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Abstract

Static Load Test (SLT) is the realiable method to determine bearing capacity of pile foundations. However, SLT is relatively
expensive and time consuming compared to Pile Driving Analyzer (PDA) test. Therefore PDA test becoming more populer as an
alternative to predict bearing capacity of piles. This paper presents the comparation of ultimate bearing capacity of pile
foundations interpreted from Static Load Test (SLT) results and that predicted from PDA tests. Davisson and Chin methods were
used to determine bearing capacity of pile foundations interpreted from SLT results. Correlation between bearing capacity of
piles embedded in sand and clay layer interpreted from SLT and PDA test was analyzed.

The result shows that bearing capacity of piles which determined based on Static Load Test interpreted using Davisson and Chin
methods exhibit relatively better agreement with the predetermined ultimate bearing capacity. Almost all records of bearing
capacity of pile foundation embedded in sands layer interpreted from SLT are larger than those predicted using PDA test. While
bearing capacity of piles embedded in clays predicted using PDA test varies in relatively large margin compared to that
determined from SLT.
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1. Introduction

Static Load test (SLT) and Pile Driving Analyzer (PDA) tests on pile foundations have been conducted to several
projects in Indonesia to determine its bearing capacity. SLT and PDA tests were performed on forty one (41) pile
foundations in eleven different areas that located in Java and Sumatra islands. The piles consist of precast concrete
and bored piles with dimensions ranging from 25 cm to 120 cm. Out of 41 tested piles, 13 pairs of piles (13 piles
were tested using SLT and 13 piles were tested using PDA test) were embedded in sand layer and 28 pairs of piles
were installed in clay layer.

All records of PDA tests were collected from restrike condition since the tests were performed after the piles had
been installed. The dynamic test was performed using PDA type PAX that manufactured by Pile Dynamic, Inc.
USA. The bearing capacity prediction resulted from PDA tests was analyzed using CAPWAP (Case Pile Wave
Analysis Program).

The objective of the research is to study the accuracy of bearing capacity of piles foundation predicted using PDA
test compared to that determined from Static Load Test. In addition, the effect of soil type on the bearing capacity of
piles predicted using PDA is also presented

2. Previous study

In his paper, Svinkin [1] presented his evaluation of bearing capacity of a pile embedded in clay and two piles in
sand layer that predicted using dynamic analysis such as CAPWAP, TNOWAVE, SIMBAT, and STATNAMIC.
The results, which presented in Table 1, show that CAPW AP analysis on bearing capacity of two piles embedded in
sand layer categorized as Good Results, while the bearing capacity of a pile embedded in clay layer considered as
Overestimate.

Table 1. Evaluation of static bearing capacity of piles embedded in sands and clays determined using dynamic testing

method.
Dynamic Methods ~ Sand Clay
Pile2 & 4 Pile 7
Error (%) Error (%)
CAPWAP Good Results Overestimation

Between Davisson and D/10 +71 &+40
For Pile 2 : +17 &-19
For Pile 4 : 0 & -28

TNOWAVE Overestimation Good Results
For Pile 2 : +341 & +206 Between Davisson and D/10
For Pile 4 : +101 &+45 +14 & -6

SIMBAT Overestimation Good Results
For Pile 2 : +89 & +31 Between Davisson and D/10
Underestimation 0&-17
For Pile 4 : -20& -43

STATNAMIC Overestimation Good Results

For Pile 2 : +116 & +125 +19 & +26
For Pile 4 : +55 &+22

Several methods have been proposed to interpret SLT results to determine bearing capacity of pile foundations.
Some of the familiar methods, namely Davisson [2], Chin [3], Mazurkiewicz [4], and Decourt [5] are very often
used to determine bearing capacity of pile foundations resulted from SLT data.
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In their publication, Shaarawi et al. [6] concluded that Chin, Mazurkiewicz, and Decourt methods provide a good
interpretation of bearing capacity of pile foundations. Meanwhile, Hasnat et al. [7] stated that the Davisson method
provides high accuracy and narrow margin of distribution of bearing capacity of the pile foundations.

Research methodology

All data were collected from the piling company in Surabaya — Indonesia, which provides not only piling
services, but also testing services such as Static Load Test (SLT), Pile Driving Analyzer (PDA), Pile Integrity Test
(PIT), etc. There were numerous data of SLT and PDA available in each project, however almost all data of SLT
and PDA were not obtained from the same piles. Therefore, the comparison of the bearing capacity of piles
interpreted from SLT and analyzed from PDA in this analysis based on data of different piles in the same project.

Besides, only SLT data that exhibits non-elastic relationship between load and settlement were used in the
analysis. In other words, data of SLT that remain elastic during loading and unloading, which presented by nearly-
zero permanent settlement during unloading, excluded from the analysis.

3. Results

The relationship of ultimate bearing capacity of the piles determined using Davisson, Chin, Mazurkiewics, and
Decourt methods and designed bearing capacity is presented in Fig. 1(a), Fig. 1(b), Fig. 1(c), and Fig. 1(d). It shows
that, in general, the ultimate bearing capacity which interpreted using Davisson and Chin methods exhibits a better
agreement with ultimate design load of the piles compared to that analysed by the other two methods.

In this paper, only Davisson and Chin methods were used to determine ultimate bearing capacity of the piles
interpreted from the SLT results.
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Fig 1. Relationship between designed ultimate bearing capacity of piles and that resulted from SLT interpreted using (a) Davisson method; (b)
Chin method; (¢) Mazurkiewics method and (d) Decourt method.
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Ultimate bearing capacity of 41 tested pile foundations determined using Davisson and Chin methods were
compared to the ultimate bearing capacity analysed using PDA tests. Fig. 2 shows the distribution of ultimate
bearing capacity of pile foundations interpreted from SLT plotted against that predicted from PDA tests. The
relationship of bearing capacity of tested piles that interpreted using Chin method (Fig. 2(b)) and PDA test exhibits
relatively narrow margin compared to that interpreted using Davisson method (Fig. 2(a))
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Fig 2. Relationship of bearing capacity of piles resulted from SLT and PDA test. (a) Interpreted from SLT using Davisson method; (b) Interpreted
from SLT using Chin method.

Out of 41 tested piles, 13 pairs of piles were embedded in sand layer while 28 pairs of piles were installed in clay
layer. The effect of soil layers to the bearing capacity of pile foundations interpreted from SLT and predicted from
PDA tests is presented in Fig. 3 and Fig. 4. The ultimate bearing capacity of almost all tested piles embedded in sand
layer, which predicted using PDA tests, are smaller than those determined based on SLT results, as presented in Fig.
3. However, there is no clear trend of relationship of bearing capacity of piles embedded in clays, which determined
from SLT data and PDA tests results as shown in Fig. 4.
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Fig. 3. Relationship of bearing capacity of piles embedded in sand layer resulted from SLT and PDA test. (a) Interpreted from SLT using
Davisson method; (b) Interpreted from SLT using Chin method.
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Fig. 4. Relationship of bearing capacity of piles embedded in clay layer resulted from SLT and PDA test. (a) Interpreted from SLT using
Davisson method; (b) Interpreted from SLT using Chin method.

4. Conclusions

Bearing capacity of piles that determined based on Static Load Test varies significantly; depend on the method

used to interpret the data. However, Davisson and Chin methods exhibit relatively better agreement with the
designed ultimate bearing capacity.

The ultimate bearing capacity of the piles embedded in clays layer that predicted using PDA test varies

significantly high compared to that determined from SLT results. While the ultimate bearing capacity of the piles
embedded in sands layer that predicted by PDA test is smaller compared to that determined from SLT results.
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