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ABSTRACT

Many problems are facing the installation of piles group in laboratory testing and the errors in results of
load and settlement are measured experimentally may be happened due to select inadequate method of
installation of piles group. There are three main methods of installation in-flight, pre-jacking and hammering
methods. In order to find the correction factor between these methods the laboratory model tests were
conducted on small-scale models. The parameters studied were the methods of installation (in-flight, pre-
jacking and hammering method), the number of piles and in sandy soil in loose state. The results of
experimental work show that the increase in the number of piles value led to increase in load carrying
capacity of piled raft and decrease in settlement value for three methods of installation. The response of
increases load capacity for hammering method is the same value of pre-jacking method at the number of
piles less than (N=2), while when the number of piles are beyond (N=3 to 9). The load capacity of
hammering method is more than pre-jacking method and the correction factor of method of installation
depend on the type of method of installation and the piles number. The increase in carrying capacity by
hammering method is due to mobilize the dynamic soil structure interaction (soil-pile and pile-pile
interaction) and the change in properties for surrounding soil for loose state of sand is more effective than
static soil structure interaction mobilize by pre-jacking method. The correction factor of increase in load
capacity and the correction factor of the percentage of settlement reduction for pre-jacking and hammering
methods are compared with in-flight method of installation are changed with the number of piles and these
values are increased with increasing the number of piles.
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1. INTRODUCTION

Piled raft is a composite geotechnical foundation system consisting of piles, raft and soil and the behavior of
piled raft governed by different interactions (pile-pile, pile-raft and soil-pile-raft). A geotechnical assessment
for the design of such a foundation system therefore needs to consider not only the bearing capacity of the
pile elements and the raft elements, but their combined capacity and interaction under serviceability loading
Katzenbach et al., 1998. However, usually three methods are used to install pile model in sand. These
methods are listed below, Linggang, 2006.

1) In-Flight Pile Installation

2) Pre jacking Method

3) Hammering Method

And these methods governed by mobilize the soil-structure interaction, such as for jacking method the static
soil structure interaction will be mobilized while dynamic soil structure interaction mobilize for hammering
method. Katzenbach et al. 1998 and 2000 illustrated that the piled raft foundation indicates a new
understanding of soil — structure interaction under static loads as shown in Fig.1. The contribution of the
rafts as well as the piles is taken into consideration to satisfy the proof of the ultimate load capacity and the
serviceability of a piled raft as an overall system.

Giretti 2009 performed a series of centrifuge tests on models of rigid circular piled rafts in loose saturated
sand employing both non displacement and displacement piles. The main aim of the tests of the effects the
soil-pile (S-P) interaction is mainly governed by the pile installation procedure that is adopted; these
procedures range from non-displacement to displacement methods.

In this paper, in order to determine the correction factor for methods of installation of piles group in sand,
experimental work were carried out and the parameters studied are:

1- Method of installation (in-flight , pre-jacking and hammering method)
2- The number of piles (N)
3- Diameter of piles is Dp=11.30mm, spacing between piles 3Dp and relative density of sand is 30%.

2. EEXPERIMENTAL WORK:

A series of model loading tests were conducted inside a steel box of dimensions (600X600X700mm) depth,
made of steel plate of 3mm thickness, stiffened with 3 lines of 25mm angle sections, provided with 280
*220mm hatch for sand refilling as shown in Plate (1). The base was stiffened with additional 3 mm steel
plates and 25 mm steel angle frame and stiffeners, in order to prevent concentration of the load exerted from
the piston on a small area.

The internal faces of the box were covered with polyethylene sheets in order to reduce the slight friction
which might be developed between the box surface and soil. Scaling laws were followed in the design of the
model to eliminate the model stress error and boundary effects.

The square aluminum raft model was a 120mm in dimension and thickness (t,=15mm). The aluminum model
of piles employed in the tests (d,=11.30mm), where dp is the pile diameter.

2.1. Static Loading Measurement: A conventional compression machine with digital control system
was used to apply the axial loading on footing model. The load on the footing was measured using proving
ring of 3KN capacity. The settlement of pile raft model was measured by two dial gauges (0.001mm,
division) fixed on the edges of the footing by two magnetic holders as shown in Plate (2). The installation of
piles group by in-flight system method as shown in Plate (3) to control the installation of piled raft system
and prevent the inclination and eccentricity of the model, the center of piled raft model must coincide with
the center of the sand container and the center of the loading system, the pre-jacking method of installation
of piles group in soil by using the compression machine can be noticed in Plate (4). Plate (5) shows the
installation of piles group by hammering method by using known weights ranges from (0.5 to 1kg)
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2.2. Soil Used

2.2.1 Sand properties:

Poorly graded sand was used in the tests. The sand was placed in the test box at unit weight of
approximately15.3 kN/m?® (relative density=30%). The properties of sand are given in Table (1).

2.2.2 Mechanical properties of sand
The mechanical properties of used sand that have been extracted from the results of tests using triaxial test
(UU test) and direct shear test are listed in Table 1.

2.3 Mechanical Properties of Aluminum Used

The aluminum specimen used to model raft and piles were tested in accordance to the ASTM (B557-06)
specifications. Yield strength (fy), tensile strength (fu), elongation (e) and Poisson’s ratio (v). The results
mechanical properties of aluminum used under tensile test are listed in Table (2).

3. RESULTS AND DISCUSION

Figs. 2 to 7 show the measured load-settlement curves for piled raft at (N=1, 2,3,4,6 and 9), s=3dp, tr=15mm
and Dr =30% (where N is the piles number, s: spacing between piles, tr: raft thickness and Dr: relative
density of sand). In general the results show increasing the number of piles value led to increase in load
carrying capacity of piled raft and decrease in settlement value for three methods of installation.

Fig. 8 shows the computed maximum load and maximum settlement versus the increased in the number of
piles. It is clear that the maximum load carried by piled raft increase from (0.35 to 0.82), (0.38 to 1.49) and
(0.38 to 1.83 kN) and the maximum settlement decreased from (6 to 1.3), (4.2 to 0.7) and (4.2 to 0.5mm)
with increasing the number of piles from (N= 1 to 9) for in-flight, pre-jacking and hammering methods,
respectively.

Fig. 9 shows the computed increased in load carrying capacity is equal to {load (pre-jack or hammering method) /
load in-fiight method} Versus the increase in the number of piles for pre-jacking and hammering methods. The
response of increased load capacity for hammering method is the same value of pre-jacking method at the
number of piles less than (N=2), while when the number of piles beyond (N=3 to 9) it is clear that the load
capacity will be increased from (1.42 to 2.23) for hammering method and (1.355 to 1.82) for pre-jacking
method, in other words the correction factor of method of installation depends on the type of method of
installation and the piles number. For hammering method it is clear that the increase in carrying capacity
more than pre-jacking method because the dynamic soil structure interaction mobilized by hammering
method (soil-pile and pile-pile interaction) and the change in properties for surrounding soil for loose state of
sand is more effective than static soil structure interaction mobilize by pre-jacking method.

The correction factor of increase in load capacity for pre-jacking and hammering methods are compared with
in-flight method is defined by equations below:

Log(Load)=0.227 Log(N)+0.073...(pre-jacking)
Log(Load)=0.334 Log(N)+0.043...(hammering)
Where (N is the piles number)

Fig. 10 shows the computed percentage of settlement reduction (Sr%) is equal to {1-(Settlement prejacking or
hammering methods / SEttIEMENt in-fight metnoa) } fOr pre-jacking and hammering methods versus the increase in the
number of piles. This figure shows the percentage of settlement reduction increases from (30 to 46%) and
(30 to 62%) with increasing the number of piles (N=1 to 9) for pre-jacking and hammering methods, it is
clear from the results above that the hammering method is more effective in settlement reduction compared
with the pre-jacking method especially when the number of piles are beyond (N=2).

The correction factor of the percentage of settlement reduction (Sr%) for pre-jacking and hammering
methods are compared with in-flight method of installation is illustrated below:

Log(Sr%)=0.168Log(N) + 3.476 ... (pre-jacking)

Log(Sr%)=0.28Log(N) + 3.43 .....(hammering)
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CONCLUSIONS

1- The increase in the number of piles value led to increase in load carrying capacity of piled raft and
decrease in settlement value for three methods of installation.

2- The response of increased load capacity for hammering method is the same value of pre-jacking method
at the number of piles less than (N=2), while when the number of piles are beyond (N=3 to 9). The load
capacity of hammering method is more than pre-jacking method.

3-The correction factor of method of installation depends on the type of method of installation and the piles
number.

4-The increase in load carrying capacity by hammering method is due to mobilize the dynamic soil structure
interaction (soil-pile and pile-pile interaction) and the change in properties for surrounding soil for loose
state of sand is more effective than static soil structure interaction mobilized by pre-jacking method.

5-The correction factor of increase in load capacity and the correction factor of the percentage of settlement
reduction (Sr%) for pre-jacking and hammering methods are compared with in-flight method of installation
are changed with the number of piles and these values are increased with increasing the number of piles.
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Table 1. Properties for Sand Used.

Property Values
Specific Gravity, Gs 2.65
] Maximum unit 3
Dr.y Unit Weight, Vimax 17.9kN/m
Weight (va) — _
of Sand Minimum unit 14.4 kKN/m?
weight, Ygmin ’
. Maximum void
\_/0|d ratio (€max) 0.81
Ratio(e) of
Sand Minimum void 0.45
ratio (emin) ’
Dry Unit
Weight Loose state, 153
Used (Yd) Ydused
Void Ratio Loose state 0.73
Used (E) (eused) '
Friction .
Angle (°) Loose state 28.81
Poissons
Ratio Loose state 0.30
v)
Modulus of
Deformation Loose state 10000
(E, kN/m?)

Journal of Engineering

Table 2. Mechanical Properties of the Used Aluminum Alloy.
Property Value
Modulus of Elasticity (GPa) 70
Minimum % of Elongation (e) 10
Assume Poisson’s Ratio (v) 0.33

Plate 1. The sand container of used.
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Plate 2. Arrangement of the Proving Ring and Dial Gauge During Loading.

Plate 4. Pre-Jacking Method of Piles Installation System.
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INTERACTION BETWEEN
PILED RAFT AND SOIL

5

—

A I S

q = applied stress Q= load transmitted to piles g, = pressure transmitted to soil

(S-P) Soil-pile interaction (S-R) Soil-raft interaction

(P-R) Pile-raft interaction (P—P) Pile-pile interaction

Figure 1. Static Soil-Structure-Interaction of Piled Rafts (after Katzenbach al., 1998).
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Figure 2. Load —Settlement curves for 1-Piled Raft.
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Figure 3. Load —Settlement curves for 2-Piled Raft.
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Figure 4. Load —Settlement curves for 3-Piled Raft.
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Figure 5. Load —Settlement curves for 4-Piled Raft.
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Figure 6. Load —Settlement curves for 6-Piled Raft.
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Figure 7. Load —Settlement curves for 9-Piled Raft.
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Figure 8. Max. Load and Max. Settlement Versus The Number of Piles.
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Figure 9. Increased in Load Capacity versus the Number of piles
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Figure 10. Percentage of Settlement Reduction Versus The Number of Piles.
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