the surface of the hopper web plate due to the stiffeners
attached on it. In order to avoid free nodes on this surface the primary mapped
mesh of the hopper web plate had to be modified giving the result shown at Fig.
7.4.2.4

Fig.7.4.2.4 - 2nd Model — Hopper web plate
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Fig.7.4.2.1 - 2™ Model Global view
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Fig.7.4.2.2 — 2nd Model - Stiffening of Double Bottom
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Fig.7.4.2.3 — 2nd Model — Bottom Plate and Longitudinal Stiffeners



7.4.3 3™ Model description

The third model was created with a very fine mesh, (814.442 elements), and
with plate elements as in the previous case. A global view of the model is shown at
Fig.7.4.3.1. The size of the plate elements is now about 0.097 x 0.058 m. In this case
ten elements lie between two longitudinal stiffeners and sixteen between two
transverse frames. The web of the longitudinal stiffeners is divided by four elements

and the flange by two. The mesh of the longitudinal stiffeners is shown at Fig.7.4.3.2

a —N \
— N "X e

Fig.7.4.3.2 - 3rd Model - Stiffening of Double Bottom
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Fig.7.4.2.4 — 3rd Model — Bottom Plate and Longitudinal Stiffeners
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Chapter 8 - Post-Processing

8.1 Post-processing the results

8.1.1 Areas of Analysis

For both scenarios and for all three models the output values examined

after the analysis where the Von Misses stress and the primary stresses in X, (oy),

and Y, (oy), axis. The stress on the Z axis (normal to the face of the element) was not

computed, because the elements supported only in-plane stress.

Five areas of the models, shown in Fig. 8.1.1.1, Fig 8.1.1.2 were chosen in

order to compare the output results.. These were:

A plate of the bottom panel between two longitudinal stiffeners, in the
middle of the model

A plate of the Inner bottom panel between two longitudinal stiffeners, in
the middle of the model

A plate of the Inner bottom panel attached to the slopping plate of the
hopper, in the middle of the model

A plate of the flange of a longitudinal stiffener on the bottom panel

A plate of the flange of a longitudinal stiffener attached to a transverse

floor.

Fig. 8.1.1.1 — Areas of Analysis
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Fig. 8.1.1.2 — Elements subjected to analysis — Closer view

In the first three areas the type of elements (Plate elements) is the same for
the three models. The longitudinal stiffeners though, were designed in the first
model using beam elements and in the second and third using shell elements as
mentioned before. Beam elements can compute only axial stress, thus it will be

compared with the o, stress of the shell elements in the rest of the models.

In the second and third model elements with significantly smaller size were
used. For this reason, the average stress of the elements included in the area
corresponding to the size of the element in the first model, will be calculated.

In the figures below the mesh density of the three models is depicted.
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0.9m

Long’l stiff.

0.47 m

Long’l 1* Model — (1 element)

Plate element

2" Model — (24 elements)

3" Model — (80 elements)

Fig.8.1.1.3 — Mesh of Plates
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1** Model — (1 element)

Beam element

Length: 0.47 m

2" Model — (16 elements)

Plate element

3" Model — (48 elements)

Fig. 8.1.1.4 — Mesh of stiffeners
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8.1.2 Presentation of the Results

e Indicative Criteria plots for o, and oy stress fluctuation on elements of the

Bottom plate for Scenario A

Fig.8.1.2.1 - ox stress in Bottom plate for Scenario A
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Fig.8.1.2.2 - oy stress in Bottom plate for Scenario A
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Scenario A
Loads: Still and Inertia pressures (hogging condition) and Axial compression,

(300MN) - (137MPA average stress)

Bottom Plate

Stresses - Bottom Plate

Von Misses - average

1st Model 146 Mpa
2nd Model 138 Mpa
3rd Model 142 Mpa

Stresses - Bottom Plate

ox - average (Min-Max)

1st Model -158 Mpa
2nd Model -149Mpa (-128, -169)
3rd Model -154 Mpa (-127 , -172)

Stresses - Bottom Plate

oy - average (Min-Max)

1st Model -27.6 Mpa
2nd Model -26 Mpa (-74.5, 68.2)
3rd Model -26.6 Mpa (-83.9, 70.6)

Il Inner Bottom Plate

Stresses - Inner Bottom Plate

Von Misses - average

1st Model 135 Mpa
2nd Model 136 Mpa
3rd Model 133 Mpa

Stresses - Inner Bottom Plate

ox - average (Min-Max)

1st Model -140 Mpa
2nd Model -138 Mpa (-151 , -124)
3rd Model -135 Mpa (-122 , -152)

Stresses - Inner Bottom Plate

oy - average (Min-Max)

1st Model -9.92 Mpa
2nd Model -3.91 Mpa (-55, 22.5)
3rd Model -3.6 Mpa (-56.7 , 27.9)

110 | Page



Inner Bottom attached to hopper slopping plate

Stresses - Inner Bottom Plate attached to hopper .
. Von Misses
slopping plate
1st Model 135 Mpa
2nd Model 135 Mpa
3rd Model 132 Mpa

Stresses - Inner Bottom Plate attached to hopper
slopping plate

ox - average (Min-Max)

1st Model -138 Mpa
2nd Model -136 Mpa (-154 , -123)
3rd Model -135 Mpa (-154 , -123)

Stresses - Inner Bottom Plate attached to hopper
slopping plate

oy - average (Min-Max)

1st Model -6.27 Mpa
2nd Model -3.35 Mpa (-57.3 , 28.2)
3rd Model -5.6 Mpa (-57.8 , 28)
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IV.  Flange of a longitudinal stiffener on the bottom plate

Flange - ox
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Diagram 8.1.2.1

V. Flange of a longitudinal stiffener attached to a transverse floor

Flange - ox
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Diagram 8.1.2.2
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Scenario B

Loads: Hydrostatic pressure

l. Bottom Plate

Stresses - Bottom Plate

Von Misses - average

1st Model 89.8 Mpa
2nd Model 83.5 Mpa
3rd Model 86.36 Mpa

Stresses - Bottom Plate

ox - average (Min-Max)

1st Model -89.7 Mpa
2nd Model - 80 Mpa (-108 , -43.9)
3rd Model -85.9 Mpa (-112 , -47.6)

Stresses - Bottom Plate

oy - average (Min-Max)

1st Model -90 Mpa
2nd Model -86.6 Mpa (-155 , 45.5)
3rd Model -87.3 Mpa (-168, 50.5)

Il Inner Bottom Plate

Stresses - Inner Bottom Plate

Von Misses - average

1st Model 54.6 Mpa
2nd Model 51.8 Mpa
3rd Model 51.7 Mpa

Stresses - Inner Bottom Plate

ox - average (Min-Max)

1st Model 62.4 Mpa
2nd Model 58.6 Mpa (57.5, 59.9)
3rd Model 58.6 Mpa (57.4, 59.8)

Stresses - Inner Bottom Plate

oy - average (Min-Max)

1st Model 23.4 Mpa
2nd Model 19.4 Mpa (18.3, 20.1)
3rd Model 19.2 Mpa (18.2, 20)
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. Inner Bottom attached to hopper slopping plate

Stresses - Inner Bottom Plate attached to hopper slopping

Von Misses - average

plate
1st Model 24.2 Mpa
2nd Model 21.1 Mpa
3rd Model 19.3 Mpa

Stresses - Inner Bottom Plate attached to hopper slopping

ox - average (Min-Max)

plate
1st Model -10.6 Mpa
2nd Model - 8.54 Mpa (-11.1, -5.7)
3rd Model -9.32 Mpa (-11, -6.1)

Stresses - Inner Bottom Plate attached to hopper slopping

oy - average (Min-Max)

plate
1st Model -27.6 Mpa
2nd Model -23.2 Mpa (-33.6 , -10.5)
3rd Model -21.4 Mpa (-33.6 , -9.2)
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IV.  Flange of a longitudinal stiffener on the bottom plate
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Diagram 7.1.2.4

V.  Flange of a longitudinal stiffener attached to a transverse floor
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Diagram 7.1.2.3
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Diagram 7.1.2.5 — Scenario A
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8.2 Conclusions

It is noted that, all the average values presented are calculated with weight
factors where the area of analysis was not equally divided by the elements, in the x
or y direction. In this way, the average values are more representative. In addition,
the minimum and maximum values are also shown for the 2" and 3™ model.

In the first scenario, where the axial compression is present, the values of
the o, stresses are significantly higher than the o, stresses, as it can be seen in the
tables above. The differences which appear in the average value of the x stress
between the three models are small, about 4 %, and between the 2" and 3" model
they are even less. Additionally, it is noticed that there is not a big fluctuation of the
stress in the x direction in the area of analysis. It is reminded, that the area of
analysis for the 2" and 3™ model is determined by the size of the element in the 1
model, meshed according to the Rules. In contrast with the x stress, a very big
fluctuation of the y stress appears between two longitudinal stiffeners. These
stresses come from the bending of the plate and are the tertiary stresses which
cannot be captured by a coarse mesh. In diag.7.1.2.5, the y stress values along the
longitudinal stiffener spacing are plotted. The stresses are high close to the
stiffeners and have the lowest values in the middle of the spacing. The one and only
element which lies between the stiffener spacing in the first model gives only one
value which approximates well the average stress, thus, cannot present the actual
behavior. In the 2" model six elements lie between the stiffener spacing and in the
3", ten. Finer meshes in this area could give even more precise results.

In the second scenario, the loading case is different. Only hydrostatic
pressure is applied, without axial force. In this case, the differences between the
stress values in the x and y direction are smaller. Looking at the average values it can
be seen that they are well approximated by all models, despite the finer mesh of the
2" and 3™ model. However, more consideration should be given in the range of
these values and not in the average. The range of the values in the area of analysis
indicate if there is a need for a finer mesh. It is significant to notice that a change in
the loading case changes completely the behavior of the structure and its need for a

finer mesh. In this scenario, the maximum and minimum values differ significantly
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leading to the fact that a fine mesh is appropriate. The meshing of the 1°' model is
very coarse and cannot represent adequately the stressed areas. An indicative
diagram, diag.7.1.2.6, for the stresses in the y direction is also presented for this
scenario.

The o, stress on the flange of the stiffeners is also very well approximated
from all the models, (diag.7.1.2.4, diag.7.1.2.3). Slightly higher stress values are

noticed in the first model where beam elements are used.
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Chapter 9 - General Conclusions

Taking into consideration the importance of the strength of a ship
construction several studies have been conducted. The aim is to optimize in the way
of design and scantlings, the transverse section, so as, to be capable to cope with
the loads which is submitted to and be cost efficient as well. The weight added on
the lightship of a vessel, with no significant reason, is against to the cargo that will
be capable to carry and will also raise it’s cost of built.

Under the scope of this thesis the spreadsheet created, referred as
‘CSR.CALC’, was used to compute the scantlings of the midship section of a Bulk
Carrier for four cases. The differences between the cases were in the spacing of the
transverse and longitudinal stiffeners of the cross section. It is noticed from the
results depicted in the thesis that the decrease of the transverse stiffener spacing
has a lower impact in the scantlings of the plates, in comparison with the decrease
of the longitudinal stiffener spacing. However, the frame spacing affects the
scantlings of the longitudinal stiffeners. A vessel with increased transverse frames,
has decreased the span of the longitudinal stiffeners and smaller scantlings.

From the cases studied, the conclusion is that longitudinal stiffening has a
bigger impact on the total section area of the midship section. It is reminded that by
adding one extra stiffener in each plating and by calculating the scantlings by the
Rules, the area was reduced by 0.1 m?. The study was made in a Bulk carrier (78000
DWT), where the above reduction of the area lightens the construction by 180
tones. The above mentioned spreadsheet can be also used as a tool for computing
locally the thickness of the plating or the scantlings of the stiffeners in case of a ship
repair.

Referring to the FEA analysis conducted in the thesis, the final conclusion is
that the results given from the FE model used by IACS (the 1* model in the thesis)
can provide adequately a general view of the stressed areas. These stressed areas
can be further on examined using sub — modeling techniques, with a finer mesh, for
a more precise analysis. A disadvantage of the coarse mesh used in the first model is

that tertiary stresses cannot be captured. However, the advantage of this mesh and
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the fact that IACS uses beam elements in order to model the stiffeners makes the FE
model computationally efficient. Finally given the fact that only the Von Misses
stress is used as the reference stress to check the longitudinal strength efficiency of

a ship, the differences between the three models are negligible.
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FUTURE WORK

Some future capabilities of the tools created in this thesis and some suggestions
for future studies are presented below:

It would be interesting to use the spreadsheet, ‘CSR.CALC’, to examine many
combinations of longitudinal and transverse stiffening arrangements in a Bulk
Carrier and derive conclusions which could be helpful in the design of a more cost
efficient cross section. Moreover, a further development of this tool could be
accomplished using Visual Basic. The procedure of the cyclic consecutive runs till the
final estimation of the neutral axis and the scantlings of the section could be done
automatically. An output file with all the information of the plate thicknesses could
be also created, using programming techniques. This could consist the input for
other ship design programs, i.e Tribon, Napa, etc.

Regarding the FEM Analysis, the rest of the cross section could be modeled for
all three models. The pressures calculated from the spreadsheet, as well as the
bending moments, could be applied FE Model and give a better approximation of
the real loading cases in which a ship is submitted to. Finally, the sub-modeling
techniques could be further examined and lead to the most efficient pattern of

mesh that should be used.
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APPENDIX 1

PRESENTATION OF CSR.CALC RESULTS
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Case 2:
Frame space 980mm

Spacing of stiffeners: As in Pilot ship

Net scantlings (nmm

Corrosion (nm

Deck plating (strake 1) 7.5 0

Deck plating (strake 2) 7.5 0

Deck plating (strake 3) 8 0

Side plate (strake 1) 125 0

Side plate (strake 2) 12.5 0

Side plate (strake 3) 30 0

Side plate (strake 4) 30 0

Side plate (strake 5) 30 0

Side plate (strake 6) 17 0
Slopping plate (upper wing) .-(strakel) 10 0
Slopping plate (upper wing) .-(strake2) 10.5 0
Slopping plate (upper wing) .-(strake3) 13 0
Slopping plate (upper wing) .-(strake4) 13 0
Slopping plate (hopper tank) .-(strake 1) 185 0
Slopping plate (hopper tank) .-(strake 2) 19 0
Double bottom plate (strake 1) 20.5 0
Double bottom plate (strake 2) 20.5 0
Double bottom plate (strake 3) 20.5 0
Double bottom plate (strake 4) 21 0
Keel plate (strake 1) 175 0

Bottom plate (strake 2) 17.5 0
Bottom plate (strake 3) 175 0
Bottom plate (strake 4) 18 0
Bottom plate (strake 5) 18 0

Bilge Plate 18 0

Girder (1/4) 11 0

Girder (2/4) 11 0

Girder (3/4) 11 0

Girder (4/4) 11 0

Case 2 : 1* estimation of Plate net scantlings using the ‘CSR calc’.
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Net scantlings Corrosion addition Number of stiffeners
Stiffeners h t bf tf
Deck longi' | (x7) 395 12 120 20 0 7
Bottom longi ' | (x11) 450 12 120 25 0 11
Bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Inner Bottom longi ' | (x8) 425 12 120 25 0 8
Inner bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Web space longi ' | (1/9) 455 12 120 20 0
Web space longi ' | (2/9) 455 12 120 20 0
Web space longi ' | (3/9) 455 12 120 20 0
Web space longi ' | (4/9) 455 12 120 20 0
Web space longi ' | (5/9) 455 12 120 20 0
Web space longi ' | (6/9) 455 12 120 20 0
Web space longi ' | (7/9) 455 12 120 20 0
Web space longi ' | (8/9) 455 12 120 20 0
Web space longi ' | (9/9) 455 12 120 20 0
Hopper space longi ' | (1/5) 395 12 120 20 0
Hopper space longi' | (2/5) 395 12 120 20 0
Hopper space longi ' | (3/5) 395 12 120 20 0
Hopper space longi' | (4/5) 395 12 120 20 0
Hopper space longi' | (5/5) 395 12 120 20 0
Upper side longi ' | (1/4) 425 12 120 25 0
Upper side longi ' | (2/4) 425 12 120 25 0
Upper side longi ' | (3/4) 425 12 120 25 0
Upper side longi ' | (4/4) 425 12 120 25 0
Lower side longi ' | (1/4) 425 12 120 25 0
Lower side longi ' | ] (2/4) 425 12 120 25 0
Lower side longi ' | (3/4) 425 12 120 25 0
Lower side longi ' | (4/4) 425 12 120 25 0
Upper longi ' | of Center girder 220 13 0 1
Lower longi ' | of Center girder 220 13 0 1
Upper longi ' | of girders 150 10 0 3
Lower longi ' | of girders 150 10 0 3

Case 2 : 1% estimation of Stiffeners net scantlings

Area of section 3.32 m?

Z co-ordinate of neutral axis fromB.L 6.71 m
Moment of Inetia, I 162.18 m4

Vertical distance from Deck to neutral axis 12.69 m
Section Modulus at Deck 12.78 m3
Section Modulus at Bottom 24.17 m3

Case 2 : 1% estimation of Area properties
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Net scantlings (nmm

Corrosi on (mm

Deck plating (strake 1) 7.5 0

Deck plating (strake 2) 7.5 0

Deck plating (strake 3) 8 0

Side plate (strake 1) 11.5 0

Side plate (strake 2) 11.5 0

Side plate (strake 3) 21 0

Side plate (strake 4) 21 0

Side plate (strake 5) 21 0

Side plate (strake 6) 14.5 0
Slopping plate (upper wing) .-(strakel) 9.5 0
Slopping plate (upper wing) .-(strake2) 10 0
Slopping plate (upper wing) .-(strake3) 13 0
Slopping plate (upper wing) .-(strake4) 13.5 0
Slopping plate (hopper tank) .-(strake 1) 15 0
Slopping plate (hopper tank) .-(strake 2) 17 0
Double bottom plate (strake 1) 19.5 0
Double bottom plate (strake 2) 19.5 0
Double bottom plate (strake 3) 19.5 0
Double bottom plate (strake 4) 19.5 0
Keel plate (strake 1) 15.5 0

Bottom plate (strake 2) 15.5 0
Bottom plate (strake 3) 15.5 0
Bottom plate (strake 4) 16 0
Bottom plate (strake 5) 16 0

Bilge Plate 16 0

Girder (1/4) 10 0

Girder (2/4) 10 0

Girder (3/4) 10 0

Girder (4/4) 10 0

Case 2 : 2nd estimation of Plate net scantlings using the ‘CSR calc’
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Net scantlings Corrosion addition Number of stiffeners
Stiffeners h t bf tf
Deck longi ' | (x7) 395 12 120 20 0 7
Bottom longi ' | (x11) 340 12 120 15 0 11
Bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Inner Bottom longi ' | (x8) 315 12 100 15 0 8
Inner bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Web space longi ' | (1/9) 370 12 120 20 0
Web space longi ' | (2/9) 370 12 120 20 0
Web space longi ' | (3/9) 370 12 120 20 0
Web space longi ' | (4/9) 370 12 120 20 0
Web space longi ' | (5/9) 370 12 120 20 0
Web space longi ' | (6/9) 370 12 120 20 0
Web space longi ' | (7/9) 370 12 120 20 0
Web space longi ' | (8/9) 370 12 120 20 0
Web space longi ' | (9/9) 370 12 120 20 0
Hopper space longi ' | (1/5) 315 12 100 15 0
Hopper space longi ' | (2/5) 315 12 100 15 0
Hopper space longi ' | (3/5) 315 12 100 15 0
Hopper space longi ' | (4/5) 315 12 100 15 0
Hopper space longi ' | (5/5) 315 12 100 15 0
Upper side longi ' | (1/4) 370 12 120 20 0
Upper side longi ' | (2/4) 370 12 120 20 0
Upper side longi 'l (3/4) 370 12 120 20 0
Upper side longi ' | (4/4) 370 12 120 20 0
Lower side longi ' | (1/4) 315 12 100 15 0
Lower side longi ' | ] (2/4) 315 12 100 15 0
Lower side longi ' | (3/4) 315 12 100 15 0
Lower side longi ' | (4/4) 315 12 100 15 0
Upper longi ' | of Center girder 220 13 0 1
Lower longi ' | of Center girder 220 13 0 1
Upper longi 'l of girders 150 10 0 3
Lower longi ' | of girders 150 10 0 3

Case 2 : 2nd estimation of Stiffeners net scantlings

Area of section 3.16 m?
Z co-ordinate of neutral axis fromB.L 6.94 m
Moment of Inetia, I 167.33 m4
Vertical distance from Deck to neutral axis 12.46 m
Section Modulus at Deck 13.43 m3
Section Modulus at Bottom 24.11 m3
Case 2 : 2nd estimation of Area properties
Requirments k=1- Mild Steel k=0.78 - High Tensile
ZRmin 21,23 m3 16,56 m3
ZR 21,73 m3 16,95 m3
Imin 138,23 m4 138,23 m4

Yielding requirements
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Net scantlings (mm

Corrosion (nmm

Deck plating (strake 1) 18 4
Deck plating (strake 2) 18 4
Deck plating (strake 3) 18 4
Side plate (strake 1) 15 3.5
Side plate (strake 2) 15 3
Side plate (strake 3) 21 2.5
Side plate (strake 4) 21 2.5
Side plate (strake 5) 21 2.5
Side plate (strake 6) 145 3
Slopping plate (upper wing) .-(strakel 15 3.5
Slopping plate (upper wing) .-(strake2 15 3.5
Slopping plate (upper wing) .-(strake3 16 3
Slopping plate (upper wing) .-(strake4 16 3
Slopping plate (hopper tank) .-(strake 1) 15 4.5
Slopping plate (hopper tank) .-(strake 2) 17 4.5
Double bottom plate (strake 1) 19.5 4.5
Double bottom plate (strake 2) 195 4.5
Double bottom plate (strake 3) 19.5 4.5
Double bottom plate (strake 4) 195 4.5
Keel plate (strake 1) 15.5 2.5
Bottom plate (strake 2) 155 3
Bottom plate (strake 3) 15.5 3
Bottom plate (strake 4) 16 3
Bottom plate (strake 5) 16 3
Bilge Plate 16 3
Girder (1/4) 10 3
Girder (2/4) 10 3
Girder (3/4) 10 3
Girder (4/4) 10 3
Case 2: Plate scantlings increased due to Yielding criteria
Area of section 3.44 m?
Z co-ordinate of neutral axis fromB.L 7.88 m
Moment of Inetia, I 202.26 m4
Vertical distance from Deck to neutral axis 11.52 m
Section Modulus at Deck 17.56 m3
Section Modulus at Bottom 25.66 m3

Case 2: Area properties after increase due to Yielding cretiria
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Net scantlings (mm

Corrosi on (nm

Deck plating (strake 1) 19.5 4

Deck plating (strake 2) 19.5 4

Deck plating (strake 3) 19.5 4
Side plate (strake 1) 17 3.5

Side plate (strake 2) 16.5 3
Side plate (strake 3) 21 2.5
Side plate (strake 4) 21 2.5
Side plate (strake 5) 21 2.5

Side plate (strake 6) 14.5 3
Slopping plate (upper wing) .-(strakel) 17 3.5
Slopping plate (upper wing) .-(strake2) 16 35

Slopping plate (upper wing) .-(strake3) 16.5 3

Slopping plate (upper wing) .-(strake4) 17 3
Slopping plate (hopper tank) .-(strake 1) 15 4.5
Slopping plate (hopper tank) .-(strake 2) 17 4.5
Double bottom plate (strake 1) 19.5 4.5
Double bottom plate (strake 2) 19.5 4.5
Double bottom plate (strake 3) 19.5 4.5
Double bottom plate (strake 4) 19.5 4.5
Keel plate (strake 1) 15.5 2.5

Bottom plate (strake 2) 15.5 3

Bottom plate (strake 3) 15.5 3

Bottom plate (strake 4) 16 3

Bottom plate (strake 5) 16 3

Bilge Plate 16 3

Girder (1/4) 10 3

Girder (2/4) 10 3

Girder (3/4) 10 3

Girder (4/4) 10 3

Case 2 : Plate scantlings increased due to Ultimate Bending Capacity
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Gross scantlings (nm
Deck plating (strake 1) 23.5
Deck plating (strake 2) 23.5
Deck plating (strake 3) 23.5
Side plate (strake 1) 20.5
Side plate (strake 2) 19.5
Side plate (strake 3) 22.5
Side plate (strake 4) 22.5
Side plate (strake 5) 22.5
Side plate (strake 6) 18
Slopping plate (upper wing) .-(strakel) 20.5
Slopping plate (upper wing) .-(strake2) 195
Slopping plate (upper wing) .-(strake3) 195
Slopping plate (upper wing) .-(strake4) 20
Slopping plate (hopper tank) .-(strake 1) 20.5
Slopping plate (hopper tank) .-(strake 2) 22
Double bottom plate (strake 1) 23.5
Double bottom plate (strake 2) 23.5
Double bottom plate (strake 3) 235
Double bottom plate (strake 4) 235
Keel plate (strake 1) 19
Bottom plate (strake 2) 195
Bottom plate (strake 3) 19.5
Bottom plate (strake 4) 19.5
Bottom plate (strake 5) 195
Bilge Plate 19.5
Girder (1/4) 14
Girder (2/4) 14
Girder (3/4) 14
Girder (4/4) 14

Case 2: Final gross Plate scantlings
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Gross scantlings
Stiffeners h t bf tf
Deck longi 'l (x7) 395 15 120 23
Bottom longi ' | (x11) 370 15 120 23
Bottom longi ' | -flat bar- (x2) 300 22 - -
Inner Bottom longi ' | (x8) 340 15 120 18
Inner bottom longi ' | -flat bar- (x2) 300 22 - -
Web space longi ' | (1/9) 370 15 120 23
Web space longi ' | (2/9) 370 15 120 23
Web space longi ' | (3/9) 370 15 120 23
Web space longi ' | (4/9) 370 15 120 23
Web space longi ' | (5/9) 370 15 120 23
Web space longi ' | (6/9) 370 15 120 23
Web space longi ' | (7/9) 370 15 120 23
Web space longi ' | (8/9) 370 15 120 23
Web space longi ' | (9/9) 370 15 120 23
Hopper space longi ' | (1/5) 315 15 100 18
Hopper space longi ' | (2/5) 315 15 100 18
Hopper space longi ' | (3/5) 315 15 100 18
Hopper space longi ' | (4/5) 315 15 100 18
Hopper space longi ' | (5/5) 315 15 100 18
Upper side longi ' | (1/4) 370 15 120 23
Upper side longi ' | (2/4) 370 15 120 23
Upper side longi ' | (3/4) 370 15 120 23
Upper side longi ' | (4/4) 370 15 120 23
Lower side longi ' | (1/4) 340 15 120 18
Lower side longi ' ] (2/4) 340 15 120 18
Lower side longi ' | (3/4) 340 15 120 18
Lower side longi ' | (4/4) 340 15 120 18
Upper longi ' | of Center girder 220 15
Lower longi ' | of Center girder 220 15
Upper longi ' | of girders 150 12
Lower longi ' | of girders 150 12
Case 2 : Final gross Stiffeners scantlings
Area of section 3.94 m?
Z co-ordinate of neutral axis fromB.L 7.69 m
Moment of Inetia, I 234.20 m4
Vertical distance from Deck to neutral axis 11.71 m
Section Modulus at Deck 20.01 m3
Section Modulus at Bottom 30.44 m3

Case 2 : Final Area Properties
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Case 3:

Frame space 940mm

Spacing of stiffeners : Decreased spacing

Net scantlings (mm

Corrosion (nm

Deck plating (strake 1) 6,5 0

Deck plating (strake 2) 6,5 0

Deck plating (strake 3) 7 0

Side plate (strake 1) 9 0

Side plate (strake 2) 9 0

Side plate (strake 3) 29 0

Side plate (strake 4) 29 0

Side plate (strake 5) 29 0

Side plate (strake 6) 13 0
Slopping plate (upper wing) .-(strakel) 9 0
Slopping plate (upper wing) .-(strake2) 10 0
Slopping plate (upper wing) .-(strake3) 12,5 0
Slopping plate (upper wing) .-(strake4) 13 0
Slopping plate (hopper tank) .-(strake 1) 15,5 0
Slopping plate (hopper tank) .-(strake 2) 16 0
Double bottom plate (strake 1) 18 0
Double bottom plate (strake 2) 18 0
Double bottom plate (strake 3) 18 0
Double bottom plate (strake 4) 18 0
Keel plate (strake 1) 15,5 0

Bottom plate (strake 2) 15,5 0
Bottom plate (strake 3) 15,5 0
Bottom plate (strake 4) 16 0
Bottom plate (strake 5) 16 0

Bilge Plate 16 0

Girder (1/4) 11 0

Girder (2/4) 11 0

Girder (3/4) 11 0

Girder (4/4) 11 0

Case 3 : 1% estimation of Plate net scantlings using the ‘CSR calc’.
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Net scantlings Corrosion addition | Number of stiffeners
Stiffeners h t bf tf
Deck longi ' | (x8) 370 12 120 20 0 8
Bottom longi ' | (x14) 395 12 120 20 0 14
Bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Inner Bottom longi ' | (x10) 395 12 120 20 0 10
Inner bottom longi' | -flat bar- (x2) 300 20 - - 0 2
Web space longi ' | (1/10) 425 12 120 25 0
Web space longi ' | (2/10) 425 12 120 25 0
Web space longi ' | (3/10) 425 12 120 25 0
Web space longi ' | (4/10) 425 12 120 25 0
Web space longi' | (5/10) 425 12 120 25 0
Web space longi ' | (6/10) 425 12 120 25 0
Web space longi ' | (7/10) 425 12 120 25 0
Web space longi ' | (8/10) 425 12 120 25 0
Web space longi ' | (9/10) 425 12 120 25 0
Web space longi ' | (10/10) 425 12 120 25 0
Hopper space longi ' | (1/6) 370 12 120 20 0
Hopper space longi ' | (2/6) 370 12 120 20 0
Hopper space longi ' | (3/6) 370 12 120 20 0
Hopper space longi ' | (4/6) 370 12 120 20 0
Hopper space longi' | (5/6) 370 12 120 20 0
Hopper space longi ' | (6/6) 370 12 120 20 0
Upper side longi ' I (1/5) 395 12 120 20 0
Upper side longi ' | (2/5) 395 12 120 20 0
Upper side longi ' I (3/5) 395 12 120 20 0
Upper side longi ' | (4/5) 395 12 120 20 0
Upper side longi ' | (5/5) 395 12 120 20 0
Lower side longi ' | (1/5) 370 12 120 20 0
Lower side longi ' 1] (2/5) 370 12 120 20 0
Lower side longi ' | (3/5) 370 12 120 20 0
Lower side longi ' | (4/5) 370 12 120 20 0
Lower side longi ' | (5/5) 370 12 120 20 0
Upper longi ' | of Center girder 220 13 0 1
Lower longi ' | of Center girder 220 13 0 1
Upper longi ' | of girders 150 10 0 3
Lower longi ' | of girders 150 10 0 3

Case 3 : 1% estimation of Stiffeners net scantlings

Area of section 3,20 m?

Z co-ordinate of neutral axis romB.L 6,61 m
Moment of Inetia, I 157,45 m4

Vertical distance from Deck to neutral axis 12,79 m
Section Modulus at Deck 12,31 m3
Section Modulus at Bottom 23,81 m3

Case 3: 1 estimation of Area properties
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Net scantlings (nmm

Corrosion (nmm

Deck plating (strake 1) 6,5 0
Deck plating (strake 2) 6,5 0
Deck plating (strake 3) 7 0
Side plate (strake 1) 9 0

Side plate (strake 2) 9 0

Side plate (strake 3) 21 0

Side plate (strake 4) 21 0

Side plate (strake 5) 21 0

Side plate (strake 6) 11 0
bpping plate (upper wing) .-(stf 9 0
pping plate (upper wing) .-(st 9,5 0
bpping plate (upper wing) .-(stf 12 0
pping plate (upper wing) .-(st 12,5 0
pping plate (hopper tank) .-(st 13 0
pping plate (hopper tank) .-(st 14 0
Double bottom plate (strake 1) 17 0
Double bottom plate (strake 2) 17 0
Double bottom plate (strake 3) 17 0
Double bottom plate (strake 4) 17,5 0
Keel plate (strake 1) 13,5 0
Bottom plate (strake 2) 13,5 0
Bottom plate (strake 3) 14 0
Bottom plate (strake 4) 14 0
Bottom plate (strake 5) 14 0
Bilge Plate 14 0

Girder (1/4) 10 0

Girder (2/4) 10 0

Girder (3/4) 10 0

Girder (4/4) 10 0

Case 3 : 2nd estimation of Plate net scantlings using the ‘CSR calc’
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Net scantlings

Corrosion addition

Number of stiffeners

Stiffeners h t bf tf
Deck longi ' I (x8) 370 12 120 20 0 8
Bottom longi ' | (x14) 315 12 100 15 0 14
Bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Inner Bottom longi ' | (x10) 315 12 100 15 0 10
Inner bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Web space longi ' | (1/10) 370 12 120 20 0
Web space longi ' | (2/10) 370 12 120 20 0
Web space longi ' | (3/10) 370 12 120 20 0
Web space longi ' | (4/10) 370 12 120 20 0
Web space longi ' | (5/10) 370 12 120 20 0
Web space longi ' | (6/10) 370 12 120 20 0
Web space longi ' | (7/10) 370 12 120 20 0
Web space longi ' | (8/10) 370 12 120 20 0
Web space longi ' | (9/10) 370 12 120 20 0
Web space longi ' | (10/10) 370 12 120 20 0
Hopper space longi ' | (1/6) 315 12 100 15 0
Hopper space longi ' | (2/6) 315 12 100 15 0
Hopper space longi ' | (3/6) 315 12 100 15 0
Hopper space longi ' | (4/6) 315 12 100 15 0
Hopper space longi ' | (5/6) 315 12 100 15 0
Hopper space longi ' | (6/6) 315 12 100 15 0
Upper side longi' | (1/5) 340 12 120 15 0
Upper side longi' | (2/5) 340 12 120 15 0
Upper side longi' | (3/5) 340 12 120 15 0
Upper side longi' | (4/5) 340 12 120 15 0
Upper side longi' | (5/5) 340 12 120 15 0
Lower side longi ' | (1/5) 315 12 100 15 0
Lower side longi ' 1] (2/5) 315 12 100 15 0
Lower side longi' | (3/5) 315 12 100 15 0
Lower side longi' | (4/5) 315 12 100 15 0
Lower side longi' | (5/5) 315 12 100 15 0
Upper longi ' | of Center girder 220 13 0 1
Lower longi ' | of Center girder 220 13 0 1
Upper longi ' | of girders 150 10 0 3
Lower longi ' | of girders 150 10 0 3

Case 3: 2nd estimation of Stiffeners net scantlings

Area of section 3,04 m?

Z co-ordinate of neutral axis fromB.L 6,79 m
Moment of Inetia, I 160,18 m4

Vertical distance from Deck to neutral axis 12,61 m
Section Modulus at Deck 12,70 m3
Section Modulus at Bottom 23,60 m3
Case 3 : 2nd estimation of Area properties
Requirments k=1- Mild Steel k=0.78 - High Tensile

ZRmin 21,23 m3 16,56 m3
ZR 21,73 m3 16,95 m3
Imin 138,23 m4 138,23 m4

Yielding requirements
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Net scantlings (nmm

Corrosion (nmm

Deck plating (strake 1) 18 4

Deck plating (strake 2) 18 4

Deck plating (strake 3) 18 4
Side plate (strake 1) 14 3,5

Side plate (strake 2) 13 3
Side plate (strake 3) 21 2,5
Side plate (strake 4) 21 2,5
Side plate (strake 5) 21 2,5

Side plate (strake 6) 11 3
Slopping plate (upper wing) .-(strakel) 14 3,5
Slopping plate (upper wing) .-(strake2) 13 3,5

Slopping plate (upper wing) .-(strake3) 14 3

Slopping plate (upper wing) .-(strake4) 14 3
Slopping plate (hopper tank) .-(strake 1) 13 4,5
Slopping plate (hopper tank) .-(strake 2) 14 4,5
Double bottom plate (strake 1) 17 4,5
Double bottom plate (strake 2) 17 4,5
Double bottom plate (strake 3) 17 4,5
Double bottom plate (strake 4) 17,5 4,5
Keel plate (strake 1) 135 2,5

Bottom plate (strake 2) 13,5 3

Bottom plate (strake 3) 14 3

Bottom plate (strake 4) 14 3

Bottom plate (strake 5) 14 3

Bilge Plate 14 3

Girder (1/4) 10 3

Girder (2/4) 10 3

Girder (3/4) 10 3

Girder (4/4) 10 3

Case 3: Plate scantlings increased due to Yielding criteria

Area of section 3,37 m?

Z co-ordinate of neutral axis romB.L 7,81 m
Moment of Inetia, I 199,56 m4

Vertical distance from Deck to neutral axis 11,59 m
Section Modulus at Deck 17,21 m3
Section Modulus at Bottom 25,56 m3

Case 3 : Area properties after increase due to Yielding cretiria
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scant |l i ngs

Corrosi on (nm

Deck plating (strake 1) 18,5 4

Deck plating (strake 2) 18,5 4

Deck plating (strake 3) 18,5 4
Side plate (strake 1) 16 3,5

Side plate (strake 2) 15,5 3
Side plate (strake 3) 21 2,5
Side plate (strake 4) 21 2,5
Side plate (strake 5) 21 2,5

Side plate (strake 6) 11 3
Slopping plate (upper wing) .-(strakel) 15 3,5
Slopping plate (upper wing) .-(strake2) 15 3,5

Slopping plate (upper wing) .-(strake3) 14,5 3

Slopping plate (upper wing) .-(strake4) 15,5 3
Slopping plate (hopper tank) .-(strake 1 13 4,5
Slopping plate (hopper tank) .-(strake 2 14 4,5
Double bottom plate (strake 1) 17 4,5
Double bottom plate (strake 2) 17 4,5
Double bottom plate (strake 3) 17 4,5
Double bottom plate (strake 4) 17,5 4,5
Keel plate (strake 1) 135 2,5

Bottom plate (strake 2) 13,5 3

Bottom plate (strake 3) 14 3

Bottom plate (strake 4) 14 3

Bottom plate (strake 5) 14 3

Bilge Plate 14 3

Girder (1/4) 10 3

Girder (2/4) 10 3

Girder (3/4) 10 3

Girder (4/4) 10 3

Case 3 : Plate scantlings increased due to Ultimate Bending Capacity
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Net scantlings (nmm
Deck plating (strake 1) 22,5
Deck plating (strake 2) 22,5
Deck plating (strake 3) 22,5
Side plate (strake 1) 19,5
Side plate (strake 2) 18,5
Side plate (strake 3) 22,5
Side plate (strake 4) 22,5
Side plate (strake 5) 22,5
Side plate (strake 6) 145
Slopping plate (upper wing) .-(strakel) 19
Slopping plate (upper wing) .-(strake2) 18,5
Slopping plate (upper wing) .-(strake3) 17,5
Slopping plate (upper wing) .-(strake4) 18,5
Slopping plate (hopper tank) .-(strake 1) 18
Slopping plate (hopper tank) .-(strake 2) 19,5
Double bottom plate (strake 1) 21,5
Double bottom plate (strake 2) 215
Double bottom plate (strake 3) 21,5
Double bottom plate (strake 4) 22
Keel plate (strake 1) 17,5
Bottom plate (strake 2) 17,5
Bottom plate (strake 3) 17,5
Bottom plate (strake 4) 17,5
Bottom plate (strake 5) 17,5
Bilge Plate 17,5
Girder (1/4) 13
Girder (2/4) 13
Girder (3/4) 13
Girder (4/4) 13

Case 3 : Final gross Plate scantlings
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Net scantlings Corrosion addition Number of stiffeners
Stiffeners h t bf tf
Deck longi ' | (x8) 370 15 120 23 0 8
Bottom longi ' | (x14) 340 15 120 18 0 14
Bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Inner Bottom longi ' | (x10) 315 15 100 18 0 10
Inner bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Web space longi ' | (1/10) 370 15 120 23 0
Web space longi ' | (2/10) 370 15 120 23 0
Web space longi ' | (3/10) 370 15 120 23 0
Web space longi ' | (4/10) 370 15 120 23 0
Web space longi ' | (5/10) 370 15 120 23 0
Web space longi ' | (6/10) 370 15 120 23 0
Web space longi ' | (7/10) 370 15 120 23 0
Web space longi ' | (8/10) 370 15 120 23 0
Web space longi ' | (9/10) 370 15 120 23 0
Web space longi ' | (10/10) 370 15 120 23 0
Hopper space longi ' | (1/6) 315 15 100 18 0
Hopper space longi ' | (2/6) 315 15 100 18 0
Hopper space longi ' | (3/6) 315 15 100 18 0
Hopper space longi ' | (4/6) 315 15 100 18 0
Hopper space longi ' | (5/6) 315 15 100 18 0
Hopper space longi ' | (6/6) 315 15 100 18 0
Upper side longi ' | (1/5) 340 15 120 18 0
Upper side longi ' | (2/5) 340 15 120 18 0
Upper side longi ' | (3/5) 340 15 120 18 0
Upper side longi ' | (4/5) 340 15 120 18 0
Upper side longi ' | (5/5) 340 15 120 18 0
Lower side longi ' | (1/5) 315 15 100 18 0
Lower side longi ' 1] (2/5) 315 15 100 18 0
Lower side longi ' | (3/5) 315 15 100 18 0
Lower side longi ' | (4/5) 315 15 100 18 0
Lower side longi ' | (5/5) 315 15 100 18 0
Upper longi ' | of Center girder 220 15 0 1
Lower longi ' | of Center girder 220 15 0 1
Upper longi ' | of girders 150 12 0 3
Lower longi ' | of girders 150 12 0 3

Case 3 : Final gross Stiffeners scantlings

Area of section 3,79 m?

Z co-ordinate of neutral axis fromB.L 7,81 m
Moment of Inetia, I 226,80 m4

Vertical distance from Deck to neutral axis 11,59 m
Section Modulus at Deck 19,57 m3
Section Modulus at Bottom 29,04 m3

Case 3 : Final Area Properties
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Case 4:

Frame space 980mm

Spacing of stiffeners : Decreased spacing

Net scantlings (mm

Corrosi on (m)

Deck plating (strake 1) 6.5 0

Deck plating (strake 2) 6.5 0

Deck plating (strake 3) 7 0

Side plate (strake 1) 9 0

Side plate (strake 2) 9 0

Side plate (strake 3) 29 0

Side plate (strake 4) 29 0

Side plate (strake 5) 29 0

Side plate (strake 6) 13 0
Slopping plate (upper wing) .-(strakel) 9 0
Slopping plate (upper wing) .-(strake2) 10 0
Slopping plate (upper wing) .-(strake3) 12.5 0
Slopping plate (upper wing) .-(strake4) 13 0
Slopping plate (hopper tank) .-(strake 1) 15.5 0
Slopping plate (hopper tank) .-(strake 2) 16 0
Double bottom plate (strake 1) 18 0
Double bottom plate (strake 2) 18 0
Double bottom plate (strake 3) 18 0
Double bottom plate (strake 4) 18 0
Keel plate (strake 1) 15.5 0

Bottom plate (strake 2) 15.5 0
Bottom plate (strake 3) 155 0
Bottom plate (strake 4) 16 0
Bottom plate (strake 5) 16 0

Bilge Plate 16 0

Girder (1/4) 11 0

Girder (2/4) 11 0

Girder (3/4) 11 0

Girder (4/4) 11 0

Case 4: 1% estimation of Plate net scantlings using the ‘CSR calc’.
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Net scantlings Corrosion addition Number of stiffeners
Stiffeners h t bf tf
Deck longi ' | (x8) 395 12 120 20 0 8
Bottom longi ' | (x14) 425 12 120 25 0 14
Bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Inner Bottom longi ' | (x10) 425 12 120 25 0 10
Inner bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Web space longi ' | (1/10) 450 12 120 25 0
Web space longi ' | (2/10) 450 12 120 25 0
Web space longi ' | (3/10) 450 12 120 25 0
Web space longi ' | (4/10) 450 12 120 25 0
Web space longi ' | (5/10) 450 12 120 25 0
Web space longi ' | (6/10) 450 12 120 25 0
Web space longi ' | (7/10) 450 12 120 25 0
Web space longi ' | (8/10) 450 12 120 25 0
Web space longi ' | (9/10) 450 12 120 25 0
Web space longi ' | (10/10) 450 12 120 25 0
Hopper space longi ' | (1/6) 395 12 120 20 0
Hopper space longi ' | (2/6) 395 12 120 20 0
Hopper space longi ' | (3/6) 395 12 120 20 0
Hopper space longi ' | (4/6) 395 12 120 20 0
Hopper space longi ' | (5/6) 395 12 120 20 0
Hopper space longi ' | (6/6) 395 12 120 20 0
Upper side longi ' | (1/5) 425 12 120 25 0
Upper side longi ' | (2/5) 425 12 120 25 0
Upper side longi ' | (3/5) 425 12 120 25 0
Upper side longi ' | (4/5) 425 12 120 25 0
Upper side longi ' | (5/5) 425 12 120 25 0
Lower side longi ' | (1/5) 395 12 120 20 0
Lower side longi ' ] (2/5) 395 12 120 20 0
Lower side longi ' | (3/5) 395 12 120 20 0
Lower side longi ' | (4/5) 395 12 120 20 0
Lower side longi ' | (5/5) 395 12 120 20 0
Upper longi ' | of Center girder 220 13 0 1
Lower longi ' | of Center girder 220 13 0 1
Upper longi ' | of girders 150 10 0 3
Lower longi ' | of girders 150 10 0 3

Case 4 : 1% estimation of Stiffeners net scantlings

Area of section 3.31 m?

Z co-ordinate of neutral axis fromB.L 6.62 m
Moment of Inetia, I 163.57 m4

Vertical distance from Deck to neutral axis 12.78 m
Section Modulus at Deck 12.80 m3
Section Modulus at Bottom 24.70 m3

Case 4: 1* estimation of Area properties
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Net scantlings (nmm

Corrosion (mm

Deck plating (strake 1) 7 0

Deck plating (strake 2) 7 0

Deck plating (strake 3) 7 0

Side plate (strake 1) 9 0

Side plate (strake 2) 9 0

Side plate (strake 3) 21 0

Side plate (strake 4) 21 0

Side plate (strake 5) 21 0

Side plate (strake 6) 11 0
Slopping plate (upper wing) .-(strakel) 9 0
Slopping plate (upper wing) .-(strake2) 9.5 0
Slopping plate (upper wing) .-(strake3) 12 0
Slopping plate (upper wing) .-(strake4) 12.5 0
Slopping plate (hopper tank) .-(strake 1) 13 0
Slopping plate (hopper tank) .-(strake 2) 14.5 0
Double bottom plate (strake 1) 16 0
Double bottom plate (strake 2) 16 0
Double bottom plate (strake 3) 16 0
Double bottom plate (strake 4) 16 0
Keel plate (strake 1) 14 0

Bottom plate (strake 2) 14 0
Bottom plate (strake 3) 14 0
Bottom plate (strake 4) 14 0
Bottom plate (strake 5) 14 0

Bilge Plate 14 0

Girder (1/4) 10.5 0

Girder (2/4) 10.5 0

Girder (3/4) 10.5 0

Girder (4/4) 10.5 0

Case 4: 2nd estimation of Plate net scantlings using the ‘CSR calc’
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Net scantlings Corrosion addition Number of stiffeners
Stiffeners h t bf tf
Deck longi ' | (x8) 395 12 120 20 0 8
Bottom longi ' | (x14) 340 12 120 15 0 14
Bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Inner Bottom longi ' | (x10) 315 12 100 15 0 10
Inner bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Web space longi ' | (1/10) 370 12 120 20 0
Web space longi ' | (2/10) 370 12 120 20 0
Web space longi ' | (3/10) 370 12 120 20 0
Web space longi ' | (4/10) 370 12 120 20 0
Web space longi ' | (5/10) 370 12 120 20 0
Web space longi ' | (6/10) 370 12 120 20 0
Web space longi ' | (7/10) 370 12 120 20 0
Web space longi ' | (8/10) 370 12 120 20 0
Web space longi ' | (9/10) 370 12 120 20 0
Web space longi ' | (10/10) 370 12 120 20 0
Hopper space longi ' | (1/6) 315 12 100 15 0
Hopper space longi ' | (2/6) 315 12 100 15 0
Hopper space longi ' | (3/6) 315 12 100 15 0
Hopper space longi ' | (4/6) 315 12 100 15 0
Hopper space longi ' | (5/6) 315 12 100 15 0
Hopper space longi ' | (6/6) 315 12 100 15 0
Upper side longi ' | (1/5) 340 12 120 15 0
Upper side longi ' | (2/5) 340 12 120 15 0
Upper side longi ' | (3/5) 340 12 120 15 0
Upper side longi ' | (4/5) 340 12 120 15 0
Upper side longi ' | (5/5) 340 12 120 15 0
Lower side longi ' | (1/5) 315 12 100 15 0
Lower side longi ' 1] (2/5) 315 12 100 15 0
Lower side longi ‘| (3/5) 315 12 100 15 0
Lower side longi'| (4/5) 315 12 100 15 0
Lower side longi' | (5/5) 315 12 100 15 0
Upper longi ' | of Center girder 220 13 0 1
Lower longi ' | of Center girder 220 13 0 1
Upper longi ' | of girders 150 10 0 3
Lower longi ' | of girders 150 10 0 3

Case 4: 2nd estimation of Stiffeners net scantlings

Area of section 3.06 m?

Z co-ordinate of neutral axis fromB.L 6.81 m
Moment of Inetia, I 162.29 m4

Vertical distance from Deck to neutral axis 12.59 m
Section Modulus at Deck 12.89 m3
Section Modulus at Bottom 23.83 m3

Case 4: 2nd estimation of Area properties

Requirments k=1- Mild Steel k=0.78 - High Tensile

ZRmin 21,23 m3 16,56 m3
ZR 21,73 m3 16,95 m3
Imin 138,23 m4 138,23 m4

Yielding requirements
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Net scantlings (m) Corrosi on (nm
Deck plating (strake 1) 17 4
Deck plating (strake 2) 17 4
Deck plating (strake 3) 17 4
Side plate (strake 1) 15 3.5
Side plate (strake 2) 15 3
Side plate (strake 3) 21 2.5
Side plate (strake 4) 21 2.5
Side plate (strake 5) 21 2.5
Side plate (strake 6) 11 3
Slopping plate (upper wing) .-(strakel) 14 3.5
Slopping plate (upper wing) .-(strake2) 14 3.5
Slopping plate (upper wing) .-(strake3) 13 3
Slopping plate (upper wing) .-(strake4) 13 3
Slopping plate (hopper tank) .-(strake 1) 13 4.5
Slopping plate (hopper tank) .-(strake 2) 14.5 4.5
Double bottom plate (strake 1) 16 4.5
Double bottom plate (strake 2) 16 4.5
Double bottom plate (strake 3) 16 4.5
Double bottom plate (strake 4) 16 4.5
Keel plate (strake 1) 14 2.5
Bottom plate (strake 2) 14 3
Bottom plate (strake 3) 14 3
Bottom plate (strake 4) 14 3
Bottom plate (strake 5) 14 3
Bilge Plate 14 3
Girder (1/4) 10.5 3
Girder (2/4) 10.5 3
Girder (3/4) 10.5 3
Girder (4/4) 10.5 3

Case 4: Plate scantlings increased due to Yielding criteria

Area of section 3.37 m?

Z co-ordinate of neutral axis fromB.L 7.78 m
Moment of Inetia, I 199.71 m4

Vertical distance from Deck to neutral axis 11.62 m
Section Modulus at Deck 17.19 m3
Section Modulus at Bottom 25.67 m3

Case 3 : Area properties after increase due to Yielding cretiria
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Net scantlings (mm

Corrosi on (nm

Deck plating (strake 1) 22.5 4

Deck plating (strake 2) 225 4

Deck plating (strake 3) 22.5 4
Side plate (strake 1) 19.5 3.5

Side plate (strake 2) 18 3
Side plate (strake 3) 235 2.5
Side plate (strake 4) 235 2.5
Side plate (strake 5) 235 2.5

Side plate (strake 6) 14 3
Slopping plate (upper wing) .-(strakel) 18.5 3.5
Slopping plate (upper wing) .-(strake2) 18.5 3.5

Slopping plate (upper wing) .-(strake3) 17.5 3

Slopping plate (upper wing) .-(strake4) 175 3
Slopping plate (hopper tank) .-(strake 1) 17.5 4.5
Slopping plate (hopper tank) .-(strake 2) 19 4.5
Double bottom plate (strake 1) 20.5 4.5
Double bottom plate (strake 2) 20.5 4.5
Double bottom plate (strake 3) 20.5 4.5
Double bottom plate (strake 4) 20.5 4.5
Keel plate (strake 1) 16.5 2.5

Bottom plate (strake 2) 17 3

Bottom plate (strake 3) 17 3

Bottom plate (strake 4) 17 3

Bottom plate (strake 5) 17 3

Bilge Plate 17 3

0.5

Girder (1/4) 135 3

Girder (2/4) 135 3

Girder (3/4) 135 3

Girder (4/4) 135 3

Case 4 : Plate scantlings increased due to Ultimate Bending Capacity
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Net scantlings (nm

Corrosi on (m

Deck plating (strake 1) 22.5
Deck plating (strake 2) 22.5
Deck plating (strake 3) 22.5
Side plate (strake 1) 19.5
Side plate (strake 2) 18
Side plate (strake 3) 23.5
Side plate (strake 4) 23.5
Side plate (strake 5) 23.5
Side plate (strake 6) 14.5
Slopping plate (upper wing) .-(strakel) 18.5
Slopping plate (upper wing) .-(strake2) 18.5
Slopping plate (upper wing) .-(strake3) 17.5
Slopping plate (upper wing) .-(strake4) 17.5
Slopping plate (hopper tank) .-(strake 1) 18
Slopping plate (hopper tank) .-(strake 2) 19.5
Double bottom plate (strake 1) 21.5
Double bottom plate (strake 2) 21.5
Double bottom plate (strake 3) 21.5
Double bottom plate (strake 4) 21.5
Keel plate (strake 1) 17.5
Bottom plate (strake 2) 17.5
Bottom plate (strake 3) 17.5
Bottom plate (strake 4) 17.5
Bottom plate (strake 5) 17.5
Bilge Plate 17.5
Girder (1/4) 13.5
Girder (2/4) 135
Girder (3/4) 135
Girder (4/4) 13.5

Case 4 : Final gross Plate scantlings
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Net scantlings Corrosion addition Number of stiffeners
Stiffeners h t bf tf
Deck longi ' | (x8) 395 15 120 23 0 8
Bottom longi ' | (x14) 370 15 120 23 0 14
Bottom longi ' | -flat bar- (x2) 300 22 - - 0 2
Inner Bottom longi ' | (x10) 315 15 100 18 0 10
Inner bottom longi ' | -flat bar- (x2) 300 20 - - 0 2
Web space longi'| (1/10) 370 15 120 23 0
Web space longi ' | (2/10) 370 15 120 23 0
Web space longi ' | (3/10) 370 15 120 23 0
Web space longi ' | (4/10) 370 15 120 23 0
Web space longi ' | (5/10) 370 15 120 23 0
Web space longi ' | (6/10) 370 15 120 23 0
Web space longi ' | (7/10) 370 15 120 23 0
Web space longi ' | (8/10) 370 15 120 23 0
Web space longi ' | (9/10) 370 15 120 23 0
Web space longi ' | (10/10) 370 15 120 23 0
Hopper space longi ' | (1/6) 315 15 100 18 0
Hopper space longi ' | (2/6) 315 15 100 18 0
Hopper space longi ' | (3/6) 315 15 100 18 0
Hopper space longi ' | (4/6) 315 15 100 18 0
Hopper space longi ' | (5/6) 315 15 100 18 0
Hopper space longi ' | (6/6) 315 15 100 18 0
Upper side longi ' | (1/5) 340 15 120 18 0
Upper side longi ' | (2/5) 340 15 120 18 0
Upper side longi' | (3/5) 340 15 120 18 0
Upper side longi ' | (4/5) 340 15 120 18 0
Upper side longi ' | (5/5) 340 15 120 18 0
Lower side longi ' | (1/5) 315 15 100 18 0
Lower side longi '] (2/5) 315 15 100 18 0
Lower side longi ' | (3/5) 315 15 100 18 0
Lower side longi ' | (4/5) 315 15 100 18 0
Lower side longi ' | (5/5) 315 15 100 18 0
Upper longi ' | of Center girder 220 15 0 1
Lower longi ' | of Center girder 220 15 0 1
Upper longi ' | of girders 150 12 0 3
Lower longi ' | of girders 150 12 0 3

Case 4 : Final gross Stiffeners scantlings

Area of section 3.84 m?

Z co-ordinate of neutral axis fromB.L 7.76 m
Moment of Inetia, I 228.89 m4

Vertical distance from Deck to neutral axis 11.64 m
Section Modulus at Deck 19.67 m3
Section Modulus at Bottom 29.48 m3

Case 4 : Final Area Properties
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