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On the Design of the Brackets without Flange in Ships' Structure
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Abstract

In general, brackets found at tank boundary are design according to the Classification
Society Rule. Since much man power is needed in manufacturing the brackets stiffened by
flange, it is necessary to suggest alternative designs, of which flanges are removed,
through the rigorous structural analysis. In this paper non-linear structural analysis for
brackets with and/or without flange have been carried out to examine their structural
behavior and ultimate strengths. Alternative designs for brackets are suggested based on
the results of ultimate strength analysis so that the alternative brackets have the similar level
of strength and stiffness to the original brackets. It has been seen that the structural safety
of alternative brackets proposed in this paper are beyond the appropriate level. The primary
benefit of replacing the original brackets by the alternatives is the reduction of man power
in manufacturing brackets and 10 to 15% weight saving can be expected in additional. This
paper ends with some comments about the extension of the present study.
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Fig. 1 Types of brackets
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Fig. 2 Loading state at bracket
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(Mode! A2)

StudyE +>otRILE 2 t
ol xJ| HE, g,= M ZEANM AIBAl
2.0mm OILHZ 8X éEPE g 20510 0|F2
£ HH0M ¢, =2.0mmZA SEE s 7

oI, EMADL Y= Eetsle) A EMXC
JIBEE LAISIZLE

S0 = Bakle SH 201l E 28
2dEo It =018 BII%iol A2 B type =
Model A1DF B10H CHSH S ZIE Fig. 80l EA
SIZILE =g 2 29 FHoIL &2 E
Aot Ae 2etze s (Mu-FL)Ol st
ZeHXIDF gl= =22iiol AE2T(Mu-NoFL)el
HIOICE Fig. 80K 2501 Se=d] Z4XI2H A
E HBRU= SUIDL U= 2B 60~70%
ZE HEE HNY FHE SIHAPIY
2E Se SI1510, Model Al2 22 &
Ao FHE 12.0mmilAd 14.0mmE  2.0mm
= SIHAIPHH 2l SHE ! Model B12
Ol 11.5mmOilA 14.5mmE 3.0mm P&
JHAIZIHE EHRIDE /= B3t Hel S&8!
xgl _;HZF_DI-EE j|.xl A OIE}‘L: 3-{52 g
Ch CIE N 220 CHolME sYUsH sHaAE
HMAM SXDL A= B2 He SS6t £

FH'

L_

S
b &

40 e OH 1> ?

rrr 0|>|

Homo 3o 4> o oy

A



202 ESXIL Sl= A 22302 Ao 2e AR
Table 2 Results of uftimate strength analysis
bracket with flange bracket without flange
scantino | .m0 o0 [ty 3] et [ Vi
Al 400%x400%12.0 with 75FL | 0.710 14.0 0.697 0.846 0.982
A2 450x450x13.0 with 75FL 0.773 - 15,5 0.750 0.883 0.970
B1 450%x350x11.5 with 75FL 1.112 14.5 1.119 0.908 1.006
B2 500x400%x12.0 with 75FL 0.809 14.5 0.782 0.890 0.966
B3 550x450%13.0 with 75FL | 0.825 15.0 0.814 0.867 0.986
- st ZRADL Y= S21310 LM S22 ZaK
L Jb Q= B9 HIWEHA AT SHOMS HO
o /_,._ ES8 +F0l AZYTE 2= A8 2OIGIAC,
~09 | A2 H-5LE A0|S) BHBHE JIFCE W
T K & QUODE, Z@Jt Y e =
So07 | I 019 TR E=epie] XX HEES HIWGH)
06 t SIoH MEMSIDL DI Sl D239 FAR
So5 | o ZHE(Fig. 32 CR)NIAS el By 2o
2 04 i E A0l M Z(deflecion - inplane
~ 03 f moment curve)E Table 121 5J0 220N CHGH
02 | —6—Model Al Fig. 901 EAIBIRCL OGIZA ‘with flange
o1 —&—Model B1 (t=12.0)'2 SRt Y= S0z 4 Ko
0.0 — : : SHIt t=12.0mmE UEHHL, ‘without flange
11.0 12.0 13.0 14.0 15.0

thickness of bracket

Fig. 8 Ultimate inplane moment ratio to the
bracket to thickness

o HBATE INAEE =l FHE ZHSI
O Table 20il 2 ZHE HIBIALE. Table 20iA
ZELCE ) BY DUEQ y 2 SIS
ot HESIZCH, ZEXIt Si= B2
(bracket without flange)Sl 'weight ratio't "Mu
ratio's= SXJI U= B23! (bracket with
flange)S JIES2 EXD} gis Haplo =&
Hlet =Z2=2 HI0ICH

4.3 SXIt As St AN - St

[
I3

192 RX EMs 83 #2002 2%

0 OHLlcH Z-% JH-OE 8thh & ZO0IA JIAl

(t=14.0)2 Z-XE Mot Bl SHE

. 140mmZ SIAIZUEE LIEHCEL 2 H0IA

SHE 5 BY L0 Cioll CHMl Zerztel =)
AENUIA ZISAEHO OIZ2TITMA REH Hs2
ZUXOF U Ko HeBi |AE ZEs 2
0111 UNMA 24 SHUME S251010 28 £
AL Lt @BtEo=z ZEpHAD Q= 3
o} FR0= S IPDF AN IS 5| oll
ZIEAEN 012 352 MisHE Aunloading)0] &
CHAX ¥oL), Bt 2= UXN E213001A
= oIES HGHEA0 Bl SEEE 28 4
Cl. ot=ENio a2 EX |22 A0l S
Mot Ui ez B2 A0 O SZ2XIAH LIE
LD e, sE2s 2ol

Il BEo o 2280

0

2
for
B
x
Jo
.‘2‘.'
i
Mo
0]
2d
iy
w
Y
=
N
ol
Ny
(=]
(o]
[e)]
i
s~
o



for

1N
o

0.9
0.8 1
0.7
0,6 {

M/Md

0.5 r
0.4
0.3 r
0.2

a.1

& with flange (t=12.0)
—— without flange (t=14.0)

0.0
0.0

01

0.2 0.3 0.4 a.5 0.6

(w-do)A

(a) model A1

—=— with flange (t=13.0)
—s— without flange (t=15.5)

i.2

01

0.2 0.3 0.4 0.5 0.6

(w-do)A
{b) model A2

1.0
0.9
0.8
Q.7
6.6
a.5
0.4 I-
0.3
0.2 [
0.1
0.0

h/Md

—

—- with flange =115

—=— without flange (t=14.5)

0.0

Journal of SNAK, Vol.

0.1

0.2 03 0.4 0.5 0.6

(w-do)#
{c) mode! B1

43, No. 2, April 2006

203

1.0

0.9
0.8
0.7
0.6
=
Z 05
=
0.4
0.3
0.2 - .
-5 with flange {t=12.0)
0.1 —— without flange (t=14.5}
0.0
0.0 01 02 03 04 05 08
(w-do)/t
{(d) model B2
1.0
o9 |
0.8
0.7
0.6
u
Z 05
=
0.4
0.3
0.2
—a— with flange (t=13.0)
0.1 ——without flange (t=15.0)
0.0
0.0 01 02 03 04 05 068
(w-do)A
(e) model B3

Fig. 9 Comparison of deflection-inplane
moment curves for brackets with and/or
without flange

OF QIEt XJ| HE

K= =5 F=2AaH0t

o 09.'
O o

4.4 UiXNl Jts 222000 oigt A
2E1 4320IM2 2BZE sIAZH0 2

ﬁ = HAR0AL HE 2cB 2S00 Uia 2
BXIE Mot O Ao SME 2.0~3.0mm

SIAPIE e 2etn SS8 +=F2 AT
dTE JHE 20 OLlet 24 FHUMT 526t
O SR As =2elle U & +~ U8 Xe



204

& HOICL Table 204 250! Ml E2t319] |
2= A BeEle) HEATE0 OA ROt
Jdeilt SeiXDF gl BBl Chesl ZARE
E}-IH_E_ EHD}A—) U}EkO§ XiC}OH}\-i I.”IFE,I'D} %
Xt U= 2= EAHXE EE8e B [0t
E 20l 0|0 SHXE S80Il fst W2
£ AHXEZ 0laist UAUA ezl FIHEoI
ZIIHEOILL S22l F8 220 ZX 3H
Mol S=NES8H S8 Do AUT| IR
Ol &S 2UBZT= 2 Table 2012 2Lt
SHlt= 2 20803 |l 213010 dIndiAl
B Hi= Table 22| gt

20 2 0|22 FXNoR oINst +F0/12tn

i

r

o
¥ >

)

Z‘EI ED*XH EL —’F’—‘!—'?—XH(Fig. 2
=oll0F 5t B2l HEae & 21
282 [FAGkE 022 A HU 2
EP)JOI dHoE 2Zohk= 20| oiLiet
FOH JeHel Eet3ioILt THAl St
FHUAME 2RIt 8l e
Ch Model B19) 3R ZHE ol
M /M2 1.08 ”§15} A=, 2 2722 5l
8 ARMHMME EZ0BEE YBNCZE 4,
=2.0mm= FAKXILH C% DES0 bioh & —r)}il
ot MIZH’(*OE A0 9 ZFA HE0 o 20l

2 o UEs dHe ot

- érD
-IH

m < gl

m e I »
T 12
M

03
0

OITJ

M= = o |d
o
S u
re
H _u.
OI |'0|'

i
i

Olafel aild 3 1) SAZUZRRE E/MXIIF A
£ =Bl 2-AIE HMASHs et SHE
2.0~3.0 mm SIIAIDIH SRt els Beie
Z UHE £ A= 22z oIt oEH & A
? 2 272 200 T=H 2 10~15% HE2
SEHA 2D AL £5F EXE HE6H|
off IR 2t 4EUE0) HRIZ0 2
= 22O D UA=H, JXN2Le X9
4ot o 2 2A0Ith &, F Xl JI=3IES0)

e ol OH 0

SR gle MM Btz LA 28 o

1.0
09 r
08 t
07 r
06

04 i
03

gz | —a-- with flange =13.0, do=20)
—— without flange (=155 do=2.0)
0.1 —— without flange (t=14.0 do=1.0}

0.0 : - -
o0 o1 02 03 04 05 06
{w—dot

Fig. 10 Comparison of deflection-inplane
moment curves for model A2

Ao 8l= 3R 2BLEIF D) HEN HH5!
QI2etD1 I, oledsr UM MRTAH2 EC
OILt B2 QIst &7 HE0| sl8+= 0|40
S &CE 22610 Sl HOICH

BHA, 2epBlel x=)| HEE o8 & 052

HE o UCY, FINO0 Z 240 SN2
2 = UL GZA, Model A20i THEH CHAI =2t
2ol EHeE Table 204 250i t=15.5 mm=Z
SHXNE HAHGIHAH 224319 EHE 25 mm
SIIAIAHOF S8HCE Fig. 102 Fig. 9b)oll =J) &
80l ¢,=1.0mm0l2 Ezi3el SHI 14.0mm
ol 34—?—011 CHSH BIQ-CiL) DUE 2MHES TaHAl
2! A0, 2= B 20| |ele) B2y £S5
gt FLH AHSH XBATE =0 DEM
Model A20ff CHOH SZ2=0 OhoH =2 HEE
do=2.0 mmiiAd 1.0 mMmE 2ADEE Al2H
Ol 22Dt sItiH SAXD gle BaBte] SH

155 mm W&l 140 mmZE MESHO] AI2E

=2
=
4 UOIK O S 52 24 SN2 2 & AU

_‘_U_

ok

=Z0AE S0 A= Eelg 2
= BoRIeZ Uidcle 20| 28 g

etz ssts] =28 M 43 & H 2 & 20068 48



Ol=4d, ojs%

o

=)

U

c
ol

A, HIdE FXoidE 86l 22
%§5*O§M1 SHIE HAsts Ul
SNE BINAM kel Eell SS8
S 3'5]3‘—3*59} +2H NSE 2= Al E t
MIAIGIRALE Eef3lel 2&= Sef2lol =2
%6%._ C'“EOH Hg*o}: ‘SQOEM J-é?—
29

0
1 ¥ 0z
S o HY 1o mo

rz'

5!

FE>

S

T ph
>

=
-

g0 1o
nr o

oY

g e
Hu
OO0k )2 H0 =2

e
—‘H%%ﬁ_‘-m

1o >
A
e

02

oor

Mo
9:— .

>
0

10

C

4 b
[y OB
1o NV
oy
m

10
pa
RGN

N
= f0

i |0

>

o
=2

0
e -

1m0 HE (MO MBS D2

sH BHNE MMEtD 1

52 Pu Tw 2.0~3.0mm ZIHAI
A

un
=

r>m@rm2"r—;‘0a19rwmln
02

2

x

(&

o

2

&g

o

RME 2

JIOiI/H HiAlot= EHJHI =2Blel HEHE0!

o =Eeie xBATE0H O Rk 2

Lt ZEXNGK S £ = UsH 2

A0AM DHGHK ¥ XS0l SeHXIt

Ae 23 HAUEUA FIt2 g

UKL 02l SWHE XA NEHUA
1o

£ @ T 4> Z
02
9'11
=
&O
£Q
(w]
o fr

2
-4
10

o
ry

z
T

0%
g 1l
1o
b
10
o ¢
O
g‘y
2 1o

Qoo
0%
0
o J
on J
>
=]
=}
o
4>
£0
o
»y
10
Hu
H
g
i

Journal of SNAK, Vol. 43, No. 2, April 2006

205
g Dl

2 o= (F)SEUOIZELD SMstne o
THINELZ 0I1RHA HSBE HolH R0 &

AMEELICY

& 0 2 8

o MAE ZUE, 04T, 2001, “GH Bracket
Flange2| M 2ot A" HetEMSE] EHE

=3 =2&, pp. 299-302.

+ 01Fd, 78, 1983, "dHAAS0| 2E -IdS
st

SIS - ARGIE ot o B2Ee| 3
A7 et dEslXl, M o203, M O15,
pp. 11-20. ‘

« 0134, 1985, “ZIIZEES 2= HIQ UEX
28" et ELEsR, W 223, H o1
pp. 31-37.

* Lloyd's Register, 2004, "Welding and Structural
Details," Lloyd Rules and Regulations for
Classification of Ships, Part 3, Chap. 10

* Robert D.C., David S.M., Michaet E.P. and
Robert  JW., 2002, “Concepts and

b
O

on

Applications of Finite Element Analysis”, 4th
edition, John Wiley & Sons, Inc..




