
CEE212 – Structural and Solid Mechanics 
Winter Semester 2014-2015 

Homework #7 
(Due April 6, 2015) 

 
Beam Elements – Shear Stress 

 
Problem 1: A beam segment is subjected to internal 
bending moments at sections A and B as shown along.  
Also shown is a sketch of the cross-sectional dimensions 
of the beam.  

a) Sketch a side view of the beam segment and plot 
the distribution of bending stresses acting at 
sections A and B. Indicate the magnitude of key 
bending stresses on the sketch.  

b) Determine the resultant forces acting in the x 
direction on the specified area (top flange denoted 
as “1”) at sections A and B and show these 
resultant forces on the sketch. 

c) Is the specified area in equilibrium with respect to 
forces acting in the x direction? If not, determine 
the horizontal force required to satisfy equilibrium 
for the specified area (“1”) and show the location 
and direction of this force on the sketch.  

 
  

 

 
 
Problem 2:  A 1.6-m long cantilever beam 
supports a concentrated load of 7.2 kN, as 
shown. The beam is made of a rectangular 
timber having a width of 120 mm and a depth 
of 280 mm. Calculate the maximum horizontal 
shear stresses at points located 35 mm, 70 mm, 
105 mm, and 140 mm below the top surface of 
the beam. From these results, plot a graph 
showing the distribution of shear stresses from 
top to bottom of the beam.  
 
  

 

 
Problem 3:  A laminated wood beam consists 
of eight 2 in. × 6-in. planks glued together to 
form a section 6 in. wide by 16 in. deep, as 
shown in the figure. If the allowable strength 
of the glue in shear is 130 psi, determine:  

a) the maximum uniformly distributed 
load w that can be applied over the 
full length of the beam if the  beam is 
simply supported and has a span of L 

 



= 23 ft.   
b) the shear stress in the glue joint at H, 

which is located 4 in. above the 
bottom of the beam and at a  distance 
of x = 42 in. from the left support. 
Assume the beam is subjected to the 
load w determined  in part (a).   

c) the maximum tension bending stress 
in the beam when the load of part (a) 
is applied.   

  

 
 
Problem 4:  The cantilever beam shown is 
subjected to a concentrated load of P = 38 
kips. The cross-sectional dimensions of the 
wide-flange shape are shown in Figure 
P9.26b. Determine: 

a) the shear stress at point H, which is 
located 4 in. below the centroid of 
the wide-flange shape. 

b) the maximum horizontal shear 
stress in the wide-flange shape.  

 
  

 

 
 
Problem 5:  A box beam is built-up from two 
plywood planks that are secured to lumber boards at 
its top and bottom flanges (see right). The lumber has 
an allowable bending stress of 1,500 psi. The 
plywood has an allowable shear stress of 300 psi. 
The 3⁄8-in. diameter bolts have an allowable shear 
stress of 6,000 psi, and they are spaced at intervals of 
s = 9 in. The beam span is L = 15 ft. Support A can 
be assumed to be pinned and support C can be 
idealized as a roller. 

a) Determine the maximum load P that can be 
applied to the beam at midspan. 

b) Report the bending stress in the lumber, the 
shear stress in the plywood, and the average 
shear stress in the bolts at the load P 
determined in part (a). 

 

 

 
 



 
Problem 6:  A W360 × 51 steel beam (see Appendix B of 
Philpot) in an existing structure is to be strengthened by adding a 
200-mm-wide by 25-mm-thick cover plate to its lower flange. 
The cover plate is attached to the lower flange by pairs of 24-
mm-diameter bolts spaced at intervals of s along the beam span. 
Bending occurs about the z centroidal axis.  

a) If the allowable bolt shear stress is 96 MPa, determine 
the maximum bolt spacing interval s required to support 
an internal shear force in the beam of V = 85 kN.  

b) If the allowable bending stress is 150 MPa, determine the 
allowable bending moment for the existing W360 × 51 
shape, the allowable bending moment for the W360 × 51 
with the added cover plate, and the percentage increase in 
moment capacity that is gained by adding the cover plate.  

 

 

 
Problem 7:  A shear force of V = 260 kN is applied to the 
rectangular tube shape shown on the right. Determine the 
magnitude of the shear flow at points A and B.  
 

 
 
 
Problem 8:  The vertical shear force V acts on the thin-walled 
section shown in the figure. Sketch the shear flow diagram for the 
cross section. Assume that the wall thickness of the section is 
constant.  
 
 

 
 
 


