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Pile driving is one of the pile construction methods to install prefabricated concrete piles using specia tools.
Driving method and its process is one of the most important aspects of implementation of this pile, so that the lack
of sufficient accuracy to this problem, in addition to reducing operation efficiency, affects the surrounding
environment and soil. In this paper, the behavior of cylindrical and tapered hollow piles were investigated with real
tests and numerical analyses using FLAC3D software. The efficacy of pile geometry such as cylindrical and tapered
hollow piles is analyzed in pile driving under hammer impact. Pile T is fully tapered hollow pile, and pile C is
cylindrical one. All piles made by steel have the same length (Lp = 250 cm) and volume. Their properties are in
Table (1). The single acting hammer with a 300 kg weight falling through a distance of 1 misused to install al piles
to the embedded Iength of 0.5 m to 2 m. The pile driver is made by different parts such as mounting frame, hammer
and electric motor for lifting the ram to the selected falling height, and the hammerhead falling to induce an impact
on the hammer components. The sand deposit was located in Vardavard-Tehran with maximum specific weight
(Gamax), 2.16 kg/em?® and relative density of about 93%.

Table 1. Piles dimensions and properties

Diameter ifi
Pile Taper Thickness L E Spe?'f'c
D Angle (mm) (mm) (mm) (GPa) Weight
@) D, Dy (kN/m®)

C 0.0 162 162 5.0 2500 210 78.50

112 212 115 5.0 2500 210 78.50

The pile driving analyser (PDA) with two accelerometers and strain transducers was used to record the induced
pile velocity and strain. The PDA takes results from every impact velocity and force signals obtained by sensors
attached to the pile. To measure forces and velocities at the pile, they were attached externally along the pile shaft at
32.4 cm from the pile head in two opposite directions. The driving records for all piles with different toe condition
in terms of cumulative hammer blow count versus the penetration depth are illustrated in Figure (1). It can be seen
that for achieving the same final penetration, the cylindrical hollow pile required more number of blows than tapered
ones. Besides, velocity and displacement were measured as shown in Figure (2).

By comparing the obtained results from experimental and numerical analyses, it has been found that the behavior
of hollow piles was changed by varying of its geometry. It is also concluded that the hollow piles offer better
drivability performance with used energy reduction from 25 to 60% than the filled ones of the same volume and
length.

wyay uL«-uAd) sf)l.@a o)Le..\fB L9 JL.;



Comulative Hammer Blows

0 10 20 30 40 50 60
0.50
0.80 -
- Pile-C, Close-ended
Pile-T, Close-ended
E 1101
g —+—Pile-C, Open-ended
.E
@ —— Pile-T, Open-ended
S 140
o
1.70 -
2.00 -
Figure 1. cumulative hammer blow count versus the penetration depth
404
35
— — Pile-C-Close ended
30 T
1 - ---Pile-T-Close ended Ve
vy
. Pile-C-Open ended 4
‘E Pile-T-Open ended a
g 20- f
= /
] / tan, -
& / " o —
15 [ e
L Ty
S
’fff \‘-
10 }r? "-._‘ ______ P ————————— Fome s
5
{
4
0 10 20 30 40 50 60 70 80 90 100

Time (ms)

Figure 2. Displacements of different hollow pile geometries with different toe condition

The open or close-ended pile has aso an effect on pile driving process. In the case of applying the same energy
during pile driving, the open-ended pile has better performance than close-ended one, and tapered shape pileis also
performed better than the ones with other different geometries. In this case, tapered pile has aso performed better
than cylindrical one by an increase in pile velocity and displacement.

Keywords: Hollow Pile; Tapered Pile; Open-Ended Pile; Field Tests; Pile Driving; Numerical Analysis; FLAC3D.
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