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ABSTRACT:  The disconnected piled raft systems are new concept, unlike the conventional piled raft, the pile and the 

raft have no structural connection between each other; the pile mainly acts as settlement reducer in this type of foundation. 

In this study, the disconnected piled rafts subjected to uniform vertical loads, is analysed using FEM software to study the 

structural response of the piles in both connected and disconnected piled rafts systems. The effect of different the pile-raft 

gaps on the structural response of the pile is also studied. The disconnection proved quite efficient in reducing the 

structural stress in piles but tends to reduce the overall stiffness of the foundation.  
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1. INTRODUCTION 

In conventional piled rafts (PRs) systems, the load 

from the raft directly is transferred to the piles. The 

piles being stiffer than the raft takes up most of the 

load share. So, high axial and bending stresses are 

developed in the piles leading to requirement of 

superior quality material for the construction of these 

piles, increasing the cost of construction. In recent 

years, the use of disconnected piled raft (DPR) 

foundations has been gaining increasing popularity. In 

this new concept, there is no structural connection 

between the piles and the raft. This gap can be filled 

with existing soil or an interposed layer with high 

elastic modulus. The load from the raft is directly 

transferred to the soil in the gap which then distributes 

the load amongst the piles, reducing the axial and 

bending stresses in piles.   

In the context of numerical approaches, several 

authors have been performing FE parametric analyses 

on DPRs to investigate the influence of different 

geometrical/mechanical factors. Liang et al. (2003) 

studied in the elastic regime how the cushion stiffness 

and the gap thickness affect load redistribution over 

short (placed along the raft perimeter) and long 

(underneath the raft center) piles; this study suggests 

how to optimise the piling configuration in order to 

evenly distribute the loads and mitigate stress 

concentration on the longer piles. Cao et al. (2004) 

evaluated the effectiveness of disconnected piles as 

settlement reducers by subjecting small scale DPRs to 

vertical loading. In particular, the raft stiffness, the 

length, the spatial setup and the number of piles were 

varied to assess their influence on the average and 

differential settlements. The authors underlined the link 

between the skin friction distribution along the pile 

shaft and the location of the maximum axial force, 

which was found to be located – at variance with PRs – 

deeper than the pile head. This aspect was then 

interpreted as a consequence of the negative skin 

friction along the upper portion of the piles. Fioravante 

and Giretti (2001) confirmed most of the results by Cao 

et al. (2004), especially in terms of axial force 

distribution along the piles. 

2. THE FINITE ELEMENT MODEL 

In this section the main features of the finite element 

model (FEM) employed here are summarized. All the 

numerical analyses have been performed using the 

commercial code PLAXIS 3D (version 2012). 

2.1 Geometric configuration 

The geometry of the FEM model is sketched in Figure 

1. A square piled raft (edge length: Br = 9:0 m, 

thickness: tr = 1:0 m) is resting on different pile 

configurations (one, four, five and nine piles). All the 

piles have a maximum length Lp = 9 m and a diameter 

Bp = 1:0 m, with constant spacing s = 3.0 m for 9 pile 

configuration and s = 2.5 m for 4 and 5 pile 

configuration. To study the effect of the pile-raft gap, 

different gaps (h) were considered which is tabulated in 

Table 1. Note that for 0.0 m pile-raft gap is the 
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conventional PR case with structural connection 

between the piles and the raft. 

Table 1 Different pile-raft gap considered for FE analysis 

h (m) (→) 0.0 1.0 2.0 

np (↓)    

1 1PC0.0 1PC1.0 1PC2.0 

4 4PC0.0 4PC1.0 4PC2.0 

5 5PC0.0 5PC1.0 5PC2.0 

9 9PC0.0 9PC1.0 9PC2.0 

 

The meshed model is shown in Figure 2. The domain 

chosen for the geometry was 60 by 60 meters in both 

the horizontal direction and 40m (vertical direction) 

soil depth below ground was considered for the 

analysis. 

 

Figure 1 DPR configurations for 1-9 piles 

 

Figure 2 Finite element model in PLAXIS 3D 

2.2 Material modelling  

Mohr–Coulomb elasto-plastic behaviour has been 

assumed for the soil, including a linear depth variation 

of the Young modulus to mimic the soil stiffening 

induced by increasing confinement. The piles and the 

raft were modelled as linear-elastic materials. Table 2 

shows the material properties considered for the FEM 

analysis. 

Table 2 Material properties for raft, piles and soil 

 

Parameter Unit Soil Raft Pile 

Unit weight (ϒ) kN/m
3
 18 25 25 

Young modulus 

(E) 
MPa 40 36,000 36,000 

Young modulus 

gradient 
Mpa/m 5 - - 

Poisson ratio ν 0.3 0.2 0.2 

Friction angle ϕ 33 - - 

Dilatancy angle ψ 5 - - 

 

3. RESULTS AND DISCUSSIONS 

The Load-settlement response of the overall foundation 

and the structural response of the piles for all the 

configurations are discussed in this section. 

3.1 Load-settlement response 

The load-settlement response of 9 and 1 pile 

configuration is plotted in Figure 3. 

 

Figure 3 Load-settlement for different configurations 

From Figure 3, we can see that there is a significant 

difference between the 9PC0.0 and 9PC2.0 (DPR case 

being less stiff than PR case). Whereas for the 1 pile 
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configuration, there is much not difference between 

DPR and PR case, this is because of the less number of 

piles.  This difference is because of the fact that the soil 

being more compressible, settles more in DPR case 

than in PR case where there is no direct transfer of load 

to the soil. Nevertheless, DPR is quite efficient in 

reducing the settlements of unpiled raft.  

3.2 Settlements in DPR and PR foundation 

 The settlements for both the types differ from 

each other. On this matter, Figures 4(a), 4(a) and 4(c) 

compares the settlement in different configurations of 

the 9-piles configuration.  

  

 

 

(a) 

 

(b) 

 

(c) 

Figure 4 Settlement contour for (a) 9PC0.0; (b) 

9PC1.0; (c) 9PC2.0  

The settlement contours shows that the soil in the pile-

raft gap in DPR case (with h = 1.0m and 2.0m) settles 

more indicating that the load is directly transferred to 

the soil first and then the pile. Whereas in PR case 

(9PC0.0), the pile takes the load first and then it 

transfers it to the adjacent soil via skin friction. 

3.2 Structural response of the piles 

The structural response includes both the axial and 

bending stress generated in the piles of both PR and 

DPR type of foundation. Note that, maximum axial and 

bending stress generated in the piles will be considered 

for designing purpose.  

3.2.1 Axial load distribution in piles along its depth 

Figure 3 illustrates the axial load distribution in the 

piles along its depth for 9 pile configuration with 

different pile-raft gap (h). From Figure 5, we can see 

that for PR case the maximum axial load (Nmax) 

generated in piles is higher than the piles in the DPR 

case.  

  

Figure 5 Axial load distribution for 9 pile configuration 

 

Figure 6 Normalized maximum axial load (Nmax/V) v/s 

normalized pile-raft gap (h/Bp) 
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In Figure 5, The Nmax is normalized by the total load 

applied to the foundation (V) and pile-raft gap is 

normalized by the pile diameter (Bp). Usually, the load 

at the pile heads is taken as the load shared by the pile 

in conventional PR case but in DPR case the load 

transferred to the pile heads is negligible. This 

contradicts the concept of the PR foundation. Rather, 

DPR can be said to be raft on pile-reinforced soil. From 

Figure 6, we can observe that there is steep drop in the 

maximum axial stress (Nmax) when we reduce the gap 

from 0.0m (PR case) to 1.0m (DPR case). Further 

reduction from 1.0m to 2.0m, the reduction in Nmax is 

not much indicating an upper limit for this relation. 

With the increasing number piles the Nmax is reduced, 

this is due to the fact that with more number of piles 

the total load is shared amongst the piles. 

3.2.2 Bending moments in piles 

The bending moments in piles is an important 

parameter for structural designing of the piles. Due to 

different location of piles in piled foundation, piles are 

subjected to eccentric loading also which creates 

moments in the piles. Usually eccentricity for corner 

piles is more than rest of the piles so higher bending 

moments can be expected than the middle pile. Figure 

7 shows the variation of bending moments in corner 

piles along its depth for different h. 

 

Figure 7 Bending moments for corner piles for 

different pile-raft gaps (h) for 9-pile configuration 

In Figure 7, the maximum bending moment (Mmax) in 

piles is more for the PR (9PC0.0) case than in the DPR 

(9PC1.0 and 9PC2.0) case. This is due to the load 

transferred to the piles is more in the PR case than the 

DPR case. 

4. CONCLUSIONS AND FUTURE WORK 

4.1 Summary 

From the above results observed from the analysis, we 

can conclude the following-  

a) The load-deformation for PR type is stiff than the 

DPR type due to compressibility of the soil in pile-raft 

gap i.e. present in DPR foundations. 

b) The load transferred to the piles in DPR type of 

foundation is lesser than in the case of PR type. This is 

because the soil also takes up significant amount of 

loads reducing the axial and bending stress in piles. 

This reduces the material cost of piles for its 

construction.  

4.2 Future work  

a) The soil in the pile-raft gap in DPR foundation, is 

highly stressed. Ground improvement techniques like 

introduction of layers of geo-grids can possibly 

strengthen the soil.  

b) A rigid interposed layer can be introduced in the 

pile-raft gap, which can possibly distribute the loading 

from the raft uniformly and equally distribute the loads 

to the piles below. This may allow to effectively utilize 

the capacity of all the piles. 
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