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 ABSTRACT: When the raft foundation alone does not fulfil the design requirement, it may be 

possible to enhance the performance of the raft by economical addition of piles to transfer the heavy 

load to soft soil with a rather low total or differential settlement called a combined pile raft 

foundation (CPRF). The proposed twenty-one storey Dharahara tower at Sundhara, Kathmandu is 

being constructed with CPRF.This paper focuses on the reliability index, the probability of failure 

and reliability of Dharahara. Statistical analysis is carried out to determine the mean and variance 

of log-normally distributed geotechnical uncertainty parameters cohesion, unit weight, friction 

angle and the normally distributed loading on the foundation. First, the limit equilibrium 

performance function equation of bearing capacity is prepared using a First Order Reliability 

Method (FORM) and then solving the value of reliability index by coding on C Programming 

Language. Obtained value is validated with Euro Code-Basis of Structural Design. The results 

show that the reliability of the designed foundation system of Dharahara is 0.99999872% and the 

probability of failure is 0.00000128%. Sensitivity analysis is performed by varying uncertainty 

parameters and the result shows that friction angle is more sensitive than the other three parameters. 
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 1. INTRODUCTION 

To carry out the excessive loads that come 

from the superstructures like high-rise 

buildings, towers, bridges, power plants or 

other civil structures and to reduce 

excessive total and differential settlement, 

only pile or raft foundation is not feasible 

because of the load shearing mechanism of 

the pile-raft-soil (Ayuluri and Krishna, 

2017). Therefore, the combination of two 

separate foundation systems, namely 

Combined Piled Raft Foundations (short 

CPRF) has been developed (Clancy and 

Randolph, 1993). However, the standards 

and design rules for CPRF are not available 

up to now (Ahner, 1998). The problem in 

the design of Combined Piled-Raft 

Foundations has becomes more and more 

important in the recent past years.  

Geotechnical design can be done 

either by deterministic or Probabilistic 

approach. A deterministic approach is the 

conventional one in which the available 

equation and charts are used to assess the 

allowable bearing capacity. Reliability is 

the ability of a structure to comply with 

given requirements under specified 

conditions during the intended life, for 

which it was designed. The same definition 

as in ISO 2394 is provided in Euro code EN 

1990 (BS EN 1990:2002) that the reliability 

covers the load bearing capacity, 

serviceability as well as the durability of a  
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structure. The purpose of the investigation 

is to elaborate on the safety concept for the 

CPRF.  

2. MATERIAL AND METHODS 

2.1 Variation of soil and loading 

parameters  
To carry out a reliability analysis, a detailed 

study of the related uncertainties is 

essential. In regards to the bearing capacity 

of CPRF foundations, there are many By 

means of this equation, safe domains are 

separated from unsafe domains. The safe 

domain is characterized by g > 0 and failure  

 

2.2 Reliability Methods  
Reliability of the system is expressed 

in the form of reliability index (β) 

which is related to the probability of 

failure of the system (Pf). In this 

study, Reliability analysis performed 

for bearing capacity of pile raft 

foundation using the First Order 

second level Reliability Method 

(FORM II). FORM II modelled 

uncertain parameter by the mean 

values and the standard deviations 

and by the correlation coefficients 

between stochastic variables.  

 

2.3 Limit state function  
On the basis of a mechanical model, 

the selected limit state is represented 

by the function:  

g = Q− S,    

 (1) 

Q is the capacity of the structure and 

S is the supply on a structure. The 

performance function g(X) is a 

function of capacity and demand 

variables (X1, X2, …,Xn) which are 

basic random variables for both Q 

and S such By means of this equation, 

safe domains are separated from 

unsafe domains.  

 

 

The safe domain is characterized by g > 0 and 

failure occur if g≤ 0.   

2.4 Reliability Index  

i. Reduced Variables  

It is convenient to convert all random 

variables to their standard form, which is a 

non-dimensional form of the variables. For 

the basic variables Q and S, the standard 

forms can be expressed as: 

 

 

 

 

Figure 1 - Reliability index defined as the shortest distance 

in the space of reduced variables (Xue and Nag, 2011). 
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