Tithog: MeBodoroyia -Bacilopevn oty BeAtiotonoinon- yo v
LLEY1GTOTOINOM KOTAOTIKNG (NG LETOAMK®Y GUVOEGEMY TOV TAOIO

Hepidnym
H emékraon komwtikng {ong o LeTOAMKES GUVOESELS TOV TAOTOV GLVNBWG emTLYYAvETAL CAAALOVTOG
TOPOUETPOVG TNG CUYKOAANONG N} TOTIKES TAPAPETPOVS TG AERTOUEPELNS. LTV Topovco, StatpiBn, 1
EMEKTAON KORMAOTIKNG (NG EMTUYYGVETOL TPOTOTOLDVIOS TAPAUETPOVS TNG AENTOUEPEWNS OF
LOKPOOKOTIKO eninedo emtlvovtag €vo. mpoPAnua Peltiotonoinong. H mpotevopevn usbodoroyia
eQoPUOLETAL OE TPEL AETTOUEPEIEG PETUAAMKAV GUVIESEDVY EVOG TAOIOL HETAPOPAES YOOV POopPTion: TNV
K&T® 6VVOEST TOL KEKALUEVOL EAGOHOTOG TG KAT® Seéapevis-Oumudpévou-£dpag, 6To kitm Tedeiopo.
NG OVVIESNG TOL VOUED LE TO KAT® KEKAUEVO EAAGLLO KOl OTH GUVECT TOU (VM TELEIOUOTOS TOV
vougéa pe to édacpa g dve de€auevic. Ta Brpote g tpotevdusvng pebodoroylog cuvoyilovion

610 oKOovba:
(o) v avayvdpion g dedBuvong TV TcemV Tov TPOKOAOVV KOTWGCT OTNV AETTOUEPELL TOL
pelgTdToL,
(B) v ebpeon oV dopkdv oTotyeinv mov emnpedlovy TV aVENON KOTOTIKGOV TUCE®V oTA
Kplowa onueia,
(Y) opyxy Tpomomoinon Omov  mpaypatomolgitol  PedTicTomoincon  tav  moxdV TV
TpoavapepfEvTav ototyelnv, Kol ag ndpevo Pripa
(8) Tpomozoinon, 6mov yiveTar BEATICTONOINGT TV YEMUETPIKDV YOUPAKTTPIOTIKDY TV OTOYEImV
pe v avartuén evog tpoPAnpatog BeATioTonoinong YW UETPIog.
H pebodoroyio epappdotnre apyikd oty cOVOEoT TOU KEKAIUEVOL EAACLOTOG TNG KGtw deopevig-
Survbuévov-£8pag 6mov katéhnée o éva moAvkpumploxd TpdPanpa BedTicTomonong g doung dmov
MG AVTIKEWEVIKEG CUVAPTNOELS TEBNKAV Ol EAAYICTOTOUGELS TMV OVATTVGGOUEVDY TACEMY GTa EVTTOON
onuelo NG AETTOUEPEING KOl G TOPGUETPOL OYESACHOV TEOMKAV YEOUETPIKE YOPAKTNPIGTIKY TNG.

And v eniloon tov TPOPANLOTOS TPOEKVYE L0 SUPOPOTOMUEVT YEDHETPIO. TNEG CUYKEKPULEVNS
AemTopépeiag 6mov n kommTiky {on éxel avéndel katd 12.87 ypdvio.
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Ewéva 3: Tpiodidorary omuiks ¢ KATw oOvOeons 100 kexkApévon eldouaros s karw delauevic-dimvbuévov-édpag evog
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Iy nepintmon g cOVOESTG TOV KAT® TEAEIMHOTOG TOV VOUER HE TO KEKAUEVO SMAGHO TG KETM
dekapevng, n epappoyn g mpotevouevng pebodoroyiag katéhnée otV emiluon POVOKPLTNPLEKOD
npofApaTog BekticTomoinong tomoAoyiag, 6mov &v Tékel 1 KomwTiky (of avéibnke katd 13.37
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Ewdve. 4: Tporomonjoeig yewuetpiag omwe avtés npaypatomorifnkay o weleinua cvvdeons vouéa ue to kexipévo élacue me
KaTw delopsvic xor mpoctdwaoe emmAéov 13.37 ypbvia komwnkis {wiig

H tpit Aentopépera oty omoia epappdotke N pebodoroyia sivar  civdeon teleidpaTog Tov vopsa
pe 10 éAacua g Gveo defopevig. H epappoyn g mpotewvdpevng pebodoroyiog xotédnés otnv
gnidvon povokpirnploxov tpofAnuotog fektictonoineng toydv eracpudtav pe oHénon e KOTOTIKAG
Comg xatd 10.83 xpdévia. Ev tédel, n avantoén kot eQappoyh g mpotsevopevng pebodoroyiag odtyncs
o€ YPNCIC GUUTEPACHATA AVIPOPTKE LLE TO. YOPOKTNPIOTIKE AVTOYNG KOl KOTMONG TOV AETTOUEPEUDY
7ov pekethinkay dnag ko aviictoydy tovg. EmmAéov, Sepeuvifnkay cuykekpuéveg yempeTpucot
TOPEUETPOL TOV GUVIECE®Y, Ol OTOlEG YapakTnpioKaAY MG KPISIHOL Y10, TV OVETTUEN KOTWTIKAY
Thoe@Y. ZUVERAMG, TPOTOMOUDVIOG OVTEG TG TAPAUETPOVS pécw smilvong evdg mpoPAfpatog

BeAtioromoinomng, kaTapEpvoupe va avéCOvIE TV KOTWTIKY (®H ToV cuvSicemy.




Title: Optimization — based methodology for fatigue life extension of
ship steel structural connections

Abstract

Extension of fatigue life in ship steel structural connections is commonly attained by interfering with
the weldment or by affecting local parameters of the detail. In this study, structural details are
approached macroscopically and a methodology is proposed that aims in minimizing the fatigue-induce
stress values developed at hot spot locations in order to maximize the fatigue life of the detail studied.
This is attained by developing and solving a structural optimization problem. The methodology is
implemented into three separate ship structural details at a Bulk Carrier; the lower hopper knuckle
connection, the lower side frame bracket toe and the side framing bracket to upper sloping connection.
The steps of the methodology proposed include:

(a) establishing of the direction of fatigue-induce stress component,

(b) identification of the structural member(s) affecting this stress component,

(c) setting up and solving a size optimization problem, and

(d) setting up and solving a structural optimization problem.
The proposed methodology is first implemented at the lower hopper knuckle connection of a Bulk
Carrier. The methodology resulted in a two-objective structural optimization problem where the
objective functions were the stress values at two hot spot locations and the design variables were
geometry characteristics of the detail. The solution of the optimization problem resulted in a
differentiated configuration of the lower hopper knuckle connection, compared to the original

configuration. The resulting fatigue life of the modified configuration is extended by 12.87 years.
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Figure 1: 3d-view of the lower hopper knuckle connection at a Bulk Carrier originally (left) and after structural modifications
implemented (vight)



Next, the proposed methodology is applied at the lower side frame bracket toe. The methodology
resulted in setting-up and solving a single-objective structural optimization problem which resulted in

a differentiated end bracket configuration and in fatigue life extension of the detail by 13.37 years.
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Figure 2: Structural modifications to an end bracket connection resulting in 13.37 years of fatigue life increase

Finally, the proposed methodology was implemented at the side framing bracket to upper sloping
connection. The methodology resulted in a single objective size optimization problem which altered
plate thickness parameters of the detail and extended the fatigue life of the detail by 10.83 years.

The development and implementation of the proposed methodology has led to useful conclusions
regarding the fatigue and strength characteristics of these specific details as well as details with similar
configuration. Furthermore, specific geometry characteristics of web-stiffened cruciform joints and end
bracket connections have been identified as critical for the development of fatigue induce stress values.
Therefore, by affecting those at a structural optimization problem, the fatigue life of the case study

detail can be altered.



