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Design stresses for high tensile steel panels of ship structures

by Yuzuru Fujita, Member Toshiharu Nomoto, Mewmber

Shinzi Ishiguro, Member

Summary

Mild steels have mainly been used as ship structural members in the shipyards of Japan
except for particular longitudinal members in spite that qualified high tensile steels have been
prevailed. In these years, however, there has been a growing tendency using high tensile
steels from the economical requirement. Report of the 200 th Research Committee of Shipbuil-
ding Research Association of Japan stated that the amount of high tensile steels used in ship
structures would much increase in the near future. Investigation from the standpoint of design
aspects as well as from that of economical aspects will be greatly appreciated in these circum-
stances.

In this paper, the problems of allowable stresses and the decrease of compressive strength
of high tensile steel plates subjected to compression is studied. Firstly the ultimate compressive
strength of deck and bottom panels when compressive loadings are loaded to ship structures
due to the longitudinal bending moment is analysed. Secondly the probability of failure of

panels was calculated based on the reliability analysis after the examination of statistical data
on longitudinal bending moments.

The analytical method which was developed by the authors using the concepts of limit analy-
sis in the finite deformation was applied to obtain the compressive strength of panels. In
order to get probability of failure, a great many statistical data are required. In this paper,
the yield stress of materials and initial deflections of panels are considerd to be probabilistic
variables as factors of strength R, and still water bending stresses and wave induced bending
stresses are also assumed to be probabilistic ones as factors of applied stress S.

Reliability analysis method which was originally introduced by Freudenthal et al. and develo-
ped by Yasukawa et al. were applied here.

The following results were obtained from the calculations carried out in this paper.

1) When a high tensile steel plate is used as a deck panel instead of a mild steel plate,
it is quite natural that the thickness of a high tensile steel plate may be thinner than that of
a mild steel one. However, it can be concluded that the allowable siresses of a high tensile

steel plate depends on not only yield stresses of materials but also breadth-thickness ratio
(b/) of the plate.

According to the result obtained by the reliability analysis, the ratio of allowable stress of
plate used MS and that of plate used HY 32 is given in equation (9).

2) When plates of the same value 5/t are used for the bottom and deck plating, the pro-
bability of failure of the former is a little smaller than that of the latter. Especially for the
bottom plating, it can be said that the longitudinal systems have the advantage of the trans-
verse systems from the aspect of longitudinal compressive strength.
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Fig. 2 Ultimate strength of square plate
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Fig.3 Probability of failure of square plate
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Fig. 4 Design stress of square plate (Pr=
constant)

Fig.5 Design stress ratio (oyg/oyyse) at constant
probability of failure
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Fig.6 Design stress ratio (oyg/oyyss) at constant
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Fig.7 Probability of failure of square plate
calculated by using equation (9)

b 0. 065
‘E"‘3O>>< 20
(9), (10) ROBETETI o Bl TR 2 2 LT
o0 Fig7 Thb, Fig 7 1w kid 5 =F OWERRT
BIE—F LT\ 5,

+0. 655

~fﬁﬁi—::< (10)

OH 136

4 RELTL—F

41 KRbLTL— I ORKRBEORITE

AFAT V= DEFE UTEIBEMTE I
R KE & RFRCEPSBEHE T X 5 EfE 2S00
TWHREHEZ B, OB, MIXrEy Z7RETHD
DT, MbBEHENIE IOKER A DL OEE
B0 MEARXANDT A7 FHITZ 2~6 BRETH 5,
KEDCEELYZDIHTARZ M 0.5, 1, 2 BLO5
DA DDFELDCCHEERTo%0 7TAX2 FH 0.5
DISEG BV RO EEE L T 5,

£T AN P HOBRKBEL RSB Hlc» UL, X
BA14) OfFETRV, B E B S L D ko
7o {15k 3)~6) L& T A2 b H B OROWEBHEIR S
7o

EFEHRET A7 + 0.5 DR CILEAE MY 13
WX TFEDOV A v EERE L, TARZ V2L 5
DR TRBLER DO~ FELEEXLSBE N 5 5 7=
D, TARY M2 DR TIIEARERE LT 1 EIE54
E2HFERSD2O%FEL, 7AR2 b H5 DT
1, 3, 5 FHEHH D 3 2% FHE Lz,

4.2 HEMRITLEE

Fig 8~11 R&T7 AR vl (BB ET2) DIRD
WRHBEETR T, 7 A FEEDOKEDOREME LTI0m
KEZEZ T2, FHEIL 2B TR L 51 Wojt=
0.214 DEZHVED, 7A7 M 2B I05 DT
1 RS DO EIBRLARY B E 2 A NENRS D,
T CHAGSMITRHSE 127 TRSE I X s HlkE
HOFFHEREEECLTO X 5 cyiiEin s — 1y

Fig. 8 Ultimate strength of rectangular plate
subjected to compression and lateral
pressure (f=1, p=10m head)
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Fig.9 Ultimate strength of rectangular plate
subjected to compression and lateral
pressure (8=0.5, p=10m head)

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

TR DB Lk 4 0B IE S 231
DR TRERWESNESB L )k E BEOCRERY LT, Licht- THEE BEAMOBELL b/t 0

|RE b2y, FoORME, BHBETOBMCEI Yy
bARENIAE S BHEMRHECIDTHD, 2Dk B
=0.5 DR TR LZDEBIIETHHE L VA&,
—77, bjt DI X H5MEDERT X EFER I /A
WA, ZHAUX BTN XS RIS &, B X
OCKEDEENETHRI VNS LR IBLEDTH
50

Pk, #i~7z Fig.8 & Fig 9 mbkD Z LWz 5,
TARY P HBA0.5 R X1 DIRCILESRIC X R
W LK X B BAREEA—F LT\ 5, KED
EMIMEAR IO RELSTAEEA S, FDF
FRREE T IO/ A » T b, BRIGT TEATL LK
AR CHET 5 &, B L 0 SR »RER
FLTWAREFIg2TCTF o+ 7 V— MTDOWTHR~NA
BREIAROEAZTRL TN D,

—7, Fig 10 8 XU 11 D7 A<z p } B=2 L X O
5 OROBKBMELAD L, BZ1 OBA L HOEMH
ELTWD, TTebbBERIEN O & Vv HY 32 X0
HY 36 i38k60 & AREN 55\ Fhll b0 BEa» R

Ouynl
0‘,10
09 \ (Oulvs
(Oumvaz
08 \ ______ 0.78
""" 072
o7 e, _~HY36
\ -HY32
08
B=2
05+ P =10m head GUHY36
04r
It 1 i i
30 40 50 60 b/
t

Fig. 10 Ultimate strength of rectangular plate
subjected to compression and lateral
pressure (B=2, p=10m head)
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Fig. 11 Ultimate strength of rectangular plate
subjected to compression and lateral
pressure (=5, p=10m head)
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Fig. 12 Ultimate strength-lateral pressure

relations (=1, 5/t=50)
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Fig. 13 Ultimate strength-lateral pressure rela-
tions (8=0.5, b/t=50)
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Fig. 14 Ultimate strength-lateral pressure rela-
tions (B=2, b/t=50)

Fig. 15 Ultimate strength-lateral pressure rela-
tions (B=5, &/t=50)
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Fig. 17 Probability of failure of rectangular
plate (f=0.5, p=10m head)
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Fig. 18 Probability of failure of rectangular
plate (=2, p=10m head)
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Fig.19 Probability of failure of rectangular
plate (=5, p=10m head)
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Fig. 20 Design stress of rectangular plate (8=
0.5, p=10m head)
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Fig. 21 Design stress of rectangular plate (B=
5, p=10m head)
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Fig. 23 Design stress ratio (oys/onyss) at con-
stant probability of failure (f=5, p=
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