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1.051 Structural Engineering Design 

 
Problem Set 4 Solutions 

 
 
Design of Short Columns 
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1. Problem 8.3 in the textbook. 
Given: Bending about y-axis 
 b = 12 in 
 h = 20 in 
 d = 17 in 
 Ast = 6#11 = 6(1.56) = 9.36 in2

 As = As’ = 3(1.56) = 4.68 in2

 fy = 60 ksi 
 f’c = 4 ksi 

 
(a) Nominal strength interaction curve 
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Pure bending (e=∞, Pn=0) 
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Ignoring compression steel (see section 3.7.a in textbook) 
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Find Pn and Mn for two more points, one for tension and one for 
compression failure.  
 
For c=5 in 
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 For c=15 in 
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 Summary of points on the nominal strength interaction curve 
 

Loading case c (in) e (in) Pn (kips) Mn (kips-ft) 
Pure axial ∞ 0 1378 0 
Comp. failure 15 5.7 747 353 
Balanced 10.1 16.9 351 494 
Tens. failure 5 80.6 56 373 
Pure bending 8.1 ∞ 0 318 
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Figure 1. Nominal and Design strength interaction curves 
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Figure 2. Normalized interaction curve for comparison with Graph A.10 

 
The curve shown in Figure 2 is similar to that given for 

9.36 0.039
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(c) The design strength curve is shown in Figure 1.  
 
(d) Shear reinforcement 

In accordance with Section 8.2 in the textbook, use #4 bars for 
lateral ties, at a spacing of: 
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Design of Slabs 
 
2. Problem 13.1 in the textbook 
 Given: 
  One way slab, masonry abutments (simply supported) 
  L = 16 ft 
  W = 6 ft 
  wL = 100 psf = 100x6 = 600 lb/ft 
  PL = 2000 lb 
  wD1 = 20x6+2x4x4x150/144 = 120+33=153 lb/ft 
  fy = 60 ksi 
  f’c = 4 ksi 
 
 Determine the slab thickness: For simply supported one way slabs, the 

minimum thickness according to ACI-389 is given by: 

  min
(16)(12) 9.6 in   take 10 in,  9 in

20 20
Lh h= = = Þ = =d  

 Self-weight of the slab:  2 (6)(10/12)(150) 750 lb/ftDw = =

 
 Total dead load:  1 2 153 750 903 lb/ftD D Dw w w= + = + =

 
 Design Loads: 
  1.2 1.6 (1.2)(903) (1.6)(600) 2044 lb/ft 2.04 kips/ftu LDw w w= + = + = =
  1.6 (1.6)(2000) 3200 lb 3.2 kipsu LP P= = = =

 
 Design moment (Pu placed at mid-span for maximum moment) 
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Design shear (Pu placed at the critical shear section, i.e. d away from 

the support for maximum shear) 
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Flexural reinforcement (One can either assume a and make iterations, 
or solve for ρ from the moment equation): 
 
Assume a=1 in (similar to the example in the textbook) 
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  (Note that b=6 ft) 

 Calculate a, 
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 Recalculate As, 
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Shear reinforcement: 
 '2 (0.85)(2) 4000(72)(9) 69.7 kipsc c wV f b df f= = =  
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2
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Temperature and shrinkage reinforcement in the transverse direction: 
  (Table 13.2) &min 0.0018t sr =
  20.0018 0.0018(12)(9) 0.19 in /ftsA bd= = =

Use #5@15 in spacing,  OK. 20.31/(15/12) 0.25 in /ftsA = =
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