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Specific gravity 2.79
Minimum dry density, yam» (KN/m?) 14.9
Maximum dry density, Yama (KN/m?) 17.6
Particle size at percent finer 10%, D;o (mm) 0.11
Coefficient of uniformity, C, 2.60
Coefficient of curvature, C. 1.09
Raft compressive strength (MPa) 25

Piles compressive strength (MPa) 10

Raft unit weight (kN/m?) 22.6
Piles unit weight (kN/m?) 20.8

Table. 1. Material properties
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Table. 2. Shear strength parameters of sand
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Fig. 1. Variation of deviator stress-axial strain at constant mean
pressure in triaxial test
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S Single pile -
SG-4 Single pile in 2x2 group of piles 5.2
SG-9 Single pile in 3x3 group of piles 2.6
R Unpiled raft -
PR-4 Piled raft with 2x2 piles arrangement 5.2
PR-9 Piled raft with 3x3 piles arrangement 2.6
Table. 3. Summary of test models
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Fig. 4. Average load-settlement variations of single pile and
single pile in group
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Model Mohr-coulomb
Material type Drained

Specific gravity 2.79
Void ratio 0.766
Unit weight(kN/m?) 15.52
Reference modulus, E,.; (kN/m?) 1488
Poisson ratio, v 0.28
Internal friction angle, ¢ (°) 37.37
Dilation angle, y(°) 3.39
Eincrement (kKN/m?/m) 1170

Table. 5. Sand properties used in FEM analysis
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Fig. 5. Average load-settlement variations for test piled rafts
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Model Mohr-coulomb

Material type Drained
Specific gravity 2.79
Void ratio 0.688
Unit weight(kN/m?) 16.24
Reference modulus of elasticity, 4350

Eyer (KN/m?)

Poisson ratio, vmu) 0.243
Internal friction angle, ¢ (°) 42.75
Dilation angle, v (°) 4.32
Eincrement (kKN/m?/m) 1244

Table. 8. Material properties for intermediate ring
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Model Linear elastic
Material type Non-porous
Unit weight(kN/m?) 20.80
Reference modulus, E,.r (kN/m?) 1.535¢7
Poisson ratio, v 0.2

Table. 6. Pile properties used in FEM analysis
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Model Linear elastic
Material type Non-porous
Unit weight(kN/m?) 22.60
Reference modulus, E.r (kN/m?) 2.474¢7
Poisson ratio, v 0.2

Table. 7. Raft properties used in FEM analysis
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Fig. 9.Simulation of single pile with intermediate ring
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Abstract:

Nowadays, the employment of large raft foundations is common in high-rise buildings. The amounts of
settlement in these cases usually are considerable. The settlements are reduced by installation of some piles
beneath the raft, occasionally. This load transfer system is called “piled raft Foundation”. In such cases, the
raft usually carries a high portion of structural loading, and the piles are as the settlement reducer elements.
The number of piles and their configuration are determined in such a way that settlement of the foundation
decreases to an allowable value. In these situations, the configuration of piles is determined in optional manner
and strategically. The foundations are conventionally designed in which the piles carry the total load of
structure and the raft bearing capacity is not taken into account. Numerous studies indicated that this method
is too conservative and the load should be divided between piles and raft. Only when the pile cap is elevated
from the ground level, the raft bearing contribution can be neglected. In a piled raft foundation, pile-soil-raft
interaction is complicated. Although several numerical studies have been carried out to analyze the behaviors
of piled raft foundations, very few experimental studies are reported in the literature. As long as the behavior
of these foundations is not evaluated on experimental or full-scale tests, it cannot rely on analytical and
numerical results. Full-scale loading tests are costly due to the large amounts of forces and reactions.
Therefore, the small-scale experimental study can be an effective way of controlling numerical and analytical
methods. This paper concentrates on study of behavior of piled raft in dry sand by physical modeling and finite
element analysis method. The piles and raft models were made of cast-cast-in-place concrete. The physical
models consisted of single pile, single pile in group, unpiled raft and piled raft foundation. The scale effects
of the models were investigated. Some instruments measured the load contribution between the piles and the
raft. The effect of the piles installation in the group was also investigated. The results showed that with
installation of the single pile in a group, the pile bearing capacity and stiffness increase. In fact, the piles
installation and confinement, increases stiffness of the soil around the pile that decreases soil deformation and
pile settlement. Due to increase of the number of piles beneath the raft, the bearing capacity of raft increase
and its settlement decrease, significantly. By increasing the number of piles, the settlement of the foundation
decreases significantly. At the beginning of the loading, due to higher stiffness of the piles than the soil, the
slope of load-settlement curves for the piled raft is greater. The piled raft with maximum number of piles has
a steeper initial slope in the loading curve. After pile failure, the loading curve reduces and becomes parallel
to that of unpiled raft. Based on the results of this study, with the use of finite element method and the critical
state theory, one can predicate behavior of test model in the full scale dimensions.

Keywords: Piled Raft Foundations, Cast-in-place Concrete Piles, dry Sand, Scale Effect, Finite Element
Analysis.



