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4. Elementary plate panels (EPPs) for longitudinal and transverse framing (I1ACS, 2015)

Konstrukcja kadtuba

statkdw morskich O wyborze uktadu wigzan decyduje w znacznej mierze odpornosc

poszycia na wyboczenie a nie wytrzymato$é konstrukcji.

Po przekroczeniu poziomu obcigzeri/naprezen dopuszczalnych z
punktu widzenia wyboczenia rzeczywiste ptyty poszycia zachowajg
wytrzymato$é (naprezenia nie przekrocza granicy plastycznosci) ale
utraca statecznos$é: ulegng wyboczeniu.

Zbigniew Sekulski
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8. Perspective drawings of all ship hull framing systems 9. Perspective drawing of ship hull with transversal framing system
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10. Perspective drawing of the ship hull with longitudinal framing system 11. Perspective drawing of the ship hull with mixed framing system
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17. Simplified midship sections of different types of merchant ships

17. Simplified midship sections of different types of merchant ships
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18. Perspective drawing of ship hull structure

19. Perspective drawing of the ship hull structure
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30. Ship hull framing systems

30. Ship hull framing systems

Kadtuby statkéw krétkich, o dtu-
gosciach nie wiekszych niz ok. 100
m, najczesciej konstruowane s3 z
poprzecznym przebiegiem uszty-
whnien wszystkich czesci kadtuba:
dna  (denniki), burt (wregi
burtowe) i poktaddw (poktadniki).

Kierunkiem gtéwnym jest wéwczas
kierunek poprzeczny.

Wiazary — wzdtuzniki denne, wzdtuzniki burtowe i wzdtuzniki poktadowe
— maja wdéwczas wzdtuzny przebieg; prostopadty do kierunku gtéwnego.
W celu uzyskania rusztu o odpowiedniej wytrzymatosci czes¢ usztywnien
poprzecznych zastepowana jest wigzarami poprzecznymi (gtéwnego
kierunku) (rama poprzeczna = dennik + wreg ramowy + poktadnik
ramowy) krzyzujgcymi i faczacymi sie z wigzarami wzdtuznymi.

TR Zoigniew Sekuiskl
S, Konstrukcja kadiuba statkéw morskich

11110

Statki dtugie, o dtugosciach przekra-
czajacych ok. 160 m, mogg by¢ kon-
struowane ze wzdtuznym przebiegiem
usztywnien dna (wregi wzdtuzne dna),
burt (wregi burtowe) i poktadéw (po-
ktadniki wzdtuzne) (poktadu wytrzy-
matosciowego; miedzypoktady moga
by¢ konstruowane w poprzecznym
uktadzie wigzan). Kierunkiem gtoéw-
nym jest wowczas kierunek wzdtuzny.
Wiagzary (denniki, wregi ramowe, poktadniki ramowe) na takich statkach leza
wowczas w ptaszczyznach poprzecznych, prostopadtych do kierunku gtéwnego.

W celu uzyskania rusztu o odpowiedniej wytrzymatosci czes(|
usztywnien  wzdtuznych  zastgpionych  jest  wigzarami  wzdtuznymi
(wzdtuznikami) krzyzujgcymi (biegngcymi w kierunku wzdtuznym) i tgczacymi
sie z wigzarami poprzecznymi (rama poprzeczna = dennik + wreg ramowy +
poktadnik ramowy).

SR Zoigniow Sekuisi
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30. Ship hull framing systems

30. Ship hull framing systems

) Kadtuby statkdw o S$rednich dtu-
V\gos'ciach, rzedu 80 — 220 m, naj-
{czes’ciej majq mieszany uktad wia-
zan kadtuba. Dno (dno pojedyncze /
dno podwdjne) i gorny poktad statku
z takim uktadem wigzan maja
usztywnienia (wregi wzdtuzne dna,
poktadniki) biegngce wzdtuz kad-
tuba. Te wzdtuzne usztywnienia tg-
czone s3 z poprzecznymi wigzarami (podpierane s3 przez...) — dennikami i
poktadnikami ramowymi.

Burty i dolne pokfady (jesli sa na statku) konstruuje sie z poprzecznymi
usztywnieniami i wigzarami. Poprzeczne wigzary dna (denniki) i poktadu
gornego (poktadniki ramowe) taczone s3 weztdéwkami z poprzecznymi
wigzarami burt — wregami ramowymi, majgcymi wieksze przekroje niz
zwykte wregi.

Zoigniew Sekuiskl
Konstrukcja kadiuba statkéw morskich

Podane weczesniej przedziaty dtugosci kadtubdow statkow budowa-
nych z réznymi uktadami wigzan sg orientacyjne, nieostre i czesciowo
sie pokrywaja. W kazdym konkretnym przypadku o wyborze jednego
z trzech uktadéw decyduja takie czynniki, jak walory eksploatacyjne,
doswiadczenie stoczni czy relacje kosztéw materiatowych (ceny) do
kosztéw wykonawczych (pracochtonnosc).

Pewna dowolno$¢ dotyczaca zastosowania omoéwionych uktadéw
wigzan dotyczy Srodkowej czesci kadtuba statku, w ktdérej dominu-
jacym obcigzeniem jest (ogolne) zginanie wzdtuzne kadtuba a wy-
brany uktad wigzan powinien by¢ do niego dostosowany.

W przypadku czesci skrajnych — skrajnik dziobowy, skrajnik rufowy —
zginanie wzdtuzne moze by¢ pominiete a dominujgce sg obcigzenia
lokalne: skrajniki dziobowy i rufowy konstruujemy w poprzecznym
uktadzie wigzan.

Zoigniew Sekuiskl
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31. Definitions of structural members

32. Definitions of terms (Structural nomenclature) acc. IACS 2017

Przyktadowe okre$lenia elementéw konstrukcji (PRS, Przepisy Klasyfikacji i Budowy Statkéw
Morskich, Cze$¢ Il, Kadtub, 2017):

Konstrukcja burty — poszycie zewnetrzne wraz z usztywnieniami i wigzarami pomiedzy
najwyzszym poktadem siegajacym do burty a goérng krawedzia obta w przypadku dna
pojedynczego lub poszyciem dna wewnetrznego w przypadku dna podwdjnego.

Konstrukcja grodzi — poszycie grodzi wzdtuznej lub poprzecznej wraz z usztywnieniami i
wigzarami.

Konstrukcja dna pojedynczego — poszycie zewnetrzne wraz z usztywnieniami i wigzarami ponizej
goérnej krawedzi obta.

Konstrukcja dna podwdjnego — poszycie dna zewnetrznego i wewnetrznego wraz z
usztywnieniami i wigzarami pomigedzy tymi poszyciami.

Konstrukcja poktadu — poszycie poktadu wraz z usztywnieniami i wigzarami.

Usztywnienia— ogdlna nazwa wigzan podpierajacych bezposrednio ptyty poszy¢.

Wiazania — ogdlna nazwa takich elementéw konstrukcji kadtuba jak poszycia, usztywnienia
poszy¢ i wigzary.

Wiazary — ogdlna nazwa wigzan podpierajacych usztywnienia lub uktady usztywnien.

Wregi gtéwne — wregi burtowe umiejscowione poza rejonem skrajnikdw, potaczone z dennikami
lub dnem podwdjnym i doprowadzone do najnizej potozonego poktadu lub wzdtuznika na
burcie, jezeli jest on liczony jako podparcie wregdw.

Wregi miedzypoktadzia — wregi znajdujace sie miedzy podpierajgcymi je wzdtuznikami
burtowymi, wzdtuznikiem i najblizszym poktadem lub miedzy poktadami, tacznie z poktadami
nadbudéwek.
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Elementary plate panel (EPP) — the smallest plate element surrounded by structural members,
such as stiffeners, PSM, bulkheads, etc.

Elementary plate panel (EPP) — the unstiffened part of the plating between stiffeners and/or
primary supporting members. The plate panel length, a, and breadth, b, of the EPP are defined
respectively as the longest and shortest plate edges.

Floor— a bottom transverse member.

Girder — a collective term for primary supporting structural members.

Inner hull — the innermost plating forming a second layer to the hull of the ship.

Longitudinal hull girder structural members — structural members that contribute to the
longitudinal strength of the hull girder, including: deck, side, bottom, inner bottom, inner hull
longitudinal bulkheads including upper sloped plating where fitted, hopper, bilge plate,
longitudinal bulkheads, double bottom girders and horizontal girders in wing ballast tanks.
Longitudinal hull girder shear structural members — structural members that contribute to
strength against hull girder vertical shear loads, including: side, inner hull longitudinal bulkheads
hopper, longitudinal bulkheads and double bottom girders.

Plating — sheet of steel supported by stiffeners, primary supporting members or bulkheads.
Primary supporting members (PSM) — members of the beam, girder or stringer type which
provide the overall structural integrity of the hull envelope and tank boundaries, e.g. double
bottom floors and girders, transverse side structure, deck transverses, bulkhead stringers and
vertical webs on longitudinal bulkheads.

Zbigriem Sekushi
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32. Definitions of terms (Structural nomenclature) acc. IACS 2017

33. Ship hull structural optimization problems

Scantlings— the physical dimensions of a structural item.

Stiffener — a collective term for secondary supporting structural members.
Strake — a course, or row, of shell, deck, bulkhead, or other plating.
Stringer — horizontal girders linking vertical web frames.

Transverse web frame — the primary transverse girders which join the ships longitudinal
structure.

Web frame — transverse PSM including deck transverse.

Zoigniew Sekuiskl
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Shape optimization: optymalizacja ksztattu.
Material optimization: optymalizacja materiatu.
Topology optimization: optymalizacja topologii.

Scantlings optimization: optymalizacja wymiaréw elementéw konstrukcyjnych.

Zoigniew Sekuiskl
Konstrukcja kadiuba statkéw morskich
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33. Ship hull structural optimization problems

3. MSC Napoli fracture

s/
7500/(x,+1)
7500

Zoigniew Sekuiskl

i

Konstrukcja kadiuba statkéw morskich 19/110

On January 18, 2007, the MSC Napoli, a 275-meter container ship (4,734
TEU; beam: 37.10 m, draught: 13.8 m; built in 1991) was on passage in the
English Channel, while a route from Belgium to Portugal, when she got
caught in stormy weather and suffered catastrophic hull damage.

Zoigniew Sekuiskl i
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3. MSC Napoli fracture

3. MSC Napoli fracture

MSC Napoli departed her berth in Antwerp at 0812 on 17 January 2007. After disembarking her river
pilot at 1521, the vessel passed through the Dover Strait before transiting the English Channel during the
early hours of the following morning. The weather worsened overnight. By the time MSC Napoli was
about 45 miles south east of the Lizard Point in Cornwall, England, she was heading into storm force
winds. The vessel was occasionally pitching heavily into high seas but was no longer rolling to any
significant extent. She was making good a speed of 11 knots over the ground and her master was
content with the vessel’s motion and considered that there would be no damage caused to the forward
containers.

Shortly after 1100, the ship encountered several large waves, which were described as “quite powerful
strikes”. At about 1105 a loud crashing or cracking sound was heard. At the same time, the third
assistant engineer, on watch in the engine control room (ECR), acknowledged an alarm indicating a high
level of fluid in the engine room bilge. This was immediately followed by further bilge alarms and an
engine room flood alarm.

The wind was south west storm force 10 to 11. There was a swell running from the south west and the
wave height was estimated to have been between 5m and 9m. The distance between successive wave
peaks was 150m, with an interval of between 9 and 10 seconds. The charted depth of water was about
80m.

Zoigniew Sekuishi ot
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It was intended that MSC Napoli would have a maximum draught of 13m on completion of container
operations at Antwerp to allow her to sail at any state of the tide. The maximum permitted draught to
leave the port was about 15m. In an attempt to achieve the desired draught, various ballast
configurations were input to the vessel’s loading computer together with the planned distribution and
weights of the containers to be loaded. The only condition that enabled a maximum aft draught of 13m
resulted in harbour and sea bending moments of about 88% and 116% of their respective maxima. This
condition, which required the ship to be ballasted forward during the cargo operations, was approved by
the master, on the basis that the bending moments would be reduced to within the seagoing limit, by
adjusting the ballast configuration during the river transit towards the open sea. When loaded, it was
normal for the vessel to be in a ‘hogged’ condition.

MSC Napoli departed Antwerp on 17 January with 2318 containers on board, of which about 700 were
stowed on deck. The ship’s draught on departure was 13m aft and 12.6m forward. After passing through
the harbour locks the chief officer adjusted the ballast during the passage down the river as planned.
This action had the effect of reducing the seagoing bending moments to 99% of the allowed maximum
and of increasing the draught aft to about 13.5 meters.

To facilitate berthing at any state of the tide at Antwerp, the vessel had arrived at the port on 120% of
her maximum permissible seagoing bending moments. Data recovered from the ship’s loading computer
indicated that the vessel had arrived or departed from berths or other ports on several occasions on up
to 122% of her maximum permissible seagoing bending moments.

Zoigniew Sekuishi
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3. MSC Napoli fracture

3. MSC Napoli fracture

o0

Source: Report on the investigation of the structural failure of MSC Napoli English Channel on 18 January 2007,
i L ited Ki , April 2008.

Ship’s track as recorded by AIS (UTC).
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3. MSC Napoli fracture 3. MSC Napoli fracture
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3. MSC Napoli fracture 3. MSC Napoli fracture

The MSC Napoli was a post panamax containership, being at the time of her
construction one of the largest of her type, her design being based on that

of a smaller vessel. She was a one off construction having no sister vessels. 100000 tonm. ey ::;;:::g

The block coefficient of MISC Napoli was 0.609 whereas the block coefficient 4] il

of an oil tanker would typically be about 0.9. - w o,
Forward of the engine room the hull was longitudinally framed, i.e. the shell 3: 090705 __ f""
plate was reinforced by closely spaced stiffeners (longitudinals) which ran in |~y [
the fore and aft direction. Generally, the longitudinals were spaced o4 :

at 870mm intervals in the bottom structure and supported by transverse

floors spaced a maximum of 3,200mm apart. Aft of the engine room =

forward bulkhead (frame 88) the bottom structure and lower portion of the
side shell up to the 4th deck (9620mm above base) changed to being
transversely framed with plate floors spaced at 800mm. There was an area
of framing transition in the bottom structure aft of frame 88 where
longitudinals from the cargo hold region continued aft for a short distance
before termination or replacement by intercostal stiffeners.

Departure condition on leaving the berth in Antwerp.

Zigrien Sekushi
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3. MSC Napoli fracture 3. MSC Napoli fracture

The investigation has identified a number of factors which contributed to
the failure of the hull structure, including:

100000 tonm. L o , . - . .
At e The vessel’s hull did not have sufficient buckling strength in way of the
1 i [ engine room.
' 02 | PP . . ’ :
s 5 “}mgg&;ojﬂ_m e The classification rules applicable at the time of the vessel’s construction
I W‘ did not require buckling strength calculations to be undertaken beyond

1 the vessel’s amidships area.

e There was no, or insufficient, safety margin between the hull’s design
2 loading and its ultimate strength.

* The load on the hull was likely to have been increased by whipping effect.

® The ship’s speed was not reduced sufficiently in the heavy seas.

Condition on leaving the River Schelde.
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3. MSC Napoli fracture 3. MSC Napoli fracture
The deadload (ZS: ,dark load”) is the difference between a vessel’s . I ,Thickness measurements
. Sample Diminution | Diminution
deadweight calculated from her observed draught and a vessel’s o Thickness | Thickness | imm) ) taken on the steel samples
i i PSS Side S 5 £ " - .
deadweight calculated from known weights such as cargo, fuels and water T i srsni— i e—T— =5 22| |indicated minimal corrosion
P FTFZ_| Transverse Fioor 193 19 03 T of the structure.” Sixteen-|
ballast. In theory, the dead-load should be the difference between the T T s L L = e
Y ) 1 1 s ear-old ship!
calculated or estimated weight of cargo and the actual cargo on board, [ Longinudinal Groer | 200 | 16 N v P
. . Transverse Floor 194 19 -0.4
although other ‘unknown weights’ such as accumulated mud in ballast PTFLs | TransverseFloor | 158 | 15 ED
. Longitudinal Girder 243 25 0.7
tanks can also contribute. [ TvankTes T 8 [ 5 | o1
CLS Trangverse FIoor 14.1
| Longitudinal Girder T 15.0
M?
T 14.7
Longitudingl Girder | 24.7
7858 | Botiom Shel 81
STT9 | Tank Top Stod Side | 18.3
[ [vankTopPorisce | 150
55610 | Botom Shal 2]
STL11 | Transverse Floor 151
Longitudinal Girder 192
55512 | Side Shel 180 0 p
P13_| Tank Top 150 0 5
$14 | Tank Top | 19 01
[ Average X
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3. MSC Napoli fracture (on another note) 3. MSC Napoli fracture (on another note)
Yield strength of plates (normal strength hull steel): Yield strength of rolled profiles (normal strength hull steel) :
NomyYield = 235 MPa, ArithmeticMean = 311.4 MPa, StandDev = 30.78 NomYield = 235 MPa, ArithmeticMean = 330.9 MPa, StandDev = 38.44
- i - 2 Di iag = . . .
MPa, CoefVar = 0.09, Variance = 947.46 MPa’, DifferenceBias = 76.35 MPa, CoefVar = 0.12, Variance = 1477.76 MPa?, DifferenceBias = 95.9
MPa, RatioBias = 1.33, MinValue = 235 MPa, MaxValue = 400 MPa, MPa, RatioBias = 1.41, MinValue = 251 MPa, MaxValue = 501 MPa,
ProbDistr = LN(5.736, 0.098); based on the data collected from 2011 to ProbDistr = LN(5.796, 0.108); based on the data collected in 2018; 518
2018; 15 manufacturers, 1684 measurements; source: Zbigniew Sekulski measurements, 17 manufacturers; source: Zbigniew Sekulski (2019).
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3. MSC Napoli fracture (on another note)

Excess of plates thickness:

ArithmeticMean = 0.37 mm, StandDev = 0.12 mm, CoefVar = 0.32,
Variance = 0.01 mm?, DifferenceBias = 0.37 mm, RatioBias = 0.03,
MinValue = 0.1, MaxValue = 0.7, ProbDistr = LN(-1.0383, 0.3028), Mean =
—1.0383, StandDev = 0.3028; based on the data collected in 2018; 765
measurements, ? manufacturers; source: Zbigniew Sekulski (2019).
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