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Scheme of CSR-H loads
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Generation of loads

®* Wave data and ship speed in direct computations
® Equivalent design wave approach

® Definition of equivalent design wave (EDW)
— Hull girder & acceleration
— Pressure

— Selection & validation
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Wave data and ship speed

® Wave data : Re-examination of wave
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Definition of an
Equivalent Design Wave (EDW)

* EDW approach - HOW

I—II{ydrodynamic analysis -> load RAO
(Response Amplitude Operator)

RAO(To.B) Heading 1

Spectral analysis
-> Long Term value of each load at 10X

Heading2 — — —

Determine (T,[3;) from the maximum of
load RAO

Determine A by the ratio

A,= LT value at 10X/ RAO(T,[3,)

- Regular wave (AT, Bo) is called EDW

-~ Which produces the same load of Long
Term value

- At10X o
- Each load component has an EDW . :

* Commonly accepted method for
calculating the loads
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EDW

Hull girder loads and accelerations of

® Hull girder loads = Load Combination Factor x Load envelope value

- Load envelope given by Rule formulae : M., M1, Qv - -
— LCFs are defined for each EDW

Load component | LCF 0ST-1P 0ST-2P 0ST-1S 0ST-25 0SA-1P 0SA2P 0SA-15 0SA2S

My | Coww | -03-02f; | 03+02f | -03-02f | 03+02f | 0.75-05f | -0.75+05f; | 0.75-0.5f; | -0.75 + 0.5

Hull girder | Owv | Cow |(0.35-0.2f)f, | (0.35+0.2f) 7, | (0.35-0.2) f, | (0.35+0.2f) F,, | (0.6:0.4F) F,, | (0.6+0.47) ,, | (0.6-0.4F) T, | (-0.6+0.47) ;,

loads Mys | Cun -09 09 09 -09 055 +02f | -055-0.2f | -055-0.2f;| 0.55+0.2f
M, Wt CWT - prosr fFD-GST fu‘,:l-DST - flp—DST - fl',:l-DSﬁ'l fl'p-CGA fu‘p-OSA 'f‘p-GSA

® Accelerations = Load Combination Factor x Ship elementary acceleration

— Acceleration at ship CoG given by rule formulae: a

— LCFs are defined for each EDW

surge’ asway/ Apeqver

aroll,

— Accelerations at any position (ay, ay, a,) are defined by the position coordinates
and global accelerations at ship CoG. For example:

[ a; = Czy Apeave + Czr Arouy — Czp Apitch (x —0.45L) J
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Sea pressure of EDW

® Pressure distribution given explicitly for each EDW

— Transverse distribution

* Pressure points : waterline, bilge,

centreline, weather and lee sides

* Linear interpolation in (y,z)

- Longitudinal distribution

PWL_WS

PBK_WS

* Amplitude and phase distribution along the ship

PWL_LS

Per PBK_LS

® Pressure points: 12 points at waterline, bilge, centreline, weather and lee

sides

* Linear interpolation between different zone (x/L)
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Selection of EDW and validation

* EDW approach - SELECTION
— Two FE model used: OT and BC
— 38 EDWs have been examined

Critical EDW selected by the
relevance ratio

o
EDW
C:—

O-LT value

Selection of EDWs which e
produce maximum stress Swoss  Exrem 10

®* EDW approach - VALIDATION

— Only 5+2 winners

— Comparison results using
selected EDWs and Direct
computations
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Rule loads

* Extreme loads
— Rule dynamic load cases
— Improvements

* Fatigue loads
- Way to develop fatigue loads
— Validation of EDW approach
— Rule dynamic load cases

— Improvements
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Rule dynamic load cases
for extreme loads

* 7 selected EDWs for extreme
loads at 10-8 level as dynamic
load cases

— HSM: head sea EDW maximizing VBM
amidships

OoSsT
S N OSA — FSM: following sea EDW maximizing
y BSP BSR VBM amidships (occurring with
zero vertical acceleration at
FSM HSM midship)

- > _ — BSR: beam sea EDW maximizing roll

A As

motion

A HSA _ Bsp: beam sea EDW maximizing
AP Midship FP waterline pressure at amidships

/] x — OST: oblique sea EDW maximizing
OST BSP BSR OSA torsional moment at il

— HSA: head sea EDW maximizing A, at
FP

— OSA: oblique sea EDW maximizing
pitch acceleration (to cover

some particular cases and open
to ships other than OT/BC)
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Improvements for extreme loads

® Load case accelerations

— Accelerations (ay, a,, a,) are defined by the position coordinates
and global accelerations at ship CoG, with LCF associated with
each load case;

— Consistent variations along the ship and across the section.

® Load case external pressures

— External pressure distributions are derived from direct
computations for each load case.

— Continuous variations along the ship and around ship section.

* Envelope values of accelerations and external pressures

— As areference, the envelope value of accelerations is defined as in
CSR-OT.
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m Way to develop fatigue load in CSR-H

* Consider a SN curve with a typical change of slope at 107 cycles, we
obtain the (density and accumulated) contribution of stress range
in function of different probability levels

97% of total damage
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006 g-s—sg=—sga—=guuy= Greater contribution in
—e— Contribution to total damage ‘_-\‘\-\\ f/\ fatigue
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Selection of probability level -1

®* CSR-OT/CSR-BC approach:

— Define the loads at 104

— Associate with Weibull shape parameter to generate a long term distribution

1.E+00

20 40 ——Exact LT distribution 200

N
1.E-02 \
" £=0.9; Fatigue life=124yrs

§=1.0; Fatigue life= 91 yrs \\

Ac (Mpa)

Lo}
[=]
fo°)
[=]
o
o

® 10-4 value
Adjusted LT distribution

1.E01 4

Log(p)

1.E-03

1.E04
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Selection of probability level - 2

® Alternative approach:

— Define the loads at 102 : seems to be much less sensitive to the Weibull
shape parameter.

1.E+00

20 40 60 80 100 120 |=——ExactLT distribution 200
® 10-2value
Adjusted LT Distribution

1.E-01

1.E-02

Log(p)

1.E-03

| £=0.9; Fatigue life=97yrs \
€=1.0; Fatigue life=97yrs

1.E-04 | \

Ac (Mpa)
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Shape parameter sensitivity
® There are two possibilities regarding the choice of the
probability level of the EDWs:
— 10-2: with a constant § value (§ =1)
— 10 : with a variable  value as in CSR-OT
200%
o D\
180%
o ==
o JR et
S 100% | — —e 1E-04
2 so% ‘\\‘\\‘ 1E-05
i 0//“ S e
40% —e— 1E-07
20% —e— 1E-08
0% \ \ \
0.8 0.9 1 1.1 1.2
Weibull shape parameter g
16
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Validation of EDW approach for
fatigue loads

* Damage evaluated based the EDW value at 102, the number of
cycle of the EDW in 25 years and shape factor = 1.0

® Reference loads different but the most contributive range of
probability remain the same

* Comparison with direct computations

Damage in 25 Years Long term distribution
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Rule dynamic load cases
for fatigue

* 5 selected EDWs at 102 level as
dynamic load cases for fatigue:

OST \\ »» OSA
— HSM: head sea EDW maximizing VBM ¥ BSP l BSR 11///
amidships
- FSM ~_ . HSM
—HSA:T—head-sea EBPW-maximizing-A,at Himmp .[ — <==
— FSM: following sea EDW maximizing VBM o HSA
amidships AP Midship < FP
— BSR: beam sea EDW maximizing roll OST / BSP I BSR \\\\\/ OSA
motion
— BSP: beam sea EDW maximizing ,
waterline pressure at amidships b t Az
— OST: oblique sea EDW maximizing !
torsional moment at Vil - 'é""-—- """" *-\.é..;
—aceeleration
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Improvements for fatigue loads

®* Improvement
- Probability level at 10
— Shape parameter independent (taken as 1.0)

* Gapsfilled

— Reduction factor evaluated for each

load components of EDW in LT valueat 10~2 with 3/4V., .
which speed effect is considered  _ vau W design

g ~
- External pressure loads LT valueat 10 withV =5

— Extrapolation height over the waterline
* Damage
— Stress range computed for each dynamic load case

— Damage corresponds to the highest damage evaluated from
dynamic load cases
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Conclusions on CSR-H load

* Consistent approach and strong technical background
— EDW re-analysed,

— Acceleration defined by the combination from 6 acceleration
components at ship CoG,

— Pressure load distribution associated with each EDW,
— 53 BC and 51 OT used in direct computations

— Convergent results obtained from different CS and different methods
Exemples of BC Exemples of OT
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SR-H Loads
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Thank you for your attention !
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