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Abstract

Until now, we are designing the breakwater of container vessel as cantilever
structure typically. Recently, we have designed “ side shell touch type breakwater”
for the first time to 6,200TEU Class Container Carrier registered on Lloyd Classification.

The Lloyd Rule does not provide requirements for breakwater scantling but only
recommend breakwater wave load and Lloyd Class requests for submitting the
calculation results. At early design step, we had reviewed the breakwater structure
through the caiculation of simple beam theory with wave load recommended by Lloyd
and referring to already built same size of container vessel. At the same time we had
carried out F.E.M analysis of breakwater structure and had updated design, so we
could verify the strength of side shell touch type breakwater at final step.
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2. 28

2.1 Design Of Breakwater

Table 1 Ship’s characteristics

Length Overall 299.470 m
Length B.P 286.700 m
Length Scantling 281.945 m
Breadth Moulded 40.0 m
Depth Moulded 246 m
Draft Design 12.0m
Draft Scantling 14.5m
- Cb 0.6463
Max. Speed at Ts 25.62 knots

R

Fig. 1 Side shell touch type breakwater
(Owner’ s request)

Fig. 1 2 &5 AS&as MU S Type 22
HHRE Breakwater X004, Fig. 2 =
F’ cle Deck &5 Breakwater & Stay ot =
d 2ZE BHECL. &FIF 78t= Type &
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ole 224X Large Bracket Bt Large Built up
22 ZHJAN SFERUAE 2 4+ UL

2 HdF=, &350 Fig. ot &
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Yard OlAE Fig. 3 OiM2 20| 3 Long |
Space 9ol Girder Positions OB  Primary
Member Q! Stay £ & XI5t1D Horizontal &89
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Fig. 2 Structure under Fig. 1
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Fig. 3 Side shell touch type breakwater
(Yard Design)

2.2 Beam theory
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Fig. 5 Breakwater side view
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SHEAR FORCE DIAGRAM
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Graph.1 Shear force diagram
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Graph.2 Bending moment diagram

— Bending Moment Distribution
wlx2 w2x3
2 6/

Breakwater 0f 2#25l= Load = 2#¢

J—I’ /\FDFo‘i o:lEH_J OI’E——I otog LI.EI. _J'¥_

S0, Shear Force 2 Bending Moment 2| &%
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= Graph.1, Graph.2 @ Z228=, lddt= #
X2l Bending Moment & Shear Force € +&t
o,

M = 2424 kNm

Q= 1413 kN

~ Boundary condition
breakwater 2 bottom 0l Fix £ HE&.
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- Section modulus Z

Width of plate flange : 2.5 m
Thickness of plate flange : 12.0
Depth of web : 1400 mm

Web thickness : 12.0 “ AH”
Width of flange : 600 mm
Flange thickness : 15.0” AH”
Z = 9926 Cm°

— Stress in breakwater section
M 3 2
o, = 7=2424 x 10°/9926 = 245 N/mm

A=140x 1.2 = 168 Cm?

rzgx 10 = 1413/168 x 10 = 84 N/mm?

o, =40, +37% = 285 N/mm?

Ol &0 20] 2tEH8t beam theory E AL
oA stress atE T&38H Z 1 Material 2 Yield
2t0ll JtDt2 Stress It 8ot XS & = AU
AN AH2IUEL S8 DS o F&s
Stress g2 2J| fAHAM F.EM H&0 ER
Lt

2.2.2 Germanischer Lloyd

- Design Load ’

Top of Breakwater :0.0125 N/mm?
Bottom of Breakwater : 0.083 N/mm?
Pressure p : 40 kN/m2
Spacing :2.5m

g=pxa=40x2.5=100 kN/m
M = q x /2 = 100 x 4.4%/2 = 968 kNm

- Boundary condition
Breakwater 2 bottom 0l Fix =2 HE.

- Section modulus Z
Width of plate flange : 2.5 m

Thickness of plate flange : 12.0
Depth of web : 1400 mm

Web thickness : 12.0 “ AH"
Width of flange : 600 mm
Flange thickness : 15.0” AH”
Z = 9926 Cm°

— Stress in breakwater section
M 3 2
o, = 7=968 x 10°/9926 = 97.5 N/mm

Q=qgx|=100x 4.4 = 440 kN
A=140x 1.2 =168 Cm?

Q

T =Zx 10 = 440/168 x 10 = 26.2 N/mm?

o, =0, +37% = 108 N/mm?

GL Class 2 Design Load & &8I0 beam
theory £ H&HAI Breakwater 7t S8t 2 X
S£E ez BHEERYLD Uoyd Class 2
Breakwater Requirements I &UXE2E =2
PXIAUETE RIFEOE A8 & &= UCH

2.3 Breakwater F.E.M Analysis
{Shell touch type)

2.3.1 Modeling

A) Model Extent

Fig.d OIM2 20 BELSSZ+= Breakwater
Position & JIE22 =02 3 Frame &E&
S XGIULD A6tE2= Box Beam Bottom St2Nt
Xl Modeling ot C}.

B) Mesh Size

HEEOI A HHOl Breakwater X9
Model Mesh Size = Stiffener Space 2 1/2
Stdd, 19 P92  Stiffener Space 2

HEZotALt.
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MODEL FOR ANALYSIS

Fig. 4 View of model

2.3.2. Load & Boundary Condition

A) Design Load
o Lloyd" s Register

Rule &0l ZJIZ0d AKX =X Lloyd
Class 0l A= Damage Case Study 0l 2HdtH

CIS1 22 load € HBOIJIE 276t UL

—. 10 m Static Water Pressure at Top of

0.1 N/mm?

—-. 20 m Static Water Pressure at Bottom of
Breakwater : 0.2 N/mm?

Intermediate values were determined by linear

interpolation.

Breakwater

o Germanischer Lloyd

Lloyd Class JI 2378t Design Load 9
Z2ES floi Ot 20! GL Class 2 Rule
Load 2 HiwaH S ULCH.
Pa=n*c*(b*Cl*Co-z) [KN/m?]

n=10+ L
12

for 2nd tier unprotected fronts

=5+ — for 3rd tier and tiers
15 above of unprotected fronts
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X _ 0452

b=1.0+15 | &+=—
CB+0.2

for — 20.45

b
c =0.3 +0.7E

300 L\
AN CRW

Co= |10.75-
100

z=vertical distance {m] from the summer load
line to the midpoint of stiffener span, or to the
middle of the plate field

.. Pressure at Top of Breakwater :
0.0125 N/mm’
Pressure at Bottom of Breakwater :
0.083 N/mm?

GL Class Rule & Load & ZA&toiE Z2it=
AJ12F 20 Lloyd ot 238t Load b GL Rule
load 2Tt Breakwater Bottom OlA& 2.4 Wi,
Top OIME 8 BHEE 2 U8 € = ULH GL
Rule Load = Summer Load Water Line 0l A
Breakwater THKAI2l Hel0l 28 Parameter
“z7 8 225HX2  Lloyd Class 0OiMe
“zZ" & Jd8tK ¥ mRo  2Abis

z
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B) Boundary Condition

A Model 2 &&d &EGIACD
HESL H0I2t &=, Bottom Ol ML=
Nodes 2 6 XNREE 25 %6t Half
model O|22 Center Line JIE2E Y =
Symmetry 2248 HEoIRICH

)

2.3.3. Acceptance Criteria
Lloyd Class & &4% Plunging did JIEC=2
breakwater 0l = HE3IUC}.
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= Von-Mises stress Q)-eq) = Minimum Yield
Stress of Material x 0.95

> Normal stress (g, ) = Minimum Yield Stress
of Material X 0.95

» Shear stress (7 ) = Minimum Yield Stress of
Material X 1/43 X 0.95

Table 2 Acceptance criteria [N/mm?]

Allowable Stress

Yield
stress | Equivalent | Normal | Shear
Stress Stress | Stress
Mild | o35 | 0p3 | 228 | 129
Steel

AH32 | 315 299 299 | 173

2.3.4. Evaluation

A) Yield Check

MSCPason 2035 22-4on 06 213022
Frosge trabe, Setc S.bcase, Svass Tensor von Mrses, Average 2 of 2 leyers
Detorm beoksy, Sac Subcsse, Dspiacemerts, Transiotonal. (NORHAYERED)

Fig. 5 Eqv. stress

M, Equivalent Stress & ZH Fig. 6 OIASLt
20| Breakwater 2| Stay Flange 20| 228
N/mm? 22 28X02 Stress )t M LIEILIX
0F AH32 Grade € AIBoIRCSER SE3ES
ZHEHA ¥ O, BEAMOIZE2ZE HAAIECH 256%

MSC Pevon 200§ 22-Jand5 203221
Frger braker Sioic Subcess, Shass Tensor von Msas, Avarage 2 o2 laysrs.
Ostomn braker Sisbc Subgase, Disptacamonts. Translatonal . (NON-AYERED)

FR.124

Fig. 6 FR.124 EQV. Stress

MSCPasan 2005 22-Jar06 20 2307
Frings brsker Sisic Subcase, Sveea Tansor, von Mises. Average 212 layers
Defom brokar, Stasc Subcase. Dglecements, Trenstatonal . (NONHAYERED)

ELEVATION

Fig. 7 Girder eqv. stress

N2 Stress 22 EUELH L8 Fig. 7 HIMS
20| Center, No.3, No.6 Girder & Stay I} 2H =
8225 FHOl HISIH == Stress gt 20112
Center Girder 2 248 &Jj LIEHLl= 3¢S &2
0l U2Lt Mild Steel 2 dESHES ZUGHA
RCHA FHECE QHHE Stress EEE 2O
Ct. Nominal Stress 2 Shear Stress & ZF
Check 3t01 2%OLE Maximum 92 N/mm? 22
25 S0 2E5tD JAACH

B) Buckling check
Breakwater 2| Failure Mode = Fig.8 OlA 2t
Z0| Big Stay 2 &0I% SIF2Z2 Flange Ol
Buckling 0] ZAotHAN XAEEZ Lloyd Rule
b
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Fig. 8 Stay buckling

3240

Fig. 9 Flange(nominal stress of z—direction)

&19| Plate Buckling HJF e Mk A7)
Breakwater 2 Flange 2} Web Plate & O2H 2}
20| Check 6t 2RULH.

° Flange

Flange Dimension : a=1400, b=500, t,=15.0,

0 ¢=315 N/mm?
Lpoa .
o, = 3.623(0E(;) . Elastic compressive
buckling stress, in N/mm?
Oy

o =0 when ag <7 : Critical

4 e e

compressive buckling stress, in N/mm?
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¢ = Stress distribution factor for linearly
varying compressive stress across plate width.

=047y 2%-1,4y +1,93fory =0

=1 for constant stress

o
dl
U = —— where 0 41 and 0 g2 are the smaller

Oan

and larger average compressive stresses
respectively

C = stiffener influence factor for panels with
stiffeners perpendicular to compressive
stress

= 1,3 when plating stiffened by floors or
deep girders

= 1,21 when stiffeners are buiit up profiles
or rolled angles

= 1,10 when stiffeners are bulb flats
= 1,05 when stiffeners are flat bars

- Critical Compressive Buckling Stress

o, =278 N/mm®
Actual Compressive Stress
0 ;=222 N/mm®

o Web Plate

Plate Dimension: a=700, b=700, t;=12.0,
0 0=235 N/mm?
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Fig. 10 Web plate(nominal stress df z-direction)

.. Critical Compressive Buckling Stress
0, =173 N/mm?

Actual Compressive Stress
o ;=139 N/mm?

2012 20| Breakwater 2/ Flange 2+ Stay

Web 9 2z 289 Compressive Stress

Jb Critical Buckling Stress L0 =2XZ3t0
o

e
OHE IESLYS B0k AS 2L & YT
2.4 Breakwater F.E.M Analysis(cantilever type )

2.4.1 Modeling

Side shell touch type 1t Cantilever type
breakwater 2 ZX8& X0IE 2IIAd =&
°| FEM MODEL UIA Fig. 11 BlA 2t 20| Side
shell 222 breakwater plate £ K HoIH
Cantilever type breakwater model 8 M4 AM8t £
SY8 load 2 boundary E=ZHOUAM MoHAS
o2 QULL.

2.4.2 Evaluation

o Prediction
Side shell touch type 1t Cantilever type
breakwater = breakwater 2| boundary condition

Fig. 11 Model view

MSCParen 2005 16Feb-46 1801 4:
Frnge Eraker, St Suboase Svass Tensar,_van bhves A Z1
Defon brokar Sistc Subcase, Displacements Transistonel.. (NOHHAYERED)

Fig. 12 FR.124 eqv. stress

MSCPeiran 2005 06-Feb-05 16 1745
Fage braker, Starc Subcase Svess Tensar von Mises, Average.2 of 2leyers
Detom braker Stesc Subcaas, Displacemens, Translanone!,(NON-LATERED)

Fig. 13 Girder eqv. stress
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° Results

Side shell touch type & Equivalent stress £
B0 F== Fig.6, Fig. 7 1t Cantilever type &
9| Equivalent stress & E0ZF= Fig.12 @
Fig.13 2 Hlu3E O Highest stress J} 2~3
N/mm? D& X0IJt Us 28 2 4 UD
Deformation ZAF Z 1t Breakwater top OIA
2mm Jig X0 HE 2 = UYL B
Breakwater 2 X2 &&= Shell touch type
Cantilever type 0l Xt0I2t Hel iCh= 230IH
Ol= Side shell touch type & Breakwater & Xl
2tE Cantilever beam ¢! 2t2t9] Big stay JI 2
SIEE dlle 92 o) MEolaty =
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