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Benchmark Calculation on the Ultimate Strength of Stiffened Panels
and Hull Girders for the Verification of ISO18072 Formulas

by

Yoshiteru TANAKA, Yosuke ANAI, Takahiro ANDO
and Yutaka HASHIZUME

Abstract

New technical specification for ultimate limit state of ships (ISO18072 series) was proposed by Dr.
Frieze and Prof. Paik in 2003 (ISO; International Organization for Standardization). This
specification was composed of four parts;

- Part 1! General requirements for their limit state assessment

- Part 2: Requirements for ultimate limit state assessment

- Part 3: Requirements for fatigue limit state assessment

- Part 4: Requirements for accidental limit state assessment

However, these requirements contained inaccurate formulas and were not verified by other

researchers. Therefore, the benchmark calculation for Part 2 was planned by research committee?

organized in the Japan Society of Naval Architects and Ocean Engineers.

In this report, the results of the research committee mainly performed by authors are presented,

that is, the results of nonlinear finite element analysis applied to the calculation of ultimate

strength for stiffened panels and hull girders are presented. From the comparison of ISO18072

formulas to the other calculation methods, it is cleared that ISO18072 formulas give quite low

ultimate strength of stiffened panel under various load conditions.
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(a) flat-bar (b) angle-bar (c) tee-bar
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Longi.
girder

Stiff.

®—2.1
Trans. frame space, a (mm)
Longi. girder space, B (mm)
longi. space, b (mm)
aspect ratio, a/b

HEETILOSTE

2,550

2,550
850
3.0
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girder

Stiff.

Stiff.
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girder
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b (mm) | t, (mm) B

9.5 3.49
11 3.02
13 2.55
16 2.07
22 1.51
33 1.01

Stiff.
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a a a
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x—23 BEMOTE (BAA: mm)

Size 1

Size 2

Size 3

Size 4

flat-bar

150x17

250%x25

350%35

550%35

angle-bar

150%90x9/12

250x90%x10/15

400x100%x12/17

600x150%x15/20

tee-bar

138%x9 + 90x12

235x10 + 90x15

383x12 + 100x17

580x15 + 150%20

K—24 RSHAANOERFEE

1:0.2

1:0.41

1:0.67

0.67:1

0.41:1

0:1

m=2

m=1

m=1

m=1

m=1

=—25 BEEE—FOYNHAL-bLIHES

AOI

A02

A03

Agg

AOS

A06

A07

AOX

AO9

AO]O

AOll

1.1458

-0.0616

0.3079

0.0229

0.1146

-0.0065

0.0327

0.0

0.0

-0.0015

-0.0074
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e sin% (2.2)

Wy = Ag sin
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Ao = 0.1B%t, (2.3)
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Api sin—sin—
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o (2.4)

Wo = Womax

i=1
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THEE AW 2, 17 b A0 K KE Womax
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D1 YHERE— RO -bARidEZ D,
L7z o T, BiEEMALE T odhiF Y 7= b &
wos X, 2B TEIND, EHITHEMIC
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kB, MM AED S L EERE IS )L
T 5,

m T
Wos = Bg sin?siniy (2.5)

vos = Csin—- () (2.6)

2.1.2 BHREH
AIRERIEMAT T, EARAMICIEIN-2.1

OMEE TS TaaT L o, #ME % 1 span,

fEMT M % 1 bay & L 7= triple-span/triple-bay
model (1/2+ 1+ 1/2) xR E Lz (—
EBOFEMNT S TIE X EEZ B E L, double-
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K —23 BHiERRILOTEE=HH (CaseA)

span/double-bay model (1/2 + 1/2) % % fif
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DNV o #3571 75 A PULSY, CSR-B %
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ULSAPY | JEMIE A R EH LM = — K MSC.
Marc ¥ & OA ULSAS (ki KRZFTA @ in-house
a—R) ICL DLW ARV DORERE R T~ —
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12 A 30 HAFH P o EREICiE# S - H A (IS0(1))
&L 2010 42 10 A 10 B oBEEICEfE S
FI (IS0(2) e 2DV 28, AL TIXATHE I X
DR & I W,

2.3 SIERHEBLUER
2.3.1 R¥EE~HMRLER (HEHRE)

X — 2.4 |ZHELAE a7 % 5217 5 tee-bar ff 5
BE XXV ORI & N OVIE L O BR A R T,
HIREREMNT OFERZ R 5 & Case B O M7
b5 %27 MARC(B)i%. Case A DI 7= 7
H z7- MARC(A) L IR CTHRMEMEN LH 5,
FrlZ, Size 2 L LD K& S OBGEM & RO P EE3
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BE SRV D TR & B EEM T E O BIR & RN
FNDORIZRNC R T, SR VAR B=2 OJEKIC

csux/csY
1
8| Heo,
0.8 g
[
06 —
X S
1/
04 —e—[S0(1)
—o—PULS T
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(c) Size 3
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DI AETRE ZHEE L, AIREREMIT O R S R
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DT DH)ITDNT TR EFHBIBAR & 7”7,
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------- A
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——PULS e
—e—CSR-B
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0 i i i
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B
(b) Size 2
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08 DR, N
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N A
ni=-==-_§

0.6 \ o
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04 L. —e—1s0(1) et
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0 i i i
1.0 15 20 2.5 3.0 3.5

(d) Size 4

M—24 REBEELARILARELOBEFE (tee-bar fTEFHE/IRIL)
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——1S0(1)
—o—PLUS

—e—CSR-B
--o--ALPS/ULSAP
-%--FEM,ULSAS(A)

--0--FEM,MARC(A)

--a--FEM,MARC(B)
i

1 2 3 4

Stiffener size

(a) tp = 33 mm

—e—[S0(1)
—e—PLUS

—e—CSR-B
--e-- ALPS/ULSAP
--%--FEM,ULSAS(A)

--@--FEM,MARC(A)

--A--FEM,MARC(B)
i

1 2 3 4

Stiffener size

(c) tp =16 mm

—e—IS0(1) --%--FEM,ULSAS(A)
I ——PLUS --0--FEM,MARC(A) -
—e—CSR-B --A--FEM,MARC(B)

--0--ALPS/ULSAP

1

2

3 4

Stiffener size

(e)tp, =11 mm
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——1S0(1)
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—e—CSR-B
--e-- ALPS/ULSAP
-X--FEM,ULSAS(A)

--o--FEM,MARC(A)
--FEM,MARC(B)

»

1 2 3 4
Stiffener size

(b) tp =22 mm

~—e—IS0(1)

—o—PLUS
——CSR-B

-
I S
o
—eA-

-ALPS/ULSAP

-FEM,ULSAS(A)
-FEM,MARC(A)
-FEM,MARC(B)

— —®—ISO(1)
. —&—PLUS

i —e—CSR-B
| --®--ALPS/ULSAP

2 3 4
Stiffener size

(d) tp, =13 mm

--e--FEM,MARC(A)
--a--FEM,MARC(B) ]

-%--FEM,ULSAS(A) —

1 2

3 4

Stiffener size

(f) t, = 9.5 mm
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0.6 1430&\\€ o
0.4 \Q\
AR
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cSux/ GY

o

(a) tee-bar (Size 2), t, = 33 mm

1.2 T r
o, /GY —e—ISO(1)
Y —e—PLUS
——CSR-B
--@--ALPS/ULSAP
08 --o--FEMMARC(A) _|
0.6
04 L.
o—'z-?-':i%:;@_._ﬁ%
B S
0290000 o | 0 -
o
0 e
0 02 04 06 08 1 1.2
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(c) tee -bar (Size 2), t, = 16 mm

1.2 , ,
c /o —e—1S0(1)
uy Y
1 —o—PLUS |
—e—CSR-B
--o--ALPS/ULSAP
08 --0--FEM,MARC(A) |
0.6
0.4

1 12

Gux/ GY

(e) tee -bar (Size 2), t, = 11 mm

1R F3H (P23 41E) BATRK

1.2 . .
o, /ch —e—1S0(1)
v . —e—PLUS
—e—CSR-B
--o--ALPS/ULSAP
08 --o--FEM,MARC(A) _|
061 1o b
e T
0 4?»-3_.“3\{\
. e -
~ N .*\
0.2 \‘T . ‘?
0 '
0 02 04 06 08 1 12
Gu></GY
(b) tee -bar (Size 2), t, = 22 mm
12 . r
o'uy/c)'Y —e—1S0(1)
1 —e—PLUS
—e—CSR-B
--9--ALPS/ULSAP
08 ----FEM,MARC(A) _|
06
0.4
0.2 e :'-‘9::}‘\ -
©-0- - ‘~:' -~
v — 9
0 I. eib-d
0 02 04 06 08 1 12
Gux/GY
(d) tee -bar (Size 2), tp =13 mm
12 ! .
Guy/cY —e—1S0(1)
1 —e—PLUS i
—e—CSR-B
--0--ALPS/ULSAP
08 ----FEM,MARC(A) _|
06
0.4

06 08 1 1.2

(f) tee -bar (Size 2), t, = 9.5 mm

—26 [HENARILOZERAEHEBERERZR (tee-bar)
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(a) tee-bar (Size 4), t, = 33 mm

—o—[SO(1)
—o—PLUS
—o—CSR-B
--®--ALPS/ULSAP
--0--FEM,MARC(A) .

(c) tee -bar (Size 4), tp = 16 mm
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T T
——I1S0(1)
——PLUS
—e—CSR-B
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;\\
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0.6 0.8 1 12
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(b) tee -bar (Size 4), t, = 22 mm

——I1S0(1)
—e—PLUS

——CSR-B
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--©--FEM,MARC(A) .

(d) tee -bar (Size 4), tp = 13 mm
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0.6
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—e—PLUS
—e—CSR-B
--e--ALPS/ULSAP
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—o—ISO(1)
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--©--FEM,MARC(A) .

e
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(e) tee -bar (Size 4), t, = 11 mm
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(f) tee -bar (Size 4), t, = 9.5 mm
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(a) tee-bar (Size 2), t, = 33 mm
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(c) tee -bar (Size 2), tp = 16 mm
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(e) tee -bar (Size 2), t, = 11 mm
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(b) tee -bar (Size 2), t, = 22 mm
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(d) tee -bar (Size 2), tp =13 mm
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(f) tee -bar (Size 2), t, = 9.5 mm
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(c) tee -bar (Size 4), tp = 16 mm
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(e) tee -bar (Size 4), t, = 11 mm
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(b) tee -bar (Size 4), t, = 22 mm
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(d) tee -bar (Size 4), tp = 13 mm

(f) tee -bar (Size 4), t, = 9.5 mm
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