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Figure 2-1.  Eccentric load on a pile group

Table 2-2
Performance and Eccentricity Factors (Barker et al. 1991) (Copyright permission, National Cooperative Highway Research Program)

Type of Pile Performance Factor, Eccentricity Factor, Fpf e

Prestressed concrete Spiral columns:  0.75 Spiral columns: 0.85
Tied columns:    0.70 Tied columns:   0.80

Precast concrete Spiral columns:  0.75 Spiral columns: 0.85
Tied columns:    0.70 Tied columns:   0.80

Steel H-piles                           0.85                          0.78

Steel pipe                           0.85                          0.87

Timber                           1.20*                          0.82

Drilled shafts Spiral columns:  0.75 Spiral columns: 0.85
Tied columns:    0.70 Tied columns:   0.80

Note:    is greater than unity for timber piles because the average load factor for vertical loads is greater than the FS.pf
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Figure 2-2.  Limits to pile driving stresses
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Table 2-7
Minimum Requirements for Drilled Shaft Design
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Table 2-7 (Continued)
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Table 2-7 (Concluded)
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4.  Structural Design of Drilled Shafts bending moments are usually negligible near the pile bottom.

Most drilled shaft foundations will be subject to lateral loads, distribution of bending moments to determine where steel
bending moments, and shear stresses in addition to will be placed in the pile.
compressive stresses from vertical loads.  Eccentrically
vertical applied loads can generate additional bending (2)  Load factors are applied to the design live and dead
moments. loads to ensure adequate safety against structural failure of

a.  Eccentricity.  If bending moments and shears are not 1.35 and F  = 2.25 for a shaft supporting a bridge column.
specified, the minimum eccentricity should be the larger of
2 inches or 0.1B , where B  is the shaft diameter, when tied (3)  The minimum reinforcement steel, normallys s

cages of reinforcement steel are used and 1 inch or 0.05B recommended, is 1 percent of the total cross-sectional area ofs

when spiral cages are used.  The minimum eccentricity drilled shaft expected to be exposed along their  length by
should be the maximum permitted deviation of the shaft out scour or excavation.  Reinforcement steel  should be full
of its plan alignment that does not require special length for shafts constructed in expansive soil and for shafts
computations to calculate the needed reinforcement if larger requiring casing while the hole is excavated.  Shaft diameter
eccentricities are allowed. should be increased  if the reinforcement steel required to

b.  Design example.  Table 2-7 describes evaluation of reinforcement cage will be provided to accommodate the
the shaft cross section and percent reinforcement steel maximum aggregate size of the concrete.
required for adequate shaft strength under design loads.

(1)  The maximum bending moment, M , is required to maximum downdrag forces for a shaft in compressible soilmax

determine the amount of reinforcement steel to resist and the maximum uplift thrust for a shaft in expansive soil.
bending.  The maximum factored vertical working load, Q , Uplift thrust may develop before the full structural load isw

and the estimate of the maximum applied lateral load, T , applied to the shaft.  Under such conditions, smaller amountsmax

are used to calculate M  .  The full amount of reinforcing of reinforcement may be used if justified on the basis ofmax

steel is not required near the bottom of the pile because relevant and appropriate computations.

Chapter 4 discusses procedures for calculating the

the shaft.  An example is worked out in Table 2-7c for F  =DL

LL

resist bending such that adequate voids through the

(4)  The maximum applied axial load should also include


