
PROBLEM 01
Design a square reinforced concrete footing for 
the 16 inch square interior concrete column 
shown below. The dead load is 200 kip, the 
floor live load is 80 kip, and the roof live load is 
20 kip. The allowable net soil pressure 
(bearing capacity) is 3,500 psf. Use fc

/ = 3,000 
psi for the footing, fc

/ = 4,000 psi for the 
column, and fy = 60,000 psi. Assume the column 
has 4 #7 bars. Concrete is normal weight.



SOLUTION
The footing is sized such that the pressure on the soil (qs) 
is less than the soil bearing capacity (qa). PD, PL, PLr, and PT 
are the applied service dead, floor live, roof live and total 
loads, respectively.



FOOTING PRESSURE ON SUPPORTING SOIL



Estimate the approximate footing thickness. In a square or 
rectangular footing, a reasonable estimate of the required 
thickness is about one-half of the larger overhanging (O.H.) 
length of the footing. Therefore, for a square footing, the 
estimated required thickness is:

The minimum thickness commonly used for 
column spread footings is 12 inch.



Footings apply pressure on their supporting soil. This 
pressure has to be limited to a certain allowable level (soil 
bearing capacity). There is also a reaction from the soil 
acting on the footing when it presses the soil. The true 
theoretical distribution of the reaction pressure from the 
soil on the footing depends on the type of supporting soil. 



Figure below shows typical pressure distributions for 
different types of soil. The pressures are larger under the 
center of footing and smaller along the edges if the soil is 
sandy. This is because the sand along the edges does not 
have good lateral support and can easily move laterally as 
shown in Figure (a). The shape of the theoretical 
distribution of pressures in clays is shown in Figure (b). 



In practice, an average uniform soil pressure distribution, 
like the one shown in Figure (c), is assumed. This is much 
simpler and the results have been proven to provide 
adequate and safe designs.





FIGURE 1: TWO WAY SHEAR IN THE SPREAD FOOTING



The shear at the critical sections, VU2, is shown 
in Figure 1, and is calculated as follows:





If we cut the footing at the critical section, as 
shown in Figure 2, the shear at this location, Vu1, 
is:



FIGURE 2: ONE WAY SHEAR IN THE SPREAD FOOTING



Therefore, the footing has enough capacity 
against the one-way shear.



Determination of Moment in Footing at Critical 
Section

The footing bends in both directions like a dish when 
subjected to soil pressure from below. Therefore, we can 
consider bending of the footing from one side and find the 
moment at the critical section. Cutting the footing at the 
critical section for moment, as shown in Figure below, 
and setting the sum of moments to zero, we can calculate 
the moment at the critical section as follows: 









FIGURE 3: BENDING MOMENT IN THE SPREAD FOOTING





We can use following formulae for reinforcement 
calculation:



BEARING CAPACITY OF COLUMN AT BASE

The loads from the column act on the footing at the base of the 
column, on an area equal to the area of the column cross section. 
Compressive forces are transferred to the footing directly by 
bearing on the concrete. Forces acting on the concrete at the 
base of the column must not exceed the bearing strength of 
concrete as specified by the ACI Code, Section 22.8.3.2:

Bearing Strength N1 =  …… (1)

Where  is 0.65 and A1 is the bearing area of the column. 
The value of the bearing strength given in Equation (1) 
may be multiplied by a factor   for bearing on footings 
when supporting surface is wider on all sides than the 
loaded area. Here A2 is the area of the part of the 
supporting footing that is geometrically similar to and 
concentric with the loaded area as shown in Figure below. 
Because , the factor   is greater than unity, indicating that 
the allowable bearing strength is increased because of the 
lateral support from the footing area surrounding the 
column base. The modified bearing strength is 



  

If the factored force, Pu, is greater than either N1 or N2 
reinforcement must be provided to transfer the excess force. 
This is achieved by providing dowels or extending the column 
bars into the footing. The excess force is Pex = Pu −N1 and the 
area of the dowel bars is Asd =(Pex/fy) ≥ 0.005 A1, where A1 is the 
area of the column section. At least four bars should be used at 
the four corners of the column. If the factored force is less than 
either N1 or N2, then minimum reinforcement must be provided. 
The ACI Code, Section 16.3.4.1, indicates that the minimum 
area of the dowel reinforcement is at least 0.005Ag (and not less 
than four bars), where Ag is the gross area of the column section. 
The minimum reinforcement requirements apply also to the case 
when the factored forces are greater than N1 and N2. The dowel 
bars may be placed at the four corners of the column and 
extended in both the column and footing. The dowel diameter 
shall not exceed the diameter of the longitudinal bars in the 
columns by more than 0.15 in. This requirement is necessary to 
ensure proper action between the column and footing. The 
development length of the dowels must be checked to determine 
proper transfer of the compression force into the footing.





AREA OF BEARING STRESS. COURTESY OF ACI CODE, 
SECTION 22.8.3







Dowel reinforcements: (a) bearing areas A1 and A2, and (b) 
dowel bars between the column and footing






