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Bearing Capacity of Soil (Continued) 

 

In the last class, I have discussed the Terzaghi’s bearing capacity equation and how to 

incorporate the water table effect. Now, I will start from that point and then will continue 

with the other conditions. 

(Refer Slide Time: 00:41) 

 

If water table is at a depth, b from the base of the foundation, the expression will be:  
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If the water table is at the footing base, the γ in the term would be γꞌ. Now, if the water table 

is at a depth of B from the base of foundation, then no water table corrections are required 

which means the original Terzaghi’s bearing capacity equation. 

(Refer Slide Time: 01:19) 



 

The next bearing capacity equation I will discuss is the Skempton bearing capacity equation, 

proposed by Skempton in 1951 which is applicable only for clay. Terzaghi’s bearing capacity 

equation is applicable for c-ϕ soil, clay, sand and also the mixed c-ϕ soil, but this bearing 

capacity equation is applicable for clay. Generally, I would recommend this equation to 

design a foundation on clay. 

 

As I mentioned, if this is applicable for only clays i.e., (ϕ = 0), then the net ultimate bearing 

capacity will be cuNc. Skempton proposed that the value of Nc for a strip footing would be: 
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c  ;where, Nc cannot be more than 7.5. 

For square and circular footing, the expression for Nc is: 
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c  ;where, Nc cannot be more than 9. 
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Now for the rectangular footing, the Nc value we will be:  
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c  For Df/B ≤ 2.5 
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Terzaghi’s bearing capacity equation is valid for shallow foundation only where Skempton’s 

bearing capacity equation is valid for any value of Df/B. 

(Refer Slide Time: 03:57) 

 

The third bearing capacity theory in our discussion is the Meyerhof’s analysis okay. So, 

Meyerhof’s analysis can be applied for. The Terzaghi’s bearing capacity was initially 

applicable for strip footing but later on modified for circular, square and rectangular footing. 



But if the loading is inclined or eccentric (not in the center), the Terzaghi’s bearing capacity 

equation cannot be used. 

 

The Meyerhof’s bearing capacity factors: Nc, Nq, Nγ depends upon the roughness of the base, 

depth of footing, shape of footing in addition to angle of shearing, ϕ. These are the additional 

variables that are introduced in the Meyerhof’s analysis. The soil below the footing according 

to this theory too, is divided in two 3 zones: first is the elastic zone, second is the zone of 

radial shear and the third is the zone of mixed shear in which shear varies from radial shear to 

plane shear. 

 

Apart from this, there is one more basic difference between the failure surfaces proposed by 

Terzaghi and Meyerhof. Terzaghi’s bearing failure surface reaches up to base of the footing 

only, whereas Meyerhof’s failure surface reaches up to the ground surface. 

(Refer Slide Time: 05:43) 

 

The final expression proposed by Meyerhof is shown in the slide. The correction factors used 

are: sc, dc, ic, sq, dq, iq, sγ, dγ, iγ. Here, s is the shape correction factor; d is the depth correction 

factor; i is the inclination correction factor (if the footing is inclined). The expressions for 

bearing capacity factors Nc, Nγ, Nq are also shown in the slide. For a strip footing, all the 

shape factors will be one. 

(Refer Slide Time: 06:33) 



 

Meyerhof has given different factors and expressions to determine them for any value of ϕ. 

Similarly, depth factor can also be calculated for different ϕ values. 

(Refer Slide Time: 07:07) 

 

Similarly the inclination factor expressions are also given where, α is the angle the load 

makes with the vertical. With the help of these equations, we can determine these inclination 

factors for different ϕ. The Kp used in these expressions is nothing but:  
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Meyerhof had also given a table for Nc, Nq, Nγ and as per this, if ϕ = 0, Nc will be 5.14 

whereas, in case of Terzaghi it was 5.7. 

(Refer Slide Time: 08:10) 

 

(Refer Slide Time: 08:15) 



                                 

Next in the Meyerhof’s bearing capacity theory is the eccentric loading. If a load does not act 

upon the center of the footing, then the eccentricity it has along the width direction is taken as 

ex and that along the length direction, ey. This can also be considered as a moment acting on 

the footing. Also, if there is a moment, M acting upon the footing, it can be converted to 

eccentric loading. By this, the eccentricity, ex or ey can be calculated as: M/P, where P is the 

load. 

 

So, eccentricity comes into the picture due to external moment, or sometimes, loading itself is 

eccentric. The eccentricity can either be ex or ey depending upon the direction of the moment. 

(Refer Slide Time: 10:26) 

 

When the load is eccentric, the full width of the footing cannot be considered, as the effective 

width or length which actually bears the load will be lesser than the original footing 



dimensions. In that case, width should be considered as Bꞌ and not B (where, Bꞌ = B - 2ex). 

Similarly for a rectangular footing, the dimensions will be Bꞌ and Lꞌ (where, Lꞌ = L - 2ey). 

Finally, the effective area of the footing will reduce to Bꞌ × Lꞌ. So, in the event of eccentric 

loading, if any, the corrected dimensions, Bꞌ and Lꞌ should be used to determine the 

correction factors proposed by Meyerhof. 

 

Then if the moment is known, ey can be calculated by dividing the moment with the load. The 

value of eccentricity obtained by this can be referred to as eꞌ and depending upon the 

direction of the moment, it can either be ex or ey. 

 

Sometimes while solving numerical problems, it may be mentioned in the question that the P 

or the vertical load is acting at a distance ex or ey from the center. It can be either ex or ey or 

both. But it should be kept in mind that Bꞌ and Lꞌ should be used to calculate the bearing 

capacity factors. 

(Refer Slide Time: 13:32) 

 

Even in the bearing capacity equation, Bꞌ should only be used for eccentric loading. So that is 

also another important change okay. Another important aspect to be considered is that this 

equation can only be used if: ex ≤ B/6 and ey ≤ L/6. This restriction can be marked in form of 

a zone on the footing as shown in the slide and the bearing capacity equation is valid only if 

the load acts within this zone. This condition needs to be checked when the values of ex and 

ey are calculated.  

(Refer Slide Time: 16:06) 



 

The IS code, 6403-1981 is available which explains the process of determining bearing 

capacity. This method, indeed is similar to the Meyerhof theory, but the only difference is 

that here, net ultimate bearing capacity is given directly unlike that in the Meyerhof equation. 

In the Meyerhof theory, if the net ultimate bearing capacity is to be determined, the ultimate 

bearing capacity has to be calculated first and then q should be subtracted from that equation. 

But in IS code, this term itself is given in that form (Nq - 1). 

 

Here, the water table effect is incorporated here in the third term with Wꞌ, a factor for water 

table which is equal to 1 when water table is at or below a depth of (Df + B) measured from 

the ground level. Wꞌ will be 0.5 when water table is located at a depth Df or likely to rise to 

the base of the footing or above. Wꞌ can also be linearly interpolated if it is located in 

between Df and (Df + B). 

So, if the water table is considered to be at the ground level, the bearing capacity roughly 

reduces by 50%. 

(Refer Slide Time: 20:38) 



 

The bearing capacity factor, Nγ used in the IS code is originally proposed by Vesic, and the 

other two factors: Nc, Nq are same as the Meyerhof bearing capacity factors. 

(Refer Slide Time: 21:21) 

 

IS code also gave the shape factors (Sc, Sq, Sγ) for rectangular, square and circular footings. 

(Refer Slide Time: 21:32) 



 

For different values of ϕ, values of different depth factors (dc, dq, dγ) can be calculated. 

(Refer Slide Time: 21:38) 

 

The inclination factors ic, iq, iγ are also given in terms of α where α is the angle the inclined 

load makes with the vertical. 

 

There are other bearing capacity equations available that are proposed by Vesic, Hanson, 

Peck. These were detailed in my previous course, foundation engineering.  

 

So far we discussed that if we know the shear strength parameters, c or ϕ or both depending 

upon the type of soil, we can determine the load carrying capacity or bearing capacity of the 

foundation.  

(Refer Slide Time: 21:50) 



 

Now, let us see how to calculate the bearing capacity if the SPT value is known. The 

expression proposed by Teng in 1962 is frequently used to determine the net ultimate bearing 

capacity by the equation: 
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For square and circular footing 
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For strip footing 

Where, N is the corrected SPT value, Df is the depth of foundation, Rwꞌ and Rw are the two 

correction factors for water table.
 

The above expression is empirical and hence the units should be remembered. (qnu in kN/m
2
) 

The N values used in the expression should have been corrected for overburden pressure. Df 

is the depth of footing in meter and if Df > B, take Df = B. 

(Refer Slide Time: 24:20) 



 

The two water table correction factors (Rw and Rwꞌ) depend upon two depth values Dw and 

Dw' defined as: Dw- depth of water table below ground surface, limited to Df and Dw'- depth 

of water table measured from footing base limited to B. So, Dw varies from 0 to Df and Dwꞌ 

from 0 to B. The values of Rw and Rwꞌ can be obtained by calculating Dw/Df and Dw'/B 

respectively using the graph shown in the slide above. 

(Refer Slide Time: 26:57) 

 

The equations mentioned so far can be easily applied for homogeneous soil. But if the soil is 

layered, these equations cannot be directly used. In general, the weighted average of cohesion 

and friction values will be calculated. c1 is the cohesion of the first layer, H1 is the thickness 

of the first layer; c2 is the cohesion of the second layer and H2 is the thickness of the second 

layer. 



All the layers which are within the influence zone of the footing should be considered for this 

weighted average for calculating both cohesion and friction angle. 

(Refer Slide Time: 28:21) 

 

Now, let us look into the factors influencing bearing capacity. If the footing rest in a soil for 

which c = 0 (cohesionless soil), the first term in the bearing capacity equation, cNc will be 0. 

So, the equation will be qNq +1/2 (γB Nγ). So, the factors affecting this equation would be: ϕ, 

width of footing (B), unit weight of soil (γ), depth of footing (Df) [Since, q = γDf] and the 

position of water table. 

(Refer Slide Time: 29:27) 

 

Next, for the case of cohesive soils (ϕ = 0), where the bearing capacity equation becomes: 

(cuNc + q) as Nq = 1 and Nγ = 0 if ϕ = 0. So, the third term in the bearing capacity equation 

vanishes and as Nq = 1, the second term will only be q. Henceforth, the q net ultimate (qnu) 



will just be cuNc. From this equation of net ultimate bearing capacity, it can be concluded that 

neither the width of footing or depth of footing have any effect on qnu. But, depth of footing 

affects the ultimate bearing capacity. So, if ϕ = 0, Meyerhof had given the value of Nc = 5.14 

and 5.7 for footing with smooth base and rough base respectively. 

 

In the next class, I will discuss about how to use these expressions to determine the bearing 

capacity of foundation. Thank you. 


