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Studies in geotechnical engineering have studied the nonlinear behavior of
soils. An experimental study was carried out on models of piled rafts, and
four piles with a diameter of 25 mm and a length of (300, 400, and 500)
mm were taken, with a raft of (180x180) mm, and compared with the
piled-raft system of 180 x 180 raft and nine piles of 19 mm and 500 mm in
diameter and length, respectively. They were tested for raft resistance,
number of piles, length, and diameter while maintaining the spacing
between piles. Test results showed the raft performance improved by 76%
when adding piles. The increase in the (L/D) ratio for variable (L) length
leads to an increase in pile share of 87% for the groups (2x2). Also, pile
share was increased by 10% with a decrease in the diameter of piles and
an increase in the number of piles in the group. Therefore, the increment
in each pile’s skin friction results in an increase in the bearing capacity of
each pile.

1. Introduction:

Because the raft and piles work together to carry the applied loads from the structure to the deep soil, piling
rafts are an economical foundation option in many cases. The piles are often employed as settlement "controllers"
since they allow the differential deflections in the raft to be managed (Small & Poulos, 2007).

Foundations are designed to safely and economically transfer the load of a building to the soil, ensuring the
structure's dependability and ease of maintenance (Sinha & Hanna, 2017). According to Basile (2015) and Poulos
(2001), in recent years, many structures (especially high-rise buildings) have been built using mixed-piled raft
foundation systems. Piled raft projects must consider numerous elements, including pile stiffness calculation, pile
arrangement, raft thickness, type of reinforcement, and calculations appropriate to estimating raft displacement.
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Mandolini et al. (2013) suggest making use of the "piled raft concept,” which requires thinking about piles that
"cooperate" with rafts rather than being viewed as an "alternative" to rafts in the traditional sense. Consequently,
piled rafts are considered to be a type of foundation that contains several interfaces due to the interconnected
nature of the piles that lie beneath the raft. Butterfield & Banerjee (1971) discovered that the pile cap has the
potential to influence the load-settlement behavior and the load-distribution mechanism between the piles and the
cap.

2. Methodology:

In this paper, poorly graded sandy soil is used. Steel models were used as rafts, aluminum tubes as piles, and
a piled raft model was formed. All tests were conducted inside the laboratory.

2.1 Case Study

In the laboratory, experimental modelling has become one of the most effective tools for analyzing engineering
issues. The experimental model study was performed with the size of the raft (180 x 180 x 20) mm, the dimensions
of the pile (length, L = 300, 400, 500 mm), the number of piles (4), the pile diameter, Dp = 25 mm, and a second
model for comparison. The dimensions of the pile are the length (L = 500 mm) and the pile diameter (Dp=19
mm). But the number is nine.

3. Test Setup:

A laboratory test model was prepared in the laboratory to simulate reality, as shown in Figure (1), which
consists of a soil tank with dimensions of 1000x1000x800 mm. This tank was placed in an iron structure to resist
the applied forces. This structure contains a hydraulic jack with a capacity of 50 tons installed at the end of a load
cell with a capacity of 10 tons. The cell was connected to a load indicator to measure the load on the raft. Accurate
stress gauges with dimensions of 7.4 x 4.1 mm were also used, and they were attached to the piles and connected
to a stress indicator to measure the strains in the piles. Use (LVDT) 50 mm and connect it to the settlement
indicator to measure the settlement at the centerline of the raft model. A digital indicator, 0.01 mm / 0.0005" (0 ~
25.4 mm / 1"), was used to enhance the accuracy.
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Fig. 1 Setup of the laboratory model.
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4. Material:

4.1 Soil properties

The experiment employed sandy soil from the southern Iraqgi province of Thi Qar. The maximum and
minimum bounds for soil dry unit weights were determined using ASTM (D4253, 2000). The specific gravity
test was carried out using ASTM (D-18, 2006) standards; the grain size distribution depicted in Figure (2) was
analyzed using ASTM (D422, 2007) standards; and the internal friction angle was determined using ASTM
(D3080, 2011) standards. Table (1) provides a full description of the physical characteristics of the soil sample.

100 Particle Size Distribution Curve

D;0=0.215 mm
80 D5, =0.385 mm

D¢, =0.685 mm
60 60

40
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20

10.00 1.00 0op Passing 0.10 0.01

Fig. 2 Sand's grain size distribution.

Table 1 — Physical characteristics of the sand under test.
Property Value

Analysis of grain size

Classification (USCS)* SP
D1o 0.215 mm
Dso 0.385 mm
Dso 0.685 mm
Ce 1.01
Cu 3.19
Gs 2.564
Weights of dry units
vd (max) 18.96 KN/m3
vd (min) 15.41 kKN/m3
vd (test) 17.67 KN/m3
Dr 70.73 %
Void ratio
€ max 0.664
€ min 0.352
€ test 0.444
) 39°

* USCS refers to Unified Soil Classification System
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4.2 Piled Raft

The pile models in this study were constructed using aluminum hollow profiles with thicknesses of (1.10 and
1.30)mm and circular diameters of 19 and 25 mm. When L is the length of the pile and d is the outer width of the
pile, the embedding ratio (depth to width) is equal to 12, 16, 20, 26. All tests maintain the distance between piles
at 3xD, where s is the distance between piles. A flat surface steel with a thickness of 20 mm was also used to
model the raft used in the test, as shown in Figure (3), representing the models used in this study. The size of the
raft is (180 x 180 x 20) mm. Pile group (3 x 3) D 19 mm, (2 x 2) D 25 mm

A.  L500mm B. L 400 mm C. L300 mm

1. Raft (180x180mm), Diameter pile 25mm

L 500 mm

2. Raft (180x180mm), Diameter pile 19mm

Fig. 3 represents the models used in this study.

4.2.1 Configurations of Pile Groups

In this investigation, pile group shapes that are symmetrical were chosen. The pile group prototypes employ
two distinct pile arrangements. Groups (A) comprise piles (2x2) of diameter 25 mm and group (B) (3x3) of
diameter 19 mm, as shown in the schematic diagram for the pile groups in Figure (4)
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Fig. 4 Pile group arrangements used in the experimental tests.

5. Density proofing methods:

Using an electric vibrator for 15 seconds with a wooden plate to keep the sand particles from breaking was the
ideal approach to determine the required density after a number of experiments to identify the best way to maintain
the density and attain the relative density of 70 percent, as shown in Figure (5). Yetimoglu et al. (1994) employed
a similar technique.

Fig. 5 Vibrating used in the technique.

6. Vertical load Application:

A mechanical jack was used to apply a vertical load. The test was continued, recording a continuous settlement
of the piled raft under variable load incremental at 10 KN/min. The value of the applied load was read using a load
cell, while the central settlement of the raft was measured using an LVDT of (LIN: £0.1%) resolution, and the
value of strain in piles was read using the PLX-DAQ_R2 PC by strain indicator. The above steps were repeated
for each test. Figure (6) shows the piled-raft model ready to be tested.
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Fig. 6 Piled raft model ready to be tested.

7. Results and Discussion:

After the practical experiment, the load-bearing capacity of the piles for the applied load and the settlement
amount achieved in each group were known. Each pile has a specific cross-sectional area; the width of the columns
(D) and the length (L) are different; the thickness of the raft is constant; and the spacing between the piles (3xD)
is constant. The settlement at the midpoint against the vertical pressure applied at the center is plotted in the figures
below.

Figures (7) and (8) show the behavior of the raft, the piles, and the piled raft when the modulation ratio (L/D)
is (20, 26), respectively. Figure (9) also shows the behavior of changing the length of the piles at the embedding
ratios 12, 16, and 20. As for the comparison between changing the diameter of the piles and their number with a
constant length, its behavior was found, as illustrated in Figure (10).
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Fig. 7 Load — settlement curve for (2x2) unpiled raft, total on piles, piled raft (L=500, D=25) mm
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Fig. 8 Load — settlement curve for (3x3) unpiled raft, total on piles, piled raft (L=500, D=19) mm
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Fig. 9 Load — settlement curve for (2x2) raft, piled raft (L=500,400,300, D=25) mm

After studying the previous Figures (7) and (8), which represent the behavior of the raft and the behavior of
the piles (2x2) with an embedding ratio (L/D) = 20. It was found that the piles reduced settlement by approximately
70%. When using the piled raft, the bearing capacity increases and decreases settlement. But when changing the
diameter of the piles with the length constant, with the group (3x3) with the constant dimensions of the raft, and
at the inclusion ratio (L/D) = 26, the settlement decrease ratio is 74%. But the bearing capacity increased by 10%.
This shows that the smaller the diameter of the pile, the greater the penetration of the piles into the soil; thus, the
Settlement increases, and the resistance in the piled raft decreases.

Figure (9), which represents the behavior of the piles with the raft, shows that when the length of the pile’s
changes, as the length of the piles grows and settlement falls, the bearing capacity rises.
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Fig. 10 Load-settlement curve for (3%3) with D=19mm, (2x2) with D=25mm, piled raft
(raft 180x180) mm.

According to these figures (10), reducing the diameter of the piles while increasing the number of piles in the
group improves the load-carrying capacity and reduces settlement by 74%.

8. Bearing capacity Ratio:

Piles are one of the ways to improve the soil, as they increase its resistance and reduce settlement. As shown
in Figure (11), which shows the ratio of the bearing capacity to the length of the piles used
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Fig. 11 Ratio of the load capacity to the length of the piles used

After studying Figure (11), it was found that when the piles' length and diameter increased, the foundation's
ratio bearing capacity percentage increased.

9. Conclusions:
The primary findings of this study are derived from the experiments conducted as follow:

1- For the (2x2) group, the maximum difference in experimental settlement at the centre of the raft is 7.2 mm, as
pile lengths increase from 300 to 500 mm.
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2- The piled raft model's load-carrying capability rose by almost 87% when pile lengths went from 300 mm to
500 mm. This is because pile skin friction increases and the soil becomes stiffer in depth.

3- As the number of piles increased and their diameter fell in the group, the pile raft model's carrying capacity
increased by around 10% and settlement was reduced by 74%.
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