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Strength Evaluation of a Doubler Plate of Ship Structure subjected to the
In—plane Combined Load and Lateral Pressure Load

Juh-Hyeok Ham™*
School of System Applied Engineering, Halla University”
Abstract

A study for the structural strength evaluation of doubler plates subjected to the in—plane
combined load and lateral pressure load has been performed through a systematic
evaluation process. In order to properly estimate the static strength of doubler plate,
elasto—plastic large deflection analysis is introduced including the contact effect between
main plate and doubler. The characteristics of stiffress and strength variation are discussed
based on the analysis results. Also, in order to compare the doubler structure with the
original strength of main plate without doubler, a simple formula for the evaluation of the
equivalent flat plate thickness is derived based on the additional series analysis of flat plate
structure. Using this derived equation, the thickness change of a equivalent flat plate is
analyzed according to the variation of various design parameters of doubler plate and some
design guides are suggested in order to maintain the original strength of main plate without
doubler reinforcement. Finally, correlation between derived equivalent plate thickness formula
and the developed buckling strength formulas for intact plates by author et al. is discovered
and these relations are formulated for the future development of simple étrength evaluation
formula of doubler plate structure.
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Table 2.1 Space of solid floor and
longitudinal stiffener(unit: mm)

owT | 25K 37K a7K 60K 70K | 138K

bottom
longi. 785 800 800 910 765 900
space
floor
space

2400 2280 2400 2400 2520 2400

0I2=2H IDIEMs 20121801 SER2HEE(floor
space) 2l HE0| 0IEM =Es2 2tH
(bottom longitudinal space)0I22 0| bt A

Bto| CHEEQCI JtZAIZHI2HY JHE6HH JI2MZ2
HIOF 32 B2 ZES HF6IRLD REHLZ

BinA MEE B2 AR MEBDF & 2.7 Ji
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Fig. 2.2 Parametric variation of doubler
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Fig. 3.4 Deformed contour of 150% doubler
thickness model
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Table 4.1 Strength of equivalent flat plate

Slenderness ratio, Br or /0o
1.229 0.521
1.258 0.496
1.288 0.472
1.319 0.447
1.352 0.424
1.387 0.400
1.423 0.379
1.462 0.356
1.502 0.334
1.545 0.314
1.591 0.293

2nd order fitted curve

Linear fitted line
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Fig. 4.1 Correlation curve of flat plate
between slenderness ratio, Br and

nomalized stress, of/0o.
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Table 4.2 Correlation table between
normalized buckling stress and

slenderness ratio

Slenderness ratio, Bs os /0o
1.946 0.521
2.003 0.496
2.033 0.472
2.080 0.447
2.130 0.424
2.164 0.400
2.217 0.379
2.254 0.356
2.312 0.334
2.352 0.314
2.393 0.293
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Fig. 4.2 Correlation curves between
slenderness ratio and normalized stress

OIZ2H =XloiNs .
EOXZE Ft= BIMLC A2BHEZIH TEE
Al(4.7)2 0IE0I0 B SOIENE L& +
o]

HAIBHH CHS Fig. 5% Tk
HIIM, E=e 2 Lietiliels 82010 gt

Y]

£d
S8 2010 5 ), FESHOI O

o

re
=]
o
L
in
=

Journal of SNAK, Vol. 40, No. 6, December 2003



e
o
P
]
Qﬁ
O
[
Ofor
e
o
na
fir
=
Ja
[=)
O
re
10
oy
n
08!
Y
~
\‘

n - AD| DEOZSE  FEO A LA

P R a— ZOE NS SUNSE SOt BRSHE X

A AIBIE 33, = 01EB 20l(ad, FH(t) L =

19 ST — (b)8 EAIGHS LI ZHS0| O 102%-123%

" ““\///—/’"—Té NOIOI SESID 210 @A wHE =20 U=

: />< 200/918¢ BILHRI=O] B 96.5%105.5%(B=4,

.09 1999) J2ID YELHLES HD 101%-112%

- f/ \ (B8 2001) B0 SOHHEBSHO ARMA &

\Y\ 2 B} EOOZ QI REGIED 2US EA|

0.93 te M 2= RO OIETS U= U YFUEO|

% . \t. . 201 HIsh SN 52 = [ £2 &2 v)
] i | s DX 30D 28 4 Ut

(variation of each parameter)

Fig. 5 Equivalent flat plate thickness

curves according to the variation of each OIEES = SN2 DG il =aEs
design parameter of doubler plate I AOBES SAIN e DT ACTIIS
AAIBIRACH
ty ~ ~ B by ) CHEHQ! M8t &F:'?—IH%_ tHatez Crekst 0l
( 7¢), =8 20 et o1s® Z( ) D2 otE0l SAIOl RHE5l= otE2 WACZE OIET
t o =, 20, SN % FE{(main plate)2] BAlQ]
2 FEETHON CHEE OIS T 2AISEN( _tQ) 242} I S 2AS MAES] LB OE 0IFES
o PAYBIE 2 LIEHIH S=2 ZHEJ)0) JEEIIE HIME FXo4E St 2A6HACH
t 01 229 2E icHEIN e 2AsD
CHEH SIt BESTNH( _tm)E’J SARsE gE L £ JEO| Foh SorETel AToiss S35t
EHACH =2 J20z=[ SUXssEn 2o I 2t MetHEere] g 2 2ATHSIE Hlw
SAIOI 2= 01EHOR S HIDE HEE = SAoHL
AFZEERH CHEF & 2 ACTTIF 2AS S8l CfF Ol Al2IZoid Z0E HIgSZ =2 XZ5iE
St 20| H2lg £ Ut ol 2 0IESE LTHEIAS TE6IU2H N
- = o4l 2 20l L SHel oiEsm 22 XOF J1 OHEsh BRSOl 201 HOMAIO| ol
2 1 20l(ad) ¥ FH(ta)t BN 2 FR0H & B BZEMNC HEo2 HIEHH FH22S
Qe Z&0] BOIE BOILE &2 FR= AEC XE BIIGl) SIHEE THAISl A2HES
2 HES B JMIE2H =2 HA0l KA UEGIZSMH BHRIHC 210IHIIAOZEEH 0|1
Ch o 220 2 SIHEISH TEAIZ2 AAl M
- OISE FH(by)ol S0 2 gae z2Y oL L8t SHEBSEN TH:Ao2RH 2
S0l Ot 3D JIEM, FM 0ISBHE(mEo) E UctHiEre] st me 2T =Halg sIt
87.5%)2 ZRE HAsID= Ho ZMA Hals HEUSENZ HMABIUD O|28H & DH dHEl
SOICt, B2 &0l & FHe) 0IZE2 I X4t HinA
- FEHO A0 e AT ZATF AU A2 IR0 SZE AT BIE =20lU 012
2% FMOHH & -7T%UM 17%2 2 FHol S Helotl= 2&0] 2405 ASS PoICt olFT
JIEN HEE =olICk ZHS0 IE SIS Bdte INA Bisls

et R M85l =28 M40A M65 20033 129

it



48

2012 JACH  FEQ 220| 2 ZRE HUGHH
2 OiCHHEr Bl M8 S HESMHO
102%-123% AHOIO 2Xoi UTHD 2 = U
S Zsiotst =Y SAl0l Z= 32 018
02 o= g ox GRS ZR0l diol SOt
SN Eug 2 i 22 S0 BluAE 30t &
g = ALK
= F0IN el 2HEE, Cests fldh Ot
0 D == UYL U2 oA L 24 HY
0l 7= FXFAY LS JI2A2012 M
dglol B¢, E8F9 S2ES ¥ &, 12
£ 89 ¢HFE HE 0§ ¥ 2H01AQ &S
SHMAIZ = QUE AENM G20 & AR S
g & Gt 01 SSAIPIDA Sl
& n g 8
« 2O, BFE, 2SY, 1993, “Axd SAHK
2 0I88 JLEEN HELT 20IFFE
etxdstsl=2%, H30A H4=z,  pp.
127-135
s HW, FEF, Usse, 1982, "2 fSE
o HIYTHAMIE) -e=H=-" Yetxd
&t5|Xl, HI19& H4Z, pp. 11-18.
« ZES LS, 1985, "HAE |38 M=

B2y

CHA(HAE) -2% U HEHE- UBEM
st3IXI, Ri22 M3, pp. 9-20.

. BEET, 1999, SSTAUT AR
30211, 3-2-12(Rev. 32, 37) - 3-2-19.

. BES. 1098 MY OIEBHdoublen)el 2o
ZEt OIj, ‘OB(RINIE) MIEIG! BEJ|EINY
REHAAIY DRI FE 2DA, pp. 51-91.

. BTE 1900, EUE O USGES W=
S8 O|EIO| LG BO), 199095 = ata
tHal =24, pp. 471-474

. BZS 2001, “UYEWS G USGIES W=
M8 O|ZEO| ATEON, IEBEMSS|=2F

- BFS, U2, 1904, AXE HUUIAL |
A NAT BSOS M OIS, st
5l=2%, M312 M3S, pp. 119-128,

ST
B8, US4, 1994, “dEdXeITo X=2E
Aol 25t H - BANS AHHE HE -7
fistrdssl=2d, RM31A  A4s,  pp.
130-138

StEs 212 1997, “MBHINETHO] HHE F
ZEIL AIAEQ Jie,” (hetx&sts|=2E, Al
342 R3S, pp. 53-60.

stEsl 22 Mes. 1996, ‘TN
et RN M=2e HotA N st
MBS =27, M33A HM2E, pp. 111-118.

Lee, S. H., 1990, MSC/NASTRAN Handbook
for Nonlinear Analysis, Version 67(Draft).
MacNeal-Schwendler co., 1999, MSC/
NASTRAN for Windows, Release Guide
Version 4.

Paik, J. K, Ham, J. H. and Ko, J. H.,
1992, “A New Plate Buckling Design
Formula(2nd Report) — On the Plasticity
Correction —,“ J. of the Society of Naval
Architects  of Japan, Vol.172. pp. 417-425,
Pak, J. K, Ham, J. H. and Kim, U. N,
1992. “A New Plate Buckling Design
Formula,” J. of the Society of Naval
Architects of Japan, Vol. 171, pp. 559-566.
Takeshi Nagano, Shinji Kumasaki, 1978,
"Buckling  strength of a web panel with
holes - 2nd report Buckling strength under
shearing stress and the effect of
reinforcement-",  Technical  Report  of
Mitsubishi Heavy Industries Co., Vol. 18, No.
3.

Journal of SNAK, Vol. 40, No. 6, December 2003



