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Assignment 4

0 Grades 1-3:
v' Select a book-chapter related to determination of ship motions and loads and
get acquainted with a tool to predict these
v' Form a seakeeping analysis model from your ship, discuss the simplifications
made
v' Perform the computations for Response Amplitude Operators
O Grades 4-5:
v' Compute all motions and global loads (bending moments and shear forces) for
your ship for selected sea spectra (e.g., worst case spectra in North Atlantic).
You can predict 3-hour maximums
v'  Based on scientific literature, discuss the accuracy of your results

S~ Lightship
weight estimate

Concgz;;esign

(a) Input (b) System o (c) Output
Waves and Winds RAOs Motions and structural loads
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Motivation — Hull Girder Loads

Q

U

In the structural design of the ships, a common practice is to express the wave
loads by sagging and hogging bending moments and shear forces

These moments and shear forces are known as wave induced hull girder loads

They are balanced by internal forces and moments affecting the cross-sectional
loading of the ship hull (i.e. wave induced stress resultants matter)

The accurate prediction of the extreme wave loads is important for safety
For ships in a heavy seas, the sagging loads are larger than the hogging loads
Linear theories cannot predict differences between sagging / hogging loads

Cross-section
of hull girder
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Motivation — Hull Girder Loads
PRESTIGE A 190955Z NOV 02

J Who said ships do not fail
" in still water conditions or at
harbour?

273-foot barge ITB-270 With Gravel Was Being
Loaded Along The Duwamish River At The Ash
Grove Cement Co. Terminal, Harbor Island. ITB-
270 Suddenly Broke In Half. One Crew Aboard Was
Rescued. ITB-270 Settled In Shallow Water Off

Harbor Island. Barge ITB-270
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Mass vs hull/water interaction forces

Hogging: Tension in deck \

]

O Loads relate with hydrodynamic actions E

O Hydrodynamic actions are forces that depend on
v' Mass distribution , -

v Hull/water interactions (hydro-static/dynamic)

/' Sagging: Compression in deck \
O In waves the vessel experiences accelerations ’

due to ship motions. As a result the inertia

T =

component is added to the weight. ) _
. . i (M + A ) + Byl + G| = Fe 8 j=12,..,6
O The pressure acting on a hull surface in wave Zm R
. 1 4 Potential damping
Comprlses Of 1 P \/ Added mass force R Mass inertia

v hydrostatic; .

v" radiation;

Diffraction

-
\ Dynamic Froude-Kryloy,

v" Froude-Krylov

Diffraction force

v" Diffraction contributions B
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Global Loads

Global Loads caused by wave actions may be divided into (1) hydrostatic pressure, (2) racking, (3)
torsion, (4) hogging/sagging due to waves, (5) still water hogging/sagging.

Water or hydrostg L2 Transverse loads from Torsion loads are twisting
pressure increases in a waves (or tugs) may loads along the hull caused by
Izt relgtlonsmp i cause the vessel to distort quartering seas. This raises
e Th's PESELID @ sideways loading in way of deck edges
water tries to crush the o and bilge turn

ship and so the structure —
should be designed to
resist such forces
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Global wave Loads

O The major global loads the ship must survive are wave induced hogging / sagging
O The distribution of buoyancy changes in waves

O They create tension and compression in way of the keel/deck.

0 Max when wave length equals ship length in head and following seas.

Wave Sagging Wave Hogging
Crest: bow and stern ( higher upward forces Trough : bow and stern ; Crest :
by buoyancy) ; Trough: amidships. The amidships ( higher upward forces by
vessel is pulled downwards amidships by buoyancy). The bow and stern are pulled
gravity. downwards by gravity.
Sagging Hogging _fj_l‘ggsi_oi —

=

Compressi on

Hogging _ __Tension
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Global Loads in still water

: : Cargo distribution is crucial to Still water hogging or sagging
- Hoggmg or sagging avoid high still water bending

occurs due to the loads
difference between

Total weight

souions. <V vmmms gl

0 Wave Sagging and ‘
hoggi hould b = e T
added to the stil b A "lII|||F||||IIl'

water sagging or ]

hogging. qf‘f\

0 Cargo loading and

ship navigation are _ 25 R NS U % 2NN
critical to avoid =TT } Vo W

exceeding such

— — — — SHEARFORCE

StreSS |eve|S — — BENDING MOMENT

Total buoyancy

Shear /\
[ 5 1o 15 20

Force
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Wave crests at bow/stern (different prespective)

Wave sagging more severe when:

O The ship has large bow flare and
the ship motions are large with
respect to waves.

O The ship has a flat bottom stern
close to the waterline.

O The ship is in sagging condition

due to its own weight distribution.

(i

/ Sagging: Compression in deck '\

]

— _\___/ Sagging
Bow _ __ Still waterline
section
Hogging: Tension in deck
/A \
) < TH

Bow
section

— Still waterline

_ ﬁogging
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Loading Instruments and HCM (Sensors)

O Loading cargo gives rise to loads such as Bending moment and shear force.

O These values are limited by still water limits that should not be exceeded during
loading operations.

O They usually include a big safety margin that accounts for the effects of waves
in open sea conditions and loading operations at port.

A loading instrument (or loading Y“ABS
computer) onboard helps to check
Ioads durlng Ioadlng Operatlons Or :IULLDE:C::ONDITIONMONITORINGSYSTEMS
at open seas. Hull condition
. . (Updated FEBRUARY 2014)
monitoring systems are also used.

- Thestie of this Bl 7
- The rules change ma /
mcorporated into thi. 7
- Therule changes mad s 7
Long incorporated inio th
- NOTICE NO. 2~ Nover] A - -

Wavelength modulation of FBG Transmitted
Spectrum

r
Wide-band Input
Spectrum

! Bragg grating ,\BV A Strain f\_[ . /,/ \
Gauge ok b/ AN .
T 7_. i \///
A jhbs - N/ AN \,
— 5 Optical fiber Short 7
i B =
ase
A = 2n.A B
| [Ae = 20eA] STl
N A Gauge

Narrow-band Reflected
Spectrum

) ] Wei Shen, Renjun Yan, Lin Xu, Guangning Tang, Xialiang Chen, Application study on
A gz:gol'l";';’zzs“;xeerin FBG sensor applied to hull structural health monitoring, Optik - International Journal
J 9" for Light and Electron Optics, Volume 126 (17)- 2015
https://doi.org/10.1016/}.ijle0.2015.04.046 .



https://doi.org/10.1016/j.ijleo.2015.04.046

From Loads to stresses

Q

_ ANSYS
P g R19.2
b N\

The wave-induced primary stresses
are important for:

v" The dynamic response in waves

v' The ultimate strength assessment
of the hull girder and plates
LB

v' The fatigue strength analysis of 0 ey 0T omss _ oaeos
structural details

e concentration

S
=d
=

Stresses may amplify by stress
concertation points known as
discontinuities

Hull Condition monitoring systems can
help us to monitor these stresses as
well as BM and SF in service

1.0
Angle(rad)

Stresses generated by hogging /
sagging are absorbed by the main
longitudinal items of the ship in way of -

the deck and the keel Ultimate strength i Tero orce - —-mrerm - -

Stresses vary along the hull depth analysis _

Compression

Tension

A
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Quasi Static Response - general

O In Quasi static analysis we use simple beam theory and assume :

v
v

v
v

Loads and deflections have a single value at any cross section

The hull girder remains elastic with small deflections and strain due to bending varies
linearly

In way of the neutral axis

Static equilibrium applies

Static equilibrium Dynamic Equilibrium

Total buoyancy force = ship weight

pgf, a(x)dx = gf, m(x)dx = gh

L L
LCB =LCG pgj a(x)xdx = gj m(x)xdx = gAl;
0 0

I : distance from origin to I.C.G

a(x) = immersed cross - sectional area

m(x) = mass distribution

p = density of seawater

A = displacement

A
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Quasi Static Response - weights & beam theory
O The weight will not equal the buoyancy at each H”I"HM‘TMHTO]HM'THM"TH
ﬁim : | L ]T T ﬁ

I TV,

location along the ship. The weights are the
combination of lightship and cargo weights (more T

nnnnn

T

or less fixed).

O The buoyancy forces are determined by the shape Buoyancy J.lIIIIIIIIIIIII..L
of the hull and the position of the ship in water

(draft & trim). The net buoyancy will adjust itself Weight | : ’ - g
until it exactly counteracts the net weight force.

O Local segments may have more or less weight f(x)
than the local buoyancy. The difference will be Load |- - _
made up by a transfer of shear forces along the
vessel. *
2 0w = | faax
0
Q The governing equation for BMis 7,z = /() P _ - . _

where f(x) represents the loading of a ship as a beam

X
M(x) = f Q(x)dx
0
O The net distributed force is given by the resultant B T
between weight and buoyancy forces Moment W
fx) =b(x) —w(kx)

A giggo'f';i;’zf“meerin « Load = zero - Max/min SF/BM
J J * In general SF = 0 amidships / bow / stern and peaks near 1/4 points
* In general BM = max near amidships and BM = 0 at bow/stern




Quasi Static Response - weights & beam theory

U To solve for M(x) we need to know the transverse - o -
shear force Q(x). H‘THMHHHHHH,}(,.DLWMCSH
x ﬁ o L u s

Q(x)=]0f(x>dx T T

M(x) = fo Q(x)dx s IIIIIIIII

O Conventions : +ve shear - clockwise rotation; +ve 7 g n is 7
BM - concave upwards (or sagging); -ve BM Weight
concave downwards (hogging).

U Two buoyancy forces to consider (1) still water f(x)
buoyancy which is a static quantity given as the Load = r 7
function of the hull shape; (2) wave buoyancy x
which is dynamic /probabilistic quantity. Q(x) = f f(x)dx
Shear 0
U The buoyancy distribution in waves is calculated Foree 3 s I E »
separately an superimposed on SW buoyancy force

X
M) = | emax
U The SW buoyancy distribution is determined from 0

static and moment equilibrium equations. SO We  pending 7
need to know the mass distribution m(x) or at least ~ M*™"

the displacement / location of LCG.

A ggg;{z‘&??xeeﬁn « Load = zero - Max/min SF/BM
J J * In general SF = 0 amidships / bow / stern and peaks near 1/4 points
* In general BM = max near amidships and BM = 0 at bow/stern



Quasi Static Response - Bonjean Curves

o

O The local buoyancy / meter can
be determined form the cross —
sectional area of the hull at
discrete locations. This area
depends on local draft and it is . B ’ ’ ’ ’ -
found using the bonjean curves.

ANY WATERLINE

BONJEAN
CURVES

U Each bonjean curve
corresponds to a station.

U The total displacement at a

given draft/ trim is found by
summing up contribution of a(x): cross section area at x
each segment. R s
2 LBPY I
V= Z a;(T;) - W [m~] bGo) /
=0 AP buoyancy force curve
Ai=Vi-p-g
(Hull Form) + (draft + trim) — (buoyancy forces)
\—Y—} L . J
bonjean waterline
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Quasi Static Response - wave actions

Two basic RULES : The 1/20 Rule and the L = lambda Rule

When we consider the wave forces on the ship to be quasi static it means that they can be treated
as a succession of equilibrium states.

MAX hogging BM occurs when the ships’ mid body is on the crest of the wave . Conversely, MAX
sagging BM occurs when the mid-body is on the trough and the bow / stern are on crests.

/ Hogging: Tension in deck \ f Sagging: Compression in deck '\
AN =

Y AT

—, __“am

L = lambda RULE

The highest BM will occur when the wavelength approaches the vessel

length. The design wave of a vessel therefore has a wavelength equal to
the vessel length

Aalto University
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Quasi Static Response - wave actions

 The shape of an ocean wave is often depicted as a sine wave, but waves at sea can be better
described as "trochoidal". A trochoid can be defined as the curve traced out by a point on a circle
as the circle is rolled along a line. The discovery of the trochoidal shape came from the observation
that particles in the water would execute a circular motion as a wave passed without significant net
advance in their position.

+ The motion of the water is forward as the peak of the wave passes, but backward as the trough of
the wave passes, arriving again at the same position when the next peak arrives. (Actually,
experiments show a slight advance of the water with the waves, but that advance is small compared
to the overall circular motion.)

Rolling line {—= wmp < =——11 DIRECTION OF TRAVEL
/ A \

IWave Height /_\ /ﬂ\‘ A /
Hy =2r

1/20 RULE

The wave height (peak to through) may be generally assumed to be
the 1/20" of the wave length else the ship will break (1/20 RULE).
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Quasi Static Response - wave actions

* For trochoidal waves Lw = LBP , Hw=Lbp/20 - Lw = 27 R and Hw = 2r

L L
. Thisgives:R=2L;;7”— f(f and, _:% L L
x=—=06-——sinf
=RO-rsind [sN | 27 40
* Sothe wave shape is defines as |, — (1 - cos 0) 2= i(l —cos 0)
40
Rolling line

/ >\/ YT\ t Wave Height

< L
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Quasi Static Response - wave actions

O The L/20 rule for wave height has been shown to be overly conservative for large vessels and a
more modern formula is:

Hy = 0.607./Lgp (in metres) R = LZB;;,r = 0.303,/Lgp

O Hughes suggests that for ships of length greater than 350 m : Hy, = 227 [ m]
Lgp

Question : How can we calculate the wave bending moments by
placing the ship on the design wave and using the Bonjean

ANY WATERLINE

BONJEAN
CURVES

18 17 15 13 11 9 7 5 3 1 0
AP
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Quasi Static Response - process

Obtain Bonjean curves

b A\

forces F; wave = Fiw, — Fisw

@ O

Net wave forces
" (self-balancing)

Net wave forces
" (self-balancing)

_ o

Midship moment
(balancing the effects of forward forces)

At each station determine the still water buoyant forces (using the design draft)
At each station determine the total buoyancy forces using the local draft in that part of the wave
The net wave buoyancy forces are the difference between the total and still water buoyancy

From here we have a set of buoyancy forces due to waves, which are in equilibrium
We calculate the BM amidships from the net effect of forces either fore or aft

We can use computer packages to find the BM

Using a hull model, the buoyant forces on the fore
and aft ends of the hull can be determined by the
volume and centroid of the submerged volumes at
a specific waterline surface. A similar procedure
could be used to determine the wave values, but
the waterline surface would be the trochoidal wave
profile.

What about strip theory?

Aalto University
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Quasi Static Response —Murray’s method

< »l
<

U Used to estimate the longitudinal bending
moment amidships which arises when the ship

I
1
1
A I
I
1
I

is stabilized on a “Standard Wave’: Standard wQe
_ _ Twmw/ﬂ ~  T0607/L =y
O Wave with length equals to the length of the ship =X Dk
(L) and height equals 0.607,/L(meter) AP Amichioe v P
U The total bending moment can be divided into Values of b
two parts: C, Hogging Sagging

v' Wave-induced bending moment M,,. 080 10555 11801

0.78 10.238 11.505

MW = b -B- LZ'S X 10_3 tonnes metres 0.76 0943 11.188
. . 0.74  9.647  10.850
v Still water bending moment M; 072 9329 10513
w w w 0.70  9.014 10.175
_VrtWa_ W B 0.68 8716  9.858

s 2 2
0.66  8.402 9.541

W is the total ship weight, Wy is the moment of
the weight forward of amidships and W} is the
moment of the weight aft of amidships.

0.64  8.106 9.204
0.62  7.790 8.887
0.60  7.494 8.571

U Total bending moment My = M,, + M,

Aalto University
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Slamming loads

Rapidly varying loads "
O Rapidly varying loads have short Bt

periods and require a dynamic
analysis to be estimated accurately.
[ The pitching motion of the ship in

1) Bottom slamming

waves highly affects this type of load. ﬁ%
O Examples: @/\
v" Shipping of green seas on deck 3) Breaking wave impact

v Panting originates by the variable M\

external water pressure from waves

which causes the shell plating to T
bellow-in and bellow-out continually 2) 'Bow-flare’ slamming

like a fashion

T

v Slamming loads originate from
heaving and pitching motions

e
4) '"Wet-deck' slamming (Catamaran)

Aalto University
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ow

Linear Ship Responses

9|
O The model is linear. ]/CX\K

-

3
O We can use the concept of RAOs to relate the s
loads to the wave and ship operating conditions

(wave length, heading and ship speed)

W1 Wy W3 Wy W5 We W7 Wg Wg W10 W11 W13W13W14

U Thatis we can proceed similarly as we did with the Scale of Frequency w = 27/T
other linear responses and derive a short term Spectrum
internal load prediction for a ship operating in ZO
irregular waves. w, ———
w3
Shortcomings of linear methods Wy

U Due to linearity assumption, the result does not
distinguish between the sagging and the hogging  w,

condition except for the still water condition. 7

O Other shortcomings maybe related with forward W1z A~

speed effects, wave elevation in way of the free W13- S

surface, large amplitude motions etc. Scale of Distance
Component waves

. . Hirdaris, S.E. and Lee, Y. and Mortola, G. and Incecik, A. and Turan, O. and Hong, S.Y. and Kim, B.W.

Aalto University and Kim, K.H. and Bennett, S. and Miao, S.H. and Temarel, P. (2016) The influence of nonlinearities

School of Engineering  ,, the symmetric hydrodynamic response of a 10,000 TEU container ship. Ocean Engineering, 111.
166—178. ISSN 0029-8018



Ship responses — the role of transfer functions

L Ship seakeeping (motion response) is performed for individual regular waves with

different frequencies and unit wave amplitudes.

O Transfer function (RAO) of motions and loads S; (w|Hs, T;) are defined.

U Calculate the response spectrum, S (w|H, T,,60), by scaling the wave energy

spectrum.

H(w) Sw(w) Su(@e)

| | |

I I I I

| | — |

0 0.25 0.5 0.75 1 0
w, (rad/sec)

RAO for a specific ship %
heading and speed H (w,)?

T
my = area

m, =2"4 moment

T

0.25 0.5 0.75 1 0 0.25 0.5 0.75 1
w,(rad/sec) w,(rad/sec)
Sea state Wave spectrum Sy (w,) = Response spectrum Sy, (w,)
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The still water condition

Q

At each station, denoted by a position x,
we have the vertical force per unit length
given by a sum of weight and buoyancy
at this section that is:

q(x) = —m(x)g + pgA(x)

If the ship is heaving and pitching we
have to consider the inertia and
hydrodynamic F(x) loads. The vertical
force per unit length of a hull is

q(x)

= —m(x)g + pgA(x) — m(x)(fjz — xijs)

+ F(x)

where :

m(x)(7j3) : inertia from the heaving motion

m(x)(7js): inertia from the pitching motion
F(x): hydrodynamic forces

Buoyancy

Weight

Load

Shear
Force

Bending
Moment

A
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Sectional wave induced loads

QO Total vertical shear force and bending moment at section x;, can be obtained by integrating the
load/ship length along ship length from the stern up to the section x,:

Q(xl’j) =j q(x") dx’ M(xz’,) =j x'q(x")dx’
0 0

L The shear force and the bending moment are zero at the bow and at the stern

Q If we subtract from the above expressions the still water values of shear force and bending moment

respectively we get a linear approximation of the internal load distribution along the ship length in
relation to wave actions.
o

Xf
Qy = et f (3 — xns5)(f3 — w?*m(x) + fi3) dx

n3(t) L,z My B
XfF—Xo /‘\ ' e
Qv
M, = — f QV dx LCG vT/ x l v

0 7s5(t) 9 -

Xo xr
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Example — MV Arctic

«  Lgp=196,59 m
- B=2286m

. C,=076 = . - R

|'-i-' T e i "
. A=38.030ton Sen ﬁ%ﬂ ﬁ%iﬂ %ﬁ i
. DW = 28.000 ton e

* Allowed Mg, 924,5 MNm (92.450 tonm)

. Section modulus:
> Zieo 12,982 m3
> Zbottom 14,627 m?3

* Lloyd’s 100 A1, Ice Class AC 2
« NS Steel R, = 235 N/mm?

Lou* 2096 m
Lar2 19866 m
B =229 m
T =10 m
C, 7 0.76

A = 3BO3G 1
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MV Arctic (F, = 0,17, x=180°)

3,00E+05 -

taiv Bending Moment RAO

2,50E+05

2,00E+05

1,50E+05

H(®) [KNm/m]

1,00E+05

2ng
) = =28
(02
n = :E
o =2nf T
2
gt
h=5T

5,00E+04

AR

/ L

0,00E+00
0,00E+00

5,00E-01 1,00E+00 1,50E+00 2,00E+00 2,50E+00

o [rad/s]

A
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Hydroelasticity of Ships — brief Introduction

la + A(w)] p(t) + [b+ B(w)] p(t) + [c+ €] p(t) = E(w, we) exp(iwet)

Dry matrices [ can be defined by FEA] : a, band c

Wet matrices [can be defined by Green’s function]: A (w,), B(w,.) and C
p(t) is the principal coordinate Amps

w, is the Encounter frequency

Unified Hydroelasticity DRY analysis WET analysis
2D Beam theory Strip theory
(Analytical, FD, FEA) (conformal mapping)
3D 3D FEA Green function
(shell, beam elements) (pulsating source)

Aalto University Hirdaris, S.E., Price, W.G. and Temarel, P.: Two- and Three-dimensional Hydroelastic
Schoolof Engineering  apaivsis of a Bulker in Waves. Marine Structures ,16:627-65.



Hydroelasticity of Ships — brief Introduction

3D HYDROELASTICITY SHIP 2D HYDROELASTICITY
ol . l
wl | LINES PLAN | STRUCTURAL PROPERTIES | |
A !
<Z,: I U, 3D GLOBAL FE MODEL I
< LINEAR STRUCTURAL DYNAMICS TIMOSHENKO BEAM
E (FREQUENCIES, MODE SHAPES, GENERALISED MASSES, ::> I
D MOMENTS, MODAL STRESSES)
w ] | ] ] ] ] ] ] ] L] —_—— ] ] ] L] | ] ] L] _I
i
¢>/_) | LINEAR HYDRODYNAMICS }::> STRIP THEORY |
a
=1 } |
< PULSATING SOURCES ™ pRINCIPAL COORDINATES |
E I > IN REGULAR WAVES < n I
=L MODAL suMmaTION  (5:0)= 2P, (1w, () I
A 4 CONFORMAL MAPPING
GLOBAL WAVE LOADS
Aalto University Hirdaris, S.E., Price, W.G. and Temarel, P.: Two- and Three-dimensional Hydroelastic
School of Engineering Analysis of a Bulker in Waves. Marine Structures ,16:627-65.



Hydroelasticity of Ships — brief Introduction

Torsional moment, 14.5 knots
135 deg heading, L=A=1

2D BEAM/STRIP MODEL

Discontinuities on dry hull modes- Based on inclusion or not of deck strips

e —a— open ship
BULKER CLOSED SHIP OPEN SHIP E s v
/‘*‘u\ —=— closed ship
. § a1 — s, 150
=
2 node VB, 2 node VB 1 node HB and 1 node T % 100 —
o= 4.529 rad/s o, = 4.865 rad/s o, = 2.576 rad/s = /‘.k
50
| node HB and | node T 2 node HB and 1 node T 2 node VB (@)
o = 5.004 rad/s ®; = 6.848 rad/s o, = 4.426 rad/s A E
3D SHELL/PANEL MODEL
200
—a— open ship
—— bulker
—a— closed ship
150
2 node HB and 2 node T 3 node VB 2 node HB and 2 node T
®r = 5.554 rad/s o, = 9.412 rad/s o; = 4.780 rad/s £ & /\A‘\
= 1
LS
3 node VB I node HB and 1 node T 3 node VB
o, = 9.010 rad/s @, = 9.852 rad/s o, = 8.809 rad/s r T v T T
1] 0.1 0.2 0.3 0.4 0.5 06 07 08 098 1
(h] xIL

Aalto University Paper (2009) : Hirdaris, S.E. and Temarel, P. Hydroelasticity of Ships — recent advances and future trends. Proc.
School of Engineering  IMechE, Part M: J. of Eng. Mar. Env., 223(3):305-330.



Springing loads

6.0E + 05
_ I‘/ Measurements
O Springing is a continual vibration %mos /\
(flexing) of the hull girder that may — §™ ™" ,':,L
last for several hours once initiated. §***" \
: |
[ Occurs when waves excite the TR \
resonant hull girder frequencies. R o \//\ .
0O Have a great impact on vessels with: o e N
v" High forward speed (above 20 knots) g X169
v" Low natural vibration frequencies of 30r=
bending and torsional modes, like large 3 c -
container ships g% V 12
O The number of springing cycles is 4- %2'0 T A
8 times the number of wave cycles. " D Ml
v Therefore, springing affects the fatigue - _ NMAW/ - Faeticontriutin
0.5 otal response il
strength of the structure. L 4 S /k ]
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we[rad/sec]
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Whipping loads

O Whipping induced wave loads are excited by a rapid flexing of the hull
girder due to wave impacts (Bottom slamming, Bow flare slamming or Stern
slamming)

O Induce the propagation of high-frequency oscillations on the hull girder.

L The dominant oscillation mode is the vertical hull girder vibration
— Causes a remarkable increment of the vertical bending moments and shear forces
— Affects the ultimate strength of the ship.

— Does not impact fatigue strength.
8.0E + 06

HEL T T
Bow flare slam att = 17 sec
7.0E + 06T :

6.0E + 06 | Measurement of vertical
H bending moment amidships
__S50E+06F
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Hydroelasticity of Ships — key results

3D hydroelastic analysis can help to evaluate the vertical bending moment
RAO for low-frequency regular waves in head seas.

Hydroelastic predictions can be validated by elastic/segmented model.

Hydroelasticity numerical results Hydroelasticity model test
+ ﬂ

20 — 3D FEM MODEL HYDRODYNAMIC MESH ]
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So how about nonlinearities ?

13.66

Quantity Symbol Unit Value o

Length overall Loa [m] 1714
Length between perpendiculars Lyp [m] 158.0 5

Breadth max. at waterline Bui [m] 250 - 9
Draught T [m] 6.1 i
Displacement Y [m?] 13 766 E\_ﬁ 8l [ |||
Block coefficient Ca - 0.55 - i;_!_ﬁ:‘ = o 6.1
Centre of gravity: =] | ) o 4 c
From AP Xeo [m] 74.9 e T { ) N -
From CL Yeo [m] 0.0 _— = - M 3
N T2 — ] 1 fe(
From BL Zce [m] 10.9 \ L] 1 / -
Radius of gyration in pitch kyy/ L - 0.25 §::h‘:::::: 45;:(; 2::2 ﬁ,ﬁ == .5
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Nonlinear hull girder loads of a RoPax ship ®L.‘.wmm Scate (a7

Timo Kukkanen **, Jerzy Matusiak”

“ VIT Technical Research Centre of Finland, Tietorie 1 A, Espos, PO Bax 1000, FI-02044 VTT, Finland
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ARTICLE INFO ABSTRACT

Article history: Numerical and experimental studies of nonlinear wave loads are presented. A nonlinear time domain
Received 5 March 2013 method has been developed and the theoretical background of the method are provided. The method is
Accepted 18 October 2013 based on the source formulation expressed by means of the transient three-dimensional Green function.
Available anline 19 Novernber 2013 The time derivative of the velocity potential in Bernoulli's equation is solved with a similar source
Keywards: formulation to that of the perturbation velocity potential, The Wigley hull form is used to validate the
Seakeeping calculation method in regular head waves. Model tests of a roll-on roll-off passenger ship with a flat
ND"“'!CU panel method bottom stern have been carried out. Model test results of ship motions, vertical shear forces and bending
:“‘:f"'l‘t‘i‘“ﬂd‘ moments in regular and irregular head waves and calm water are given. The nonlinearities in ship

mations and hull girder loads are investigated using the calculation method and the model test results.
The nonlinearities in the hull girder loads have been found to be significant and the calculation method
can predict the nonlinear loads for the model test ship.

@ 2013 Elsevier Ltd. All rights reserved.
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Weight, VSF & VBM distributions

m, (ton/m) Q(kN) M (kNm)

150 - 15000 1 750x10°
100 - 10000 {  500x10°
50 - 5000 {  250x10°
01 01 0 -
50 - -5000 1 -250x10°
1001 -10000 1  -500x10° -
450 1 -15000 - -750x10° e

o0 01 02 03 04 05 0B 07 08 09 10
x/L
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RAO of VSF & VBM - (y =180, Fn = 0.25)
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Sagging & Hogging (¥ = 180, Fn = 0.25)
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Design for Lifetime Service

O The basis is the description of sea state with wave 1. Sea State Wave statistics
spectrum
v" Years of wave measurements and resulting v
statistics such as Hg, T,, (BMT wave stats) 6-parameter ,
v 2-parameter spectra " Confidence
Wave SpeCtrumS spectra > spectra
________________________ _4,_._._._._._._._._._._._.
O Two things are of interest 2. Response Se'eCt‘id LD
sSpectrums
v Short term response (M, Q) 1 7
v" Long term response (M, Q) Short Term Lot T
Approach Approach
e _¢ ______ _¢ ____________________

O Short term response is used when ultimate strength 3. p Load
is considered, i.e. strength against extreme loads - Fressure Loads | posign Response

v

Design Wave

U Long term response is used when fatigue strength
is considered, i.e. cumulative damage from years of

operation — can be used also to predict the ultimate

loads Pressures and

Accelerations on
Hull Girder

4. Strength Analysis

Structural Model

v

Response

. <7 Failure Modes
Evaluation
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Responses In extreme sea states

Most probable value for
significant wave height H

U Short term response under extreme load
conditions may influence reserves for
ultimate strength

Y

Modal period on,=f(H;)

U The interesting failure modes are those !
which can happen during one load cycle: Wave spectrum ()
v Rupture & Response
) spectrum S,;(®py)
v Buckling Response
spectrum S (o)
U The long term extreme value for wave Moments of response
height His based on BSRA wave statistics spectrum mg;, m,
and considers the entire lifetime of the ship v
(i.e., 20-25 year for ships, 100 years for Number of Responses | , = p l(60)2 m;
offshore structures) I 7T o my,
' o ar Design Extremum Yy = \/ ln(n I 05)\/ 2m,,
60N ke qD 1 ‘2 “ " - A 5 (
2 1 R r—‘ﬁj 1% ~ ol o \
AN — = n <HL=C = } | G 3
N ) " EERERE o 3 I ol o o i K
— b 2 emis] — DesignValue

; - 55 [os] & | = [ o [ ofel | o |
2 I E: - ] 'L' 7 L 2 . ] l L
e w | e | [ " Lo o " " " 1
308 P l 1 I ™ I " » " “» %) ] ™
w | w (s |s|] o | = ) | D |
- w
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Hull Girder Global Loads in Class Rules

O Classic deterministic simulations in
computer packages consider one sea state
only. However, over the lifetime several
load conditions occur and all of them must
be checked

ical bending moment [kNm]
o

U To address the above rules use “envelope
curves” for the longitudinal moment and
shear force distributions

L These go beyond static analysis and can
be applied via direct Hydrostructural
analysis (i.e., Hydrodynamics and FEM) +
corrections for hydrodynamic non-linearities
especially for ships of abnormal
configuration and complexity
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Classification Society Bending Moment (Simplified)

Short Term Response (Buckling and Yielding)

Rules for Ships, January 2007
PL3Ch.1 Sec.5 - Page 38

Where multiple tanks are intended to be partially filled, all
combinations of empty, full or partially filled at intended level
for those tanks shall be investigated.

However, for conventional Ore Carriers with large wing water
ballast tanks in cargo area, where empty or full ballast water
filling levels of one or maximum two pairs of these tanks lead
1o the ship's trim exceeding one of the following conditions, it
is sufficient 1o demonstrate compliance with maximum, mi
mum and intended partial filling levels of these one or ma;
mum two pairs of ballast tanks such that the ship's condition
does not exceed any of these rim limits. Filling levels of all
other wing ballast tanks shall be considered between empty
and full. The trim conditions mentioned abave are:

— trim by stern of 3% of the ship’s length, or
trim by bow of 1.5% of ship's length, or
— any trim that cannot maintain propeller

buckling control, the stillwater bending moments at arbitrary
positions along the length of the ship are normally not to be
taken less than:

Mg =k Msg (kNm)
as given in 106
1.0 within 0.4 L amidships
0.15 at 0.1 L from A.P. or F.P.
0.0t AP. and F.P.
Between specified positions k., shall be varied linearly.
Values of kg, may also be obtained from Fig.3

Mso
ki

W

not less than 25%
where:
I = the distance from propeller centreline to the waterline
ropeller diameter.
2

The maximum and minimum filling levels of the above men-
tioned pairs of side ballast tanks shall be indicated in the load-
ing manual

(IACS UR 811.2.1.3 Rev.5)

=
AT

R e
[N

104 In cargo loading conditions, the requirements given in
103 applies to peak tanks only.

(IACSUR §11.2.1.4 Rev.5)

105 Requirements given in 103 and 104 are not :gplicable o
ballast water exchange using the sequential method.

(LACS UR S11.2.1.5 Rev.5)

106 The design silluaer bending momenss aridehigs eag:
ging and hogging) are normally no to be taken less

Mg =Msg (KNm)
L2 B (Cp +0.7) (KNm) in sagging

See

Fig.2

Mo = —0.065 Cy

Larger values of Mgp, based on cargo and hallast conditiins
shall be applicd when relevant, see 102.
For ships with amangement giving small possibilities for vliri-
ation of the distribution of cargo and ballast, Mgg may be [lis-
pensed with as design basis.
107 When required in connection with stress analysifor

Ksm
TN
amy o[ 'ANERERR \J\I
08 |
i
F ;
o, / !
A dd] N\,
| I [HEEEN]
oL | o 0t lu,n oL
ap o 23

Fig. 3
Stillwater bending moment

The extent of the constant design bending moments amidships
may be adjusted after special consideration

108 The design values of stillwater shear forces along the
length of the ship are normally not to be taken less than:

Hashm il (00
M

Qso =

Mg = design stillwater bending moments (sagging or hog-
ging) given in 106,
Larger values of %3 based on load conditions (QS =
Qg ) shall be applied when relevant, see 102. For shij
wE arrangement giving small possibilities for wma—
uun in the distribution of cargo and ballast, Qg may
be dispensed with as design basis
0 at AP. and F.P,
1.0 between 0.15 L and 0.3 L from AP,
0.8 between 0.4 L and 0.6 L from AP,
1.0 between 0.7 L and 0.85 L from AP,

Between specified positions K
Sign convention to be applied:

shall be varied linearly.

— when sagging condition positive in forebody, negative in
afterbod;

Iy
Cypu L2 B (0.1225 - 0015 Cg) (kNm) in hoggin when hogging condition negative in forebody. positive in
Cyy = Cy for unrestricted service. H

B 200 Wave load conditions

201 The rule vertical wave bending moments amidships are
given by:

=My (kNm)
Myg = -0.11@CyL2B (Cg+0.7) (kNm) in sagging

DET N ——

Rules for Shgs, January ZDBT
Pt3Chi 'age 39

0.19 @Cy LB C g (kNm) in hogging

1.0 for seagoing conditions .

5 for harbour and sheliered water conditians (en-
closed fjords, lakes, rivers).

Cy is not be taken less than 0.6.

202 When required in connection with stress analysis or
buckling control, the wave bending moments at arbitrary posi-
tions along the length of the ship are normally not o bé taken
less than:

=
wn

My = Ky My (kNm)

Mg = as givenin 201
1.0 between 0.40 L and 0,65 L from AP,
= 00atAP. andFP

wm

203 The rule values of verti
length of the ship are given by:
Pasitive shear force, to be uscd when positive still water shear
force:

1 wave shear forces alang the

Quwp=03 fkygp Cy LB(Cp +0.7) (kN)
Negative shear force, to be used when negative still water
shear force:

Q =03 Flygy Cw LB(C g+ 071 (kN)
Pasitive shear force when there is a surplus of buoyancy for-
ward of section considered, see also Fig. 1.

Negative shear force when there is a surplus of weight forward
of section considered

B = 1.0forseagoing conditions
For ships with high speed and o large flare in the forebody the = 0.5 for harbour and sheltered water conditions (en-
adjustments 10 Ky, a5 given in Table BI, limited to the contral closed fjords, lakes, rivers)
for buckling as given in Sec. 13, apply- kug = Oat AP andEP.
e = ISQCB/(CI+E}7)be(we:r|02Landl]3LEmm
Table BI_Adjustments 10 Ky AP
Load z : = 0.7 between 0.4 L and 0.6 L from AP.
condition | 588ing and hoeging Saging onty = 10between 0T Land 085 L trom A
k, = at A
o [s0B] 20327 < - {!92buwem102l and 0.3 L from A P.
Car e S04 nﬁﬁm = O7bctwesn 04 Land06Lfom AR
% B L o i 648 L and = 1,73 Cy/(Cy + 0.7) between 0.7 L and rom
bem | adust- {I?!;SALF adjust- | from AP. Cy = asgivenin20L.
ment | gompp. | ™ 00atF.P. For ships with high speed and or lnrge flare in the forebody, the
and AP. ‘ o AT given in Table B2 apply.

11 Adjustment for C

¢ 001 10 be applied when Cay > D50

s—';‘ . maximum 0.2

Apk = projected arca in the horizontal plane of upper deck
DK = R eiding uny forccastle deck) forward of 0.2 L

from E.P.

Ayp = area of waterplane forward of 0.2 L from EP. at
draught T

» = vertical distance from summer load waterline to

deckline measured at F.P.

Between specified C-values and positions k , shall be var-
ied Tinearly. Values of k ,, may also be obtained from Fig4.

K

o
oo

AP

Fig. 4
Wave bending moment distribution

n.u:]u Adjustments (0 kyg
I . by
s | Sugging and hogging | Sagging onl
Cav |S028] 2032 1) |
Cap | 5040 | 2050
TOafof 1.0 aft of
Dﬁ L flom 06 L from
iy AP.
matiply | 1| 2between 10 | 12between
g by 0.7 Land 0.7 Land
085 L 0851
from AP, from AP
1) Adjustment for Cay 00110 be applicd whenC yp > 0.50.

C v =as defined in 202
C p = as defined in 202.

Between specified pasitions K, shall be varied linearly. Val-
ues of Ky may also be obtained from Fig 5.
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Exercise for home study : Find DNV Classification note
When we use Rules and When Direct Calcs?




H(w)

Summary | |

0 Loads act on ships can be static, Quasi-static and i i
Dynamic. Direct analysis is needed when the ship is not | Sy (@,)

. . . I T I
suitable for application rules (Novel types) i I my = area
my =2"9 moment
| | 1 |
_ _ 0 0.25 0.5  0.75
Q Stochastic loads can be assessed using spectral w, (rad/sec) -
methods RAQ for a specific ship B
v Input: wave spectrum (frequency domain) Swr(w) -
v" RAO (linear operator): strip method, panel method, | | 0 025 05 075
eXperimentS w,(rad/sec)

= Response spectrum Sy(w,)

v Output: response (frequency domain)

Q 3D hydroelastic analysis is used to Evaluate the vertical |
bending moment RAO for low-frequency regular waves | ,
in head seas. Hydroelastic predictions can be validated 1 0 025 05 075 1
by elastic/segmented model. we(rad/sec)

X  Sea state Wave spectrum Sy (w,)

8.0E + 06

iBow flare slam at t = 17 sec
7.0E + 06 H

O  Whipping induced wave loads are excited by a rapid sl
flexing of the hull girder due to local wave impacts. éi‘iﬁiiﬁ
Springing induced wave loads appear due to the el 1)
continuous vibration (flexing) of the hull. e
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