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The Bearing Capacity of Multiple-Layered Strata



Bearing Capacity of  Layered Soils.

In layered soil profiles, the unit weight of the soil, the angleof friction and the cohesion are not 
constant throughout the depth. The ultimate surface failure may extend through two or more of 
the soil layers. 

Consider the case when the stronger soil is underlain by a weaker soil. If H, the thickness of 
the layer of soil below the footing, is relatively large then the failure surface will be completely 
located in the top soil layer, which is the upper limit for the ultimate bearing capacity.

If the thickness H is small compared to the foundation width B, a punching shear failure will 
occur at the top soil stratum, followed by a general shear failure in the bottom soil layer.

If H is relatively deep, then the shear failure will occur only on the top soil layer.





If H is small compared to the foundation width B, a punching shear failure will occur in the top 
soil layer followed by a general shear failure in the bottom soil layer. 



In this condition, where the stronger surface soil is underlain by a weaker stratum, the general 
bearing capacity equation is modified to,

where,

and

where, ca is the adhesion, Ks is the punching shear coefficient, qt is thebearing capacity of the 
top soil layer, qb is the bearing capacity of the bottom soil layer, H is the height of top layer, 
ffff 1 is the angle of internal friction of top soil and ffff 2 for the bottom soil.
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The Meyerhof and Hanna method to obtain the adhesion ca ,



The Meyerhof and Hanna punching shear coefficient Ks can be obtained from below,



Example 1.

A foundation 1.5 m by 1 m is placed at a depth of 1 m in a stiff clay. A softer clay layer is 
located at a depth of 1 m measured from the bottom of the foundation. For the top layer, the 
un-drained shear strength is 120 kN/m2, the unit weight is 16.8 kN/m2, and for the bottom layer 
the un-drained shear strength is 48 kN/m2, and the unit weight is 16.2 kN/m2. Find the 
allowable bearing capacity for this footing.

Notice that from the adhesion figure, q2/q1 = 48/120 = 0.4, therefore the value of the ratio of 
ca/c1 = 0.9. Therefore, ca = (0.9)c1 = (0.9)(120) = 108 kN/m2.

qall = qu / FS  =  656/4  = 164 kN/m2.            

The total allowable load on the footing is Qall = qall (1)(1.5)  =  246 kN
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Other Special Cases,

1. The top layer is strong, and the bottom layer is a saturated soft clay (ffff = 0);

2. The top layer is stronger sand and the bottom layer is a weaker sand (c1 = 0) (c2 = 0);

3. The top layer is a stronger saturated clay (ffff 1 = 0), and the bottom layer is weaker 
saturated clay (ffff 2 = 0).



The Bearing Capacity of Mat Foundations



Mat foundations must be designed to limit their settlements to a tolerable amount.

The ultimate bearing capacity of a soil supporting a mat foundation can be computed from,

qu = c Nc Fcs Fcd Fci +  ggggDf Nq Fqs Fqd Fqi +  ggggB Ngggg Fggggs Fggggd Fggggi

When f = 0 use,

where cu is theun-drained cohesion. When using corrected SPT values, the allowable bearing 
capacity may be calculated by,

where N is the corrected standard penetration resistance, and s is the settlement in millimeters.
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If ‘B’ is large, the new structure’s stress is carried to greater depths, spreading out and more 
evenly distributed. Thus the differential settlement becomes smaller.

with    Dmax ~  5.08 cm  (2” )
and    D(D) ~ 1.905 cm  (¾”)

\ quH(kN/m²) @72N            “ guestimate” only
\ quH(ksf) @1.5N



The depth of embedment Df for fully compensated foundation is,
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Example 2.

Determine the net ultimate bearing capacity of a small mat foundation for an electrical vault 
with the following design parameters, B is30 feet, L is 45 feet, the undrained cohesion cu is 
1950 lb/ft2, � = 0°, and the depth of the mat’s invert is 6.5 feet.
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Example 3.

Determine the net allowable bearing capacity for a mat foundation with B = 15 m, L = 10 m, 
the SPT corrected N =10, the depth of the mat invert is at 2 m, with a settlement limited to 30 
mm, and f = 0.
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The Bearing Capacity of Foundations
on 

Top of a Slope



The bearing capacity of footings constructed over slopes may be considerably lower than that 
of those on level ground. The figure below shows the geometric characteristics of the failure 
surface in the soil below the foundation.



The ultimate bearing capacity for a continuous footing is given by the equation below, where 
the variations of Nggggq and Ncq are defined in the graphs shown in the next slide, 

and where Ns is the stability number.

Note: If B < H use the curves for Ns= 0; if  B > H use the curves for the calculated stability     
number Ns.
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Bearing capacity factors Nggggq, for granular soils.      Bearing capacity factor Ncq,  for purely cohesive soils.



Example 4.

Find the ultimate bearing capacity of a strip (or continuous) footing that will be built on top of 
a sand slope, given that B = 3 feet, the Df = 3 feet, b = 3 feet, gggg= 115 lb/ft3, f = 30° and the 
slope’s angle b = 20°.

From these values, b / Df = 3/3 = 1, and Df / B = 3/3 = 1.  From these, use the graph for the 
bearing capacity factors for granular soils to determine that Nggggq = 35. 
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The Effect of Seismic Loading
upon the

Bearing Capacity of Foundations



The figure below shows the failure surface under earthquake conditions. The values aaaaae and
aaaape are the angles of the active and passive pressure conditions.



According to Richards, the ultimate bearing capacities for continuous footings in granular soils 
vary between static and seismic conditions.

Static conditions:

Seismic conditions:

where Nq, Ngggg, Nqe, Nggggeare the bearing capacity factors.

Nq and Ngggg = f(f ) are shown in the Figure 8.
Nqe and Ngggge= f(f , tan f ) are shown in Figure 9.

Also, 

where kh is the horizontal coefficient of acceleration due to an earthquake and kv is the vertical 
coefficient of acceleration due to an earthquake.
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Figure 8. Nq versus Ngggg .                          Figure 9. The variations of  Ngggge/ Ngggg and   Nqe/ Nq.



The Settlement of a Footing under Seismic Loading.

Settlement of a footing during an earthquake takes place when the ratio kh / (1 - kv) reaches 
a critical value.

Figure 10 shows the variation of kh* when kv = 0 and c = 0.

The values for kh*  can be obtain from Figure 11. 

The settlement of a footing due to an earthquake Seq can be estimated from,
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Figure 10. The critical acceleration Kh* for c = 0.                 Figure 11. The variation of tan aaaaae with kh*
and the angle of friction ffff .


