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6.12 Frictional Resistance (Qs) in Sand 

According to Eq. (9.14), the frictional resistance  

Qs = ∑ p ∆L f 

The unit frictional resistance, f, is hard to estimate. In making an 

estimation of f, several important factors must be kept in mind: 

1. The nature of the pile installation. For driven piles in sand, the vibration 

caused during pile driving helps densify the soil around the pile. The 

zone of sand densification may be as much as 2.5 times the pile 

diameter, in the sand surrounding the pile. 

2. It has been observed that the nature of variation of f in the field is 

approximately as shown in Figure 6.16. The unit skin friction increases 

with depth more or less linearly to a depth of L' and remains constant 

thereafter. The magnitude of the critical depth L' may be 15 to 20 pile 

diameters. A conservative estimate would be 

                L' < 15D                                (6.40) 
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3. At similar depths, the unit skin friction in loose sand is higher for a high 

displacement pile, compared with a low-displacement pile. 

4. At similar depths, bored, or jetted, piles will have a lower unit skin 

friction compared with driven piles. 

Taking into account the preceding factors, we can give the following 

approximate relationship for f (see Figure 9.16): 

 
 

 
In reality, the magnitude of K varies with depth; it is approximately 

equal to the Rankine passive earth pressure coefficient, Kp , at the top of 
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the pile and may be less than the at-rest pressure coefficient, Ko , at a 

greater depth.  

Based on presently available results, the following average values of K 

are recommended for use in Eq. (9.41): 

 
§ Coyle and Castello (1981), proposed  
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Correlation with Standard Penetration Test Results 

Meyerhof (1976) indicated that the average unit frictional resistance, 

fav , for high-displacement driven piles may be obtained from average 

standard penetration resistance values as 
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6.13 Frictional (Skin) Resistance in Clay 

Estimating the frictional (or skin) resistance of piles in clay is almost as 

difficult a task as estimating that in sand, due to the presence of several 

variables that cannot easily be quantified. Several methods for obtaining 

the unit frictional resistance of piles are described in the literature. We 

examine some of them next. 

1. λ Method 
This method, proposed by Vijayvergiya and Focht (1972), is based on 

the assumption that the displacement of soil caused by pile driving results 
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in a passive lateral pressure at any depth and that the average unit skin 

resistance is 

 
The value of λ changes with the depth of penetration of the pile. (See 

Table 6.9.) Thus, the total frictional resistance may be calculated as 
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2. α Method 

According to the α method, the unit skin resistance in clayey soils can 

be represented by the equation 

 
where α = empirical adhesion factor.  

The approximate variation of the value of a is shown in Table 6.10.  

The ultimate side resistance can thus be given as 
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3- β Method 

When piles are driven into saturated clays, the pore water pressure in 

the soil around the piles increases. The excess pore water pressure in 

normally consolidated clays may be four to six times cu . However, within 

a month or so, this pressure gradually dissipates. Hence, the unit frictional 

resistance for the pile can be determined on the basis of the effective stress 

parameters of the clay in a remolded state (c' =0). Thus, at any depth 
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6.15 Point Bearing Capacity of Piles Resting on Rock 

Sometimes piles are driven to an underlying layer of rock. In such 

cases, the engineer must evaluate the bearing capacity of the rock. The 

ultimate unit point resistance in rock (Goodman, 1980) is approximately 

 
Table 6.12 lists some representative values of (laboratory) unconfined 

compression strengths of rock. Representative values of the rock friction 

angle φ ' are given in Table 6.13.  

A factor of safety of at least 3 should be used to determine the 

allowable point bearing capacity of piles. Thus, 
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Figure 3.5 A small enclosure with steel sheet piles for an excavation work (Courtesy 

of N. Sivakugan, James Cook University, Australia ) 
Table 3.1 Properties of Some Sheet-Pile Sections Production by Bethlehem Steel 

Corporation 
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Example 3.4: 
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