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ABSTRACT

The precise prediction of the ultimate load carrying capacity of bored piles is a complex problem because it is a 
function of several factors. These factors include a method of boring, a method of concreting, quality of concrete, the 
expertise of the construction staff, the ground conditions, cost of the projects and others constraint. The performance 
of pile load tests is, therefore, of paramount importance to establish the safer and economical design of piles especially 
where bored piles are to be provided to support a structure. This paper study the experience gained from four pile 
load tests at a site in the Kota Bahru, Kelantan. Geotechnical investigations at the site were carried out to a maximum 
depth of 60 m. The general geology of the site is underlain by Quaternary deposits. Most area of the site, is originally 
deposited by the coastal plain alluvium i.e marine and continental deposits, where deformed during the Quaternary 
period. Four piles of diameter 600 mm to 900 mm and length ranging between 45 m and 55 m were subjected to axial 
loads. The load test data were analysed using various states of the interpretation techniques including Chin, De Beer, 
Brinch Hansen 90 per cent and Butler& Hoy and Fuller & Hoy. Based on a comparison of pile capacities from these 
methods with the pile digital analyser values, recommendations are made on the approach to estimate the pile 
capacity in alluvium formation. Using the pile load test results, the comparison was also carried out to estimate the 
reliability of pile design using semi-empirical methods. 
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1. INTRODUCTION 

Foundation is an essential part of a structure because it transmits the load 
from the structure to the underlying soil or rock. The foundation can be 
shallow or deep foundation depends on the nature of the soil and the 
behaviour of the soil depends on the shape and size of the foundation and 
on the distortion behaviour of the superstructure.  Deciding on the types 
of foundation to be used is a crucial decision because of the important role 
of the foundation system to transmit the loading from superstructure 
lasting and safely. Increasing the construction cost always find the 
engineers to optimize their design and construction time. However, 
foundation engineers always dealt with many uncertainties’ associates 
with their pile design. The verification of the pile performance using 
routine static load test (maintained load test), with measurements of load 
and displacement are taken at pile head and high strain dynamic test (pile 
digital analyzer test) on the bored pile is attempted in this study paper. 

2. DESK STUDY 

The general geology of the site is underlain by Quaternary deposits. Most 
area of the site, is originally deposited by the coastal plain alluvium i.e 
marine and continental deposits, where deformed during the Quaternary 
period. The coastal plain alluvium predominantly formed from coarse 
quartz sand and shell fragments with subordinate bands of carbonaceous  

clay and decayed vegetation. River alluvium is more commonly  
represented by bands of stiff grey to black clay, thinner bands of grey to  
buff-coloured silt and irregular beds of decayed vegetation. Generally, the  
approximate depth of the alluvium is in the range of 10 meters below 
ground level.  

The marine alluvium compositions mainly consist of sand, clay and silt. 
Sand is abundant as compared to the clay and silt. It is distributed along 
the lower elevation and exhibits angular to subrounded shapes; fine to 
coarse-grained and well sorted. Meanwhile, clay and silt reveal in a minor 
constituent and it is distributed at spotted locations towards the coastal 
area and sometimes found associated with organic matters. The detailed 
assessment of existing structures and their foundations shows the existing 
4 stories ‟s hotel was a seat on the pile and the extension of the kitchen 
was a seat on the footing. The information is important because these may 
pose constraints to the proposed foundation construction. 

3. SUBSOIL INFORMATION

The subsurface condition in this area can be broadly divided into three (3) 
layers. The dominant soil particles, which are found in abundance in this 
area, are mainly silty CLAY and SAND. Generally, every layer is made up of 
inter-bedded alluvium deposits. The first layer is a soft to firm CLAY with 
inter-bedding or pockets of SAND. Generally, the SPT-N values are lower 
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throughout this layer, having values below an average SPT-N value of 8. 
Underlying this deposit is medium dense to dense silty SAND and the third 
layer consists of stiff to hard sandy SILT. 

4. STATIC AND DYNAMIC LOAD TEST

The maintained load test was conducted in two (2) cycles. In first cycles 
the pile will be loaded to its designated working load whereas in the 
second cycle, the pile will be loaded to twice its designated working load. 
It was carried out using kentledge as a reaction system. The applied load 
on top of the bored pile was measured by the celebrated load cell. Only 
load and displacement were recorded during the test pile. Data from the 
test pile was interpreted by several interpretation methods to get the 
ultimate capacity of the bored pile. Later, after a certain interval of time 
dynamic load test was carried out at the same pile experienced static load 
test. The high strain dynamic load test was carried out using 8 tons 
hammer with a few separated impacts. The hammer was dropped 
vertically on the pile head. A very low drop height will be applied first for 
the assessment of signal quality and alignment of the drop hammer with a 
bored pile. The permanent displacement or ‘set’ after each impact will be 
measured for the assessment of the activated capacity. The forces and 
motions due to the drop impact were recorded by Pile Digital Analyser 
(PDA). Further CAPWAP, the most rigorous signal matching computer 
program, was used to compute the pile capacity based on recorded data. 

5. INTERPRETATION METHODS 

There are various methods of interpretation proposed by various authors 
to obtain the pile failure load capacity from the load-deformation curve 
obtained in a static load test. However, for this study only five (5) 
interpretation methods are used for obtaining the pile capacities i.e Chin’s 
method, De Beer’s method, Brinch Hansen 90% method, Butler & Hoy’s 
and Fuller & Hoy’s method. Some researchers proposed a method that 
assumes that the load movement curve is of hyperbolic shape when the 

load approaches the failure load [1]. In this method, each load value is 
divided with its corresponding movement value and the resulting value is 
plotted against the movement. After some variation, the plotted values will 
fall on a straight line. The inverse slope of this line is the failure load.  
In other hand, some researchers proposed a method, where the load 
movement values are plotted in the double logarithmic diagram [2,3]. 
When, the value falls on two approximately straight lines, the intersection 
of these defines the failure value. Brinch Hansen defines failure as the load 
that gives twice the movement of the pile head as obtained for 90% of the 
load. It is also known as Brinch Hansen‟s 90% criterion. Butler and Hoy 
developed the above definition defining the failure load as the load at the 
intersection of the tangent sloping 0.14mm/kN and the tangent to the 
inertial straight portion of the curve, or to a line that is parallel to the 
rebound portion of the curve. Butler and Hoy took into account the elastic 
deformation, substantially offsetting the length effect [4]. Fuller and Hoy, 
proposed a simple definition that the failure load is equal to the test load 
for where the load movement curve is sloping 0.14mm/kN. This method 
penalizes the long pile because the larger elastic movements are occurring 
for a long pile, as opposed to the short pile, causes the slope 0.14mm/kN 
to occur sooner. 

6. EVALUATION METHODS 

Four (4) numbers of bored piles with diameter 600mm and 900mm were 
tested by the static and dynamic methods. Each test piles were done on the 
working pile. The load test interpretation methods and semi-empirical 
method (static analysis) by engineers were used to get the ultimate 
capacities (Qp) of the investigated piles. The failure loads were the 
maximum measured load Carrying capacities from dynamic pile load test. 
Three criteria were selected as the basis of evaluation: the best fit line for 
Qp versus Qm (Figure 1), the arithmetic mean and standard deviation for 
the ratio of Qp/Qm (Equation 1), and the cumulative probability for 
Qp/Qm (Figure 2). Each method will be ranked according to the 
mentioned criteria. 

Figure 1: Best-Fit Line    Figure 2: Cumulative Probability 

…............Equation 1 (Mean and Standard Deviation) 

7. THE LOAD TESTS RESULTS 

Results of the analyses show that the best performing method is De Beer’s 
method (load test interpretation method). This method is ranked number 
one according to the mentioned criteria. Engineer’s design using semi-
empirical method overestimate in predicted ultimate capacity compared 
to Maintained Load Test but lower than Pile Digital Analyzer test results. 
The results of this study demonstrated the capability of the mentioned 
methods in predicting the ultimate load carrying capacity of bored piles 
into Kota Bahru soils. De Beer’s method methods showed the best 

performance in predicting the ultimate measured load carrying capacity 
of bored piles (accuracy of 96%). It is strongly recommended that this 
method is implemented in the design and analysis of bored piles in the 
presence of alluvium soil as Kota Bahru Project. The allowable Engineer’s 
design capacity is lower by 40% compared to Maintained Load test (MLT) 
and 65% lower than Pile Digital Analyzer (PDA).Generally, this method 
with the soil parameters based on the average N-value and the design 
based on safety factor two (2) for skin and three (3) for bearing may found 
to overpredict the ultimate capacity by 35% and under predict the 
allowable capacity by 40% based on Maintained Load Test and tend to 
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under predict both ultimate and allowable capacity by 36% and 65% 
respectively based on Pile Digital Analyzer (PDA). 

Figure 3: Result on Ultimate Capacities    Figure 4: Result on Allowable Capacities 

8. CONCLUSIONS 

Generally, the semi-empirical method is not sound correlate to the type of 
soil within the study area. To optimize the design the use of load transfer 
method is important for value engineering and provide settlement 
performance. Full scale instrumented test pile should be conducted, and 
the results should be carefully analysed to establish subsequent pile 
installation criteria or control. The design may be amended if the test 
results are not satisfactory. 
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