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Study on Buckling/Ultimate Strength of Bilge Circle Part
and Its Contribution to Ultimate Hull Girder Strength

by  Yoshitaka Maeno, Member  Hiroshi Yamaguchi, Member
Yasunari Fujii, Member Tetsuya Yao, Member

Summary

There are several methods to estimate the ultimate strength of hull girder, among which the
method developed by Smith is widely used as a simple and practical method. In this method, the
round corners such as a bilge shell part are usually considered as hard corner elements which do not
undergo buckling. A series of elastoplastic large deflection analyses were performed to investigate
buckling/plastic collapse behaviour of the bilge circle part subjected to uni-axial thrust. Based on the
calculated results, simple formulas were derived to simulate buckling/plastic collapse behaviour of
the bilge shell. The ultimate strength analyses of hull girder by Smith’s method were carried out
taking the buckling/plastic collapse behaviour of the bilge shell into account. Through these studies,
it has been found that:

(1) A bilge structure with a conventional shape and size reaches the ultimate strength by yielding
before buckling takes place. After the ultimate strength has been attained, plastic buckling takes
place and the capacity decreases with the increase in deflection.

(2) The buckling/ultimate strength of the bilge circle part is dominated by design parameters such
as radius/thickness ratio, yield stress and length/radius ratio of the bilge circle part.

(3) Hard corner elements could be used for bilge circle part to calculate the ultimate hull girder
strength applying the Smith’s method.

(4) However, the influence of buckling of the bilge circle part has to be taken into account for the

accurate estimation of the load carrying capacity beyond the ultimate strength when the Smith’s
method is applied.

TiL, WHTRRBETHRL, SHIBVTHLHGRE
DARICERTS L BN AEHRPHBPCELZ L5 4

SAEORE IR B B A A O BBz > FHORELER/TIRIRV, DL S REBAE, BiTic
X DM R KA OB H BB O RO

* kﬁk?k#ﬁ biﬁgfiﬁgk f;éo
re REXERER B Siem @) IEORETRMBELRDEHEL LT, < oh
FREE TR154 9K 96 B DHENET N2, HREREZ A5 5k, 24

LBEERE, Smith IZX > TREI W FES—BH
KRARFEREBDNB D, 20745 T Smith D FiE 2

NI | -El ectronic Library Service



The Society of Naval Architects of Japan

172 HASHYSHXE F1u s

REERFEL LTLELLEPhTEY, #TFLE<H
HINTW3, Smith DFETIE, MEEEEEZERT
BB ARINVEROERE - BHREXZBZH O U DHE@
HWEOGL L TORHEAL EFHUOTHOBFKRLLTR
L, RERBZOIEA~OTHBRICHE>TERTD L
DREOS &, RO RIS CT, AdEEpmo
BEREEE 2 BT 5, LLidb, REE T
b Eagicix, eATvRR2EOBMTEIX, VWbwd
N—Ra——ERE LT, EERRERT, TL2HE
HEE UTEBTI3ERLE LTHRYEDRLTWS, 20
72, HL 0BT T, BRRBEFMEE ZoTVDZ
EbExXbh A,
ARRTREATEEZRRE LT, FREREILLD
—EDOHPH KT OB BT EZITV, AEREZEBRT 2 M0
HOERE - BEREESH AL, T B, E6IT, AR
BEREMTI TEONERRIIESHT, MERTED D
ETENACEBRTEYEA~EHOTHBEREBE
T3, KT, ZOEZEH~FHOTHEK %, Smith
OFEICE S BRBEMT = — F HULLST T4
RAte, T I— F&EEA L THRERESTRKRERITEY
EEL, EAVHROERE - BERBEHORELEZRD
LT, FOREITHREEEICHT IREBEHELMNCT
<

2. BEEALCHBOER - PHEHESEDH

2.1 RBEEX--baHEh

RN UHOER - BHERBEESEERT 201,
Bx ORHAFE2EILESET, —EOBBHEKT-DHAE
HETo, BIICERLIza— KR, EEDLAICK
S>THEINHREREMIT2— FULSAS Th 5,

Side shell plating

Fig.1 Model of bilge structure for analysis
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Table 1 Principal dimensions of bilge part

Shell plate thickness(t) [ 19.5 mm, 10.0 mm
Radius of bilge circle(R) 1,800 mm
Yield stress( o v) 32 kgf/mm?
Young’s modulus(E) 21,000 kgf/mm?
Space between trans.
4,500 mm
members (2L) _
Bilge keel 400x100x11.5/16 1A
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Fig.4 Average stress-average strain relationship
(R/t=180.0)
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Fig.3 Yielded region of bilge plate (R/t=92.3)
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(b) Ultimate strength

(¢) £/£v=2.0
Fig.5 Yielded region of bilge plate
(R/t=180.0; continued)
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Fig.6 Average stress-average strain relationship
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Fig.7 Average stress-average strain relationship
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Fig.8 Average stress-average strain relationship
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Fig.9 Schematic representation of average

stress-average strain relationship
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Fig.11 Average stress-average strain relationships
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Fig.13 Change in stress distribution during
progressive collapse (Hogging condition)

Table 2 Ultimate hogging load (tonf - m)
Hard corner 273,237
With buckling 272,951
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Ship type .
corner buckling (%)
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tanker
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tanker
Bulk
. 592,029 591,553 0.08
carrier
Product
L 403,839 403,836 0.00
carrier
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