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Abstract— People today want to remain in metropolitan 

regions in this era of development and globalisation. High 

rise buildings, bridges, nuclear power plants, and other tall 

and substantial constructions are in high demand. Large 

structures should be built to be able to support heavy loads 

with little settlement. A foundation that satisfies this 

condition is therefore crucial. One such foundation that can 

support heavy loads with little settlement is the piled raft 

foundation. It is widely utilised by designers for huge 

constructions in weak soil conditions, such as high-rise 

buildings, bridges, etc. When designing piled raft 

foundations, special care must be taken to prevent the 

possible collapse of tall residential or commercial buildings 

during an earthquake since piled raft foundations support the 

weight of important structures like high rise buildings. Three 

different earthquake load circumstances have been developed 

and examined for the piled raft system. A 3D model is taken 

into consideration for the most approximate and trustworthy 

outcomes while modelling and analysing piled raft 

foundation. A superstructure frame and a heaped raft base 

make up this model. The piled raft foundation is a composite 

building made of soil, rafts, and piles. For practical results, 

the stacked raft foundation is attached to the superstructure 

frame. 
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I. INTRODUCTION 

Previous research suggested that piled raft foundations are 

more effective when built on stiff soils like dense sands or 

over consolidated clays (where the contact between the raft 

and the subsoil remains intact), where the raft alone provides 

the necessary bearing capacity with an allowable margin for 

safety and the piles are added to act as settlement reducers, 

either to reduce the average or differential settlements. 

However, some recent studies have made it possible to 

employ piled rafts on soft soils. Determining the load 

proportion between the piles and the raft, or the amount of 

load carried by either the piles or the raft, is the main issue 

that arises in the design of piled rafts. Accordingly, before 

moving on to the design phase, each of the suggested 

approaches aims to first identify the load proportion of the 

system by comparing the stiffnesses of the piling group and 

raft. 

A. Raft Foundation 

For heavy loads, as those in commercial structures, raft 

foundations are typically used. It lessens the pressure on the 

soil by dispersing the total load of the building over a broader 

region. But in some soil situations, it can experience 

significant settlement. The raft foundations are strengthened 

by attaching piles to them in order to prevent this. The term 

"piled-raft foundation" refers to the pairing of piles and raft. 

In terms of economics, safety, and serviceability, the 

combined pile raft foundation, also known as the piled raft 

foundation, is efficient and advantageous. 

II. OBJECTIVE OF STUDY 

 This study's goal is to use the finite element method to 

analyse a 20-story building that is supported by a pile-

raft foundation under dynamic load circumstances. 

 To determine how the piles settled under various 

earthquake-related soil conditions. 

 To contrast the outcome parameters. 

III. METHODOLOGIES  

 

A 3D model is used for the most approximate and reliable 

results when modelling and analysing piled raft foundations. 

A superstructure frame and a piled raft foundation comprise 

this model. The piled raft foundation is a three-part structure 

made up of piles, raft, and subsoil. For realistic results, the 

superstructure frame is linked to the piled raft foundation. 

 Based on FEMA classification of soil depending 

upon shear wave velocity through the soil medium, three 

types of soils are considered for this study. All the three types 

of soil are soft soil. 

Soil Type Es(MPa) μ Ρ Vs(ms) Vp(m/s) 

Very Soft 35 0.4 1600 88.39 216.51 

Soft 75 0.4 1600 129.39 316.93 

Stiff 155 0.3 1800 182 340.47 

Table 3.1: Different soil conditions considered for this study 

 FEMA classification of soil based on the shear wave 

velocity (Vs) through them is given in the following table: 

 Site Classification 
Shear Wave Velocity 

(Vs) (m/s) 

A Hard Rock > 1500 

B Rock 760 < Vs ≤ 1500 

C 
Very Dense soil and soft 

rock 
360 < Vs ≤ 760 

D Stiff Soil 180 ≤ Vs ≤ 360 

E Others and clay < 180 

Table 3.2: FEMA classification of soil based on shear wave 

velocity (Vs) through them 

 The relation between the elastic properties and shear 

wave velocity are as follows: Primary wave velocity, Vp = 

√(K+ 4G/3)/ρ Secondary shear wave velocity, Vs = √G/ρ 

where, 

 K = Bulk modulus of the soil medium G = Shear 

modulus of the soil medium ρ = Density of the soil medium 

 Based on the classification shown in the above table, 

the soil considered in this study can be classified as very soft 

soil, soft soil and stiff soil. 
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A. Finite Element Model 

In this project, a finite element analysis software tool called 

ANSYS APDL is used for model simulation and analysis. 

The beams and columns are represented as lines, the slabs 

(floor slabs, roof slabs, and raft slabs) as areas, the piles as 

volume, and the soil as volume. The following table lists the 

various types of elements used in this project: 

MODEL ELEMENT TYPE 

Beam BEAM188 

Column BEAM188 

Piles SOLID185 

Floor and Roof slab SHELL181 

Raft SHELL181 

Soil Block SOLID185 

Spring Dampers COMBIN14 

 

 
Fig. 3.1: 3d Model of Foundation 

 The dimensions of the beams and columns for the 

given frame were determined by trial in STAAD Pro, and the 

reactions on the bottom most columns were calculated. The 

piles and raft were designed using these reaction values. 

Using these details, the piled raft structure was modelled in 

ANSYS using the various element types listed in Table 3.3 

and static load conditions were evaluated. The element 

COMBIN14 was then used to create viscous boundary 

conditions at the soil medium's boundaries. For transient 

analysis, a standard code has been developed that will execute 

the analysis by taking input acceleration from a text file in a 

predefined format. Table 3.1 displays the system's analysis 

results for three different earthquake loadings on three 

different soil conditions. Maximum roof displacement, inter-

storey drift, pile settlement, bending moment, and shear force 

on piles will be compared. 

IV. RESULTS 

A. Modal Analysis 

Modal analysis has been carried out on the model with 3 

different soil types to find the natural frequencies. The natural 

frequencies of the model are given in the table below: 

Soil Type Natural Frequencies(Hz) 

Fixed Base 0.42759 

Very Soft 0.38539 

Soft 0.41263 

Stiff 0.43357 

B. Maximum Lateral Displacement at Roof Level of the 

Building Frame 

Soil 

Type 

Displacement in +ve 

X-direction (mm) 

Displacement in -ve 

X- direction (mm) 

Very 

soft 
46.806 61.803 

Soft 26.287 46.585 

Stiff 26.905 35.844 

Table 4.2: Maximum lateral displacement at roof level of 

the building when subjected to El-Centro earthquake load 

 From this table, it is observed that the percentage 

reduction in deflection of roof top in soft soil and stiff soil are 

24% and 42% respectively in comparison to that of very soft 

soil. 

The time history of the displacement of the roof level when 

subject to El-Centro earthquake is presented below: 

 
Fig. 4.1: Time history of displacement of roof level for El-

Centro earthquake 

1) Displacement of Roof Level under Loma Prieta 

earthquake 

Soil 

Type 

Displacement in +ve 

X-direction (m) 

Displacement in -ve 

X-direction (m) 

Very 

soft 
71.977 80.234 

Soft 44.579 57.061 

Stiff 34.441 37.262 

Table 4.3: Maximum lateral displacement at roof level of 

the building when subjected to Loma Prieta earthquake load 

 From the above table it is observed in case of Loma 

Prieta earthquake, the reduction in deflection of the roof level 

is about 29% and 53% respectively in soft soil and stiff soil, 

as compared to that of very soft soil. 

 The time history of displacement of roof level when 

subjected to Loma Prieta earthquake is presented below: 

 
Fig. 4.2: Time history of displacement of roof level for 

Loma Prieta earthquake 

 Here, the displacement till the time 4.5 secs is nearly 

equal in all the three soil types. From there on, the 
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displacement in the soft soil is much more than that of the 

other two soil types. 

2) Displacement of Roof Level under Kobe earthquake 

Soil 

Type 

Displacement in +ve 

X-direction (mm) 

Displacement in -ve 

X- direction (mm) 

Very 

soft 
28.573 40.251 

Soft 17.361 27.787 

Stiff 13.061 22.476 

 In case of Kobe earthquake, the reduction in 

deflection of roof level in soft soil and stiff soil is about 31% 

and 44% respectively compared to that of very soft soil. 

 Time history of displacement of roof level when 

subjected to Kobe earthquake is presented below: 

 
Fig. 4.3: Time history of displacement of roof level for 

Kobe earthquake 

 Here the displacement in case of very soft soil is 

much more than that of soft and stiff soil. The difference in 

the displacement in case of soft soil and stiff soil is less. 

 Time history of displacement of the roof level in 

different earthquakes for the same soil is given as follows: 

 
Fig. 4.4: Time history of displacement of roof level for very 

soft soil 

 
Fig. 4.5: Time history of displacement of the roof level for 

soft soil 

 
Fig. 4.6: Time history of displacement of the roof level for 

stiff soil 

 The comparison for the displacement of the roof 

level in different conditions under different earthquake is 

presented in the chart below: 

 
Fig. 4.7: Absolute maximum displacement at roof level in 

different soil under different earthquake 

 
Fig. 4.8: Absolute maximum lateral deflection of pile head 

in different soils under different earthquakes 

 
Fig. 4.9: Absolute maximum shear force at the base level 

column in different soils under different earthquakes 
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Fig. 4.10: Absolute maximum bending moment at the base 

level column in different soils under different earthquakes 

V. CONCLUSION 

 The lateral displacement of the building increases as the 

stiffness of the soil decreases. In comparison to very soft 

soil, the percentage reduction in deflection of the roof top 

in soft soil and stiff soil for the El-Centro earthquake is 

24 percent and 42 percent, respectively. When compared 

to very soft soil, the Loma Prieta earthquake reduces 

deflection by about 29 percent and 53 percent, 

respectively, and the Kobe earthquake reduces deflection 

by about 31 percent and 44 percent. 

 The reduction in pile head deflection in soft soil and stiff 

soil is 38% and 48%, respectively, when compared to 

very soft soil for the El-Centro earthquake. In the case of 

the Loma Prieta earthquake, the reduction is 

approximately 42 percent and 72 percent, respectively, 

and in the case of the Kobe earthquake, the reduction is 

approximately 43 percent and 73 percent. 

 The decrease in lateral displacement with increasing soil 

stiffness is greatest in the case of the Loma Prieta 

Earthquake. 

 The maximum shear force and maximum bending 

moment at the bottom column increase as soil stiffness 

decreases. 

 The reduction in shear force at the base column in soft 

and stiff soil compared to very soft soil is 22% and 33%, 

respectively, in the case of the El-Centro earthquake, 

39% and 67 percent in the case of the Loma Prieta 

earthquake, and 40% and 54% in the case of the Kobe 

earthquake. 

 The decrease in the value of the bending moment at the 

base column in soft soil and stiff soil compared to very 

soft soil is 27 percent and 33 percent in the case of the 

El-Centro earthquake, 45 percent and 61 percent in the 

case of the Loma Prieta earthquake, and 40 percent and 

54 percent in the case of the Kobe earthquake. 

 This study only takes three soil conditions and three 

Earthquakes. More work on this study can be done by varying 

structural parameters such as pile diameter, pile length, raft 

thickness, building height, and so on to obtain accurate and 

reliable results. 
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