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H MeBobdoc Twv N2 kat ot Kavoviopot Nnoyvwpuovwy

* MMpwv tn B€on o€ LoxL Twv IACS Common Structural Rules n pebodoc
TwV M2 XpNOLLOTIOLELTO TIPOALPETLKAL:

»0€ BEpata TOTIKAC avtoxnc onou ot Kavoviopot dev pnopovoayv va
npodilaypaouv pLo ETTAPKWE LKAVOTIOLNTLKA Kot Aemttopepn Avon.

» 0€ TIEPLITTWON TIPWTOTOPLAKWY OXESLAOTIKWY AVCEWV Ttou Sev KaAUTTTOVTOLL
Qo TOUC UPLOTAMEVOUC KOVOVLOMOUC.

» o Aoyouc emiBeBaiwonc TwvV KOVOVIOUWVY OE ELOLKEC TIEPUTTWOELC.

e [La tpwtn dopa pe tn B€omion twv CSR n xprion twv M2 yivetal
uTtoXPEWTLKN Yo TtV oxedbiaon Oil Tankers kat Bulk Carriers.



H MeBobdoc Twv N2 kat ot Kavoviopot Nnoyvwpuovwy

* H xprion twv M2 otoug CSR npodlaypadetal ota kepaAata 7, 8 ka9
TOU TIPWTOU PMEPOUC TwV Kavoviopwv.

e Ta M2 ypnotpomotovuvtol urtoxpewtika o€ Oil Tankers ko Bulk Carriers
LE MAKOC peyaAuvtepo twv 150 p.
e Ta M2 xpnoLpomoloUvTaL YL TOV EAEYXO TNC METAAALKAC KATOAOKEUNC
O€:
e Alappon
e AUYLOUO
e KOmwon



H MeBobdoc Twv N2 kat ot Kavoviopot Nnoyvwpuovwy
Ou kavoviopotl CSR amattouv tn xpnon MNZ oe tpla emineda:

1. Movtelomnoinon tpwwv aunaplwyv (coarse model).
2. NemtopepPNC avaAuon OTLC TIEPLOXEC OUYKEVTPWONC TACEWV.

[MoAU AEMTOUEPNC OVAAUCN OE KOTOOKEUQOTLKEC AETITOUEPELEC TIOU
emiBalovrtal amo touc Kavoviopoug yLa TNV mpoyvwon tne
KWTIWOoNC.



H MeBobdoc twv M2 kat ot Kavoviopot CSR
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H MeBodoc twv M2 kot ot Kavoviopol CSR

e OL Kavoviopol Sev amattouv pn-ypapuLkn avaiuvon



TUTIOL TTEMEPOOUEVWY OTOLXELWV

Type of finite element

Description

Rod (or truss) element

Line element with axial stiffness only and constant cross
sectional area along the length of the element.

Beam element

Line element with axial, torsional and bi-directional shear and
bending stiffness and with constant properties along the
length of the element.

Shell (or plate) element

Shell element with in-plane stiffness and out-of-plane bending
stiffness with constant thickness.




AvOAUON TPLWV AUTIOPLWY

Y
X
Example of cargo hold model of a VLCC

(shows only port side of the full breadth
model)
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'ExkTOoNn povteAou

To povtEANo Ba MPETMEL va eKTELVETAL KATA TO SLAUNKEC O LLAKOC TPLWV OUTIOPLWV.

OL OLK’[;\OLLEQ bPAKTEC Oa MPETEL ETiONC VAL CUMTEPLAQUBAVOVTAL OTO AVWTEPW
LLOVTEAO

Oa TIPETIEL VAL YIVEL JLaL OELPA LOVTEAWV OTtoU To KABe aprapt Ba swvat kabe popa
TO KEVTPLKO OlUTIAPL.

Lot To TPWPOLLO KOlL TO TIPUHVALLO OLUTTIAPL KATTOLOKEUALOVTOL ELSIKA LOVTEAQ TIOU
EKTEIVOVTOL OTO XWPO TNG Mpwpaiag deapeVAG EpUATOG KAl TO XwPO TOU
HNXOVOOTOGLOU OVTIOTOLXAL. ZTNV TIEPLTTWON AUTH N EMEKTACN TOU MOVTEAOU
TEPAV TOU XWPOoU GOoPTioU UTOPEL va Yivel BewpwvTag KATIOL! YEWUETPLKA
arAomnoinon.

Katakopuda 1o HOVTEANO EKTEIVETAL HEXPL TO KUPLO KATAOTPWHUA,
ou Jmept)\auBavouevwv TWV KUPLWV KOTOOKEUOOTLKWVY OTOLXELWV TTOU BpiokovTal
e’ autou.



'EkTOON LOVTEAOU

Figure 1 Example of CSR BC&OT FE model for the aftermost, miship and the foremost cargo hold

structure of a bulk carrier
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AvOAUoN TIAEYUATOC

* Ta xpnolpomnolovpeva otolxeia dev Ba npemel va £xouv peysbog
LEYAAUTEPO ATIO TNV LOATIOOTOON TWV SLOUN KWV EVIOXUTLKWV S.

e O Aoyoc MAeUpwWYV TWV oToLXelwv Oev Ba mpEmeL va Eemepva To 3.

* J€ TEPLOXEG OTIOU OVOLUEVOVTOL UPNAEG TAOELG 0 AOYOG TV TTAEUPWV TOU
oTolxelov Ba TpEMEL va lval Eva.

. gl XPNON TPYWVIKWV OTOLXELWYV Ba IPETEL va epLlopileTal 0To EAALOTO
uvaTov.

* Ko’ upog Twv otabuidwv kot twv edpwv tou duubuevou Ba npemneL va
XPNOLUOTIOLOUVTOL TOUAGXLOTOV TPla OTOLXELAL.

* ZTNV MEPLO)XT) TWV avolypatwy ota dtappayuata (webs) to mAsypa Ba
TIPETIEL VAL YIVETAL APKOUVTWG TTUKVO ETOL WOTE VOl TIPOCEYYL(ETAL N
NMOAUTTAOKOTNTA TNC YEWLLETPLOC TOU aVOLyMaTOC.

* Ta pkpoteEPQ avolypata Twv edpwv (avBpwroBupideg) dev eival
arapaoitnto va povieAlonotnBouv.



AvOAUoN TIAEYUATOC

e Tat xpnolpomoloUpeva otolelal v Ba pEMEL va £xouv LEYEBOC
LEYAAUTEPO OO TNV LOATIOOTOON TWV OLOUNKWY EVIOXUTLKWV S.
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VovteAomolnon avolypatwy

Criteria Modelling decision Analysis
; Openings do not need to he To be evaluated by the screening
h,/h<05andg, <20
o/ & modelled procedure as given in Ch 7, Sec 3, [3.1.1]
The geometry Of the ‘”’ef"”g s To be evaluated by the screening
Manholes to be modelled by removing the _ . S
procedure as given in Ch 7, Sec 3, [3.1.1]
adequate elements
, The geometry of the opening is To be evaluated by fine mesh
h,/h=z05org,=z20 ) )
o/ & to be modelled as giveninCh 7, Sec 3, [2.1.1]
where:
gEl: ‘1+7I:Oh 5
R 2.6(h—h,)"/
> £, > Length of opening parallel to primary supporting member web direction. in m, see Figure 15. For
4 sequential openings where the distance. d, between openings is less than 0.25 h, the length £, is
he 10 be taken as the length across openings as shown in Figure 16.
) ]
[ j , ho > Height of opening parallel to depth of web, in m. see Figure 15 and Figure 16.
h - Height of web of primary supporting member in way of opening, in m, see Figure 15 and Figure 16.
| S

| n{/‘\ 11, ) N
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OpLOoKEC OUVONKEC (EKTOC TOU MPWPOLLOU LOVTEAOU)

Independent

MA

point
V4

Centreline inner
‘_/ bottom point

Translation Rotation
Location
o 3, &, 6, 6,
Aft End
Independent point Fix Fix M ana
Rigid link | Rigid link | Rigid link
Cross section
End beam, see [2.5.4]
Fore End
Independent point Fix Fix Fix
Intersection of centreline and inner bottom | Fix - - -
Rigid link | Rigid link | Rigid link
Cross section
End beam, see [2.5.4]

MNote 1: [-] means no constraint applied (free).
Note 2: See Figure 17.
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OpLOKEC CUVONKEC MPWPALOU HOVTEAOU

. Translation Rotation
Location 3 3 3 2 AN
Aft End
Independent point - Fix Fix Fix - -
Intersection of centreline and inner bottom | Fix - - - - -
. _ - | Rigid link | Rigid link | Rigid link | - | -
Cross section End beam, see [2.5.4]
Fore End
Independent point - Fix Fix Mrcng - -
Cross section - | Rigid link | Rigid link | Rigid link | - | -

Mote 1: [[] means no constraint applied (free).
Mote 2. See Figure 17

Note 3: Boundary constraints in fore end are to be located at the most forward reinforced ring or web frame
which remains continuous from the base line to the strength deck.




Doptloelc

e JTO HOVTEAQ aoKoUVTaL (TauTOxpova) ol AKOAOUBEC Katnyopiec poptioswv:

» Bdpog petaAAikng katackeung (adou adaipebei to 50% tng poPAenopevng $Bopdg eAacpaTwy Ko
EVIOXUTLKWV) (oTatikn ¢option)

» Bapog doptiov kat Eppatoc (otatikn doption)

» EEwTepIKEC USPOOTATLKEC TILEOELC AOYW OdAaoac(otatikr) doption)

» EEWTEPIKEC SUVAULKEC TILEOELG AOYW KupATIopWY (Suvapkn ¢poption)

» Avvapka ¢poptia Aoyw tng OAAaooag 0To KATACTPWHO — green seas (Suvaukn ¢option)
» Auvapkec poptioelc Aoyw tou doptiou (Suvaplkni poption)

» Auvapkec poptioelc Aoyw tou €ppatoc (Suvautkn doption)

* OAgg oL tapanavw $optioelg urtoAoyifovrtal pe BAch avtioTOLXEG OXECELG TTOU
oupumepLAaBAavovTal 6TOUC KAVOVLOUOUC.

e E&etalovtal SL1adopeC KATAOTACELS POPTWONC TTou MPoPAEmovTaL oo Touc Kavoviopouc.



[Tapoadelypota opTLoEWV

Figure 1 : Hydrostatic pressure, Py

Figure 6 : Transverse distribution of dynamic pressure for BSP-1P (left) and BSP-1S (right) load cases
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[Tapadelypata eEeTAlOUEVWY KATAOTACEWV GOPTWONC

Table 2 : Load combinations for FE analysis for two oil-tight bulkheads oil tankers applicable to midship cargo hold region

Still water loads Dynamic load cases
No. Loading pattern Com.c : % of Coryc: % of
Draught perm. ) SWSF Midship cargo region
SWBM perm.
Seagoing conditions
9
P 100./° 100% HSM-1 | BSP-1P/S N/A
(sagging)
Al °'gﬁ \ ’> 09T
S 100% HSM-2 | BSP-1P/S | OST-2P/S
: 100%
(hogging) FSM-2 0SA-1P/S
9 -
P 1OO.A 100% HSM-1 BSR-1F/S N/A
(sagging) BSP-1P/S
A2 °'9q l J ’> 09T,
100% HSM-2 | BSR-1P/S
5 o,
(hogging) 100% FSM-2 | BSP-1P/S N/A
100% @
HSM-2 N/A N/A
Max SFLC / /
100% 100%®
(hogging) | MaxSFLc | oM2 N/A N/A
100% N/A BSP-1P/S N/A
p
A3 D.GSTT{ % O.SSTSC
s 100%®
Max SFLC HSM-1 N/A N/A
0%
100% N/A BSP-1P/S N/A
e
100% o BSR-1P/S
A4 o.af{ " 0.6Ts (sagging) 100% HSM-1 BSP-1P/S 0SA-2P/S
S

- C "% | C 1%
Description BM-LC SF-LC i
No. ‘p Loading pattern Aft Mid Fore | Draught | of perm. | of perm. Dynacn;ézload
Req ref SWBM | SWSF
100%® |FSM-2
100%  |Max SFLC|HSM-2
(hog.)
Alternate 100%® [FSM-2
load full Max SFLC|HSM-2
11 423 T
! 1 se 100% |0ST-2P/S
items a and
c 100% |BSP-1P/S
0%
100% 40
° |Hsm1
Max SFLC
100% FSM-2
100%
1om| Altblock (hog.) ° |osT-2P/s
5)(8) load Tee HSM-1
ay | 23] 100% .
item d (sag.) 100% |BSP-1P/S
OST-1P/S
9 FSM-2
Alt-block 109% 1 100%
13@ "ploc _ - (hog.) 0ST-2P/S
(5)(8) load ! Tse HSM-1
(13) [4.2.3] . 100% o
item d (sag)) 100% |BSP-1P/S
OST-1P/S
100% (19 [FSM-2
0%
Max SFLC|HSM-2
100% |BSR-1P/S
Heavy 100% ®
14@  ballast Tearn Max |HSM-1
[4.2.4] 100% SFLC
(sag) -
@)
100% HSM-1
Max SFLC
100% |(BSR-1P/S
Heavy 0% 100% |BSR-1P/S
15@ ballast Tean 100%
[4.2.4] 100% |[BSR-1P/S

(sag.)




[Tapadeypa opTwonc oUUPWVA LLE TOUC
KOVOVIOUOUCG

Global analysis

Rule required loading condition

AMLE
Loading pattern Aft Mid Fore | Draught |of per m.
SWEM
100%
[ ihog.)

Bl [ -
0%




AtopBwoelc Qoptioewyv

e Erteldn 1o oUVoAO TwV POPTLOEWV IOV AOKOUVTOAL OTO MOVTEAO OV
LoOOUVALEL ATTIOAUTWYV HE TLC TIPOYHOATIKEC POPTLOELC TTOU OEXETAL TO
rntAolo w¢ 6okoc (Hull Girder Loads), oL avwtepw popTioelc mou
OQ.OKOUVTOL OTO LOVTEAAO TIPETEL VAl TpoTtoToLtNBouv £10L WOTE va
CUUTTLTTOUV UE TIC PpopTioelc Tou nAolou —O0KOC.

e O €Aey)OC YilveTOL OE CUYKEKPLUEVEC BECELC KATA TO SLAMNKEC, TTOU
opilovTtol amod TouC KAVOVLOUOUC.

e H dtadikacia SLopbwong twv poptioewv mpoPAENETAL EMONC ATO
TOUC KOVOVLOMOUC.



ALopBwoelc popTioewy

* 2TO TEAOC, LETA TNV OAOKANPpwWon Twv 6l1opBwoewv oL KATwoL
dopTLOELC TTPETIEL VAL TawuTi{OoVTOL O€ TTAOLO KOl LOVTEAO:

» Katakopudn KOUTTTIKA pOTN
» AtatpunTtikny Suvapun

» OpL{OVTLA KOLLTTTLK) POTIN

» 2TPETITLKI POTLN.



AELoAOYyNON ATIOTEAECLATWY

e Y& KAOE HOVTEAO TPLWV QLUTIOPLWY EUTILOTEVOLLAOTE Kol aELOAOYOULE

ToL amoteAEopaTa otnV KeEVTIPLKN Tteploxn (BA. Zxnua)

11 1T 1
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| . ____. mid-hold
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KOTOOKEUQLOTIKOL OTOLYELQL TIOU EAEYYOVTOLL

All hull girder longitudinal structural members,
All primary supporting structural members and bulkheads within the mid-hold,
All structural members being part of the transverse bulkheads. such as:

» For oil tanker: stringer, buttress structure, stool tanks, partial girders together with attached
transverse structures,

» For bulk carrier: stool tanks together with connected longitudinal girders and double bottom
floors,

All structural members being part of the collision bulkhead, and extending to one web frame spacing
forward of the collision bulkhead,

All structural members being part of the forward transverse bulkhead of the machinery space and all
hull girder longitudinal structural members aft of this transverse bulkhead within the extent of 15% of
the aftmost cargo hold length excluding slop tanks.



AZLoAOYNON TwV ATIOTEAECHATWY EVOVTL OLAPPONC

YuvteAeotnc xpnong evavtt dtapponc (Yield Usage Factor)

Table 10 : Coarse mesh permissible yield utilisation factor

Coarse mesh permissible yield utilisation factor,

Structural component
7\-ypen'n
Plating of all longjtudinal hull girder structural o
. . 1 VIl H
A, = — for shell elements in general.

members, primary supporting structural members and 1.0 (load combination S+D) v R. g
bulkheads. Y
Face plate of primary supporting members modelled 0.8 (load pination S)

; .8 (load combination . O..: )
using shell or rod elements. Ay = [aial for rod or beam elements in general.
Dummy rod of corrugated bulkhead Ry

Corrugation of vertically corrugated bulkheads with

lower stool and horizontally corrugated bulkhead, Oym

o - Von Mises stress, in N/mm?.
0.90 (load combination S+D)

under lateral pressure from liquid loads, for shell _ . _
elements only. Ouia - Axial stress in rod or beam element, in N/mm?.

Supporting structure in way of lower end of corrugated 0.72 (load combination S) L , . , ) .

bulkheads without lower stool @ Aperm - Coarse mesh permissible yield utilisation factors defined in Table 10.

Corrugation of vertically corrugated bulkheads without 0.81 (load combination S+D)

lower stool under lateral pressure from liquid loads 0.65 (load bination S J > > 5
and without lower stool, for shell elements only. 65 (load combination S) Oym = Gy — Oy Gy + Gy + 3Txy
(1) Supporting structure for a transverse corrugated bulkhead refers to the structure in the longitudinal direction within half a }
web frame space forward and aft of the bulkhead, and within a vertical extent equal to the corrugation depth. Wh ere.
Supporting structure for a longitudinal corrugated bulkhead refers to the structure in transverse direction within 3
longitudinal stiffener spacings from each side of the bulkhead, and within a vertical extent equal to the corrugation depth. Oy Oy - Element normal membrane stresses. in N/m mZ<.
T - Element shear stress, in N/mmZ2.

xy



Example

Yield usage factor on bulkheads
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Figure B.6.1.2 Global FE results — Bulkhead Yielding Utilisation
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'EAeyx0C 0€ AUYLOUO

* To MOVTEAO TWV TEMEPOACUEVWY OTOLXELWV KL TAL ATIOTEAECHOTA TIOU TIPOEKU AV UITOPOUV val
XpNoLHomolnOouv Kal yla Tov EAEYX0 TNC LETAAALKNG KATAOKEUNG OE AUYLOULO.

. ;\u Hbwva pe Toug Kavoviopoug Ta akoAouBa KATAOKEVAOTLKA OTOLXELQ TIPETIEL VAL EAEYXOVTAL OE
UYLOUO:

» EvioYUHEVQ KOl 1N EVIOYXUHEVA EAQCpATO
» Evioyutka

» KoAwveg

» MNTUXWTEC GPAKTEG

= KaBe katnyopia otolxeio eAéyxetal pe Stadopetikd kprtipta .. SP-A, SP-B, UP-A, UP-B kAnt
e OAa ta kpLtRpLa dtatunwvovtol otn popdn:
n<nsmtp.

Omou n o cuvteAeoTtn ¢ xpnong Evavtt Auyopou (buckling usage factor)
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'EAeyx0C 0€ AUYLOUO TNC PPOKTNC
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Figure B.6.1.4 Global FE results — Bulkhead Buckling Utilisation



>TolYsla mou uttoPaAAlovtal otov Nnoyvwuova

a)

b)

List of plans used including dates and versions.

Detailed description of structural modelling including all modelling assumptions and any deviations in
geometry and arrangement of structure compared with plans.

Plots to demonstrate correct structural modelling and assigned properties.
Details of material properties, plate thickness, beam properties used in the model.
Details of boundary conditions.

Details of all loading conditions reviewed with calculated hull girder shear force, bending moment and
torsional moment distributions.

Details of applied loads and confirmation that individual and total applied loads are correct.

Plots and results that demonstrate the correct behaviour of the structural model under the applied
loads.

Summaries and plots of global and local deflections.

Summaries and sufficient plots of stresses to demonstrate that the design criteria are not exceeded in
any member.

Plate and stiffened panel buckling analysis and results.

Tabulated results showing compliance, or otherwise, with the design criteria.

m) Proposed amendments to structure where necessary, including revised assessment of stresses,

buckling and fatigue properties showing compliance with design criteria.

n) Reference of the finite element computer program. including its version and date.



Aemtopepn G avaluon e M2 — MNePLoXEC UTIOXPEWTIKAC EPAPUOYNG
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Aemtopepn G avaluon e M2 — MNePLoXEC UTIOXPEWTIKAC EPAPUOYNG

(d) Connections of deck and double bottom -

longitudinal stiffeners to transverse bulkhead \_

Web Web Web Web Web

(e) Connections of corrugated bulkhead to
adjoining structure



Aemtopepn G avaluon e M2 — MNePLoXEC UTIOXPEWTIKAC EPAPUOYNG

Mo KABe por armo tig avadepOeioeC KATAOKEUAOTIKEC AETITOUEPELEC ATIOLLTELTAL N
KOTOLOKEU N EVOC AEMTOUEPOUC LOVTEAOU O€ KAOE €va oo ToL LOVTEAQ TPLWV apTaplwy. H
akpBnc B€on Tou AeMTOUEPOUC LOVTEAOU EVTOC TOU EYAAUTEPOU LLOVTEAOU YIVETOL UE
KPLTNPLO TIOU EUTIEPLEXOVTOL 0TOUC Kavoviopouc. ZuvnBwe emAEyovTal TTEPLOXEG OTIOU TO
Heyalo poviéAo £6eL€e OTL avamtuooovTal LEYAAEC TAOELC.

ETUTAEOV TV VWTEPW AEMTOUEP WV HOVTEAWY oL Katvoviopol amalttouv Kol TNV KATOUOKEUN
AETMITOLEPOUC LOVTEAOU KOl OE€ EKELVEC TLG TIEPLOXEC OTTIOU SEV LKOVOTIOLOUVTAL TA Screening

criteria.

Nse < "ﬁ“scperm

where: , ,
(umtoAoyiZeTal cuvapToEL TWV
TAoEWV ou untoAoyicBnkayv

Screening criteria ‘ . . . .
Ao - Screening factor defined in [3.3.1] =—————————) /o Loviého)

- Permissible screening factor defined in [3.3.1] mmmm=) (1w tou opiZetatya v

-
N :

scperm KaBe meplntwon otoug
KOVOVLOHOUG)




Aemtopepng avaAuon pe M2 — MNePLOXEC UTTOXPEWTIKNG EPAPUOYNG

* Meploxec omou epappolovral Ta screening criteria
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Aemtopepnc avaAuvon pe M2 — Kataokeun LovteAou

Mo KAOE KATOLOKEVOLOTIKA AETITOUEPELO UTTOPEL ELTE VAL KATAOKEVAOTEL EEXWPLOTO LOVTEAD N VAL
eTILAEYEL N avTioTolyn mepLloxn amo To LEYAAO LOVTEAO OTIOU YIVETOL N ATTOPOLTNTN TOTILK)
nUKVWOoN TOU TIAEYLLATOC.

H péylotn avaAuon tou MAEyUaToC oto Aemtopepn HoviéAa Ba mpemeL va eival 50mm x 50mm.
To AemtopepEC povteNo Ba mpemel va £xeL Toulaxlotov 10 otolxeia mpog kaBe katevBuvon.
H petdfoon amo to apald MAEYUA 0TO TTUKVO Ba pEmeL va yivetatl opaAd (transition zone).

Evtocg TnG mepLloxng mUkvou MAEYHATOC Ba mpéEmeL va xpnotpornotovvtal Sidlaotato oTolxeia
(shell elements).

Evtocg tng neptoan TIUKVOU n}\eyuatoq Ba npena va xpnotuonmouvrat GTOLXELOL ue Aoyo
SLa0TACEWV ULKPOTEPO aTto 3, Kat Katd rtpotipnon 1. H xprion TplywVIKWVY oTolXelwv Ba mpEmeL va
armodeVyETaL.
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Fine mesh zone:
Element sire €50 mm = 50 mm
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Aemttopepnc avaluon pe M2 — Kpunpla amodoxnc

Ar = hfperm

g G HH H s} = . . TRl .
As = —— (utilization factor) Mperm - Permissible fine mesh utilisation factor, taken as:

Y
» Element not adjacent to weld:

Y& mepittwon oAU Aemtol MAEYUATOC O ﬂ
Mperm = 1.70 frfor S+D

Kavoviopog emitpemnel tn Bswpnon tou PEoou

Opou t’nq taon¢ Von-Mises o€ meploocotepa . }"'fperm = 1.36f.for S
otolxeia.
» Element adjacent to weld:
n
Zi!ﬂlj Uum_j . }prerm = 1.50 f-lr fDr S+D
Ovm-av = -
2 A ¢ Ao = 120 ffor S
f; . Fatigue factor, taken as:

« f,=1.0in general,

« f.=1.2for details assessed by very fine mesh analysis complying with the fatigue assessment
criteria given in Ch 9, Sec 2.
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