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A Theoretical Study on Arching Effect of Embankment Pile Grid
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Abstract The influence of the pile diameter, center to center pile spacing, internal friction angle of embankment soil,
and height of embankment on the arching efficacy of the embankment pile was investigated. The arching efficacy,
which was derived by the arch model developed in the embankment soil was calculated using two methods, one that
considers crown failure of the arch and the other that considers load on the pile cap and critical relative spacing ratio
for which the arching efficacy calculated by the two methods are the same. According to the computed results in
this study, the arching efficacy calculated from a consideration of the load on pile cap governs when the relative
spacing ratio becomes smaller and that calculated from the theory of crown failure governs when the relative spacing
ratio becomes larger. The critical relative spacing ratio below which the arching efficacy calculated from a
consideration of the load on pile cap governs the design decreases with increasing value, which is defined by the
ratio of the pile diameter to the pile center to center spacing. Critical relative spacing ratios, which correspond to
the values of 0.5 and 0.2 were 0.35 and 0.85, respectively. Considering the computed results, the critical relative
spacing ratio decreases with increasing Rankine passive earth pressure coefficient and critical relative spacing ratios,
which correspond to values of 5 and 2, were 0.23 and 0.85, respectively. The arching efficacy, which corresponds
to the area ratio of 9%, was 54% and the one that corresponds to the value of 3 was 61%; the critical relative spacing
ratios, which correspond to those arching efficacies, were greater than 0.5.
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Embankment fill(/ state
Band of fill containing arches

Arched sand
(yield condition)

Py

Infilling sand
H

Fig. 1. Plain strain arching problem
(a) Arches in embankment fill for plain strain
(b) Stresses on the small element(plain strain

condition)
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Fig. 2. Isometric view of pile caps and arches[5]
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Fig. 3. Analysis of arching at the crown of a dome[5]
(a) Isometric view of general arrangement
focusing on the crown
(b) Diagonal section of arch through a pile cap
and dome crown
(c) Element of arched sand at the crown of a

dome
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Fig. 5. Arching in the sand immediately over a pile
cap[5]
(a) Isometric view of general
focusing on the pile cap
(b) Section through a pile cap
(c) Small element of arched sand above the pile
cap

arrangement
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Calculation of load on a pile cap
(a) Detail on a pile cap[5]
(b) Plan of the pile cap
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Fig. 7. Variation of the efficacy E with pile geometry
and embankment properties
(a) The effect of § on efficacy (X, =3)

(b) The effect of &, on efficacy (5=1/3)
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