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A Design Problem
 Activity III: A Design Problem

1. A group of students is building a model bridge for a science competition. The students were given a limit of $7500 dollars for their bridge. The students are $1000 under cost when one of them realizes that there was a calculation error and the design requires an additional 10 (and only 10) more steel rods than they have to complete the bridge.  The rods must be 6 mm in diameter, 20 cm in length, hold a load of 2100 Kg, and have at least 10% EL ductility. The students look for available parts and find that they can buy rods with 450 MPa yield strength which are 8 mm diameter rods of the right length for $42.50 per rod or rods with 450 MPa yield strength which are 7 mm diameter rods of the right length for $68.75 per rod. The students can use school equipment to cold work the pieces, but it costs them $1.25 for each percentage point of cold working that they do on a rod. 

Can they build the bridge under the $7500 limit? Which rods should they buy? What are potential alternative solutions? 
[image: F0717][image: http://oregonstate.edu/instruct/engr322/Exams/Previous/S98/MT2gifs/ENGR322MT2d.gif]










image1.jpeg
Yield strength (MPa)

Ductility (%EL)

140
\ \ | \ \ | \ | | \ | |
—{ 120 900 |— —
800 — 1040 Steel
1040 Steel 800 | - 120
700 |— — 100
- n < 700 -
600 S = —{100 =
—lgo £ = =
£ £ = %
500 o @ 600 S
N o o Brass =
@ @ —H80 o
—{60 ko) L =
400 — Brass ° T 500 2
= = )
2 — 2
Copper
300 g 200 — — 60
Copper |
200 ]
300 [—
— 20 — 40
100 [—
I S S B JON i N
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
Percent cold work Percent cold work
(a) (b)
70

60

50

40

30

20

10

| 1040 Steel

Percent cold work
(c)

60

70

Ficure 7.17 - For 1040 steel, brass, and copper, (@) the increase
in yield strength, (b) the increase in tensile strength, and (c) the

decrease in ductility (% EL) with percent cold work. [Adapted

from Metals Handbook: Properties and Selection: Irons and
Steels, Vol. 1, 9th edition, B. Bardes (Editor), American Society

for Metals, 1978, p. 226; and Metals Handbook: Properties and

Selection: Nonferrous Alloys and Pure Metals, Vol. 2, 9th
edition, H. Baker (Managing Editor), American Society for
Metals, 1979, pp. 276 and 327.]
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