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Application of Multicriteria Programming Techniques

—An Optimum Design of Sandwich Beams—

I.T. Kim* and K.S. Kim**

ABSTRACT

The structural design problems are acknowledged to be commonly multi-criteria in nature.
The various multi-criteria optimization methods are reviewed and most efficient and easy-to-use
Pareto optimal solution methods are applied to structural optimization of a sandwich beam.
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Table 1. Mechanical Properties of Face Materials
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. Yield Strength Young's Modulus o, . . 3
Types of Materials (kg/cmz) (kg/cmz) Poisson’s Ratio | Density(g/cm®)
Fiberglass Mt/PE 984. 298 64,682 0.1414 1.35
Woven Roving/PE 2,671. 666 130,068 0.1414 1.35
Graphite Woven 5, 624, 560 703,070 0. 1000 1.54
Graphite Unidir 15, 467. 540 1,406. 140 0.2000 1.54
Table 2. Mechanical Properties of Core Materials
Types of Young's Modulus . . v (eem®) Shear Modulus | Shear Strength
Materials (kg/cm®) Poisson Ratio Density(g/cm (kg/em?) (kg/em®)
PVC 562.5 0.1000 0. 06567 94.91 11.60
Phenolic 70.3 0. 1000 0. 05606 35.15 1.40
Polyurethane 189.8 0.1414 0.07208 49.21 5.98
Polyestyrene 112.5 0.1414 0.04165 45.70 3.16
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Fig. 1. Sandwich Beam Model
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Fig. 2. Shear Stress Distribution

(a) Actual Shear Stress
(b) Effect of Weak Core
(c) Effect of Weak core without Face Bending Stiffness
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Fig. 3. Deflection Shape of Sandwich Beam

Fig. 4. Shear Deformation
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Minimize Fy = (pbc+2pbt) (Weight/Unit length)
F,=8 (Deflection)

Subject to 5 gy = t—0.0125>0
(Minimum face thickness)
8o =4.7Tt~c<0 (Thin face condition)
g3=1-7,50  (Allowable shear stress)
g4 = 60,50 (Allowable bending stress)

g5 =0,~0<0  (Face wrinkling stree)

Where,
¢t = Face thicknes (Design varible)
¢ = Core thicknes(Design varibale)
b = Beam breadth
5, = Allowable deflection
& = Actual deflaction
T, = Allowable shear stress
t = Actual shear stress
o, = Allwable bending stress
o = Actual bending stress
6= Face wrinkling stress

h = Total thickness
d = h+c
2

A7) GEAYS vl APz BAz
el gt ok

Minimize Fy= (pbc+2pbt) (Weight/Unit length)
Subject t03F, =8 < ¢ (Deflection Limit)
g1 =1-0.012530

(Minimum face thickness)
G2 =4.71t~c<0  (Thin face condition)
g3 =1-7,<0 (Allowable shear stress)
g1 =0-0,<0 (Allowable bending stress)

g5 = Oy—0<0  (Face wrinkling stess)
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Table 3. (a) Optimum Design of Sandwich Beam(Simply Supported Ends).
e(Fy) 2.3 3 4 4.6 6 8 10 12 14 16 18 22.3
t(xy) 2.7 2.5 2.2 2.1 2.0 1.8 1.6 1.6 | 15 1.5 1.7 2.1
clxg) 25.6 | 22.6 | 20.0 | 18.9 | 17.0 | 15.2 | 14.0 | 13.0 | 12.3 | 1.4 | 10.1 8.1
w(fy) | 2397 | 2150 | 1919 | 1818 | 1643 | 1477 | 1361 | 1274 | 1205 | 1150 | 1114 | 1089
Table 3. (b) Optimum Design of Sandwich Beam(Fixed Ends)
e(Fy 2.3 3 3.5 4.0 | 4.6 5 5.5 6 7 8 9 9.99
t(xy) .5 | 1.4 | 1.4 ] 13| 12| 12| L2 L1 | 12 1.3 | 15 1.7
clxy) 17.0 | 14.8 | 13.7 | 12.8 | 12.0 | 1.6 | 1.1 | 10.7 | 9.6 8.3 7.4 6.1
w(Fp) | 1530 | 1353 | 1263 | 1192 | 1123 | 1085 | 1045 | 1000 | 947 9 894 889
R olg} e TEAYFE e TAS A
msof | A 7 & ArAe] BAEE R U
. jense A7l Zol Fxol), £ FAle} o] FA] ko]
e JHMAE AZ AEHE ASelE Fig. 6ol4 B
gl BN o) nle} gro] Ule] HH AR E T o A
;5’ c=6.0 HAo} 7 g AAS AYsHs Zo] nleks)
W F 2 BAY AdelNE HaFPw H2A
S Hepe] A ala, oj=Fel vlEE Frjel
: Siewso iz W2k Table 301 Fig. 6014 Ak} Beel oz}
1000 |- F-200 HHHE 4 5 A "ok
¢ ; |‘0 !xS 210

Allowable Deflection (cm)

Fig. 6(a) Optimum Design of Sandwich Beam
(Simple Ends)
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Fig. 6(b) Optimum Design of Sandwich Beam

(Fixed Ends)
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