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A Study on the Reinforced Method of Doubler Plate in Ship Hull
Structure

JuH-HYEOK HAM'
*School of System Applied Engineering, Halla University, Wonju, Korea

KEY WORDS: Axial, Biaxial In-plane Compression and Shear In-plane Load ¥Z%, %% 4 A Wl 4535,
Lateral Pressure Load W3 429383, Doubler ©]% %, Strength Evaluation 7}=3% 7}, Elasto-Plastic Analysis §4:/d

814}, Buckling Strength =272 %

ABSTRACT: A study of the structural strength evaluation on the doubler plate, considering various load cases that were subjected to in-plane
and out of plane combined load,has been performed through the systematic evaluation process. In order to estimate the proper static strength of

doubler plate for various load cases, elasto-plastic large deflection analysis is introduced, including the contact effect between main plate and
doubler. The characteristics of stiffness and strength variation are discussed, based on the resulfs.
In order to compare the doubler structure with the original strength of main plate, without doubler, simple formulas for the evaluation of the

equivalent flat plate thickness are derived for each load case, respectively, based on the additional series of analysis of flat plate structure. Using these
derived equations, the thickness change of an equivalent flat plate is analyzed according to the variation of various design parameters of doubler
platesome design guides are suggested in order to maintain the original strength of main plate without doubler reinforcement. Finally, correlation
between derived equivalent flat plate formula and the developed buckling strength formulas are discovered, and these relations are formulated for the
future development of simple strength evaluation formula of general doubler plate structure. '
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Table 1 Typical floor and frame spaces of bulk carrier
(unit: mm)

DWT 25K 37K 47K 60K 70K 138K

Bottom

longi. 785 800 800 910 765 900

space

2280 2400 2400 2520 2400

-y e
3
o

A=
o
o

N
- H
m S

4
o
o
oldh
ol
&
ol
le,
=
O
&
N oo & oexoffr

il
K3

o 2

B
i)
P
o
2
o,
X
.
o
S oo

X
ol
o
e
flo ot
ok
o
[¥
it
2
&
B
o
o
2

(g o
=
o
ofi
N
(o3
@ 4
& f.
N
o,
QL
3R
lo
oy
o o ml Jz &
> 2 g%

o} o
B bHo] 1/49) olFwo] Hw
R
A #2 sz gaHez F7hA71EA
G vAE s4L Newton-Raphson
ol & 84 A7) ® 8 SE T M
a a7 & g2l olFde] gle ¥

ozyE 1 Y=g 7
A% AHgsatk 8l

&g I
o7 s TEaAe xUdsia

5 o

,_.
O
2,

e

N > B
N lo
© o

)
offt
fo o qo
ML
1%
ol

o)

e
)
=

o dN i orju o
3,
¥

ofr

I o Jo
M
:T N N g
ol
B

fo ot

i m{n l'UlO
_CL
o g o
hul
ol
o,
flo

o
jg o
rO
ot
k
o
&1'
N/
o,

_>‘:IL
3
..ZJ_’,
X,
Al
olft

U
[og
T O
o,
_(.)_Ld'
EJ
o

%

O

o

o

&
rr o o onpe 2

o
a
Ol

=)
o
njq%
S
2
z
£
=)
o
o
fo
ot
2
o
)
el
1o
ko |H
b
W
N

2 =]
BE 1/1602 Fu BdY3|gon o|FHo)
plate) o] HE& gt
e ohe AN Ageic

N
e
g
3

[
i
by
P
9‘_15
2
L
oX
Kot
>
o
vl
o
o

A8 3

o2 Ao T
He YeEoz 3
2lgo] eldslth. weha] 2 AN o5 A#S 187
98 AHgEl] @) olFwe dZsle] 1 HE
a2 FEste Btk 2 MM E Ko defaultzie K
e 10°%) A=z thed 2o BAS olgst Aty
THLee, 1990).

L =

\arat =

> 1 x 10° * max[K(m), K(db)]
2.1

Kp < 1 x 10° * min[K(m), K(db)]

IA

o 71 A,

KaUa-Up=Up & wje] 7 23

Ky : Us-Up<Up o w2l 78 d 774X (open stiffness)
K(m): 01273 A5shs Fae) B F274

A% 5934

B FRol FFEE 3 FE W=

2t Al M 1 HEHE a, b A2tz e
& UUpe o] Uo & Blasty

bi-lineardt 7] ®islst W 4o)xe) 3t W= 4 &4

FAZ g9 s2o] oz 1HHT o B pdoA:s

o]Zw Fyel 4L ghakoz AXAZ] AejolAe A
o=}

(s}
Be g oz A o F

o>
2
=
o
aad O{N
rk:_‘

A 9,] 5?_7}/H o)

0
[
i
il
o
ol
=)
B
N
¥ o

Fa v, olFw F
8

SERIEE B
A} Yomz ol Zwel WalEge B

e
flo
1
N
o
el
Jz

AR dekt e BAZE QEE AR A8 B
WHAE olFwel Pe A BRA FAY We FE=
AEste] ¥t

rg
2
o
of¥
<
o
k1
1o
z
[e)
i
r’l
1o
-
2
T
IS
o
frtt
[
e
9‘_1;
N

A I )
o oo o8 &

of me 57t B 4

ol 3] 7 BHFAY W] M PE] =S Pl
4 FABINE el Ale= Mt £l E o EaeAe] A
EXE dEsETe] A8 Ay, FELFHET] A48T A
& a2 FE WlEEH ddEo] Agsh: A-fel 3744
BHRF7HEAL o] FAFAE Table 2014 Table 4747
z}z}ol) A A13F ek



Table 2 Correlation table between normalized buckling stress

and slenderness ratio in case of uniaxial load

Slenderness ratio, Br o/t U;Xi;f’
2.459 0.479 0.665
2516 0.49 0.646
2576 0.511 0.627
2.639 0.529 0.610
2.704 0.555 0.591
2.774 0.566 0.574
2.847 0.587 0.557
2.924 0.608 0.541
3.005 0.631 0.524

Table 3 Correlation table between normalized buckling stress

and slenderness ratio in case of biaxial in-plane load

Slenderness ratio, Bu 0/t % /%
biaxial

1.905 0.325 0.498
1.946 0.340 0.466
2.003 0.356 0.436
2.080 0.378 0.393
2.146 0.392 0.364
2.181 0.411 0.338
2.254 0422 0.313
2.312 0.438 0.289
2.352 0.455 0.266

Table 4 Correlation table between normalized buckling stress

and slenderness ratio in case of biaxial & shear load

Slenderness ratio, Or /0o
Br t / t biaxial & shear
2.459 0.479 0.375
2.516 0.495 0.355
2.576 0.511 0.335
2.639 0.529 0.317
2.704 0.555 0.299
2.774 0.566 0.283
2.847 0.587 0.267
2.924 0.608 0.252
3.005 0.631 0.238

o371, Bl 27 XA Jastrzebski Kmiecike] 4H49]
AZA e T5 2o] AH8-sAthJastrzebski and Kmiecik,
1986).

d

=4 =0.0094 (b/t)~0.205

- (3.1)

o] R AT 41

4714, 8 SEESEE
b EDR
t el
A sEel MzdsE Ws) Pegel Agshe 4

H
So i@ BIEAEAS Rmole] 4BBAE Table 59 A
Boe) 27 g I3

A, A a3 g 2
& Yoz EAL F glo] B AFINE MEZ 27447
A gsrch

Table 5 Correlation table between normalized buckling stress
and slenderness ratio in case of in-plane combined

load & lateral pressure load

gr /0y

Slenderness ratio, Br
in—plane combined & pressure

1.229 0.521
1.258 0.496
1.288 0472
1.319 0.447
1.352 0.424
1.387 0.400
1423 0.379
1.462 0.356
1.502 0.334
1.545 0.314
1.591 0.293
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Fig. 1 Correlation curve of flat plate between slenderness
ratio, Bpr and nomalized stress, 0r/0p in case of

uniaxial load
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2nd order fitted curve
ap
ag

Linear fitted Lin 0.35
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Fig. 2 Correlation curve of flat plate between slenderness
ratio, Br and nomalized stress, r/0p in case of
biaxial in-plane load
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Fig. 3 Correlation curve of flat plate between slenderness ratio,
B and nomalized stress, 0r/0; in case of biaxial and
shear load
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Fig. 4 Correlation curve of flat plate between slenderness ratio,
Br and nomalized stress, 0r/0p in case of in-plane
combined load & lateral pressure load
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Table 6 Correlation table between normalized buckling
stress and slenderness ratio in case of uniaxial load

Slenderness ratio, Bg wo / t o /0o
2.817 0.578 0.665
2.877 0.595 0.646
2972 0.621 0.627
3.039 0.640 0.610
3.109 0.659 0.591
3.182 0.680 0.574
3.258 0.701 0.557
3.339 0.723 0.541
3423 0.747 0.524

Table 7 Correlation table between normalized buckling stress

and slenderness ratio in case of biaxial in-plane load

Slenderness ratio, B wy / t g /0o
1.905 0.325 0.498
1.946 0.340 0.466
2.003 0.356 0.436
2.080 0.378 0.393
2.146 0.392 0.364
2.181 0.411 0.338
2.254 0.422 0.313
2.312 0.438 0.289
2.352 0.455 0.266

Table 8 Correlation table between nomalized buckling stress
and slenderness ratio in case of biaxial & shear load

Slenderness ratio, Bs wg / t o /0o
1.827 0.303 0.375
1.932 0.328 0.355
2.018 0.352 0.335
2.080 0.378 0.317
2.146 0.397 0.299
2.217 0411 0.283
2.273 0.427 0.267
2.312 0.443 0.252
2.372 0.455 0.238

Table 9 Correlation table between normalized buckling stress
and slenderness ratio in case of in-plane combined
load & lateral pressure load

Slenderness ratio, Bg o /0o
1.946 - 0521
2.003 0.496
2.033 0472
2.080 0447
2130 0424
2164 0.400
2217 0.379
2254 0.356
2312 0.334
2352 0314
2.393 0.293
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Fig. 5 Correlation curves between slenderness ratio and

normalized stress in case of uniaxial load

(Ar or Ag)

Fig. 6 Correlation curves between slenderness ratio and
normalized stress in case of biaxial in-plane load
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Fig. 7 Correlation curves between slenderness ratio and
normalized stress in case of biaxial & shear load

.o (Be or Bp) O
— Bp curves
2.2k Oo ,z
aFH 4 (925 .5
1s Of Op

Fig. 8 Correlation curves between slenderness ratio and
normalized stress in case of in-plane combined load &
lateral pressure load
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Fig. 9 Equivalent flat plate thickness curves according to the
variation of each design parameter of doubler plate in

case of uniaxial load
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Fig. 10 Equivalent flat plate thickness curves according to the
variation of each design parameter of doubler plate in
case of biaxial in-plane load
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Fig. 12 Equivalent flat plate thickness curves according to the
variation of each design parameter of doubler plate in case of
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