The quantities F ,
maximizing

and L are given. The mass is minimized by

M4

E1/ 2

From a selection standpoint, M3 and M4 are equivalent.
The selection. Applying the three indices to the CES EduPack
Level 1 or 2 database gives the top-ranked candidates listed
below.
Index
High M1 = E

High M 2

High M 3
High M 4

E

E
2

E1/ 2

Material choice
Metals: tungsten alloys, nickel alloys, steels.
Ceramics: SiC, Si3N4, B4C, Al2O3 and AlN, but of
course all of these are brittle.
Metals: aluminum, magnesium, nickel and
titanium alloys and steels all have almost the
same value of E /

E7.3 Material index for a light, strong beam (Figure E5). In
stiffness-limited applications, it is elastic deflection that is the
active constraint: it limits performance. In strength-limited
applications, deflection is acceptable provided the component
does not fail; strength is the active constraint. Derive the material
index for selecting materials for a beam of length L, specified
strength and minimum weight. For simplicity, assume the beam to
have a solid square cross-section t x t. You will need the equation
for the failure load of a beam (Appendix B, Section B4). It is
Ff

where y m is the distance between the neutral axis of the beam
and its outer filament and I t 4 / 12 A 2 / 12 is the second
moment of the cross-section. The table itemizes the design
requirements.

Composites: CFRP
Ceramics SiC, Si3N4, B4C and AlN
Metals: aluminum and magnesium alloys superior
to all other metals.
Composites: CFRP excels
Ceramics: SiC, Si3N4, B4C, Al2O3 and AlN

Figure E5

Function
Constraints

Objective
Free variables

www.grantadesign.com/education/resources

I f
ym L

Beam
Length L is specified
Beam must support a bending load F
without yield or fracture
Minimize the mass of the beam
Cross-section area, A
Choice of material
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