
CEE212 – Structural and Solid Mechanics 
Winter Semester 2014-2015 

Homework #2 
(Due February 2, 2015) 

 
Stress-Strain and Material Properties 

 
 
Problem 1:  A tension test is conducted on three coupons 
(see right) consisting of three materials, herein labeled as 
A, B, and C.  The coupons have diameters of 0.505 in. 
with strain measured over a gage length of 2.0 in.  At the 
point of failure, the distance between the gage marks are 
found to be 2.13, 2.48, and 2.78 in, for A, B, and C, 
respectively.  Also at failure, the diameters are found to be 
0.484, 0.398, and 0.253 in., respectively.  

a) Determine the percent elongation and percent 
reduction in area of each specimen.   

b) Classify each material as either ductile or brittle 
based on your best judgment. 

 

 
 
Problem 2:  The truss shown on the right is loaded by load P 
which is assumed to be perfectly vertical.   The angle of 
inclination of the left and right angled truss elements is α = 
48°.  Based on a strain sensor installed in the truss as part of a 
larger structural monitoring system, it is determined element 
BD has a strain of 0.0713.  Determine the tensile stress of the 
outer elements AD and DC if the element is constructed from 
an aluminum alloy whose modulus is 775 ksi. 

 
 
 
Problem 3:  Prof. Lynch spent the weekend in the University 
of Michigan research laboratory conducting a tensile test on a 
high strength steel coupon.  The coupon has a diameter of 
0.505 in.  Also, an extensiometer was used to measure 
elongation over a gage length of 2 in.  A monotonic tensile 
load was applied till failure (i.e., fracture).  The load-
elongation data collected is present in tabular form on the 
right.  At the time of fracture, the elongation over the gage 
length was 0.12 in and the minimum diameter was 0.42 in.    

a) Plot the stress-strain curve for the steel. 
b) Identify: 

a. Proportional limit 
b. Modulus of elasticity 
c. Yield stress at 0.1% offset 
d. Ultimate stress 
e. Percent elongation at failure 
f. Percent reduction in area at failure 

 



 
 
Problem 4:  A structural element (a cylindrical bar 
with a length of 48 in) is made of a steel alloy with 
the following stress-strain curve (see right).  The 
initial slope of the stress-strain curve is 30 x 103 ksi 
and the flat region is at 42 ksi.  The bar is loaded 
axially until it achieves an elongation of 0.2 in.  At 
that point, the load on the bar is removed.  What is 
the final length of the bar? 

 
 
 
Problem 5:  Your first job as a structural engineer in 
industry is to work with a famous architect who has proposed 
the following hanging sculpture shown on the right.  The 
sculpture consists of a having metal bar (denoted as AB) to 
which lights are affixed.  This bar is hung from a ceiling with 
a unique configuration of steel wires.  The wires have a 
diameter of 2 mm and have a yield stress of 450 MPa.   The 
local design code requires a factor of safety of 1.9 for public 
works of art.  Based on this code provision, please advise the 
architect on the maximum weight the bar AB can be.   

 
 
 
Problem 6:  A tensile coupon made of methacrylate plastic is 
tested at room temperature under monotonically applied 
tensile load.  Based on the test, stress-strain data (see table on 
the right) is derived from the load-elongation data collected.  
Based on this data: 

a) Plot the stress strain curve 
b) Determined: 

a. Proportional limit 
b. Modulus of elasticity 
c. Yield stress with a 0.2% offset 

 
 
 



Problem 7:  A submerged bouy is shown on the right.  
The bouy sphere is made of fiberglass and is anchored at 
the bottom of a bay in shallow water.  The bouy is 
attached to a chain via a classical pin-shackle system 
which is also shown.   The diameter of the pin is 0.5 in 
and the thickness of the shackle is 0.25 in.  The fiberglass 
bouy has a diameter of 60 in and weighs (outside of 
water) 1800 lb.  Determine the average shear stress in the 
pin.  Also, determine the average bearing stress, σb, 
between the pin and the shackle.  Hint, begin by drawing 
the free body diagram of the submerged buoy.  Sea water 
has a density of 63.8 lb/ft3. 

 
 

 
 
 
 
 
 
 
 


