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Evaluation of Lateral Subgrade Reaction Coefficient Considering Empirical
Equation and Horizontal Behavior Range of Large Diameter Drilled Shaft
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ABSTRACT

The lateral bearing characteristics of large diameter drilled shaft depend greatly on the stiffness of the pile, horizontal subgrade
reaction of adjacent ground. In particular, the empirical evaluation results of the horizontal subgrade reaction coefficient which
are widely used in pile design are very important factors in evaluating the lateral bearing capacity of drilled shaft because the
difference in bearing capacity depends on the estimated result. Nevertheless, the evaluation of the horizontal subgrade reaction
coefficient on the large diameter drilled shaft is insufficient. In addition, although the range of influence and the location of
the maximum moment which is the weaken zone on the pile may be correlated and relationship of these are major consideration
in determining the reinforced zone of drilled shaft, the previous studies have not been evaluated it. In this study, the field
test and nonlinear analysis of large diameter drilled shaft were performed to evaluate the horizontal subgrade reaction coefficient
and to investigate the relationship between the influence range 1/8 of the pile and the location of the maximum moment
Zm- In the result, the lateral bearing capacity of drilled shaft showed a difference in results by about 190% according to the
empirical equation on the horizontal subgrade reaction coefficient. And the relationship between the influence range of the
pile and the location of the maximum moment was evaluated as a linear relationship depending on the soil density.
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Table 1. Estimate method of horizontal subgrade reaction coefficient,
Proposer Equation
Bowls (1988) k, =(1~13)xE,
kh, =C- Es/D
Chen (1978)
where, C=3.0(sand) ; C=1.6(clay)
Hukuoka (1966) K, = 0.691 N0 10*
k, =1.208(aF,)1.10-D—0.310- (£, 7, )~ 103
KGS (2015) h (aF,) _ (L) —
where, a=1.0(Normal condition) ; a= 2.0(Earthquake condition)
Vesic (1961) k, =E/[D+ (1—p?)
Table 2. Classification of pile condition
Pile condition Clay Sand Remarks
Short pile BL<2.25 nl<2.0
) . k, D 14 n, 1/5
Medium Pile - 20<nL <40 [j:( 4;91_) and 1= (E)
Long Pile BL>2.25 nL>4.0
Pu B P
¢ L / ! Soil reaction Moment e; . Soil reaction  Moment
- M
M
L o L
‘ i M
(b) Long pile condition

(a) Short pile condition
Fig. 1. Rotational and translation movement and soil resistance by pile condition under lateral load in case of free head (Broms, 1964)
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(a) Design of pile bent system (b) Inserting step of casing

Fig. 2. Design of large diameter drilled shafts and construction photo
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Fig. 3. Field lateral load test
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Table 3. Input data in numerical analysis

Material SPT-N E (kPa) v (kN/m®) c (kPa) 6 (%) A (mP) I (m?)
Loose sand 5 3,500 16.0 0 25°
Medium sand 20 14,000 17.0 0 30°
Dense sand 40 28,000 18.0 0 33°
Drilled shaft (Con'c) - 205,000,000 235 - - 7.07 3.98
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Fig. 8. Moment of pile by depth in loose, medium and dense sand
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