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Pr éd i c t i on  a n d  p e r f o r ma n c e  of  b o r e d  c a s t  i n- si t u R C C  pi l es  i n l o a d  t es t s  i n Pa k i s t a n

Pr édi ct i on et  f onc t i onnement  d e s  pi eux  R C C  f abr i qués sur  pl ace et  f or és d a n s  l es essai s  d e  c h a r g e me n t  au 

Pak i s t an

J.AKHTAR, Chief Engineer, Geotechnical Division, Nespak, Lahore, Pakistan 

S.KIBRIA, Senior Engineer, Geotechnical Division, Nespak, Lahore, Pakistan

SYNOPSIS: The improvement in foundation practice in Pakistan has led to an increased reliance on 

optimally designed bored cast in-situ RCC piles. State-of-the-art literature, in this regard, affords 

a number of techniques for prediction of pile capacity as well as interpretation of load test 
results, leading to variable conclusions.

From their experience of design and load testing of piles in diverse subsurface conditions in 

Pakistan, the authors have attempted to establish compatibility between the results of different 

prediction methods and test results interpretation criteria.

1 INTRODUCTION

At present, a number of techniques are available 

in the literature which provide means for predic

ting load carrying capacity and the elastic 

settlement, a pile would undergo during its ser

vice life. Likewise, there is no dearth of lite

rature quoting different criteria for interpre

ting results of actual pile load tests.

Over years, the authors have noted glaring 

discrepancy and wide scatter of opinions regard

ing prediction and interpretation of pile beha

viour during their experience on a number of 
NESPAK projects. The aim of this presentation is 

to reveal the influence of various prediction and 

interpretation techniques on the pile capacity. 

Various comparisons detailed in this paper tend 
to describe the correlations between the predic

ted and the interpreted pile capacities as well 

as the elastic settlements for better understand

ing the influence of method of prediction, inter

pretation and choice of factor of safety on pile 

capacity.

2 PREDICTION OF PILE BEHAVIOUR IN PAKISTAN

Estimation of the load carrying capacity and 

settlement of a bored cast in-situ R.C.C. pile 

is dependent upon a number of factors viz. type, 

quantum and quality of field and laboratory 

studies, applicability of selected physical, 

strength and elastic parameters of subsurface, 

method of prediction used (Thorburn, 1979), choice 
of factor of safety and above all by experience 

of the Engineer making such predictions.

3 PERFORMANCE OF PILES IN LOAD TESTS IN PAKISTAN
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Fig. tto), PREDICTED VS INTTP.PRETED ULTIMATE PILE 
CAPACITY (PREDICTIONS BY MEYERHOF 
METHOD)
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Flj I (b): PREOICTED VS INTERPRETED ULTIMATE P LE  

CAPACITY ( PREDICTIONS BY SKEMPTON 
METHOD)

Generally, different engineering agencies in 

Pakistan use various documented interpretation 
criteria for their piling projects. A strong 

need is being felt for an integrated research on 

this issue for systematising future course of 
action.
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4 CURRENT STUDY PROGRAMME

The piles at five piling project sites in 

Pakistan, representing different subsurface 

conditions, were selected for this study as 

detailed in Table-1.

Table 1. Project soil and pile information

Project

Soil

Code

No.

Soil Description

Pile

Length

(m)

Pi le 

Dia

(m)

Grain Silos, 

Chichawatni

1 Medium-dense, 

SANDY SILT

15.2 0.46

Bridge, Wan 

Radha Ram

2 Medium-dense 

to dense

14.0 0.56

3 SAND at base, soft 

to stiff SILTY 
CLAY along shaft

13.4 0.56

Building, 4 Hard SILTSTONE at 17.5 0.56

Islamabad 5 base, weathered 

SHALE along shaft

16.0 0.56

Cement 6 Highly weathered, 14.0 0.56

Works, Hub 7 soft to hard SHALE 

at base, medium- 

dense to dense 

SAND along shaft

10.5 0.56

GTPS , 8 Medium-dense to 11.1 0.50

Kot Addu 9 dense SILTY 11.0 0.50

10 SAND 10.0 0.50

The following programme was prepared for the 

current study:

1. Prediction of ultimate load carrying 

capacity of piles of the geometry defined in 
Table-1, by Meyerhof, Skempton,Hansen & Terzaghi 

methods and comparison of results of each of 
these methods with the interpreted results from 

actual load tests using Brinch Hansen/Swedish 

Piling Commission (SPC), AASHTO, Intersection 

and Bvtler & Morto.i criteria.

2. Comparison of predicted and interpreted 

pile loads.

3. Comparison of estimated elastic settlements 

of piles at predicted loads to those interpreted 

from pile load tests at the same loads.

4. Comparison of limits of estimated elastic 

settlements of piles at predicted loads to those 

taken from pile load tests at various interpreted 

loads using different interpretation criteria.

5 EFFECT OF METHOD OF PREDICTION AND INTERPRE

TATION ON ULTIMATE PILE CAPACITY

The results presented in Figs 1(a) to 1(d) have 

led to the following deductions:

1. Meyerhof (Winterkorn) method generally over

estimates the pile capacity. Predictions by this 

method match well with interpretations made by 
Butler and Morton (Fleming, 1985) criterion. 

Intersection method interprets lower bound pile 

capacity. Had the tests been taken to higher 

loads, AASHTO (Tomlinson, 1977) and SPC(Fleming,

1985)criteria would have produced more balanced 

results.

2. On Figs.1(a) to 1(d) an arbitrary line of 

70% confidence has been drawn to indicate that 

under this line only 30% predictions exceed the 

interpreted results. In case of predictions by 

Meyerhof (Winterkorn) the minimum ratio of inter

preted, "Pint", to predicted "Ppred”pile capacities

above this line is about 0.5, which requires an 

additional maximum safety factor of about 2 over 

and above the normal safety factor, to bring only 

30% of predictions to exceed the interpretations. 

This effect is summarized in Table 2.

3. When predicting by Skempton and Hansen met

hods (Winterkorn), Butler and Morton (Fleming, 

1985) interpretations are the most rational. 

AASHTO (Tomlinson, 1977) method also appears to 

yield matching results.

PREDICTED ULTIMATE PILE CAPACITY BY HANSEN MET MOO 

(TONNES)

Fig. 1(c). PREDICTED VS NTERPRETED ULTIMATE PILE 
CAPACITY ( PREDICTIONS BY HANSEN
METHOD)

PREOICTED ULTIMATE PILE CAPACITY BY TERZ AGHI METHOD 
(TONNES)

Fig. 1(d) PREDICTED VS INTERPRETED ULTIMATE PILE 
CAPACITY (PREDICTION BY TERZA6HI 

METHOD)

SAFETY FACTOR O f 3 ( TONNES)

Fig. 2 (o ) , INFLUENCE OF SAFETY  FACTOR ON 

P ILE CAPACITY (COMPOSITE f.o.«.-3 )
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4. Predictions by Terzaghi (Winterkorn) method 

have been found to be the most rational and are 

on desirable conservative side. Interpretations 

by Butler and Morton method appear reasonable.

Table 2. Comparison of prediction methods

Predict ion 

Method

Pin/Ppred 
at 70% 

confidence

Additional factor 
of safety required

Meyerhof 0.5 2.0

Skempton 0.6 1.7

Hansen 0.7 1.45

Terzaghi 0.87 1.1

6 ROLE OF FACTOR OF SAFETY

Figs-2(a) Si 2(b) show variation in predicted and 

interpreted allowable pile capacities with varia

tion in factor of safety.

Use of a composite safety factor of 3 results 

into lower bound predictions (Hansen vs Intersec

tion method to be the most rational) and a safety 
factor of 3 on base only results into upper bound 

predictions (Terzaghi vs Butler and Morton method 

to be the most rational). For other safety factors, 

different relationships may be discovered.

7 PREDICTION AND INTERPRETATION OF ELASTIC 

SETTLEMENTS

Elastic settlements have been estimated under pre

dicted allowable loads for four different safety 

factors viz. composite factors of 2.5 and 3 and 
partial factors of 3 and 3.5 on base resistance 

only. Corresponding to this wide range of allow
able loads, elastic settlements were read from 

actual pile load-settlement curves. Fig-3 shows 

distinct relationships between predicted and in

terpreted elastic settlements for different sub

surface materials. There is a general trend of 

underestimation of elastic settlements except in 

the case of silts. All the predicted settlements 

are, however, based upon assumed elastic parame

ters. Besides, Fig-4 prepared to show correlation 

between range of predicted settlements for compo

site safety factor of 3 and settlements determined 

at allowable loads from pile load tests, show vari

able trends.

8 CONCLUSIONS

1. Prediction of pile capacity by Terzaghi 

(Winterkorn) method yields the most acceptable 

results. Other methods,generally, overestimate 

the pile capacity.

2. Interpretation of pile load-settlement curve 

by Butler & Morton (Fleming, 1985) criterion, 
results in load values compatible with predicted 

values.

3. Different methods of prediction and inter

pretation of pile capacity require different 

safety factors for compatibility.

4. Material-wise the predictions have been the 

best for soil codes 1 and 4 (Reference Table 1).

5. The settlements are generally underestimated 

except for silts.Best compatability between predi^ 

cted and interpreted settlements exists for sands.

6. For a given safety factor, predicted settle

ments at allowable loads may not have any defi

nite correlation with the settlements interpreted 
at allowable loads derived from load tests.

(TONNES)

Fig. 2 (b): INFLUENCE OF SAFETY  FACTOR ON
PILE CAPACITY (f.o.s ON BASE ONLY-3)

SETTLEMENTS ESTMATEO AT PREDICTED LOADS
(Ml

FI» 3: PREDICTED VS INTERPRETED ELASTIC  
SETTLEM ENTS.

LOADS TOR COMPOSITE SAFETY FACTOR OF 3 (mm)

Fig. 4: RANGE OF PREDICTED SETTLEM ENTS 
FOR SA F ET Y  FACTOR OF 3.
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