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Abstract 

The load that is carried by soil underneath piled raft is 

considered a focus of attention subject that took many 

researchers attention to solve and understand the complex 

interaction between the soil and piles underneath piles raft 

systems. In the present study, the load sharing, the way of the 

load distributed and mechanism between piles and soil are 

investigated and analyzed through a finite element numerical 

analysis. The analysis program consists of four groups of 

piles; first group is a pile cap with four piles. Second group is 

a pile cap with six piles. Third group is pile cap with nine 

piles and finally four group is pile cap with twelve piles. Each 

group is analyzed with respect to pile spacing at three 

diameters while keeping the pile length and diameter constant. 

It was concluded that, the values of load carried by pile 

underneath piled raft before redistribution were from 96.65 % 

to 97.50 % from total load. However, the values of load 

carried by soil underneath piled raft before redistribution were 

found to be from 2.50 % to 3.35% from total load. In addition, 

most of loads carried by the soil underneath piled raft are 

redistributed and transferred to piles at the top half of pile 

lengths in two directions (x- and y). However, 71.00% to 

95.50 % from the load carried by soil underneath piled raft 

redistributed again to piles. 

Keywords: Redistribution, piled raft, finite element, 

underneath, pile numbers. 

 

INTRODUCTION 

The use of piled raft foundations has been considered as an 

economical alternative to conventional deep foundations 

because a portion of the applied load is thought to be 

transferred to the raft. The interaction between piles and soil 

underneath piled raft foundations is considered to be 

complicated. Many researchers developed several models to 

analyze the piled raft foundation systems while the analysis of 

interaction between soil and piles and how the load is 

distributed underneath piled raft needs more investigations. 

Ta, L. D. And Small, J. C., (1996) presented a method for 

analyzing piled raft systems constructed in layered soils. The 

method includes both finite element for rafts and layer for soil 

and pile in group. The method can be used in layered soils and 

soil can be homogenous, non-homogeneous or having cross-

anisotropic properties. Some examples were presented for the 

analysis of piled raft in layered soils [1]. 

Akanksha. T, and Rajendra. B. (2013) presented a model to 

understand the effects of raft thickness, number and length of 

piles on the load shared by the piles. The load shared by the 

piles was computed from the model tests as well as 

theoretically in terms of piled raft coefficients. It was 

observed that the total load shared by the piles decreased with 

the increase in the load [2]. 

Singh, N. T. and Singh, B., (2013) studied the behavior of 

load sharing of piled raft foundations by an elastic analysis of 

piled raft foundations in clay soil with respect to soil modulus, 

pile spacing and length and raft thickness. Increasing the raft 

thickness has no effect on load sharing in soft soil. The unit 

skin friction developed around and along the pile increases 

with depth as well as pile spacing. Mostly, the load applied to 

the raft is taken cared by the pile through skin friction. If the 

soil is hard, whatever load goes to the raft is taken cared by 

the soil under raft. [3]. 

Kiyoshi, Y. et al. (2014) investigated the behavior of load 

sharing between raft and piles based on the monitoring of 

eleven structures. For three of the structures, foundation 

behavior during the Tohoku Earthquake was monitored. No 

changes in load sharing were noticed after the earthquake for 

the investigated buildings and the load carried by piles ratio to 

the effective load decreased when pile spacing increased [4]. 

Park, D. et al. (2014) investigated the load carrying behaviors 

of piled rafts with focusing on individual load-settlement 

responses of piles and raft on piles. Also, Park, D. et al. 

proposed a model based on load sharing for piled rafts using 

the normalized non-linear load-settlement relationship. The 

proposed model results conducted a centrifuge load tests. It 

was concluded that the load sharing ratio decreases during the 

initial settlement range and decreases more when settlement 

increase. It was observed that the load sharing ratio also 

reduced within the initial settlement due to the earlier 

mobilization of pile load capacity [5]. 

Watcharasawe, P. K., Kitiyodom and Jongpradist P. (2015) 

presented a numerical analysis of the piled raft and pile group 

foundation systems for low-rise (8-storey) and high-rise (25-

storey) buildings with 1-2 basement levels in subsoil 

conditions of the central part of Thailand, using three-

dimensional Finite Element Method. The soils were modelled 

with hardening soil model and Mohr-Coulomb model. [6]. 

Alshenawy, A. O. et al. (2016) studied the pile raft foundation 

coefficient in sandy soil considering the load sharing behavior 

between the raft and piles through analyzing and investigating 

a 3D finite element models. The length of piles was taken into 

consideration with keeping the pile diameter constant. The 

influence of the incremental increase of pile length on the 

piled raft coefficient is more pronounced in short piles than 
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the longer ones. It was found that the piled raft coefficient 

decreases when increasing pile spacing. However, the raft 

thickness has a negligible effect on the piled raft coefficient 

[7]. 

Elsamny, M. K. et al (2017) presented the ultimate capacity of 

pile groups in sandy soil. The displacement was measured 

along the pile shaft. The test results showed that the ultimate 

capacity of single pile increases with increasing number of 

piles. In addition, it was found that more than four number of 

piles in pile group, there is no significant increase. [8]. 

Elsamny, M.  K.  et al (2017) investigated the load sharing 

between soil and pile to study the distribution of applying 

loads at pile raft. In addition, the experimental program 

consisted of six group of piles in sand under axial 

compression load. It was found that the percentage of the 

transferred load of single pile at pile tip = 13.5% from the 

ultimate capacity. Also it was found that the percentage of 

loads transferred to the soil underneath the pile caps = 0.88 to 

1.10 % from the ultimate bearing capacity. In addition, for 

pile groups it was found that the percentage of loads 

transferred to the soil at pile tip = 4.20 to 2.53 % and 

transferred to the soil by friction = 94.70 to 96.59 % from the 

ultimate bearing capacity [9]. 

Based on the literature review presented in this paper it can be 

reported that the load redistribution and interaction between 

soil and piles underneath piled raft needs more investigations. 

 

FINITE ELEMENT ANALYSIS 

Finite element analysis takes into account the effect of the 

interaction factors such as pile-pile, pile-raft, raft-soil and 

pile-soil interactions in the analysis process. Therefore, the 

finite element method was selected in the present study to 

develop numerical models to study the load sharing and 

redistribution of loads between piles and soil underneath piled 

raft foundations. The finite element analysis has been 

performed using the finite element software PLAXIS 3D 2014 

in which the raft was modeled as a plate element, piles were 

modeled as embedded piles and its behavior is assumed to be 

linear. The soil is simulated by a semi-infinite element 

isotropic homogeneous elastic material and the model used is 

Mohr-Coulomb. 

NUMERICAL PROGRAM : 

A numerical analysis was conducted to study the interaction 

between piles and surrounding soil underneath piled raft 

foundations, how the loads carried by soil are redistributed 

underneath piled raft. The chosen site selected for 

investigation is a (11) story residence project in Beni-Mazar, 

El Minya Governorate, Egypt Figure (1) illustrates a borehole 

for the soil used which was conducted. In this study the 

borehole for the previous site was chosen to be used in the 

analysis. The analysis program consists of four groups of 

piles; first group is a pile cap with four piles. Second group is 

a pile cap with six piles. Third group is pile cap with nine 

piles and finally four the groups is pile cap with twelve piles. 

Each group is analyzed with respect to pile spacing of three 

pile diameter while keeping the pile length and diameter 

constant. Figures (2) shows a layout for the four groups of 

piles while the analysis program is shown in Table (1). 

layer

 

Figure 1. Borehole log for soil used in Beni-Mazar, El Minya, 

Egypt project. 

      
(a) group (1) 4 piles.        (b) group (2) 6 piles.                (c) group (3) 9 piles.               (d) group (4) 12 piles. 

Figure 2. Layout of pile groups 
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Table 1. Numerical program. 

Group Pile 
Number 

Pile 
Length 

Pile 
Diameter 

Pile Spacing 

Group (1) 4 Piles L = 10 m D = 0.60 m Three 

diameter= 

(1.8m) 
Group (2) 6 Piles 

Group (3) 9 Piles 

Group (4) 12 Piles 

 

MATERIAL PROPERTIES USED IN THE ANALYSIS : 

The soil is simulated by a semi-infinite element isotropic 

homogeneous elastic material, the type of soil is clay and 

sand. The used material properties are listed in Tables (2) and 

(3).  

 

 

Table 2. Soil Material properties. 

Parameters Layer 1 Layer 2 Layer 3 Layer 4 Layer 5 
Material Model Mohr 

Coulomb 

Mohr 

Coulomb 

Mohr 

Coulomb 

Mohr 

Coulomb 

Mohr 

Coulomb 

Type of Material Clay 

(Fill) 

Medium Clay Soft 

Clay 

Sandy silt Fine to med. sand 

Thickness (m) 1 3 1 3 7 

Unit weight, γ (kN/m3) 15 16.6 15.6 17 17.5 

Young’s modulus, Es 

(kN/m2) 

2000 5000 3000 7500 15000 

Poisson’s ratio, ʋ 0.3 0.4 0.3 0.3 0.25 

cohesion, Cu (kN/m2) 30 40 12.5 25 0 

Friction angle, Ø (deg) 0 0 0 25 30 

Dilatancy angle, ¥ (deg) 0 0 0 0 0 

 

Table 3. Pile and raft material properties. 

Parameters Pile Raft 

Material Model Elastic Elastic 

Type of Material Concrete Concrete 

Thickness / Diameter (m) 0.60 0.60 

Unit weight, γ (kN/m3) 25 25 

Young’s modulus, Es (kN/m2) 24x106 24x106 

Poisson’s ratio, ʋ 0.2 0.2 

cohesion, Cu (kN/m2) - - 

Friction angle, Ø (deg) - - 

Dilatancy angle, ¥ (deg) - - 

 

ULTIMATE PILE LOAD FROM THEORETICAL 

APPROACHES: 

The pile ultimate capacity used in this analysis has been 

estimated through theoretical method by using Meyerhof 

(1976) [10]. The theoretical ultimate capacity for single pile 

used was taken 750 kN. However, the total applied load for 

group (1), group (2), group (3) and group (4) is 3000, 4500, 

6750, and 9000 kN respectively. 

 

 

FINITE ELEMENT MODELS: 

Finite element models were developed by using PLAXIS 3D 

2014 software for the four groups of piles with spacing equal 

three diameters as shown in Figures (3) to (16). The general 

Side view (soil layers) – for model of groups before applied 

load is show in Figure (4). Pile layout and unreformed and 

deformed mesh for all group are shown in Figures (5) to (16)  
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Figure 3. General plan (Top view) – for model of groups 

before applied load. 

 

 

Figure 4. General Side view (soil layers) – for model of 

groups before applied load. 

 

 

Figure 5. Pile layout – group (1) – four piles before applied 

load. 

 

Figure 6. Undeformed mesh – group (1) – four piles before 

applied load. 

 

 

Figure 7. Deformed mesh – group (1) – four piles after 

applied load. 

 

 

Figure 8. Pile layout – group (2) – six piles before applied 

load. 
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Figure 9. Undeformed mesh – group (2) – six piles before 

applied load. 

 

 

Figure 10. Deformed mesh – group (2) – six piles after 

applied load. 

 

 

Figure 11. Pile layout – group (3) – nine piles before applied 

load. 

 

Figure 12. Undeformed mesh – group (3) – nine piles before 

applied load. 

 

 

Figure 13. Deformed mesh – group (3) – nine piles group 

after applied load. 

 

 

Figure 14. Pile layout – group (4) – twelve piles before 

applied load. 
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Figure 15. Undeformed mesh – group (4) – twelve piles 

before applied load. 

 

 

Figure 16. Deformed mesh – group (4) – twelve piles after 

applied load. 

 

FINITE ELEMENT RESULTS   

The obtained results from the numerical analysis are shown as 

follows: 

LOAD DISTRIBUTION UNDERNEATH PILED RAFT 

FOUNDATIONS : 

The total displacements in soil for all groups with spacing 

from three diameters indicate that the loads carried by soil 

underneath pile cap is transferred to piles. When the soil is 

deformed and displacement occurs the loads is transferred 

once more to the piles. Total displacements for all groups are 

shown in Figures (17) to (20). 

 

 

 

Figure 17. Total displacement for group (1) - four piles. 

 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 9 (2018) pp. 7107-7121 

© Research India Publications.  http://www.ripublication.com 

7113 

 

Figure 18. Total displacement for group (2) - six piles. 

 

Figure 19. Total displacement for group (3) - nine piles. 

 

Figure 20. Total displacement for group (4) - twelve piles. 
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The vertical shear stresses underneath pile cap from soil to 

piles for all pile groups are shown in Figures. (21) to (24). 

These figures show that most of load carried by soil is 

transferred to piles at the top half-length of piles. 

 

 

Figure 21. Vertical shear stress underneath pile cap from soil to piles-(Contour) for group (1) - four piles. 

 

 

Figure 22. Vertical shear stress underneath pile cap from soil to piles - (Contour) for group (2) - six piles. 
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Figure 23. Vertical shear stress underneath pile cap from soil to piles - (Contour) for group (3) - nine piles. 

 

 

Figure 24. Vertical shear stress underneath pile cap from soil to piles - (Contour) for group (4) - twelve piles. 

 

 

 

 

 

 

ANALYSIS OF RESULTS 

LOAD TRANSFERRED UNDERNEATH PILE CAP 

FROM SOIL TO PILES : 

From the finite element analysis, the values of total load and 

load carried by soil as well as transferred loads underneath 

pile cap from soil to piles as percentage of total load are listed 

in tables (4). 
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Table 4. Values of total load and load carried by soil as well as transferred loads underneath pile cap from soil to piles as 

percentage of total Load. 

% of Load 

remaining carried 

by soil after 

redistribution 

%  of  Load 

Transferred from Soil 

to Pile after 

redistribution 

% of  Load Carried 

by  Soil before 

redistribution 

% of Load Carried by  

Piles before 

redistribution 

Total Load 

(KN) 

Pile 

Numbers 

Group 

0.73 1.77 2.50 97.50 3000 4 Piles Group (1) 

0.43 2.90 3.33 96.67 4500 6 Piles Group (2) 

0.16 3.19 3.35 96.65 6750 9 Piles Group (3) 

0.13 2.76 2.89 97.11 9000 12 Piles Group (4) 

 

REDISTRIBUTION OF LOAD FROM SOIL TO PILE IN 

(X) AND (Y) DIRECTIONS : 

The obtained results from the numerical analysis showed that 

all the loads transferred to soil underneath pile cap are then 

retransferred to piles in the two directions (x and y). The loads 

transferred from soil to each pile in (x) and (y)- direction for 

all groups are shown in Figurs (25) to (32). 

 

 

Figure 25. Load transferred from soil to each pile – x- direction – four group (1) four piles– 3d. 

 

 

Figure 26. Load transferred from soil to each pile – y- direction – group (1) four piles – 3d. 
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Figure 27. Load transferred from soil to each pile – x-direction – group (2) six piles– 3d. 

 

 

Figure 28. Load transferred from soil to each pile – y-direction – group (2) six piles– 3d. 

 

 

Figure 29. Load transferred from soil to each pile – x-direction – group (3) nine piles – 3d. 
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Figure 30. Load transferred from soil to each pile – y-direction – group (3) nine piles – 3d. 

 

 
Figure 31. Load transferred from soil to each pile – x-direction – group (4) twelve piles– 3d. 

 

 

Figure 32. Load transferred from soil to each pile – y-direction – group (4) twelve piles – 3d. 
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From Figures (25) to (32) it was found that the maximum 

loads transferred from soil to piles in the (x) and (y) directions 

for each pile for the groups are ranged as shown in tables (5) 

and (6). And also transferred to piles at the top depth of piles 

as shown in table (5).  

 

Table 5. Values of total load and load carried by soil as well as transferred loads underneath pile cap from soil to piles as 

percentage of total Load. 

Transferred load to piles  

at the top depth (m) 

Max. loads transferred  

from soil to piles (kN) 

Direction Pile Numbers Group Fingers Number 

2.0 to 4.0 m 9.0 to 17.0 kN X 4 Piles Group (1) 25 

1.0 to 4.0 m 4.5 to 8.0 kN y 26 

1.0 to 3.0 m 3.5 to 14.5 kN X 6 Piles Group (2) 27 

1.0 to 5.0 m 2.5 to 22.5 kN y 28 

1.0 to 5.0 m 5.0 to 15.0 kN X 9 Piles Group (3) 29 

2.0 to 5.0 m 5.0 to 12.25 kN y 30 

2.0 to 5.5 m 2.0 to 9.0 kN X 12 Piles Group (4) 31 

1.0 to 5.5 m 2.0 to 23.75 kN y 32 

  

From the analysis it was concluded that most of loads carried 

by the soil underneath piled raft were retransferred to piles at 

the top half of pile lengths. However, in all groups, the 

arrangement or the number of pile have no significant effect 

on retransferred load from soil to piles. 

 

 

 

A COMPARISON BETWEEN NUMBER OF PILE AND 

THE PERCENT OF LOADS TRANSFERRED FROM 

SOIL TO PILES : 

From the finite element analysis, a comparison between pile 

numbers and load carried by piles is presented in Figure (33). 

A comparison between pile numbers and load carried by soil 

before and after redistribution is shown Figure (34).  

A comparison between pile numbers and load transferred 

from soil to piles the two directions of loads (x and y), is 

shown in Figure (35). 

 

Figure 33. A comparison between pile numbers and percentage of load carried by piles from total load. 
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Figure 34. A comparison between pile numbers and percentage of load carried by soil from total load. 

 

From Figures (33) and (34) It was found that the values of 

load carried by pile before redistribution is from 96.65 % to 

97.50 % underneath piled raft. However, the values of load 

carried by soil before redistribution was found to be from 2.50 

% to 3.35% underneath piled raft. 

It was found also that after redistribution the values of 

transferred load from soil underneath piled raft to be ranged 

from 1.77 % to 3.19 %. However, 71.00% to 95.50 % from 

original load carried by soil underneath pile cap redistributed 

again to piles. 

 

 

Number of piles 

Figure 35. A comparison between number of pile and the percent of loads transferred from soil to piles in (x and y) directions for 

the four all groups of piles (4, 6, 9 and 12 piles). 
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CONCLUSIONS 

From the present study, the following conclusions are 

obtained: 

i. The values of load carried by pile underneath piled 

raft before redistribution were from 96.65 % to 

97.50% from total load. However, the values of load 

carried by soil underneath piled raft before 

redistribution were found to be from 2.50 % to 

3.35% from total load. 

ii. Most of loads carried by the soil underneath piled 

raft are redistributed and transferred to piles at the 

top half of pile lengths in two directions (x- and y). 

However, 71.00% to 95.50 % from the load carried 

by soil underneath piled raft redistributed again to 

piles. 
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