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Abstract : Ship structures are thin-walled structures and lots of cutouts, for example, at inner bottom structure, girder, upper deck hatch,
floor and dia-frame etc. In the case where a plate has a cutout it experiences reduced buckling and ultimate strength and at the same
time the in-plane stress under compressive load produced by hull girder bending will be redistributed.

In the present paper, we investigated several kinds of perforated stiffened model from actual ship structure and series of elasto-plastic
large deflection analyses were performed to investigate into the influence of perforation on the buckling and ultimate strength of the
perforated stiffened plate varying the cutout ratio, web height, thickness and type of cross—section by commercial FEA program(ANSYS).
Closed—-form formulas for predicting the ultimate strength of the perforated stiffened plate are empirically derived by curve fitting based
on the Finite Element Analysis results. These formulas are used to evaluate the ultimate strength, which showed good correlations with
FEM results. These results will be useful for evaluating the ultimate strength of the perforated stiffened plate in the preliminary design.

Key words : Perforated Plate, Perforated Stiffened Plate, Ultimate Strength, Cutout ratio, Buckling, In-plane Stress
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Table 1 Investigated data of access hole (600X 800mm)

Az B B0 | EFuab | F3Ed/b)
110K C.O.T 13mm 442 0.72
106K C.O.T 13mm 207 0.72
153K C.O.T 12mm 474 0.69
309K VLCC 18mm 485 051
318K VLCC 19mm 3.07 0.62

170K B/C 14mm 294 0.58
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Table 2 Investigated data of access hole (500 700mm)

4z w $AG | E3¥@b) | F3ud/b)
153K C.O.T 12mm 474 0.36
6800 TEU 16mm 2.38 0.60
105K C.O.T 13mm 277 0.60
172K B/C 16mm 4.30 0.88
170K B/C 13mm 2.85 0.59
5000 TEU 12mm 2.14 0.59
318K VLCC 19mm 3.07 051

Table 3 Investigated data of lightening hole(400 < 600mm)

S # FAW | @b | F3d/b)
106K C.O.T 13mm 442 0.36
160K C.O.T 12mm 510 0.36
300K C.O.T 20mm 4.85 0.26
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Fig. 2 Schematic model of stiffened plate with cutout
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Fig. 3 Initial imperfection on the perforated stiffened plate
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Fig. 4 Comparison of average stress and cutout ratio of the

perforated stiffened plate with a diameter 600mm cutout.
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Fig. 5 Comparison of collapse pattern and distributed
vielding stress on the ultimate strength varying the web
height with flat-bar stiffener under compressive
load(d,_/b = 0.24).

dejol el o Eold ¥E A
A deElgz ok 9 FAS 30 E nAs 99 =
°]& 150mm¢ &3 300mmg! ZUSZE

sta k. ¢ FHA HAERE B2
Heo R HI 7 B X e FHIFTo| FA

o, 53| 99 oyt duidoz Frkek A2 300mm
FHe 25 BAA A XA

Z A ul(flat bar) BG4 A5 neldt 3 EGD
Py
=

rz 3

22449 =

2

X
.
o

OH

QL
k1
vo rlr
EE

FrE8 7L 067004 9] E#Uukflat bar) B7AE £33 +F
B mddiAel EHFAE e FAAEA
712 (equivalent stress) X5 ¢ #ol 150mm%t 300mm

2 EF3b Fig. 6ol e Jvt 7887} Fig. 50 Hl
ste] A7 ZrbstEA, § wol7h 150mmalM & 3T oA
ZRA0 2 AERFE o, F7HEY FEE AEFHE N
AE mgor B¥stm Juk eHAHL P9 FEFF]
A o2 2-g3glon, o) e A ¥ Fol7b 300mms!
Ao A= fASTh Fig. 79 DX B0 ¥
g7 Edub(flat bar)ol Al o] fFH9 Frte e tEHF
A BEZE 7 Y FAS F Fold disiA e Utk
# FAZF 2mmel M e ¢ 20]7F 200mmel A HFSFE=7F 7)
=4 dEyd ew, §) Fol7h 300mm XA M
@o FHEAEE Holxn rth ojed YU o) AFTvt
o} Zro] Zalvl(flat bar)e] 9HEA FH AF3TE WA
S o] Eolvl St 42 HEHA 9% 4 HE &2
B A%l 32 A FASA Hol, 1 HAANETH
AUZA Za7F 3A veuA, 45353 =23 94 2
7}st7] gEoltk & 707} 15mm= 7184 =W HE3E A=
BEE E vl B33 £ 548 7HA €4k F, § o7t
200mm ¢! ASell= HAEREr w4 Hrbeas AR, &
FH)7F 02004 04871418 GHol AT b =& HFAE &

M7k Zrkske, A BaET 3]
BN 1Y Ee URATIES

0|7} 250mme o

< PFI
I
©
o £
R
o & g
off ~
o o

¥

)

)

R H'T ofl

r do ¥
ol
jus)
X o
o
o
e
il
o
&
s;
S
e
N

o
=
e
Hlr
[e3
N
N
[o%)
?

K3
>
T (o

A
o 17P 048°]le*1%

ORI
e
Kowe S
2w o
N oo &
2o o2
=4
_14_11m§m:{0
o o e
#OFNQA
e S
K
o
v
N
N
<

1
X
kv
o
£ 30

o =
= 54g p_om s @42 sty A
A

Diameter:600mm, Flat bar stiffener
web height:150,300mm, web thickness:12mm

e
ol
2
to,
i
)
>
mi

(a) d/b=0.67 (b) d/b=0.67
Fig. 6 Comparison of collapse pattern and distributed
yielding stress on the ultimate strength varying the web
height with flat-bar stiffener under compressive

load(d,/b=0.67).
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Fig. 7 Comparison of average stress and cutout ratio of the
perforated stiffened plate with a flat bar
stiffener(D=600mm)
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Fig. 8 Comparison of average stress and cutout ratio of the
perforated stiffened plate with a diameter 700mm cutout.
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Fig. 9 Comparison of collapse pattern and distributed
vielding stress on the ultimate strength varying the web
height with angle-bar stiffener under compressive load.
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Fig. 10 Comparison of average stress and cutout ratio of the
perforated stiffened plate with a flat bar
stiffener(D=700mm)
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Fig. 11 Comparison of average stress and cutout ratio of the
perforated stiffened plate with a diameter 800mm cutout.
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Fig. 12 Comparison of average stress and cutout ratio of the
perforated stiffened plate with a flat bar
stiffener(D=800mm)

Diameter:600mm, Tee bar stiffener
web height:300mm, web thickness:1Smm
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(a) d /b=0.24 (b) d_/b=0.67
Fig. 13 Comparison of deflection shape and distribution of
yield stress according to cut out ratio of the perforated

stiffened plate
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Fig. 14 Average compressive stress and cut out ratio of the
perforated stiffened plate with a flat stiffener under axial
loading.
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Elasto-Plastic Large Deflection Analysis
E=205.8GPa, v=03,w . =0.1f% o ,=352.8MPa
axbxt, =4500x840x12mm,
h,xt, =150—300x12,15mm, n,, =2(Angle—bar)

02+ All edges Simply Supported condition
i Y=+ Bx+C
A=-0.252, B=0.107, C=0.625 (angle_w, :12mm)

0.4

where,Y =(2%), x=(d,/b)
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Fig. 15 Average compressive stress and cut out ratio of the
perforated stiffened plate with a angle stiffener under axial

loading.
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A=—0.252, B=0.107, C=0.625, D=a, (d /b) +a,
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where, Y= (&), z=(d/b)
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0.4 H Elasto-Plastic Large Deflection Analysis
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Fig. 16 Average compressive stress and cut out ratio of the
perforated stiffened plate with a tee stiffener under axial
loading.
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Elasto-Plastic Large Deflection Analysis
E=205.8GPa, v=0.3, ,,,=0.1/t, o, =352.8MPa
axbxt, =4500x840x12,15mm,
h,xt, =150—-300x12,15mm, n,, =2(Flat—bar)
0.8 || All edges Simply Supported condition

MEAN:1.024 O
Standard deviation:0.014
COV(%):1.366

Correlation:0.960

MEAN:1.000 [J
Standard deviation:0.017
COV(%):1.756
Correlation:0.959

FORMULA (o /o))

Y =(Ax*+ Bx+C): web thickness 12mm

0.4
Y =(Ax* + Bx+C)/ D: web thickness 15mm
A=-0.120, B=-0.047, C=0.618, D=a,(d, /b)+a,
a,=-0.033, a, =0.899
where,Y =(2x), x=(d,/b)

(7,
0.2 1 I I
0.2 0.4 0.6 08 1

FEA(o,/oy)
Fig. 17 Comparison between proposed formula and FE
analysis results of the perforated stiffened plate with a flat
stiffener under axial loading.
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Elasto-Plastic Large Deflection Analysis
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il Y =(Ax" + Bx+C)x D : web thickness 15mm
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a,=-0.027, a, =1.135
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Fig. 18 Comparison between proposed formula and FE
analysis results of the perforated stiffened plate with an
angle stiffener under axial loading.
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Elasto-Plastic Large Deflection Analysis
E=205.8GPa, v=0.3, W, =0.1/°, 0, =352.8MPa
axbxt, =4500x840x12,15nmm,
h,xt, =150-300x12—15mm, n_ =2(Tee—bar)
All edges Simply Supported condition
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Standard deviation:0.075
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y Y =(Ax" + Bx+C)x D: web thickness 15mm
A=—0.172, B=0.010, C=0.659, D=a,(d, /b)+a,
@ =-0.029, a, =1.129
where,Y=(2%), x=(d, 1)
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Fig. 19 Comparison between proposed formula and FE
analysis results of the perforated stiffened plate with a tee

stiffener under axial loading.
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