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Longitudinal Ultimate Strength Analysis of Aluminum Alloy
Ship Structures
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ABSTRACT

Until now, there are different kinds of design and evaluation method criteria for ship hulls and ship
strength based on allowable stress design using past experiences. But for many sinking accidents of
large ships in operation, it has also a doubt about allowable stress design. It is recognized that structural
plastic collapse caused by large external force is a main cause of that accidents. Therefore, there is the
need for new design criteria based on ultimate limit state with a consideration about progressive collapse
behavior as a safety assessment of ship hulls. Also many aluminum alloy ships is built for the purposes
of lightweight of ship hulls, with that, a developing of criteria based on ultimate limit state should be
made. In this study, the ultimate strength characteristics of aluminum ship hull are investigated by the
ALPS/USAS program using already developed design formula for aluminum plate and stiffened panel.
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Fig.1 General arrangement of the case study aluminum catamaran passenger ship

Table 1 Hull sectional properties

Particulars Value Particulars Value Particulars Value
Length Demi-hull 960
& 86.6 m i 4.3 m Displacement
overall breadth tonnes
Length . 43.0
. 74.2 m Depth 7.6 m |Maximum speed
Waterline knots
Breadth
240 m Hull Draft 3.2 m Ch 0.45
overall
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(a) A typical stiffened plate structure
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(b) Plate-Stiffener Combination model
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(c) Plate-Stiffener Separation model
Fig.2 Three types of structural idealization for a stiffened panell[l]
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1.0 for p'<0.46
S _J 02158411 for 0.46<P'<22
OYpea | _0.083p+0.81 for p'>2.2 (1)
Oxu = o < S¥seq'
J0.878+0.191(1) +0.106(3)? —0.017(A'B)? +13(0)* =2 (2)
Oy = ('SYseq B GYseq'
1,038+ 1.099(1) +0.093(3)? —0.047(0B) +1.648()° = »2 (3)
cheq cheq
Jl 157 +2297(0F +0.152(3) ~ 0.138(' B +3.684(0)" = 4)
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Fig.3 Softening zones inside the aluminum plate and Plate-Stiffener Combination model
considered for the study

DAL LFuE JAE, 2), 3), WAL dFuF BZD HAZPT MAAor
Plate-stiffener Combination 22 8 B2l HAA(2), (3), WAL ttes e 4 89
Z71A A dst st Agd Aol

Slight level
Wopl=0.003b, Wos=0.001a, Wot=0.0013.

Average level
Wepl=0.009b, Wos=0.0025a, wot=0.0025a

Severe level
Wopl=0.015b, Wos=0.005a, w=0.008a
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Fig.4 Longitudinal stress distribution over the hull ships cross—-section at the overall
collapse state as suggested by Paik & Mansour(1995)

Sagging
MUS = _EloziAi(gus _Zi)_zzo-sjAj(g“S _Zj) +230-EkAek(Zk _gus)+24c¥1Ael(Zl _gus) (5

Hogging

U
My, =216, Aci (8un “Zi)—ZZGEjAej(guh _Zj) +E3c§kAk(Zk _guh)+z40';{1A1(21 —2uw) (6)

- 258 -



CHER
Z,GZAizi +| chEjAjzj + Z3c§kAekzk + E4cElAelzl

H EoYA+IZ05A + 2505 Ay +Z400A 7

U E E Y
_ 2104AeZi+| D70 GAZj + 2365 ArZy +Z40,4A2)

g =
u Z,00A +|2,05A, + 2105 A, +2,05A, (8)
OB Z Sp
g, = — 1-—— €. =—(Z:. —
X1 El ( ge)‘ X1 EI(D—ge)( 1 ge) (9)

0, = Bey, Xy, 5, X3, Y& Figd oA ZF 33X 9 &, o5 = AFAE ojddiAe] AAF
2 88, 0p= AFTZE oJHgNY TARE $EE YEHITH

ool HAANES o]£3 AMue HF FPEE HUEY] H4E F¥LL HHIC
ALPS/USAS7E 7irslo) AAXY EAez #8384 &85 U Figbe ALPS/USASE 9]
S35t MU Ao FY RS RdYF Ado|vt A& v} Fo] F FHY RAES
o] &3te] FAE Ao} o]Fo] Hr}

Fig.5 ALPS/USAS model for Aluminum catamaran passenger ship (Plate-Stiffener
Combination model and Separation model)
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Mt = Msw +Mw

_ [+0.015C,L*B(8.167 - Cy) (kNm)
™ 1-0.065C,L’B(C, +0.7) (kNm)
w = +0.19C,C,L?BC, (kNm)
-0.11C,C,I?B(C;, +0.7)  (kNm)
10.75-[(300-L)/100]">  for90 <L <300
for300< L. <350

C, =110.75

10.75-[(L - 350)/150)"° for350 <L <500
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Table 2 Ultimate strength of aluminum passenger ship hull under longitudinal compressive

load- results

Plate-Stiffener Combination model

slight level 427.87
For Hogging (MNm)| average level 405.21
severe level 366.7
slight level -352.7
For Sagging (MNm) | average level -324.56
severe level -275.33

Plate—-Stiffener Separation model

For Hogging (MNm)

387.47

For Sagging (MNm)

-379.31

Table 3 Comparisons of total vertical bending moment and ultimate strength of aluminum

passenger ship hull

For hogging (MNm) | For sagging (MNm)
Mtiacs* 276.46 ~-276.45
M..usas-psc* 405.21 -324.56
M usas-pss* 387.47 - =-379.31
Muusas-psc / Muiacs 1.46 1.17
Muusas-psc / Muiacs 1.40 1.37

¥ Miacs: JACS 74

M. usas-psc: result of Plate-Stiffener Combination model

M usas-pss- result of Plate—Stiffener Separation model
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