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ABSTRACT: Code based design of piles with NSF consider the NSF force as a dragload to be imposed on the pile as an unfavourable 
design action. These codes like Singapore CP4, UK BS 8004 and the recent EC7 would indirectly factor up the value of the dragload while at 
the same time factor down the positive shaft friction below the neutral plane. Thus the pile design in very deep soft clays typical of Singapore 
and Asean coastal plains will lead to very conservative pile lengths to meet the code requirements. The Unified pile design method of 
Fellenius recognized this deficiency and it allows for better pile design with NSF taking into account the need for both force and settlement 
equilibrium between pile and soil. Fortunately, EC7 also allows for interactive pile/soil analysis using modern FEM tools that can optimise 
pile design for NSF, particularly when the remaining consolidation settlements around the piles are relatively small. This paper will compare 
these methods and provide insights into the proper understanding of NSF effects on pile behaviour, and recommend the way forward for 
rational and economical pile design in settling soils.  
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1. INTRODUCTION 

The current state of practice for design of piles is to place emphasis 
on pile as a capacity determination problem. This entails the 
determination of the pile bearing capacity (or resistance) by means 
of rational theory and verified by a maintained static load test to 
failure. Once the capacity is determined, the pile allowable design 
load can be estimated as the available resistance divided by some 
form of factor of safety to ensure that at working stress conditions, 
the pile is not loaded to a level anywhere near its capacity, so that 
the pile settlements remain small within acceptable limits (usually 
taken as < 25mm). 

Prior to EC7, the BS8004 as well as CP4 used a lump global 
factor of safety approach for pile design. With EC7, the limit state 
approach with the use of partial factors on both the action, as well as 
the resistance side of the equations are employed, to factor up the 
unfavorable actions, and factor down the favorable resistance in one 
of the three design approaches (DA1, DA2 or DA3). For Singapore 
we have adopted in DA1, Combinations 1 and 2 in line with the UK 
practice. 

 
2. DEFICIENCY OF CURRENT CODES ON PILE  
 DESIGN WITH NSF 

When design codes treat pile design as a capacity problem, it leads 
to the definition of NSF as an unfavourable load to be imposed on 
the pile. For example, BS8004 (as well as CP4) defines NSF as a 
downwards frictional force applied to the shaft of a pile caused by 
the consolidation of compressible strata, e.g. under recently placed 
fill. It adds the note that Downdrag has the effect of adding load to 
the pile and reducing the factor of safety. Thus it is implied that the 
NSF can act in such a way as to reduce the factor of safety of a pile 
to less than unity, thus causing a bearing failure of the pile. Clearly, 
this is a faulty incorrect concept that is contrary to reality. The 
reason is that whenever additional loads are place on the head of the 
pile the downward pile shaft displacements relative to the soil will 
only cause more of the shaft resistance to convert from NSF to 
positive shaft friction. 
 

2.1 Typical Example of using CP4 

The code used in Singapore prior to 1 April 2015 is CP4, which is a 
near copy of BS8004 with some modifications. The key equation in 
CP4 governing NSF pile design is in Cl.7.3.6 as below. 

The allowable geotechnical capacity of a pile subject to negative 
skin friction in the long term (Qal) is given by the following general 
equation: 
 

(1) 

Where, 
Qb is the ultimate end bearing resistance 
Qsp is the ultimate positive shaft resistance below the neutral plane 
Fs is the geotechnical factor of safety (usually taken as 2.5) 
Pc is the dead load (DL) plus sustained live load to be carried by 
each pile 
Qsn is the negative skin friction load 
 is the degree of mobilization typically 0.67, although 1.0 may be 
used in specific cases 
 

Clearly the inequality in Eqn. 1 presents a challenging situation 
when we have a case of very thick soft clays of more than 20m 
thickness above the stiffer founding soils below the soft clays. 
Worst still is the common Singapore situation where we have very 
thick reclamation sand fill of more than 20 m thickness on top of a 
still consolidating layer of soft marine clays. In such situations, it is 
not uncommon to have very long piles socketed several more metres 
below the soft clays in order to satisfy Eqn. (1), even for the case of 
carrying a small permanent load of < 300 kN for each pile. This is 
especially so, because in the inequality, we reduced the positive 
shaft friction needed to resist the Dead load (DL) plus the NSF load 
by a factor of 2.5 (ie. multiply by 0.4), while we at most reducing 
the NSF load by 0.67, if we allow for the smallest mobilization 
factor in the equation. This implies that for soils of equal skin 
friction, we need 67% more pile lengths in positive shaft friction to 
balance the same length of pile in NSF. 

 
3.  UNIFIED PILE DESIGN 

To the credit of Bengt Fellenius (1988), he was one of the early 
pioneers who recognised the fallacy of treating NSF as an 
unfavourable action on a pile in settling soils. The Unified Pile 
Design concept was proposed by him back in 1988 in TRB Record 
1169, and was further refined over the years with the support of 
many high quality field research data based on instrumented piles 
from around the world. Much of these publications are summarised 
and discussed in the online E-book by Fellenius (2015) titled the 
Red Book – Basics of Foundation Design readily available at 
www.fellenius.net. 
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