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Table 1 Shipbuilding materials cost comparison

Aluminum Composite  Steel
5083 Mat/WR

1. Material cost,W/kg 4,800 3,700 450
2 Productivity. hr/kg 0.16 0.29 0.08
3. Wages W/hr 6,500 4,900 6.100
4 Labor cost, W/kg* 1.040 1,421 438
5.Direct cost, W 5,840 5121 938
6.0verhead. % 90 100 80
7.0verhead cost, W/kg' 5.198 5121 750
8.Total cost. W/kg' 11,038 10,242 1.688
9. Material cost index 100 93 15
10.Structural weight index 49 55 100
11.Structural cost index® 96 100 29

Productivity(2) multiplied by wages(3)
Material cost(1) plus direct cost(4)

° Direct cost(5) multiplied by overhead %(6)
Direct cost(5) plus overhead cost(7)
Material cost index(9) multiplied by relative
structural weight index to al.

Table 2 Physical and mechanical properties of ship

building materials
Aluminum*  Composite”  Steel
5083 Mat/WR

1.Density.g/cm’ 2.66 1.70 7.85
2 Flexural ultimate kg/mm’ 31 35 42
3 Modulus of elasticity 7.200 1,700 21,000
4.Tensile yield kg/mm’ 22/15 - 21
5.Tensile ultimate kg/mm*  31/28 20 42
6.Compression, kg/mm’ 18 13 42
7 Shear ultimate, kg/mm’ 19 8 35
8 Specific Strength{oy/p) 12 1 5
9.Specific Modulus(E/p) 2,700 1,000 2,675

* Basic value/within one inch of a weld
* WR=814 gram per square meter woven roving.
Verified properties by testing
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Table 3 Ranking of shipbuilding materials

Weight Aluminum Composite  Steel

ARH AAE SRR EEI) A AL A
HERANE Zolu dgolEe] o $437) WE
o AR ezE AN S50 2R}

Value 5083 Mat/WR A9 M@ £39¢ & 4 Ak

& d Zald EQS 3

1. Light weight 4 4x6 4x5 dxl SO 2 AR JIAH &4 5492 vlast
2. Strength ool 2 AIE Table 29 2o}

) ) H = ZEA] S 3
-Survival minor impacts 1 5 6 3 Abeie ‘;2};] m%ﬂf 7'}“}3 :F;;g]m% ; © E}\ S&E}Q
-Survival major impacts 1 5 3 6 ;r Aito ;H E;E. 01 OE‘;} :‘iEEO- ° ?]'_j 74]:_:“

o o a-R

-Fatigue resistance 1 2 3 6 Alqotfy—r Q] ;ﬂ-i}n 1] 7l ;} ;Ti}a o ‘_E’C};ﬁ
3. Chemical properties S’- ]7: % . B;:; "“1: :] T i \; Z;-XE g2 A7 \_:’-
-Fire resistance 1 3 4 6 ]i} :’j——r ‘;:\4 ]:’i}ii & :io Eible g*}
-Resist. to corrosion 1 5 6 1 QT‘;E 173, —"‘;4:‘]};!{ g2 Ame) 448 97

4. Shipbuilding cost 1 4 4 6 g: Hf‘:oﬁfj gkl ﬂ; St e S
5.Repairease 1 2 3 6 ] o‘a'\:‘ ‘l‘\_‘. 76"16‘:)8] OE?\_,LHﬂ"}“]."‘TO.
5 Deeign ik L s 1 e AA4. el 39 % A4S LR YR
2 3% 0 HEF ¢80l BE A¢EES 4
Total score 55 50 44 Ao 7 $48 239 64e, Hotel Aol

Table 4 Structural properties of principal aluminum alloys used in high speed craft

Weight | A1100-H12 | A5005-H34 | A5052-H34 | A5083H321 | AS086-H34 | A5086H116 | A6061-T6

Factor data score | data score | data score | data score | data score | data score | data score

Strength/density' 4 369 13 | 6.02 21 | 902 31 |1165 40 | 1165 40 | 1053 36 | 11.1 38

Modulus of elas. 1 7030 9 703 9 17240 10 |7.240 10 | 7240 10 | 7240 10 | 7,030 9

Resist. to seawater 1 excel. 10 | good 7 | excel. 10 | excel. 10 | excel. 10 | excel. 10 | good 7

Tensile strength 1 10 3 14 5 24 8 31 10 31 10 28 9 30 10

Yield strength 1 8 3 1 4 8 7 2 9 24 10 20 8 25 10

Shear strength 1 7 3 10 5 15 7 19 9 19 9 18 9 21 10

Elongation, % 1 8 7 5 4 6 5 12 10 6 5 8 7 10 9

Brinell hardness 1 28 3 41 4 68 7 82 9 & 9 7% 8 95 10

Joint efficiency, % 1 79 8 92 9 9 8 94 10 89 9 98 10 62 6

Thermal conduc.? 1 1,100 7 8x 9 B 9 810 10 | 870 9 870 9 | 1070 8

Total score 66 77 102 127 121 116 117

' This value is the ratio of min. tensile strength to density.
* The unit for strength is kg/mm”.
* The unit for thermal conductivity is Btu in/(hr ft* F)
* Score is weight multiplied by relative point of 10. Relative point is calculated from the ratio to best one.

® For resistance to seawater corrosion,the pont for excellent is 10 and that for good is 7.
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Table 5 Chemical composition of al 5083-H321

Alloy Si Mg Mn Cu

5083 |spec. [actual| spec. |actual| spec. |actual| spec. |actual

H321 |max. [0.081] 4.0- |4.834| 0.3- [0.593| max. | 0.011
0.5 49 1.0 0.1

Fe Cr n Ti

Spec. Lictual spec. |actual| spec. |actual| spec. |actual

max. {0.237 | max. {0.078 | max. [0.009{ max. |0.023

0.5 0.35 0.2 0.2
35
30
& 25
g o X
320 A X2
& X
% 15 X x3
g 10‘ v
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Fig.2 Stress-strain curve for aluminum 5083-H321
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Table 6 Mechanical properties of aluminum alloy

E (kg/mm®) Oo2(kg/mm?) Oyplkg/mm®)R. strain %

5083-H321 7,240 21.8 31.6 17
6082-T6 7,030 22.6 28.0 15
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