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A Study on the Optimum Structure Design of Midship Section
for Panamax Oil Tanker considering the Regulation of
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A Study on the Optimum Structure Design of Midship
Section for Panamax Oil Tanker considering the Regulation

of Means of Access

by
Sung Kwang, Shin

Department of Maritime Engineering
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Korea Maritime University

Abstract

Compulsory enforcement of double hull structure and a phase-out of single
hull structure were introduced by IMO(International Maritime Organization)
with the effectuation of OPA90(Oil Pollution Act 90) due to ocean pollution by
marine accident of Exxon Valdez on Alaskan in 1989. After that, marine
accident of Erika occurred in 1999. Under the circumstances, the plan to
abolish single hull structure was advanced a date.

Besides, SOLAS Reg.II-1/3-6 that includes reinforcement of installation of
means of access for inspection as a part of ESP(Enhanced Survey Program)
for bulk carrier and oil tanker was established, it has been applied to those
vessels built since 01 of January in 2005.

And TACS (International Association of Classification Societies) organized
Joint Working Group with the classification society, shipping companies and
shipyard of each country and developed the detail application standards for
Technical Provision related to SOLAS Reg.Il-1/3-6

In this study, Contents of the new compulsory SOLAS Reg.lIl-1/3-6 and
Technical Provision have been investigated and applied to the double hull
panamax oil tanker.

For effective means of access, new conceptual midship section is developed
from the improvements of structural shape for the primary structure as well

as the modified structural arrangements.
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Additionally, structural stability for the developed midship section is carried
out by SafeHull of ABS which is the program to calculate structure strength.

The scantling and structure analysis for the midship section introduced in
this paper is carried out by STX shipbuilding and ABS(American Bureau of
Shipping) together.

It is the first attempt that the above-mentioned midship section is applied to
the panamax oil tanker with plane type bulkhead. Therefore the introduced
midship section is expected that it is helpful for the design considered to

install permanent means of access.
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Fig. 2.9 Sketch of the technical provision item 3.14
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Fig. 2.11 Sketch of means of access for oil tanker(Table 1-1.1.2)
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Fig. 2.12 Sketch of means of access for oil tanker(Table 1-1.1.4)
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Fig. 2.13 Sketch of means of access for oil tanker(Table 1-1.1.5)
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Fig. 2.14 Sketch of means of access for oil tanker(Table 1-2.1.1)
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Fig. 2.15 Sketch of means of access for oil tanker(Table 1-2.1.2, 2.1.3)
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Fig. 2.16 Sketch of means of access for oil tanker(Table 1-2.2)
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Fig. 2.17 Sketch of means of access for oil tanker(Table 1-2.2.1)
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Fig. 2.18 Sketch of means of access for oil tanker(Table 1-2.2.2)
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Fig. 2.19 Sketch of means of access for oil tanker(Table 1-2.3)
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Z M (oil carrier)> T oy Fu A Y FolA AiEe= AFE FEee A
% gEd uwt YFEWHHA(Crude Oil Tanker, C
(Product Carrier, PC) 522 EFHI Atk AAAA A
o Y FFol Tkl e dEFFE AAYSE FT9)
3

A&7 ol Fojxlom e 5d 30% DWTE 9+ 2ud
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hulD2 AA s o] A (bottom) 2 A5 9| I (side shellol] ol o]
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A A (double hull) +Z7F g F3 o] o
ZAAEE B A7 o]FoA skt o A3 A

dds HAdva & ¢ dn. P dEAHQ] ojF A

Fig. 3.1 General arrangement of panamax tanker
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(a) Handy/Medium size  (b) Panamax/Large size (c) VLCC
Fig. 3.2 Sketch of midship section for double hull tanker
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Table 3.1 Double hull tanker arrangement by MARPOL

whichever is the lesser
1.0 m)

(minimum w

Item 5,000 DWT and above below 5,000 DWT
w = 0.5 + DWT/20,000
w = 0.4 + 2.4DWT/20,000
. or 2.0 m
Wing tanks m

(minimum w = 1.0 m)

h = B/15 or 2.0 m

whichever is the lesser

Double bottom

tanks o
(minimum h = 1.0 m)

h = B/15 m

(minimum h = 0.76 m)

Turn of bilge 1.5h above base lines

Parallel to the flat bottom

322 F2 AA F+=5FA #jA

D & FA9 & H(seam line) @ 2] 7HA ZEAFTE A= #F F H9
715 Fol drkdl As Aol wAd £ WA JHE e e A
stojof ghuh. o] A2 Aute] Avje] wel gEAARE A4 AYe
+F 2 7tede] wAE st 7hed @ A FE Fole A0
n} gt 4 sh ot

2) F, 08 529 14 AR FF 9 Az b 2 93 vAEs AA
Wapoluz ofe] 7hA A0 diste] HEsto]of dhu

3 F A ¢ F Aojde 3 525 AAMFE 9L s, = Ao
Adg WA= B AFE #A2AA 4. 53w e AR (grillage)
T2E5 A%g s do Fa% 9T g}
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Fig. 3.3 Midship section of general design for panamax tanker
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Fig. 3.4 Typical transverse bulkhead for panamax tanker

(a) Corrugate type bulkhead
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AAFzZ AAdd dojA AAAZ myslol & HAAGEZ+= dgFF o7
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(hull girder strength)
(transverse strength)

B 7%= (local strength)
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T W7

2002 2 MSC 764t 4] SOLAS ReglI-1/3-6 417

% Technical provision®ll

o Resolution MSC.133/4(76) AN &ld ol uwe} AAE ¢ HILFD(means of
access for inspection)d* 8712 Zd4x A 74]»12 NA Ade TTS doF
t}. £3 H#3 ZAY(plane type bulkhead)d 7}3 HZA9 & U HIFo
Az 8712 gFFoE A A A A sE 23 Sloshinge 2 A F+=
b A Al ek A A 013:]??0] 5 Aok wek A Technical provisions &4
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HAAA ek 70‘?3}711 E]?ir/}.

E A= 20053 1€ 1Y o] F HExH=(EFAA 71F) GT 500& o9
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Fig. 4.1 Midship section of new design for panamax tanker
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ne)7l Waol Awsl AAokd a i, Sloshing dFol % FRALAHL Fn
7% dRHow Wy ofd

Webd 47 dF® F 9E Aoswe AAE Axser] s g

H
Transverse web % 3% 27 A (deck longitudinal)E 3 AFo #] X8t
T F2AA BHEAHQJeZ AEYEH Qe FREMAY ARo] HAWE Fx
W X & Z+Z} Fig. 4.39} Fig. 4.4 GF&3Fo] JeE A,

Fig. 4.3 Structural arrangement of upper deck transverse web

at the general design

N
-
-
F

(i 3

.-"'_‘-u\.\_\_\_\_

Fig. 4.4 Structural arrangement of upper deck transverse web

at the new design
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4.2.3 Top side wing tank +%X 34 4R

dutxog 7HAQdo] F W E22 dwe & 3k Transverse web 2 7Hd
B Al (deck longitudina)E& 5+ ZF4-ol wixst¥ Fig. 4.5011 »}E}Lﬂ A Zol
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et 72 AR S FHREV] HAAe AE skl 7%”2 g A7) BYA
AA7F deAoletar & 4 vk 2y g3 gkl EHZQ(bracket)O] A
4 Bt AN UEAE ANT 4 UEE F w97 dodwel AT
A e B ATAE A% F Ad vl G FHE 2eE A7

= 3 9% Top side wing tanke F+Z37%4
A T2H4E Fig. 460 FE39 YeEb gl
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=
» A

Fig. 4.5 Structural arrangement of top side wing tank for general idea
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iy L= -]
A 5 %
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(a) General design (b) New design

Fig. 4.6 Structural arrangement of top side wing tank
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Adrdel FERAA NEe H¥ Transverse web % ¥ W 7FA(deck

7 ™ Fig. 479 Yeld R o] Trans-ring

TEHEEE AT 540 %9 % A (center line longitudinal bulkhead)
A gk, e gskiel 2 Bl Zl(bracket)

5= 3 w3 AT HIgdo] AT
J Aw JHol dXE B Fl(bracket)
2 FRUAA FRAYAA 7E AAH A
3

A A A S, Vertical web?] Z%= 2 200mm

o|N
)
>,
b
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Fig. 4.7 Structural arrangement of big bracket i.w.o vertical web

for general idea
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i
uy
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(a) éeneral design (b) Nzw design

Fig. 4.8 Structural arrangement of vertical web
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4.2.5 Stringer 7-%vjx 24 A

WY ~E B A (ballast tank)Wl o] HIFo AR Ao wep HAFE £
2EfG AL 733 Atole] FAAZE 6m o] Afele e dA&%H F WS
A HIadol WA d Aoldl AAA AFHolop s WA Frke] A
A Adel s 2233 glojop @duh T3 FRE A dAFgH A%" T I
A ALFdS FAAYE 6m olete (A olojok g},

wEtA Wy~ gay Fd s 1.6m - 3.0m ol AA ool st F ek
AT+ HEFES AAs7] Yste] Fig. 49l WEtd A go] ~E"YA 714
< 6m o= ko] A st

aga s % 2EYA A2 SFERF B3 3 AR £y Aret dAA
o] Holof st ® Fig. 49(b)oll Yetd A3 o] EF @AY 2EHA Fx
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(a) Longitudinal stringer (b) Horizontal stringer

Fig. 4.9 Structural arrangement of stringer
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43 ¢ 399 HAH AA g 7Idad

12 gy Jd54 HIgd o AdA(permanent means of access,
AZMEH 2 A A TEASY dele] Ha 9

= WA HErd HAE

| B TP HAA3S dA disto
AArgro 2 g 7|gl & E Table 4.10] YR AT},

Table 4.1 Expectation effect due to new design

T2 7Z1d &% H|

Rl

© AN Lol opz 9
dlm = gHo] Lo]dtia, Cargo
I

tank SFol arAZHglo] A

e D

¥ transverse web
2 RAAY FA AR O A9 2 B A Cargo tank
| A W] Critical area 4= A A
A ALZF 8013,

-

A o

A=

ot

@ Cargo tank'l % H A
371§ & W HS
AX7F 248 9.

- Inner L/BHD : 27} (#3/

A A

o
(ol

Top side wing tank . Cargo Volume
T34 ZH 2 (oF 750 M%)

- Inner L/BHD : 27} (F3&/99)
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Table 4.1 Expectation effect due to new design

@ CL. L/BHD st5 B AA=

HAA maAy ga H

bt

2

el &ol

% T 349 Vertical

web2] X34 @ C.L. L/BHD @} B2 7l& AAL
S A £ TF gosw
AA7F 48 gl

- C.L. L/BHD : 17} (&#4d)

@ Ballast tankW] 23 A= AAF
st7] fg ¥ Wk Haad
AX7F 28 gl

Ballast tank ¢} cargo| - Inner L/BHD : 27} (&&/$ &)

tankW 2] stringer

TFZH A @ Ballast tankW Bilge hopper¥- 9l
T RE JEae AAvr 2a
SIE=

= Side shell : 27 (#4&/$4)
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ABS rule)ol = Aute 3 =H=E o}

L
A =
HEHEs a7n g

=
Ny

5.1.1 Wave Bending Moment

My, g=—k,C.L*B(C,+0.7) 10" * (kNm) in sagging
My, =+ k,C,L*BC, < 10" * (kNm) in hogging
1714, Kk =100
ky =190
c = 107_(M)1'5 (90 < L= 300 m)
1= Y 100 = L= m
= 10.75 (1300 < L=350m)
= 10.75 f(ﬂ)w (1350 = L= 500 m)
- AD 150 = = m
L= Length of vessel (m)
B= Breadthof vessel (m)

C, = Block coefficient

5.1.2 Hull Girder Section Modulus S/
SM=M,/f, (em®—m)
AZIM, M, =— M, + M,
M, = still— water bending monent (EN—m)

M, = maximumwave — induced bending monent (kN—m)

5.1.3 Minimum Section Modulus
SM= CCL*B(C,+0.7)  (em*—m)
o714, ¢, =0.01

5.1.4 Minimum Moment of Inertia

I= L« SM/33.3 (em?® —m?)

o 71 A, SM= Requiredhull girdersectionmodulus (em? —m)
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5.1.5 SafeHull Phase-A Z 3}

@ Still Water & Wave Bending Moments
Still Water Sagging BM (Msws) = -137600.00 (tf-m )
Still Water Hogging BM (Mswh) = 158800.00 (tf-m )
ABS Vertical Wave Sagging BM (Mws) = -265146.16 (tf-m )
ABS Vertical Wave Hogging BM (Mwh) = 253653.98 (tf-m )
Total Vertical Bending Moment (Mt) = 412454.00 (tf-m )

€ Gross Nominal Section Modulus
SM deck = 180333.(m-cm2) Qdeck = 0.780
SM bottom = 231196.(m-cm2)  Qbottom = 1.000

€ Minimum Required Gross Section Modulus
SM deck = 184326.(m~cm2) Qdeck = 0.780
SM bottom = 236316.(m-cm2)  Qbottom = 1.000

@ Gross Sagging/Hogging Section Modulus
SM deck(sagging) = 179988.(m-cm2) Qdeck = 0.780
SM bottom(hogging) = 236316.(m=-cm2)  Qbottom = 1.000

€ Hull-girder Gross Moment of Inertia
HGMI = 1534632. (m2-cm2)

SMreq.(mild steel) = 236316. (cm2-m)

€ Hull-girder Section Modulus

Gross Required Gross Design SM Ratio
Section Modulus Q-factor Section Modulus SMA/SMR
(cm2-m) (cm2-m)
Deck 184326. 0.780 225467. 1.223
Bottom 236316. 1.000 294742, 1.247

@ Structure Material Ratio

MILD STEEL 39.80%
HT STEEL 60.20%
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52 AF Al BE FRETAY A5 AL

TFZ9 e FA wxrsr AFEHE 4 FAY ANFE AF AHAAA AAG

21072 Askgith, ojul Q3 FAEL uIAF FF Part 39A AL )

T HAg xN4E AAS 7] 98] SafeHull Phase-AE AF£3Fo] Local
[e>

|
scantlingS AlAFsEA . AAS Yl Modelo]l F o9 Local plate?] ID¢ Local
stiffener®] ID+= Z}Z} Fig. 513 TFig. 520 Yeguldoew, A5 o o3
TERARN} FRAA a9 Ao A& s TSt 47 Table 529
Table 5.3 YEFU AT}

521 17} #9 X4 ZAH(Scantling of Longitudinal plate)
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Fig. 5.1 Sketch of local plate ID
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Table 5.2 Scantling of longitudinal plate

. ) Required Offered
Location Plate ID Material
Gross t(mm) | Gross t(mm)

keel plate KPL-01 Mild 18.37 18.50
Bottom BTM-01 Mild 16.87 17.50
Bottom BTM-02 Mild 16.87 17.50
Bottom BTM-03 Mild 17.26 17.50
Bottom BTM-04 Mild 17.26 17.50
Bottom BTM-05 Mild 17.26 17.50
Bottom BTM-06 Mild 17.26 17.50
Bilge BLG-01 Mild 17.26 17.50
Bilge BLG-02 Mild 17.26 17.50
Bilge BLG-03 Mild 17.26 17.50
Bilge BLG-04 Mild 17.26 17.50
Side Shell SHL-01 Mild 15.64 15.50
Side Shell SHL-02 Mild 15.64 15.50
Side Shell SHL-03 Mild 15.64 15.50
Side Shell SHL-04 HT32 15.73 15.50
Side Shell SHL-05 HT32 15.73 15.50
Side Shell SHL-06 HT32 15.73 15.50
Side Shell SHL-07 HT32 15.73 15.50
Side Shell SHL-08 HT32 15.73 15.50
Side Shell SHL-09 HT32 15.40 15.50
Shear Strake | SHS-01 HT32 15.40 15.50
Upper Deck DEC-01 HT32 15.95 16.00
Upper Deck DEC-02 HT32 15.65 15.50
Upper Deck DEC-03 HT32 15.65 15.50
Upper Deck DEC-04 HT32 15.65 15.50
Upper Deck DEC-05 HT32 15.60 15.50
Inner Bottom | INB-01 HT32 15.82 16.00
Inner Bottom | INB-02 HT32 15.82 16.00
Inner Bottom | INB-03 HT32 15.82 16.00
Inner Bottom | INB-04 HT32 15.82 16.50
Inner Bottom | INB-05 HT32 15.82 16.50
Inner Skin INS-01 HT32 16.45 18.00
Inner Skin INS-02 HT32 15.16 16.50
Inner Skin INS-03 HT32 13.04 16.50
Inner Skin INS-04 Mild 16.09 16.50
Inner Skin INS-05 Mild 14.88 15.00
Inner Skin INS-06 Mild 14.45 15.00
Inner Skin INS-07 Mild 13.51 14.00
Inner Skin INS-08 Mild 12.04 13.00
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Table 5.2 Scantling of longitudinal plate

Inner Skin INS-09 HT32 12.41 13.00
C.L.BHD CTR-01 HT32 14.55 15.50
C.L.BHD CTR-02 Mild 15.13 15.00
C.L.BHD CTR-03 Mild 14.98 15.00
C.L.BHD CTR-04 Mild 13.99 14.00
C.L.BHD CTR-05 Mild 12.75 13.50
C.L.BHD CTR-06 Mild 11.37 13.50
C.L.BHD CTR-07 HT32 10.50 15.50
C.L.BHD CTR-08 HT32 14.92 15.50

522 TR1AAL X4 ZAH(Scantling of Longitudinal plate)

72
71
70
i
K] 7
ity Z
16 15 e
is 14 s
14 i3 L4
i3 iz i
iz il i
ikl 1o 1
] Z 1
5 5  Tho
i3 2
7 7 e
5 "
5 5 e
ry 21
3 s
7 4
T _3

T2 R *B 6 7 B [ AOA1IZ _i
2 2
N T T T T O O S O

1 1 2 3 4 5 6 7 8 9 1011 1213 14

Fig. 5.2 Sketch of local stiffener ID
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Table 5.3 Scantling of longitudinal stiffener

Required ) )
) ) ) Applied Stiffener/
Location Stiffener ID| Material | Gross SM
Offered Gross SM(Cm3)
(Cm3)
keel plate KPL-101 HT32 935 400x100x13/18TA(1185)
Bottom BTM-101 HT32 935 400x100x13/18IA (1175)
Bottom BTM-102 HT32 935 400x100x13/18IA(1175)
Bottom BTM-103 HT32 935 400x100x13/18IA (1175)
Bottom BTM-104 HT32 935 400x100x13/18IA (1175)
Bottom BTM-205 HT32 935 400x100x13/18IA (1175)
Bottom BTM-306 HT32 982 400x100x13/18IA (1175)
Bottom BTM-307 HT32 982 400x100x13/18IA(1175)
Bottom BTM-408 HT32 982 400x100x13/18IA (1175)
Bottom BTM-409 HT32 982 400x100x13/18IA(1175)
Bottom BTM-410 HT32 982 400x100x13/18IA (1175)
Bottom BTM-411 HT32 982 400x100x13/18IA(1175)
Bottom BTM-612 HT32 982 400x100x13/18IA(1175)
Bottom BTM-613 HT32 982 400x100x13/18IA (1175)
Bottom BTM-614 HT32 982 400x100x13/18IA(1175)
Side Shell SHL-101 HT32 826 350X100X12/171A(908)
Side Shell SHL-102 HT32 777 350X100X12/17TA(908)
Side Shell SHL-103 HT32 753 350X100X12/17TA(908)
Side Shell SHL-204 HT32 732 350X100X12/171A(908)
Side Shell SHL-205 HT32 712 350X 100X 12/17IA(908)
Side Shell SHL-406 HT32 756 350X100X12/171A(912)
Side Shell SHL-407 Mild 885 350X 100X 12/17IA(908)
Side Shell SHL-408 Mild 840 350X100X12/171A(908)
Side Shell SHL-509 Mild 796 350X100X12/17TA(908)
Side Shell SHL-510 Mild 751 350X 100X 12/17IA(908)
Side Shell SHL-711 Mild 724 350X100X12/171A(912)
Side Shell SHL-712 Mild 643 350X 100X 12/17IA(908)
Side Shell SHL-713 Mild 629 350X100X12/171A(908)
Side Shell SHL-714 Mild 612 300X90X13/17IA(704)
Side Shell SHL-815 Mild 557 300X90X13/17IA(704)
Side Shell SHL-816 Mild 476 300X90X13/17IA(704)
Side Shell SHL-917 HT32 294 200X90X10/14IA(340)
Sheer Strake | SHS-101 HT32 255 200X90X10/14IA(340)
Sheer Strake | SHS-102 HT32 217 200X90X10/14IA(340)
Sheer Strake | SHS-103 HT32 176 200X90X10/14IA(340)
Upper Deck DEC-101 HT32 210 200X90X10/14IA(341)
Upper Deck DEC-102 HT32 207 200X90X10/14IA(341)
Upper Deck DEC-103 HT32 204 200X90X10/141IA(341)

_40_




Table 5.3 Scantling of longitudinal stiffener

Upper Deck DEC-204 HT32 196 250X90X10/15IA(478)
Upper Deck DEC-205 HT32 240 250X90X10/15IA(478)
Upper Deck DEC-206 HT32 236 250X90X10/15IA (478)
Upper Deck DEC-207 HT32 233 250X90X10/15IA(478)
Upper Deck DEC-308 HT32 230 250X90X10/15IA(478)
Upper Deck DEC-309 HT32 227 250X90X10/15IA(478)
Upper Deck DEC-310 HT32 224 250X90X10/15IA(478)
Upper Deck DEC-311 HT32 220 250X90X10/15IA(478)
Upper Deck DEC-412 HT32 217 250X90X10/15IA(478)
Upper Deck DEC-413 HT32 214 250X90X10/15IA (478)
Upper Deck DEC-414 HT32 111 250X90X10/15IA (478)
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Fig. 5.3 Flowchart of F.E. analysis
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A WA FF FBP A FEF PA(cargo tank) AFOoZ 39
om, 7t BBF "Haxeld ¥ 3 A¥e TR FERANS 97 wae

Fig. 5.4°] et Aot

Fig. 5.4 3-D F.E. analysis model

532 st =x1
8} % % (loading conditions)< "= AF(ABS)Al A Q& Fst= 10709 =3
A g3t o Fig. 559 Table 5.4 Agste] el o).

e, o

= Toad Comes 2o 1 8.3 b Load Cases Do, 2 &4
23 Dresizn Draft

Iresizn Drraft

(-5 Lcn@n:l Case o S ase TAG £l L= e ] CaseNo = e Toad CaseNo Ao
1;4 Desi 23 Design D 1/Aa Dresien
Cas:: o, T £ Loaﬁ C-e o, 8

Fig. 5.5 Loading conditions
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Table 5.4 Summary of loading conditions

[ Lcai Jucz JLea [ Lca JLes [Les [ Le7 [ Les [ Lo [ L.can
AL Hull Girder Loads ( See ABS Rule 5-1-3/5)*+*
Jenical Sag) | Hogly | Sag) | Hogl) | Ssgd | Hogtd | Ssed | Hogo - -
iy 1.0 1.0 o7 0.7 0.z 0.z 0.4 0.4 0.0 n.o
Vertical
aT ® © o © 4 © ) © - -
iy 0. s 1.0 1.0 0.z 0.z 0.4 0.4 0.0 n.o
Horizontal
B - - - - © ] © ) - -
i 0.0 0.0 0.0 0.0 0.3 0.3 1.0 1.0 0.0 .o
Horizontal
o - - - - ] © “ © -
i 0.0 0.0 0.0 0.0 0.3 0.3 o5 a.s 0.0 .o
EB. External Pressure ( See ABS Rule 5-1-3/55)
ke 0.5 0.5 0.5 1.0 0.5 1.0 0.5 1.0 0.0 0.0
kﬂ) -1.0 1.0 -1.0 1.0 -1.0 1.0 -1.0 1.0 0.0 n.o
C. Internal Tank Pressure ( See ABS Rule 5-1-3/5.7)
i 0.4 0.4 1.0 0.5 1.0 0.5 1.0 a.s 0.0 .o
iy 0.75 -0.75 0.75 -0.75 0.25 -0.25 0.4 -0.4 0.0 .o
Fwdbhd Fuadbhd Fard bhd Fud bhd Fwdbhd Fuard bhd
wi 0.25 -0.25 0.25 -0.25 3 - 0.2 -0.2 B B
Aft bhd L ft bhd L ft bhd A1t bhd Aftbhd Lft bhd
-0.25 0.25 -0.25 0.25 r - -0.2 0.2 B B
Fort bhd Fort bhd Port bhd Fort bhd
W - - - 1 -0.75 0.75 0.4 0.4 -
Sthd bhd Sthd bhd Sthd bhd Sthd bhd
_ ~ < ~ 0.75 -0.75 0.4 -0.4 -
< . Pitch -1.0 1.0 -1.0 1.0 0.0 0.0 -0.7 0.7 0.0 0.0
< . Foll o.o 0.0 0.0 0.0 1.0 -1.0 0.7 -0.7 0.0 0.0
D. Reference Wave Heading and Motlion of Ship
Heading
Angle u] u] u] (1] =lu) Q0 &l an - -
Heave Diow Up Do g Diowty LL Diow Up - -
X Bowr Bowr Bowr
Fitch . Bow up AN Bow up - - + . Bow up - -
53.3 A=A
iy o] KR i
x5 A Ao o g AAZXNL Fig. 5601 LebU it
Fore & Aft end of 3—D Model
i EESEE=S=ESoSSSSSESSSSIESSSESR "
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Fig. 5.6 Sketch of boundary condition
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534 3|4 A
1) ¥ 3 9 7Hdeformation assessment)
G kel gdsted, iAol mi=A FIHAEA HESH7] 95k
Z s zdol e AAMY S Fig. 579 759 e AT

il

loading condition No.9

Fig. 5.7 Deformed shape
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2) 43 3 7} (stress assessment)
AL HoAdu AR E s FExW Ao BS  Transverse web$

7} Stringerol| W] $HHNE F85 A}
E b =

gy op

flo o
o

g Xge S¥Hs v o} Zow Hug=el e Hrt A=
Table 550 @R IZE= Fig. 5894 Fig. 512 7tA Z#Z FESo] Ve
BIFsa=

fi < Sm-fy

A7 A,

fi = Von-mises Stress

Sm = Strength reduction factor,
= 1.0 for Mild steel
= 0.95 for HT32 steel

fy = Specified minimum yield point
g 3 8¢ (permissible von-Mises Stress)& o} ¢ 2t}
- Mild steel : 2400 kg/cm2

- HT32 steel g 3040 kg/cm?2

Table 55 Summary of yielding assessment

Load | Max. stress |Perm. stress Safety
Item Material

case (kg/cm2) (kg/cm?2) factor
Typical web frame| L.C. 7 HT32 2720.6 3040 0.895
Fwd web frame L.C. 10| Mild 2181.7 2400 0.909
No.l stringer LC. 2 Mild 2113.6 2400 0.881
No.2 stringer LC. 7 Mild 2219.1 2400 0.925
No.3 stringer LC. 7 Mild 2247.6 2400 0.937
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Fig. 5.8 Yielding stress assessment for typical web frame
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Fig. 5.10 Yielding stress assessment for no.l stringer
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Fig. 5.11 Yielding stress assessment for no.2 stringer
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3) &= 9 7Hbuckling assessment)

A Aol g vi=AEe A= S obeet 2od, Ao =
7b A= Table 560 ZAMbA = Fig. 5139014 Fig. 517 744 247

Fehel vhebd Rk,

(fLb/fcL)2 + (fb/fcb)2 + (fLT/fcLT)2 < Sm

o 7] A,
fLb = calculated uniform compressive stress, in kgf/cm?2
fb = calculated ideal bending stress, in kgf/cm2

fLT = calculated total in—plane shear stress, in kgf/cm2

fcL, fcb and fcLT = critical buckling stresses with respect to uniform

compression, ideal bending and shear, respectively, in kgf/cm?2

Sm = strength reduction factor,
1.0 for Mild steel
0.95 for HT32 steel

Table 5.6 Summary of buckling assessment

Load : fLb/fcL fb/fcb | fLT/fcLT | Safety
Item Material
case (kg/cm2)| (kg/cm2)| (kg/cm2)| factor
Typical web =1000.0/ -567.2/ 273.8/
LC. 4| HT32 0.999
frame 1067.9 2787.9 1571.9
) -288.2/ 768.7/ 450.6/
Fwd web frame| L.C. 4 Mild 0.985
400.1 1404.0 1103.9
] ) 0.0/ -496.9/ -1158.6/
No.l stringer L.C. 7| Mild 0.973
746.8 1576.0 1239.8
) ) 0.0/ -807.8/ 1173.3/
No.2 stringer L.C. 7] Mild 0.981
1196.4 2024.8 1294.3
. . -656.6/ 137.4/ 529.3/
No.3 stringer L.C. 8| Mild 0.963
746.8 1576.0 1239.8
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Fig. 5.17 Buckling assessment for no.3 stringer

_53_



A6d 2 &

AF7hA 7)e vy o] Mube] ety Fodd o Aol o
HHA < IMO, SOLAS, IACS 8] 3 Administrations < 7]1& 739 /A
DA 7EH AGS UF 553504 JAysta k. 53], PMA(permanent means
of access), JTP(joint tanker project), JBP(joint bulker project), L2
FMA(Finish maritime administration)> A FZAd A 713 I A JF& v
Aoz dayx
22 Hlﬁlﬂﬂb} dAd LTARELS =
}3 imﬂﬂ %ﬂfu% teAE Aew wdy
A1 AAMNEAA W7t B st A ool .

W}E‘r’\i 2 AT A7 A9 M2 A T 20059 19149 Paso GT
500 Ton o] frx&del A& A G734 H2
of access, PMA)TA g F
(panamax oil tanker)9 =9 3ot

ve Are A

- X

%
rJ
l

"

Fm

Oll

A
7]

4458 29 f2A

Skl
fom 1 Awnel wa g

1) Deck transverse webs 3 4ol Hixstd ®A A &4 2ol £o]
stH, Cargo tankWle] =4 o] Ads #9& Aoz Aoy, 53,
Cargo tank H# %29 F8 Fx5§ A

AAe7) A8 F 1Y gesd ANE Hasd ¢ oo

2) Top side wing tank F¥#o & A5 % A (side longitudinal bulkhead)
o Adg FulE zte FERIYFOE AASH H# sFol B (bracket)
S AAT F S Wk oy ol A ¥ B A (bracket) S AL
_OA—@ %‘ Hol--?sk ] ’E‘F?_]' 2 '] )

AW (center line longitudinal bulkhead)el %1+ Vertical web # @&
Port) etel B Zl(bracket)S AA3HA oW AL T4 G Eo

A8 DA (bracket) S @A AT F WG Forw A%

4) Ballast tank® Cargo tankW ¢l Stringer T-Z®XE 6m °o|WE A AsH
T WY AIed 4dAE Hag & £ doerd, 8 FZEA(primary

member)7} AEAA S FA o] T2 S FEDT F v

_54_



(ABS) ¥

CEER

=
=

e

[e]

3

3

3

Aol A Al A

=

ild
Ko

of
N

;O.#
-

ol
=

K

o

_55_

(permanent means of access, PMA)
o] Hg gt g}



Z a1

kil

g

[1] SOLAS, “Regulation II-1/3-6", Consolidated Edition 2006.

[2] TACS, “IACS Unified Interpretation SC191”, 2004.

[3] 8F=r A F, “Guidance of Means of Access for Inspection”, 2004.

[4] v]= A&, “Rule for Building and Classing Steel Vessels Part 3, 57, 2005.

[5] International Convention for the Prevention of Pollution from Ships,
1973/1978, Annex 1, Ch. II, Reg. 13F.

[6] J. Harvey Evans, “Ship Structural Design Concepts”, 1975.

[7] J. Harvey Evans, “Optimized Design of Midship Section Structure”,
SNAME Vol. 71, 1963.

[8] A7, “shetd - =A AP 37, A A, 408 Als
2003.

[9] & FgAakH, “200451 97 IMO 3] o] 23 A ™ 3]” 2004.

[10] ¢t 59, “Rule B o] W2 Panamax Tanker T+% 7 8 #4]”
STX 71 #l1&, 2005.

[11] ()P NP EF3 %, “Design Notes For Chemical Tanker”, 1996

)

[12] 92 HF, “Tankery Fx7Eo] 3 7to]=glel” 2001.

[13] =&, “A 3= kA 217, 1998.

[14] =5~ HF, “Guidance Note Oil Tanker”, 2002.

[15] w =&, “Technical Journal”, 1998.

[16] =24 o] A+, “Casualty Information”, 1999.

[17] =17, “Primary Structure of Tanker(Guidance on Direct Calculation)”,
2002

[18] AZFA, “H A

[19] AR WEd A @3 d37, Feuabst =
[20] #AF, “/WA ¥ MARPOL Annex I, Al 13G & (9Y AAFx Fx249
z%7] #A)”, http//www.kmst.go.kr/news/2001/spring/2001_1_32.htm

[21] W f, “ZAAAA & 2 Az Frjgsdd #3 a@d”,

o AgrledTA =, A1y, 1993.

_56_



Z A (Panamax Oil Tanker) A A=

oF

—

X

=

-

el

_57_



(] T

oW T1NH

ERLE

LNHWIONVHEY TVIINID

_58_



W =50

THTT J57H

f

L

o
=
180y osdy
=
3

AT TN
n@‘ el e
(178 4 B ¥CENL L LEe] SEM
42| b AV | F 0 GO b=
CARETIE I - N
28 L B3 CAIETE: 5T TE—dr aHen G
1 JJCEOCEE | (F-%
L [SLH HE. W SLTID0 OE
HE. ¥ I LRI
L84 045011 L4 Hil_£/FLXIREIE EHES NN
415 ZTDH | 7 F0me oy 1
1| ™ _HY_ ol ZTme o WCLLLCE dEN
o HE. & FLFLED0 CE0E
TWOOAE 37 T o . “H¥_ 71 FIfd CEEEET
% ] G O L “H¥. 71 T/ CoRan Saan, N
OHEFT "WHT ¥ TTHE J013 _HY. ¥ bl CEEanT
“ = w1 _SfFCTEO0E
‘@. V1 fgCunco | gE—aw | o HeIm
G0 DOER ) = - - -H¥. W SIfTIXDE R FT—NL
TIPdT AHT 1 IH738 HY . FFCEBCEIr | -1 [0 3]
) L EF] ™ [T =]
] TONOTIO 3215
rA QEgR ) ol
J1% 1O
2
ol
(HHOHS 54 - xX3)1
’
o WA OE6 + Jowds 1LONOT 3930 43440
I

£BSw 050020

1%7 440 0961

aN =aka

O 770H

39vd

NOILDO3S AHVYNIQHO

w260, 1L

k!
_Mll Wi

__ J—

AT TR

WF-6a. TR1aa «E-60. T1aa
«E-50. Telaa « =60, Tvlaa

_59_



=

RN

P Rz

p.”._; 4 r

14

3

L ARG L1

W81y "dAl, 120

[ERRT:
0T 30 DL T vH Y1 Tavd b

O-F | c0gEs.

VLB LY. Al

"
;

E| ]
(O

0_n

G

B

DOt h

g
S IE0BLT

T
g._ﬂﬁﬂﬁ.
N e i

7

q
S

N

r

ey

o o

..

W =80

)

BdaNeeL

MU J

BdFENEL  |ESAL 1dSA OHETE Yam

BTN S, S ¥ T

SZA [
(HAMEIHA A% “)E) HLU S AL

.;.lmn...mﬁ l\ J % <
i,
T 7 LRI ECD

PLIZAR e * oS STETE
=

3

- T v
TE__ wis g i

F

wu

“Hzm

F

&

ON =9K0

oW 7

39vd

NOILD3S FJWVH d3Mm

o

WKW G0PE:"dS H3aM "SNydl ¥ HO0Td

M
g e
_—w_d_ﬂ =
£
=

blﬂ.w
e
._Al._\ o, o
b
b—odk
i
=" o
k 1
2 [ ¥
= B 2] g
v FL
1= S
T dqd F
Fa
b o E
= T -
L b o
= P
ks
= o2
A%. M e
¥ §
dF
d
[ L
o
e Er
u
kR e Lk
-
AIHE

_60_



__E 11

Yt
o
LATHND B2~EE# Hd) o

*03s g9am MDad HOD +'ON
Az "
LU ROHE
T 3 r
1 T R _@,
F 3

ON =aM0

ON_ 71 1nH aHE8 "L'0 40 NOILD3s amd

Javd

_61_




—_— |
¥ U 9171 006008 dIN1IIT 15 Laih,

JE-23

y

B H7, No¢|EC) HIOY
AT

]

W t-8d. WNyd

D LoEk
T I
|
] i

1THz 2013
L —

TO s 0 G2 06T r ofide & TDERF 7 HWIIAF @96 00 [

=]

TRYIRE

w L-8d. Ny

F-rd, 4
wHiL [0 W]
- |
L1 .sA
: 7
B.6-0d, \,ﬂj_.ﬂ
|
N sp3 |
u [
E o IR Sl
0 Lo
i [
[
4+ L
: |
[
JE-td, P
351 Lol
i [
3 Lo
Lol
N [
W |l
mu*L{.
i __m-m“m__
ol J \_ |
Jb-td, "
B _
[
On kg
OW 17M1H

ERLY:

NOILO3S aHd

_62_




—

NN

Tl

[l

Eha

-Jdl!dﬂﬁﬂ | 1 >l ]
- [
- T+ 5 R, o2 WE kil

é-6. ‘A3 o -63. "AATE Ty

¥ =

: =

.

P R ey J—— o
r - Yﬂ? |o‘_‘|g
L. |
-+ |
Bl a4y
_ r J._
e @] o
-..Eu—ﬂ.ﬂ_ _
_ 6_ |
p Ly ol
ol = 4
! A
¥ | vyy |
—
Ly
g
[
k
k2
s
i
o
|
T
;@u oﬂ:
J-dl L 0acyd _ =]
g—v« , | %
l
3 F TR |
> _w st e & N4
_ o ; R _
N [ B = B
|_ﬂ|n L
%
|

-

T e T

o

1

i

AN SN 2REEd: WNAEL BN 1IEMED

«6-83. AR

aN - 9mad

ON T10H

ERLE

(8/v 02S91)NVd 'H1S L'ON

F3

A

&3

g R

i;

g

_63_



Ik
K
[l T
I H
+ |
|
‘|
|
=l 4,
A7
) |
[

;

1 4

T _is: 1.

a2

Zoae T de

+

THNTavd NO 10, VS0 0L a0 e &
OTIWER O : (N
W08 4= % NI O A e El - T S

TR OFT HICH S OTReer: R

HAMSHE B 358 < 0 7 0S| L e,

aN *OKd

0N 770H

ERLE

(8/v 02S01)NV1d 'HLS 2'ON

_64_



Lk
ay
[l T
3

o] e

|

L

<] .

el 4,

4

08 1 Y, 0-0200z | _o
RVAVAVIR: T

(I

R 21 ) «a ___

3 pL t.& p I} PLET uﬁ F.# b __
mmmﬂ.l =R Iﬂlf r
- el

ON " 9K0

oM 77NH

ERLE

(a/v 0LG8)NV1d 'HL1S €'ON

_vﬂ

HIHE[ N
H

_65_



aAbel 2

4 9]

s

H=A Az

o] =0

o B =
- T =

=13
5

ol
NE

=

o3

0

+
oy
=
oy
W
eyl

o

ol

o
_#OW_H

A
Nfo

=
=
=4

o]

ol

N

sl

mpy

N

P Ao A x

T
p8i

=R
=

A of] A

o] 2

e
)

!

U

pu—

7ﬂ

Mo
X

T
OO

Ayt
Ak
B

<

o
o

)
g
N

"o

Al

el
B

]
file}
—_

0

H

N

<A
Nk
el
o
M
o)

G

W
H

%

¢

il
bl
ol

ol
A

T

n

B
B

o
APow whE

A2

Al

5}

Al A

Ak

]

o

=Rl

w4 w0 2

=0
_lmo

—_
o

Py,

A}

-

U

el
i
N

2005 ¢ 12 €9 st



	제1장 서론
	제2장 검사용 접근설비(PMA, Permanent Means of Access)
	2.1 배 경
	2.2 적용대상 및 적용시기
	2.2.1 적용대상
	2.2.2 적용시기

	2.3 검사를 위한 접근수단에 대한 기술규정
	2.4 유조선 밸러스트 탱크 및 화물 탱크의 접근수단
	2.4.1 밸러스트 탱크, 화물유 탱크 갑판하 및 수직구조에 대한 접근
	2.4.2 이중선측구조를 형성하는 폭 5m 미만인 선측...


	제3장 선체 중앙 단면의 구조설계
	3.1 일반 배치
	3.2 중앙 단면 형상 결정
	3.2.1 이중선체규정 적용
	3.2.2 주요 선체 구조부재 배치
	3.2.3 격벽 구조형상 및 배치

	3.3 선체 구조강도 결정
	3.3.1 Scantling
	3.3.2 구조해석


	제4장 접근수단 적용을 위한 최적설계
	4.1 연구 배경
	4.2 최적 구조형상 및 구조배치 특징
	4.2.1  Double bottom 높이 및 Double side 폭 결정
	4.2.2  Upper deck transverse web 구조배치 결정
	4.2.3  Top side wing tank 구조형상 결정
	4.2.4  중앙 종격벽 Vertical web의  구조형상 결정
	4.2.5  Stringer 구조배치 결정

	4.3 중앙 횡단면 최적 설계에 따른 기대효과

	제5장 선급규칙에 의한 구조강도 평가
	5.1 선급규칙에 따른 종강도(hull girder strength)
	5.1.1 Wave bending moment
	5.1.2 Hull girder section modulus
	5.1.3 Minimum section modulus
	5.1.4 Minimum moment of inertia
	5.1.5 SafeHull phase-A 결과

	5.2 선급규칙에 따른 종강도부재의 치수 계산
	5.2.1 종보강판의 치수 결정
	5.2.2 종보강재의 치수 결정

	5.3 선급규칙에 따른 구조해석
	5.3.1 구조의 모델링
	5.3.2 하중조건
	5.3.3 경계조건
	5.3.4 해석결과


	제6장 결 론
	참고문헌
	부 록

