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An Comparative Study on the Method of Determining Allowable
Horizontal Bearing Capacity of Piles
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Abstract Among several methods for determining the allowable lateral resistances of piles, the subgrade
reaction method and ultimate lateral resistance method are generally used. To determine the effects of
the soil conditions, pile head restraint conditions, and pile lengths on determining the allowable lateral
resistances of piles, computations of the allowable lateral resistances of piles using the two methods
were executed, and the computation results were compared. For piles in soft cohesive soil, the pile
design is governed by the allowable lateral resistance of a pile from subgrade soil reaction method
regardless of the pile head restraints conditions and pile lengths. The allowable lateral resistance of a
pile from the ultimate lateral resistance governs the design as the undrained shear strength increases.
Except for the case of a short pile, which is installed in loose granular soil, the allowable lateral
resistance of a pile from ultimate lateral resistance governs the design of laterally loaded piles. According
to this study, computation of the ultimate lateral resistance of a pile is needed, even though some
opinions suggest that the design of a laterally loaded pile is satisfied only by the subgrade reaction
method. The pile width barely influences the coefficient of horizontal subgrade reaction. Realistically,
the effect of the pile width can be disregarded in the condition of common pile widths of 20~90cm.
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Where E denotes modulus of elasticity of pile, 7

M

)

denotes moment of inertia of pile, k, denotes
coefficient of horizontal subgrade reaction, n,
denotes constant of horizontal subgrade reaction

(k, =n,2), z denotes depth from ground surface
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Where, p denotes soil reaction per unit pile I
length, y denotes lateral displacement of pile, z

denotes depth |
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Fig. 1. Influence of pile width on dimensions
of bulb of pressure
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Table 1. Formulas of ultimate lateral resistance of pile

Short pile P 2.25s5, B(L—1.5B— #,)’ A
(L/R <2) © T et 15B+05z, 0 9s,B
Free head
Long pile H = ‘/l[u
(L/R = 3.5) “ " e+1.5B+0.5z
Cohesive soil 0
Short pile — 0w
(/R = 2) H, =95, B(L—15B)
Restrained head
against rotation Long pile - 2]1/[ H,
(L/R = 3.5) v (1L 550, 52,) O 9s,B
Short pile 0.5y L* B](p
(L/T<2) H,= L+e
Free head ]V[y
Long pile H, = 05
(L/T>4) T
Cohesionless soil et0.54 B[(p
Short pile e g2
(L/T<2) H, =15y LBE,
Restrained head
against rotation Long pile 30, H, 0-5
(L/T>4) H, = P 2, =0.82 VIBKP
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Where, L denotes pile embedment depth, z
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ky, = k(. =L)(

denotes depth from ground surface, k.-

denotes coefficient of horizontal subgrade
reaction at pile tip, n denotes coefficient which

is equal or greater than 0
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Where vy, denotes lateral displacement due to
pile head load, y; denotes lateral displacement

due to moment load at the pile head
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Table 2. Physical properties of pile for analysis

Steel

Diameter = 40.64cm

Thickness = 12mm

Area = 148.7C'm2

Moment of inertia = 28,0006‘1714
Elastic modulus = 210 kN/m?
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Table 3. Soil properties and pile length (cohesive)

Consistency soft stiff hard
s, (kN/m?) 15 75 200
K, (kN/m?) 1005 5025 13400
R (m) 2.756 1.843 1.442
short pile
length (m) 5 3 2
long pile
length (M) 10 7 6
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Table 4. Soil properties and pile length (cohesionless)

Relative density loose medium dense
<Z5/ (degree) 30 34 38
ny, (kN/m?) 1500 5200 12500

T (m) 2.077 1.620 1.359
short pile
length (m) 4 3 2
long pile
length (m) 9 7 6
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Table 5. Ratio of allowable lateral resistance of pile
in cohesive soil

Pile head

condition Consistency short pile long pile
Free sofit‘ 1.56 1.69
head stiff 1.18 0.91
hard 0.86 0.55
. soft 1.48 1.28
Tixed stiff 1.24 073
hard 0.99 0.47
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Table 6. Ratio of allowable lateral resistance of pile
in cohesionless soil

Pile Relative
hfﬁlc‘l density short pile long pile
condition
loose 1.24 0.35
}IIZZ medium 0.43 0.17
dense 0.15 0.11
. loose 0.89 0.70
I;z:j medium 0.31 0.36
dense 0.11 0.24
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