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(1) Thomas Young (1814)
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(2) Sir Isarbard K. Brunel
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(3) Willizien Yo (1874)
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G. H. Bryan: “On the Stability of a Plane Plate under
Thrust in Its Own Plane with Application to Buckling
of the Side of Ship,” Proec. London Mathematical Society,
Vol.22 (1881).
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The sides of a ship are rivetted to the ribs, and this implies more
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S=ERMITHZE : Petrus van Musschenbroek(1692-1761)
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Casualty of HMS Cobra - continued
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s Lit erry type General Cargo Ship
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Name of ship " Type of ship | Length l Breadth rDept.h I F. L. D. | Year tested | Test group

Wolf Destroyer 68.10 6.25 4.11 381 1902 Admiralty
Preston Destroyer 95.81 9.44 6.30 1,190 1930 B.C.R.
w n Bruce Destroyer 95.81 9.44 6.30 1,190 1931 B.C.R.
Frank Purnell Ore Carrier 181.36 18.29 | 10.67 20,960 1943 U.MS.C.
Cadillac Ore Carrier 181.36 18.29 | 10.67 20,960 1943 U.S.M.C.
John Hutchinson Ore Carrier 184.22 18.29 | 10.67 21,058 1943 U.S.M.C.
Champlain Ore Carrier 184.22 18.29 | 10.67 21,058 1943 U.S.M.C.
Shilon Tanker 159.56 20.73 | 11.96 21,880 1943 U.S.M.C.
Philip Schuyler Cargo Ship 131.52 17.34 | 11.38 14,230 1944 U.S.M.C.
Neverita Tanker 147.95 17.98 | 10.36 16,793 1994 ASW.C.
Antelope Tanker 159.56 20.73 | 11.96 21,880 1944 O.S.R.D.
Elk Hills Tanker 159.56 20.73 | 11.96 21,880 1944 0.5.R.D.
Ventura Hills Tanker 159.52 | 20.73 | 11.96 21,880 1945 U.S.M.C.
Newcombia Tanker 147.95 17.98 | 10.36 16,790 1945 ASW.C.
Fullerton Hills Tanker 159.56 20.73 | 11.96 21,880 1945 O.S.R.D.
Fort Mifflin Tanker 159.52 20.73 | 11.96 21,880 1945 U.S.M.C.
Clan Alpine Gargo Ship 134.57 17.34 | 11.38 13,764 1947 ASW.C.
President Wilson || Passenger Ship | 185.60 23.01 | 18.76 23,500 1947 U.S.M.C.
Amr woﬂd Ocean Valcan Cargo Ship 134.57 17.34 | 11.38 13,752 | 1947/1948 | A.S.W.C.
War Il Albuera Destroyer 115.52 12.27 6.71 2,315 | 1949/1950 | N.C.R.E.

(Lengths in M;  Displacement in Tonf)

F.L.D.: Full Load Displacement

B.C.R.: Bureau of Constrution and Repair
U.S.M.C.: United States Maritime Commission
AS.W.C.: Admiralty Ship Welding Committee
O.S.R.D.: Office of Scientific Research and Development
N.C.R.E.: Naval Construction Research Establishment
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TYPICAL ELEMENTS

PLATE BREADTH:
No.1 103.5mm
No.2 196.8 mm
No.3 202.7 mm

STIFFENER WEB:
34.8x 1.78 mm

STIFFENER FLANGE:
14.73x 3.3mm

COMPRESSIVE RESIDUAL STRESS:
2mm PLATE -125 MPa
3mm PLATE -147 MPa
CENTRE PANEL -118 MPa

FRAME SPACE: 457.2 mm

YOUNG*S MODULUS: 207 GPa
YIELD STRESS: 245 MPa
POISSON’S RATIO: 0.3
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RAINFORCING WEBS

200 t \\\\y__ 200t
7 S g/, ¥ 1
2.5m

22222 NA —-—¥

N / /] 25

L/ .5m

< 200 t l l 200t —s _._L

T‘ISU t

150t

150t

150 tT

BIRIN=-BMD (HIFE—AV M2 1H)

1.0p

RELATIVE
BENDING
MOMENT

0.5 " |

PRODUCED B.M.D.

" POSITION OF
- REPLACEABLE

ACTUAL B.M.D.
e SeTle ke

M.

LENGTH




BOFIR
HMEBEBRTYHX AN
- BEBBERTHRY T AH
- X7 THERER

Fa

- Ly

RRHSVIIREF— |
LOVT AHH 400 p I= @
s:nnaﬁu.ug,
ﬁﬁ"-éo

[29]




ERARBRFER

RN ER
1

B/ \RLEUVREODHD
R ER

! |
REAA IR ARLEU KRNI R

OO RBER

! |

RIS IRED
2L—-LMER




ERODFYTRL/L10-HE/NERREREICH T D ERER
(1999) [30]

=l
L RIS E AR E e T Y] -
(BC D& 5% by THA K257 LR

BT T OD R ST B B AVME LV =80

o o |1 i e 1 M1

A i e -
Al A S pRel] B 1Sl W e A
% e [ SRl | g -4 e et | T it 2 M
P | e e R I A e o e i i i
—.e.—r" \ i T R s S PSS ESN N RS
\ W __.‘_- = dl, : _‘-':; J.;.._ s = _'" sy 1 )
= RUR . 7] e e S P

FIE O L&/ NRIVICIEHEEENFRE

1500

LIZLIEAh—Y V5% T



380

goxl.g —

' ]
Carling ez

1201 .6 20X1.6 —\:/

12051.6 31381 .6 ——

1500] 2250 3750
16100 1810

o , with carling without carling
Existing ship Test models




4266 mm

ERF IR

817 FH 0D FE #T

2235 mm

3220 mm

BOTTOM

- BT AR EEREmE AR b
TREEYT %,
-BEAENOmRTZE. 4 RDX
BeLEIZEL,

- RERARIREHEFED 2 AT, TRZE
DHERTEZEZIIT S,
HEREZEZNNTSE X, #EbE




AEfEE (h—U>T%EL) (1)
FHIRZED

MBI R LB T, NSRS HEREE
!
AR/ S )LD R EE
!
Ny FHA FA—F— IS RHERERE

|
FiREAIHE/ARILE L TEFRERE L THRE
|

; Wﬁ"“" —L .”7 - ?

EREEE AR IR




-2500 -2000 -1500-1000 -500 0 500 1000 1500 2000
strain( x 1076)

ME-U 9 AEFROEHAIRER




o
<
m
S
t

©




A>T T aifE/MRE

model-2

[ﬁ. FL ,-C. ‘.ﬁ. Ii. '—C. IJ.. I_D. l_C.
Held-1 Hold-2 Hold-3 Holz-4 Hold-5 Hold-6
. t1
¥ T g g s T
b ® © ® =1 (]
- [T . L = T e oy i
i 5 $ £ 5 %
32 | 2 2 | 2 2 |2 5
3 L T L 8L T 21
] 2 £ I =
3 2 g & g “
t2 2 2 E < |t2 % t2 o
& 2 g % . =
-hl i s e o4
' 11 H
Ll M 12 14 L2 |L4| L2 L4 L2 |L4| G Jud]
L0

3

W stiff. 3

5
3

[s1¢]

P3l D2x3  D2x3 lqu
T
l L] L

t4

AN A

t4

1/ i '.f
SN i
i Ll
2~y - stiff.4 N 13
et Eiand
N d
[4h“h :/14
o o t4
—- t4
t3 9 A Y / A i
‘-... I
A A A
-\B

model-1 model-4
& & model-5
model-3
L1 1,100 900
.-L2 1,100 1,000
L3 1,050 650
L4 150 150
LO 7,600 6,550
' Bl 195 180
B2 190/180 190
BO 3,200 3,200 o
D1 | 130 120
D2 -. 170 180
D3 195 180
DO 1,800 1,800
tl 8.93 5.94 | 5.87
t2 561 4.5‘3.5 4.48
t3 4.44 3.13 3.14
t4 3.01 2.28 2.13
stiff. 1 B0 X8.65 | 50X 5.97 50X5.89
stiff. 2 50X4.29 | 50X2.92 50X2.89 ol
Stiff. 8 | 75X8.65 | - !
stiff. 4 5. 38X4.26 | 50X2.92 | 50X 2.89




mEt (e ERE)

Loads (downward: +) | Relationship between T and M

model-1 | P2= - Pl M=0 (Torsion)

model-2 | P2=0 M/T=2.7

model-3 | P2 =-0.68 Pl M/T=0.5

model-4 | P2 =-Pl M=0 (Torsion)

T=0 (Hogging moment)

- " ’ =
p B - |
; F il I S—
: = § T =1
ol * ™ ° . ° . ™ P P TN ey { e &' - L, =
- } K 3 e 5 ' = — ‘?‘
{ el ~]
= i = - i i N %) A [ ] (] © L] e / g £ .
‘ = === | 3 — 5
S kA AT o N, S Sen , A | B
& — ST, T @ L] [} L] . &h kil -
! . gy I8 b ~ |
¥ i - 3 = = ° . 5 S E

Hydraulic Force e < Hydraulic Force

— -
w3 ¥ — s = ; .
W : — . ; W ~
W \ > b TN
3 By,

lL,'I i )

»




o)

JRRD 0.07

_7'_.

()

7oy W

—_—

|
-
el @ ol

N

aF 128 =7 B

N

U =3t B 4







Collapse tests on box girder models

- Reckling (1979) [32]):
7 ROBITRBREICHEITHEEAR

. Ostapenko (1981) [33]:
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. PAJR (1983) [34]
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. Goldo and Saores Guedes(2014) [35]:
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Model Experiment Calculation (ton - m) Miyas /My | Mo /Ma | Myas/Ma
Mpaz (ton - m) My | Mypp| Ma | Mp B mae
MST-4 94.5 92.9 93.3 | 87.2 75.7 1.020 1.065 1.080
MST-3 57.5 59.1 70.8 | 57.7 43.7 0.973 1.020 0.997
MST-3 60.0 59.1 70.8 | 57.7 43.7 1.020 1.020 1.040
MDT-S 60.5 61.2 72.2 | 61.2 44.6 0.989 1.000 0.989
MDT-H 85.8 80.8 95.9 [ 70.6 60.1 1.060 1.140 1.210
MSB-S 49.1 92.6 62.1 | 52.6 36.5 0.933 1.000 0.933
MSB-H 68.5 74.0 89.0 | 60.1 55.2 0.926 1.230 1.140
MSC-S | 113.5 96.8 84.8 | 91.0 76.3 1.170 1.060 1.250
MSC-H 88.0 84.5 95.9 | 784 59.3 1.040 1.080 1.120
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Caldwell, J.B.:”Ultimate Longitudinal
Strength,” Trans. RINA, Vol.107, pp.411-430,
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(1965)
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(a) Actual midship section (b) Idealised midship section (c) Fully-plastic stress-distribution
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(b) Idealised stress distribution at collapse

(a) Actual stress distribution at collapse
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No. LxBxD My Mp/My | Mo,/My | Mou/My | Mon/My | Man/My
(in Meter) (in Tonf -m)
1| 215 x 32.2 x 17.8 | 0.5405 x10'* | 1.1534 | 0.9204 0.9813 0.9251 1.1031
2 | 217 x 32.26 x 18.3 | 0.5592 x10*? 1.2316 0.8498 0.9312 0.9408 1.1296
3 276 x 45 x 24.2 0.1344 x10™® | 1.1584 | 0.8702 0.9400 0.9470 1.0803
4| 2474 x 36.2 x 21.8 | 0.7917 x10'2 | 1.2260 | 0.9502 1.0213 0.9553 1.1698
5 315 x 57 x 30.8 0.2193 x10%® | 1.2681 0.9134 0.9234 1.0119 1.1172
6 315 x 58 x 30.4 0.2098 x10™ | 1.4147 | 0.9214 0.9473 1.0119 1.2312
7 162 x 30 x 16.2 0.2912 %1012 1.6326 0.8908 1.0251 1.0261 1.4214
8| 315 x 52 x 2345 | 0.1951 x10¥ | 1.1886 | 0.9846 1.0359 0.9800 1.1220
9 | 180 x 32.26 x 30.55 | 0.4892 x10™* | 1.6492 | 0.4563 0.7482 0.9663 1.2122
10 | 230 x 32.2 x 21.5 | 0.6624 x10'? | 1.3439 | 0.9674 1.0482 0.8284 1.0652
My : Initial Yielding Strength Mp: Fully Plastic Bending Moment

M. ,: Imitial Collapse Strength under Sagging Condition
M,;: Ultimate Strength under Sagging Condition
M Initial Collapse Strength under Hogging Condition

M, Ultimate Strength under Hogging Condition
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Table 7.12 Principal dimensions of Kamsarmax Bulk Carrier
items Syvmbol  wvalue unit

Length between perpendiculars Lo 2220 m

Breadth amidship B 3226 m

Depth amidship D 20,05 m

Draft amidship (Full) d 1440 m

Number of cargo hold - 7 -
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