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Clarkson University 
ES222 - Strength of Materials 

Spring 2007 - Exam I
 
Wednesday, February 7,2007
 

Name:
 

Student ill No.:
 

--------=-----------

Instructions: 

Please check now and make sure your exam is complete. There should be 7 pages (including this 
coversheet), with 5 problems. 

Read the problems carefully and plan your time so as to gain the maximum number of points . 
The exam has 5 problems and is worth 100 points. 

Please write neatly and clearly. Show all your work - simply listing answers is not sufficient. 
Include free body diagrams, when appropriate. You will be given partial credit for work that 
leads to a logical conclusion. Cross out any work that you do not wish to be considered. 

The exam is closed book, closed notes. There is a formula sheet on page 7 (including units 
information). You may NOT use your own formula sheet. 

Calculators are not allowed (nor are they required). 

You may remove the staple and/or attach extra pages of work, but make sure that you staple all 
the exam pages and extra work pages together before turning in the exam. Missing pages cannot 
be accepted after the exam. 

Grade: 

1. I 10 

2. I 15 

3. 125 

4. I 25 

5. I 25 

Total: 1100 
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Problem 1: cl 0 points) 

Two axial forces are applied to the bar shown below. 

a) Determine the internal force, PAB in portion AB of the bar. Specify tension or compression. 

b) Determine the normal stress, (JAB, in portion AB of the bar. Specify tension or 
compression. 

Note: you must show all your work. Simply listing an answer is not sufficient. 
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Problem 2: ( l$Points) 

The If-shaped part is attached to the wall at the left. An overlapping glue joint, of length R. =3 
in. is used to joint the U'-shaped part to a flat bar. A tensile axial load of P is applied to the flat 
bar. t)he thicknesses of the Ll-shaped part and the flat bar are both t and the widths of both are w. 
The\(fngths of the Ll-shaped part and the flat bar are bothL. 

t = 1 in. w= 4 in. R. = 3 in. L = 12 in. 

For the overlapping glue joint, the ultimate shear stress for the glue is 200 psi. If a factor of 
safety is 2.0 required, what is the maximum allowable load, P, which can be applied? 
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Problem 3: (J~points) 

A composite axial rod is fixed to the two walls. The entire rod is composed of the same material, 
with Young's modulus = E. The cross sectional areas of portions AC and CD are given below. 
The lengths of the portions are shown below. Forces are applied at points Band C, as shown 
below: PB = 200 lb., Pc = 100 lb-,;::: .-­

.-- el-;. e>J ;: CJ 
EAc=EcD=E ­

2 1 · 2_A?-. s: A AC = 2 in. ACD= in. ­
PB = 200 lb. Pr> 100 lb. 

a) Determine the reactions at the walls, RA and RD. Specify the direction for each (f- or ~). 

(j) 

10 in. 10 in. 

b) Is portion CD in tension or compression] ?)) 
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Problem 4: (~points) 

An outer shell of material 2 is fully bonded to a core of material 1. The material properties and 

cross sectional areas are given below. c;/d ) 01\ 5'o d- VJ WN± 
Core Shell . \ ~ .c, ...e.+ kT\' t-Bv ~lII.~ 
Al = A Az = 2A "nJ 0 VI 

E1 = E Ez=2E
---_.--'_-1. 

1 _a1 = a az=2a 

The temperature is reduced by 100°. .:bO+lA ~-.Q~-- sJAo; t-e. V-

Determine the normal force, Pi , in the shell, in terms of A, E, Land a. (Note: your answer may 
not need to include all of the parameters A, E, L and a). Specify tension or compression. 
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Problem 5: (?{pOints) 

The piece of material, shown below, has undeformed dimensions of: L, = 3 in., and Ly = 2 in., 
and Zj > 1 in. The Young's modulus is E=lxl06 psi, and Poisson's ratio is v=1/4 . Two 
loads, P, and P, are applied, as shown below. 

L, = 3 in. E = 1x l 06 psi
 
Ly = 2 in. v=1/4
 
L, = 1 in.
 
Px = 300 lb. Py = 600 lb.
 

a)	 Determine the change length in the x-direction, 8x , due to the applied forces 
(specify longer, shorter, or zero). 

b)	 The change in length in the z-direction is defined as 8 . Circle the correct answer: z 

1) Due to the applied forces, 8 = 0 6 :::::- f J--Ld-,oDue to the applied forces, 8 z =1= 0 ? ['fI. ( .e 3 
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