
53:139 Foundation Engineering

Homework #5 Solutions

Spring Semester, 2009



















Solution to Homework Assignment #5 Supplemental Problem: 
 
Problem Statement: 
 
Need to design a foundation system for an elevated 30’x30’x30’ water storage tank 
shown in the Figure below. For the weight of the structure (dead load) use a load factor 
of 1.4, and for the live loads on the structure from winds, use a load factor of 1.7. 
 
Compute the minimum permissible size of a shallow square footing which will serve as 
the foundation for the tank such that:  

1. A factor of safety against bearing failure of at least 3 is achieved; 
2. Under the factored design loads, the settlement of the tank’s foundation is no 

more than one inch; 
 
Notes: 

• The soil is granular with a friction angle of 35º, and a unit weight of 120 pcf; 
• The depth of the foundation can be taken as 6 ft.; 
• Assume that when the 30’x30’x30’ tank is full, water constitutes 65% of the 

total weight of the structure. 
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SOLUTION 
 
A.  Loads: 
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B.  Sizing of Foundation Based on Bearing Capacity 
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Use the general bearing capacity equations to solve for uq′  
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Since we need to have:  ( )BB
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This can be algebraically simplified to yield the following quartic equation for B: 
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The meaningful root to this equation is: ftftB 5.1345.13 ⇒= . 
 
 
C.  Sizing of the Foundation for Settlements 
 

• The sand has a unit weight of 120 pcf.  If the unit weight of 120 pcf corresponds 
to dry soil with no moisture content, it would represent a very densely packed 

sand, since the estimated void ratio is: 41.01
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• On the other hand, if the unit weight of 120 pcf has some moisture in it, the void 

ratio could be somewhat larger. 
 

• To be conservative, we’ll say the sandy soil is moderately compacted.  From 
Table 5.8 of the textbook, the range of Young’s modulus for a medium dense sand 
is 2500 – 4000 psi.  To be conservative, let’s choose a value of E=2500 psi and a 
Poisson’s ratio of 0.35. 

 
• Assume the sand layer beneath the water tower is infinite.  We’ll use the 

Schmertmann solution for elastic settlement which is: ∑ Δ= z
E
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• Here, the Young’s modulus is assumed constant with depth, so we can re-write 
this as: 
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• For a square footing, BzI z 525.=Δ∑  
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• This settlement is far too large!!  So the foundation size must be increased 
to get the net bearing stress way down.  This is done by trial and error in 
the table shown below: 

 
B(ft)  Es(psf)  q(psf)  qnet(psf)  C1  C2  I*B(ft)  Se(ft)  Se(in) 
13.5  3.60E+05  7.20E+02  1.90E+04  9.81E‐01 1.48  7.0875  5.44E‐01 6.53E+00
20  3.60E+05  7.20E+02  8.28E+03  9.57E‐01 1.48  10.5  3.42E‐01 4.10E+00
30  3.60E+05  7.20E+02  3.28E+03  8.90E‐01 1.48  15.75  1.89E‐01 2.27E+00
40  3.60E+05  7.20E+02  1.53E+03  7.65E‐01 1.48  21  1.01E‐01 1.21E+00
45  3.60E+05  7.20E+02  1.06E+03  6.60E‐01 1.48  23.625  6.78E‐02 8.13E‐01 

 
So, based on settlement considerations, the minimum acceptable foundation size is 
B=45ft.  In this design problem, settlement is clearly the controlling factor.   
 
Since the sizing of the foundation is based entirely on conservative estimates of the 
soil’s Young’s modulus Es, a subsurface soil investigation that explicitly gives more 
information on the Young’s modulus of the soil would be very helpful.  A larger 
value of Es based on actual site data could permit usage of a much smaller 
foundation size. 
 
 




