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Introduction 

In weak soils with low bearing capacity, the load transfer is done using 

piles. Therefore, by creating an interposed layer separating the pile from the 

raft, reactions between raft and pile head will be reduced and the load-

bearing role of shallow soil will be more than contact pile situation. 

Normally, the pile head and shallow soil have a settlement equal to the raft. 

Thus, the relative settlement of pile and soil in pile head is equal to zero and 

at the bottom is high and the body friction mobilizes upward. In addition, a 

portion of load is tolerated by shallow soil and the other portion is tolerated 

by the pile head, which would be transferred to deeper soil layers. In 

noncontact state, with the formation of a hard soil layer on which the raft is 

located, soil mechanical parameters will be improved; while in contact state, 

the settlement will be decreased by reducing the amount of transferred load 

to the shallow soil. The transferred load to the shallow soil increases vertical 

and horizontal stress around piles, so bearing capacity of piles is increased.  

Methodology 

In this study, a parametric study has been performed concerning contact 

and noncontact piles using finite element software namely, ABAQUS/CAE 

software version 6.13.1 and the obtained results were compared (with what? 

The sentence is incomplete). Thus, simulations are is done for states of 0, 1, 
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4 and 9 piles for each of the contact and noncontact piles (total of 8 

simulations). In the present research two models were taken to investigate 

the optimum mesh sizes, 12 models for parametric studies on parameters of 

piles’ length, piles’ diameter, thickness of the raft and interposed layer and 

one model for verification study. Models in both contact and noncontact 

have been considered with a one meter interposed layer. Raft width and 

thickness were selected 7.5 and 1.6 m, respectively. Width and depth of the 

soil mass used in the model were 32 and 26 m, respectively, and the distance 

between the bottom of the pile and the soil mass was 13 m. In all cases, the 

diameter of piles was 0.5 m and distance between piles were 5 and 2.5 m in 

4 and 9 states, respectively. The geotechnical parameters and model 

dimensions used, were selected according to the Fioravante & Girettis 

(2010) [1]. Sand and silica-sand with the defined properties were used for 

the soil mass and the interposed layer, respectively. Since Drucker-Prager 

criteria has better ability to express the behavior of coarse-grained soils, this 

criterion was used in the modeling [2]. The purpose of this study is to 

investigate the influence of interposed layer on bearing capacity and 

settlement of pile. Hence, because of simplifying the process of modeling, 

parameters of main soil and interposed layer are mostly similar. Piles and 

raft are made of concrete with an elasticity modulus of 21 GPa, Poisson's 

ratio of 0.2 and density of 2300 kg/m
3
. The crack growth analysis with the 

compressive stress-plastic strain was used to express the fracture behavior of 

concrete [2, 3 & 4]. In the present study, frictional and vertical contacts 

between surfaces were considered for conducting interactions between 

different materials. For frictional contact, the penalty formulation with the 

fixed friction coefficient of tanδ was used where δ is the angle of friction. 

The penalty formulations and hard contact were applied between two 

surfaces for the normal contact. Interactions were considered in the modeling 

including raft-soil mass, raft-interposed layer, pile-raft, interposed layer-soil 

mass, interposed layer-pile and the soil-pile [5 & 6]. Coefficient of soil 

lateral pressure used in this study corresponds to k0=0.65 which is 

introduced in many geotechnical conditions [7]. A uniform distributed 

vertical load 500 kPa was applied on the raft. For getting results in every 

portion of loading time, this amount is applied in order of 5 kPa in each time 
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interval. To accelerate the process of analysis and because of the symmetry 

of all models in two directions of X and Y, the quarter model technique was 

used, so that movements in the direction perpendicular to the sheet and 

rotation around perpendicular axes on the sheet were not allowed on the 

border of symmetry. The boundaries of the models due to the enough 

distance from the piles were considered in a way that lateral displacement 

and rotation around the vertical axis was not allowed. Furthermore, the 

bottom of the soil mass was considered as complete fix due to the enough 

distance from the pile foot. 

Conclusion 

In this research, a numerical – parametric study is performed on special 

kind of piles named noncontact piles and results are compared with contact 

piles. Results of this study can be summarized as follows: 

1. By increasing the number of piles from 1 to 9, the settlement reduced more in 

a noncontact state showing more effectiveness of implementing 9 

contactpiles and thus requiring more piles in this case. 

2. Soil surface stress differences in noncontacts states from 4 to 9 piles was less 

than contact state (approximately 1/7) indicating that more piles is needed to 

conduct the contact state. 

3. Stress changes in the soil under the pile in noncontact state by adding piles 

from 1 to 4 was higher than adding piles from 4 to 9 indicating the suitability 

of using 4 noncontact piles; while, in the contact state, the stress changes in 

the soil under the pile in both cases from 1 to 4 piles and from 4 to 9 piles 

was noteworthy showing the necessity of using the ninth pile. 

4. Unlike the states of 4 and 9 piles, the negative friction in noncontact state and 

1 pile was seen along the piles, which can be due to the fewer piles and the 

effect of interposed layer density as well as soil mass at greater 

depthsbecause of lesser effect of piles in load-bearing. 

5. The ratio of heads load in the contact to the noncontact piles was about 2.5 to 

4 reflecting the positive impact of using interposed layer on load reduction 

and smaller cross-layer design for piles. In addition, the ratio of heads load 

in the contact to the noncontact piles was higher for 4 piles than 9 piles that 

represented the suitability of using 4 piles. 

6. Based on the results of geometric parametric studies it is found that: 

(A) By resizing the elements from 0.25 to 0.5 m, the results had not changed 

and only time of analysis was increased. 
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(B) Among three values of 0.5, 1 and 1.5 m for interposed layer thicknesses, the 

thickness of 1 m was enough and had a good effect on the stress distribution 

and involving shallow soil in bearing vertical stress. 

(C) The raft thickness of 1.6 m was appropriate so that with this thickness, the 

resultant effect of increasing vertical loads (raft weight) and increased 

rigidity due to increased raft thickness caused the stress and settlements 

remain in a reasonable range. 

(D) Due to the increased friction by increasing in diameter, the optimal diameter 

of 0.5 m was achieved for piles which reduced the settlement by receiving 

more load. 

(E) Among three pile lengths of 10, 19 and 25 m, the optimal length was 19 m; 

so that by further increase in the length, stresses and settlements were not 

noticeably changed.In total, noncontact piles had better performance 

compared to contact piles in similar conditions. 
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