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The coastal development on the Persian Gulf has increased recently with the development of Abu Dhabi, the United
Arab Emirates. To ensure the stability and serviceability of the coastal structures, the resistance against the horizontal and
uplift forces should be considered in the design process of the foundations supporting those structures. Unlike the resistance
against compression and lateral forces, however, the pullout resistance of piles has not yet been fully investigated; also, belled
piles are known to be very effective against pullout forces, but research on their pullout behavior has been limited. Hence,
in this study, pullout load tests of belled tension piles were performed at 4 sites in Abu Dahbi, and subsequently the bearing
capacity, characteristics of load-displacement of piles and load distribution considering skin friction were investigated. Based
on the numerical simulation analyses, proved to capture the ultimate uplift capacities from the load tests, the shape and size
of the bell has influence on the load-displacement behaviors of belled piles rather than the ultimate uplift capacity of the
belled piles in the weathered sandstone ground conditions. In addition, the limit pullout bearing capacity calculated by 3D
finite element analysis and theoretical methods were compared. The theoretical methods overestimate the ultimate pull out
capacity regardless of the bell-shape considerations.

INTRODUCTION

Drilled shafts (piers or caissons) are the most common type of
foundation for tall structures in coastal areas. Recently, with the
development of Abu Dhabi, the United Arab Emirates, coastal
development on the Persian Gulf has increased. Foundations under
some structures—such as tall transmission towers, tall chimneys,
jetting structures and mooring systems of ocean surface or sub-
merged platforms—should be designed to resist forces other than
compression loads. To ensure the stability and serviceability of
the coastal structures, the resistance against horizontal and uplift
forces should be considered in the design process of the foun-
dations supporting those structures. It is necessary to character-
ize the pullout behavior of pile foundations due to the increasing
demand on the offshore and onshore construction and the struc-
tures resisting the wind and earthquake loadings.

The uplift capacity of a straight shaft pile in sand is assumed to
be dependent on the skin friction between the pile shaft and the
soil. Generally, the limit friction method is assumed, and Meyer-
hof (1959) suggested that the net uplift capacity, Pu4NET5, of a
vertical circular pile of diameter, d, and the embedded depth, L,
in sand was expressed as:

Pu4NET5= pav� dL= 4005Ks4tan�5�L5� dL (1)

where pav = average skin friction; Ks = coefficient of earth pres-
sure; � = angle of pile friction; and � = effective unit weight of
soil.

The results of several laboratory model tests conducted over
shallow to high embedded depth of piles have been reported:
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Chaudhuri and Symons (1983); Das and Seeley (1975); Das et al.
(1977); Das (1983); Meyerhof and Adams (1968). The latter first
showed that in the case of a belled pile, the soil above the bell
acts with the pile, and the failure surface could be developed in
the soil based on the embedded depth. Das (1983) showed that
the skin friction linearly increases to a constant value depending
on the L/D ratio of the pile and the relative density of the sand.
He also suggested that the net uplift capacity is a function of the
relative density and a critical ratio between diameter and embed-
ded depth, as follows:

Pu =
1
2
p�L2Ku tan� 4�< �cr5

Pu =
1
2
p�L2

crKu tan�+pLcrKu4tan�54L−Lcr5 4�≥ �cr5 (2)

where:

�cr = 00156Dr +3085 4Dr < 70%51 �cr = 1405 4Dr ≥ 70%51

Ku, Dr , p, �, �cr , L and Lcr are the earth pressure coefficient,
relative density, perimeter of the pile, unit weight of soil, a critical
ratio between diameter and embedded depth, length of the pile
and critical embedded depth, respectively.

Dickin and Leung (1990, 1992) performed a centrifuge tests to
investigate the influence of embedment, base diameter and back-
fill density on the uplift behavior of belled piles in sand. Their
research compared with the analytical solutions previously sug-
gested showed that the vertical slip surface failure model was
most appropriate for the belled pile in sand.

Some field tests on piles embedded in sand under uplift loads
have been reported by Downs and Chieruzzi (1966), Ismael and
Klym (1979), Sowa (1970), Tan and Hanna (1974) and Vesic
(1970). Uplift test results reported by Levacher and Sieffert (1984)
and McClelland (1974), for piles which were installed by differ-
ent techniques, show wide variation in uplift capacity. There is
also widespread experimental evidence that, in sand, skin friction




