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Structural Design of Aluminum Sandwich High Speed Car-ferry
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Abstract

Aluminum-faced honeycomb-cored sandwich panels as hull plating can provide structural
weight savings when compared with the conventional aluminum single panels. The aim of the
present paper is to confirm the feasibility of the sandwich panels for the hull material of fast
ferries through designing an 80m class proto-type fast passenger/car ferry. For the case study,
the structural design for the same principal particulars using the aluminum single panels is
also performed, and the design results for the two types will be compared to confirm the
weight savings between the two construction methods.
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The economics of a ship, being comprised of the shipbuilding cost and ship operaing cost,
will require a cost analysis including a quantitative comparison between the two construction
methods and the results of the cost analysis will be presented Finally, the reasons why
aluminum sandwich panels have not presently been used as the hull material for large size
fast vessels will be discussed.
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Fig. 1 Systems of hull structure
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Table 1 Physical properties of
shipbuilding materials

AL® | GRP® | Steel

Property 5083

Density(g/cm’) 2.66 1.80 7.85
Mod.of elasticity(GPa) 69 21 206
0.2% proof stress(MPa) | 165/135 - 207

Tensile strength(tMPa) 1300/240| 380 410

Shear strength(MPa) 80,000 | 70.000 {225,000

Specific strength’ 113/90 | 211 52
Specific modulus’ 259 | 117 | 262
Note :

a Unwelded/welded

b Glass/epoxy/multi-axial
¢ Tensile strength normalized by

density( o ¢/0)

d Modulus of elasticity normalized by dens

« E /o)

2.1 e

20&Me] AzhARE 2del & 4ol s
A zAbEol grom, mAEI ATUEE, 13
@7 9 SRt SE AR o deid
e} o] HelMe s1Ee] 2AATE Kz, 9
of AP AmFelM zms dEAel AZAR

2 b 949 ALe AP Pk
Table 12 o] A7 Az7E 2t SAAE B
o Qor], BEAR: ASHFe R, 9E

2 3] webA] & zelE Bolrl mEel GRP

!
FUNFE Do Stk o) XS FaA
12ak el GREZ o ekt
=

=2

ke

ol ary B A F s Y] 45%e] =
S| -

U gtk ol stEel A8 W BEE 3
wah} Addes 3 wEe FUR £ U



42

Table 2 Ranking of shipbuilding
materials for large sized high speed
vessel

Items Weight | Al | GRP | Steel
Light weight 5 ® O A
Strength 2 AN O ®
Hull flexibility 2 O A ®
Resistance to 3 O] ® A
corrosion

Maintenance & 1 JAN O ®
repair ease

Fire protection 2 D) PN ®
Shipbuild. cost 2 O Ay ®
Recirculation | 1 ® X O

Total score 60 49 55
Note
® excellent (score 4)
 good (score 3)
~ normal (score 2)

% incompetent (score 1)
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Table 3 Core material properties

Core type|Balsa} PVC | Al |Nomex
Items Joam | y/c?| H/C
Densityckgim’) 96.0 | 80.0 | 83.2 | 32.0

Shear strength(MPa) 1.9 1.0 2.4 0.7

Compressive strength| 6.5 1.2 | 46 1.0
(MPa)

{
i

Note : a Abbreviation for Honevcomb Core
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Table 4 Principal particulars for
candidate ferry

Property Units | Specification

Length overall m 80.0
Length perpendiculars m 71.5
Breadth overall m 22.4
Demi-hull breadth (max.) m 5.0
Depth (up to main deck) m 7.0
Draft (fullv loaded) m 2.52
Displacement tonnes 930
|Maximum_speed knots 45
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Fig. 2 General arrangement for candidate
catamaran passenger/car ferry

of Aure A SFI AFUE wEsh:

wet decket gzbet WAt AAEE F7typ g

KEBEAREBE R E F 34 & F 3 I 19978 84

AFgwoz olFofn olrk  Awe A% A
ulo] Qi A5y} AelRLE B Yk

FaTelE F 89R 100U S8&AE AHAEA

. 70dle] S8R 8ol M2E A4 5 9
o ol ghel Fate L1ES 352 7Y 5
UAEE stgon, of %o 1489 332 sk
A HAG F YER g e HF
el IAHES stgom, AFFE ) Afe)
Shorz FREYom, 74 ekl T 8

3.3 M3
B AN ATE 98

<
Peles Pysizlen, -
T3

PAele  LRUEEE

SOR3H2L % 60B2T6E AREEIElL, FARRE 12

ojE 7o) gREAsN B e
w7 wAew wolglth Hue) Ty FHA
28l 350lel ol AAsdole Al 4

o, 7t @EAH Fdeln TAUL A,
o] el FEFVE ol ol VA2 W
AESISITE el A ;
HARE Zols AFTACl F5

& Table 5% 2t



44 WH7], ol8%

Table 5 Mechanical properties of 3.5 ot5X 2 &Hoks
aluminum alloys in MPa i Akl st P2 Al oA YEAE
Property 5083 | 6082 = ARE sexd A 9 AAskeed Ak
0.2% proof stress (unwelded) 215 240 Zolm AlgolA dslk SSC AEEoiE ALE
0.2% proof stress (welded) 165 | 135 dl3low, Table 7& Wi Aol Wig ez
Modulus of elasticity 69.000 | 69,000 & EolFa Qlrk I, Fig. 40l o] £2E
Allowable stress 165 112 Aotg ARgsted A FAC] g EAEHE
Ultimate tensile stress (unwelded)| 300 280 W At BAE He] Far gl .
Ultimate tensile stress (welded) 240 160
4. PR
dEolE WS AALME GFojgR 7t ATAQ vluE fiste] wAH, ol9 FUg A
whalo] dAl Mol FAT dFuEHas AHsl Rl FUs ZstolA] FEe] dFEuFET}
Ax wAe] HAFAEE 25mmE AAsigot g Aoz ngaded #sk dgigel] oA, 7
o] Ao AHEE AT AFYE Table 63} Zth 2AAE sk o, FFuEEEES BA
2ala Fa)EstiES AAR g ¢FulgEt
Table 6 Used materials for aluminum UE o)X sig ARgste] ZxdAlal whao] o
sandwich construction A RERAAE gEch
A AE JIRHeR FHolm A B4
Facing |material aluminum alloy 7 (6l Zakd s,
S083H321 / 6082T6
thicknesstmm} | 2.5/3.0/3.5/4.0/4.5/5.0 4,1 XA A (structural requirements)
Core |material aluminum honeycomb A2y F2E FACY xS 22 1A A%
3003H19 Aere 2 4 den B dA H83 A
densitytkg/m®)|  54.4/83.2/100/130 erEl e ot 2
height(mm) 25750 / 60
4.1.1 L2020 YHAIO| QA
- oranhic Mo - Wb wzbge] oigh dA Aok thEat
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§ 100
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-g ? 73\' fa O,
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e

Z= @Z fo'a

3
Fig. 4 Example view for calculation of
design loads
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Table 7 Loading condition for candidate

vessel
Property Units | Entered |Derived

Allowable speed knots 45.0
Deadrise angle deg 21.0

Density ke/m’} 1,025
Displacement mass ton 930
Displacement volume m’ 907
Draught m 2.52

Froude number 1.7
Girth distance m 3.5

In contact with water yes

Long centre gravity m 29.0
Maximum air gap m 42
Maximum wave height m 33
Operational height m n/a

Relative vertical speed | knots 39
Significant wave height| m 2.0
Surviving wave height m 2.6
Taylor's Quotient 53
Bread. of hull at LCG{ m 8.9

Vertical accel at LCG| g 0.7
Volumetric speed no. 22.4
Waterline length m 71.5
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oo Superstructuve

Fig. 5 Tree view of case catamaran

Table 8 Scantling results for bottom shell

plate
Property Units | Entered |Derived| Rule
Alloy 5083
Below tangent. point Yes
Design pressure kNm’ 266.6

Distance from AP m 32.0
Height above base m 0.486

Panel aspect ratio 4.2

Panel breadth mm 285

Panel length mm | 1,200

Slamming zone Yes

Stiffener spacing mm 285

Thickness mm | 9.00 8.80

4.2.2 2=l MEHAIH
(sandwich panel)
d2ulE AM=xFde gk Fx ALk 353
oA 3k AdAlslE 412 41339 AA =4

1

71, o=

R Ro|= SSCiAe] Part 8 Ch79] 47
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27}

gAEE e Tl diEixe
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Fig. 6 Model of case catamaran
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Fig. 7 Example of FE analysis for
aluminum single construction under
wheel loading
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Fig. 8 Example of FE analysis for
aluminum sandwich construction under
wheel loading
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Table 9 Comparison of analyzed results

!

Construction; Aluminum Aluminum
Items Single Sandwich
Plating elements
- plating, mm 8.0 2*4.07
- stiffnersicore L170*50%12/8 H83.2/80
Primary_stiffeners
‘ stiffrers T400*150*18/12| <
- spacings 1.2m 1.8m
Total weight (kg) 1,152 827
iDeflection
maximum, mm 20 38
span‘deflection 3,500(625)" | 1,840(150)"
Von Mises stress
(MPa) 273 22.0

Note

a. This means that each of upper and
lower skin facing thickness is 4 mm.

b. Simbol * represents limiting deflection
defined by the rule.
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Table 10  Structural design results at
midship

Items Construction Single‘Sandwich
Distance of N.A. from B.L.(mj 566 | 536
Section mod. at strength deckim’y |1.946] 1.792
Section modulus at keel(m"’) 1.730] 1.789
Stress at deck,sagging(MPaj -1591 -17.3
Stress at keel.sagging(MPa) 17.9 17.3
Stress at deck ,hogging(MPaj 23.2 25.1
Stress at keel hogging(MPa) -26.1| -252
Web frame spacing(m) 1.2 1.8

Plating mass per unit ength(kg'm) (2,797 2,359
Web frame mass per unit length!1.296| 1.124
(kg/m) |

|Total mass per unit length (kg/m) i4’093l 3.483

A=ox] pxe AMSE A5 e AFES Table 69
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Fig. 9 Midship sections designs for case
ferry
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Table 11 Strength check for bending and
shear of aluminum single
construction

Criteria Compo. | Allow.
Stress | Stress

Bending strength
oyt 0,4+ 01.2 0, | 691 23.2

0 4€ 0, 129.6 | 108.0
Shear strength

QR . 76 | 624

A.

Strength _of cross-deck

Structures
-Total direct stress

oupt Ourt 04 foy
head sea| 21.0 132.0
beam sea| 92.4 132.0 |
quartering seaj 112.0 | 132.0

-Total shear stress
trt tusrt TurC fov
head sea; 6.0 76.2
beam sea] 12.7 76.2
quartering sea] 39.6 76.2
-Equivalent stress

V 6743 2512 fup 0.
head sea| 253 163.4

beam sea| 95.0 163.4

gquartering seal 152.3 | 163.4
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Table 12 Strength check for bending and
shear of aluminum sandwich construction

Criteria Stress

Factor
Act |Allow

-ual | -able

Bending sirength
-Resultant compressive stress
_ Ecz' Vi MR ¢
at strength deck/sagging| 0.11 | 0.33
at keel’hogging| 0.11 | 0.33
-Resultant tensile stress

_ Eqiyi Mg ¢
0 E:( Ez' Iz) as ¢
at strength deck’hogging| 0.16 | 0.33
at keel/sagging| 0.07 | 0.33

Shear strength

R - 0.
e 10 3« @, 7T, 0.05 33
Strength _of cross-deck
structure
@r 0.02 | 0.33

AL 10 %< a, r,
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Table 13 Structural weight comparison
between aluminum single and sandwich
construction in ton

Item Al Al
Single |Sandwich
Hull plating & stiffner | 1594 141.0
frame 76.8 69.3
sub total 236.2 210.3
Super- \|plating & stiffner | 67.7 61.7
Structure |frame 41.3 23.0
sub total 109.0 84.7
Total 345.2 295.0
Hull
. Qutfitting Structure
Interior 440 9%

%

<

Machinery
73%

Fig. 10 Material cost distribution for 80m
class car/passenger ferry
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Table 15 Weight and cost comparison

l Types |Aluminum| Aluminum
%Items Single Sandwich
ERelatr’ve structural weight 100.0 854
ERelative cost of vessel 100.0 104.7
\Relative deadweight price 100.0 89.6
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