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Abstract

This paper presents a comparative study of bored pile ultimate capacity based on analytical design and field tests. The object of this
analysis is the bored pile foundation of the Sei Alalak Bridge in Banjarmasin, Indonesia. The analytical design of pile ultimate capacity
was carried out using the empirical methods provided by Reese and O'Neill (1988) and Meyerhof (1976). The calculation of pile ultimate
capacity using the empirical method is based on SPT data from four boreholes representing soil data in the abutment, tower, and
counterweight zones. Two pile load tests were used to validate the analytical design: pile driving analysis (PDA) and the bi-axial load
test Osterberg Cell (O-Cell). The pile ultimate capacity from the empirical method is then compared to field tests regarding pile shaft
resistance and end-bearing capacity. The analysis results indicate that the empirical methods tend to underestimate the pile's ultimate
capacity by 30-60%. The results reveal that the Reese and O'neill (1988) empirical method generates a significantly lower pile ultimate
capacity than Meyerhof (1976). This indicates that the Meyerhof (1976) method gives a closer result of pile ultimate capacity than the
field test. On the contrary, the Reese and O'Neill (1988) method is more consistent with the PDA test results. As a result, in this study,
the Reese and O'Neill (1988) method is preferred over the Meyerhof (1976) method for predicting the ultimate capacity of a bored pile
since it has been demonstrated to be more reliable in estimating the pile's ultimate capacity.
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1. Introduction

Piles and deep foundations are widely used to support the superstructure, particularly in large and sensitive constructions with significant
loads applied. Pile foundations, precisely bored piles, are commonly used in urban building projects because they reduce soil disturbance,
noise, and vibration [1], [2]. In practice, the analytical design of bored pile capacity is determined through empirical correlations utilizing
field test results, such as the Standard Penetration Test (SPT) or Cone Penetration Test (CPT) results [3], [4].

In this study, the analytical design of the bored pile was carried out utilizing Reese and O'Neill's (1988) [5], [6] and Meyerhof (1976) [7],
[8] empirical methods based on SPT test results. According to a study conducted by [9], the empirical method developed by Reese and
O'Neill (1988) was reliable for estimating the ultimate capacity of a pile foundation using only soil data. The Meyerhof (1976) empirical
methods have also shown a good correlation with field test results in a study conducted in the Shahid Rajaee Port project [8]. However,
the correlation of soil parameters used throughout the design process results in numerous uncertainties and inaccuracies in the analytical
design of bored piles. Thus, field tests, such as static and dynamic loading tests, are required to validate the analytical design [10].

Pile Driving Analysis (PDA) and Bi-axial Load Test Osterberg Cell (O-Cell) are used in this study to verify the bearing capacity of the
piles. PDA is a dynamic load test that employs computerized software programs for data collection and interpretation. In the PDA test,
the force and velocity signals are post-processed using CAPWAP software to obtain the total bearing capacity of a pile, as well as
resistance distribution along the shaft and at the toe. CAPWAP simulates the pile and soil as segments and employs a linear spring-mass
damping model to determine the shaft and tip resistance [11]. Based on the case presented by Fellenius [12], the CAPWAP-determined
pile capacity matched very well with the capacity of the static loading test. Given that CAPWAP is relatively accurate at predicting pile

@ (D Copyright © Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/
mailto:karina.meilawati.ft@upnjatim.ac.id

86 International Journal of Engineering, Science and Information Technology, 5 (1), 2025, pp. 85-92

capacity, further application of the CAPWAP method for pile capacity evaluation is justified. Moreover, PDA is a standard test for pile
testing because it is more efficient, cost-effective, and environmentally friendly than the usual static loading test method, eliminating the
need for heavy mobilization of dead weights on-site [13].

While the PDA test is dynamic, the O-cell test represents a static load test. The O-cell test is a hydraulically driven load test installed
inside the pile that works in two directions: upward against shaft resistance and downward against the end bearing, effectively separating
the shaft and end bearing resistance components [14], [15]. Furthermore, digital gauges are used to measure displacements, which are
collected by an integrated computerized data-acquisition system [16]. The Osterberg-Cell test inexpensively provides high capacities,
making it an effective alternative to test drilled shafts [15], [17].

The primary purpose of this paper is to compare the ultimate capacity of a bored pile based on PDA test results, O-Cell test results, and
analytical design using Reese and O'Neill's (1988) and Meyerhof (1976) empirical methods in the Sei Alalak Bridge project,
Banjarmasin, Indonesia. This case study will discuss the accuracy of each empirical method in predicting pile-bearing capacity.

2. Methods

2.1. Bored Pile Properties and Testing

The object of this study is the bored pile foundation located in Sei Alalak Bridge, Banjarmasin, Indonesia. Sei Alalak Bridge is a cable-
stayed bridge that spans 850 meters long and 20 meters wide. This bridge was built to replace the Kayu Tangi Bridge, which is around 30
years old and serves as the primary access route between Banjarmasin and other South and Central Kalimantan places. The layout plan of
the Sei Alalak Bridge is shown in Fig 1.

Fig 2 shows borehole layout for SPT field tests. The SPT tests consist of 4 boreholes drilled to 78—-100 meters deep. Borehole BH-03
represents the abutment side of the bridge, boreholes BH-04 and BH-05 represent the pylon, and borehole BH-06 represents the
counterweight side of the bridge.

The PDA test was carried out on 1 bored pile on each side of the abutment and counterweight. While the O-cell tests were performed on
3 bored piles in the pylon location, 1 bored pile was tested on the outer radius of the pylon and the other 2 on the inner radius of the
pylon. All bored piles on the abutment, pylon, and counterweight sides of the bridge are designed to be 70 meters long and 1.8 meters in
diameter.
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Fig 1. Plan layout of Sei Alalak Bridge
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2.2. Subsurface Condition

The SPT test results obtained from each borehole indicate that the top layer of soil is soft clay throughout the first 25-35 meters. Under
the clay layer lies an underlying sand layer about 10 meters thick. The remaining layer beneath the sand comprises hard to very stiff clay.
Fig 3 shows the results of the SPT tests and the soil conditions for each borehole.
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Fig 3. SPT results and soil conditions
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2.3. Analytical Design of Bored Pile
The ultimate capacity of bored pile (Qu) consists of shaft friction capacity (Qs) and end bearing capacity (Qp). The ultimate capacity of
the bored pile is expressed in the equation as follows [5]:

Qu=0Qs+ Qp =Asqs + ApCIp (1)

In the Equation 1, gs, is unit skin friction capacity, and As is the pile shaft area, gp is unit end bearing capacity, and Ay is cross section of
the pile's toe.

Table 1 summarizes the pile-bearing capacity formulas for each empirical method utilized in this study. The unit skin friction and unit
end bearing capacity equations were presented in detail based on the soil type. All calculations are based on empirical correlations with
SPT data.

Table 1. Summary of bored pile capacity empirical method

The empirical method of pile

capacity gs (unit skin friction capacity) gp (unit end bearing capacity)
For clay: For clay:
Reese and O'Neill [3], [4] qs = aSy, a = 0.55 for S, < 2 tsf qp = NSy < 40 tst
which, N = 6(1 + 0.2z/D;,)
For sand:
qs = Poy < 2tsffor0.25 < f < 1.2 For sand:
qp (tsf) = 0.6Nfor N < 75
Where B = 1.5 — 0.135vz qp (tsf) = 45 for N > 75
S = undrained shear strength of soil N = SPT blow count
oy, = vertical effective stress
z = depth of the pile embedded in the ground
Meyerhof [5], [6] gs = nNgAD qp = mN¢A;
n = pile shaft coefficient, 1 kPa m = pile tip coefficient, 120 kPa
Ns = average N-index along the pile shaft Nt = N-index at the toe of the pile
As = pile shaft area At = the cross-section, the pile tip

D =embedded pile length

3. Result and Discussion

3.1. Pile Driving Analysis Test Result

Fig 4 shows the force-velocity and downward-upward wave of one of the piles evaluated with the PDA test. These PDA test results
indicate that soil resistance on the piling shaft and toe combines static and transient or velocity-dependent dynamic resistance. Hence, the
CAPWAP program is required to separate the static and dynamic soil resistances from the total soil resistance [18].

The pile ultimate capacity based on CAPWAP analysis is shown in table 2. Based on these results, it is clear that the pile-bearing
capacity is dominated by its shaft friction resistance, which accounts for more than 75% of the pile's ultimate capacity. The ultimate
bearing capacity of the pile is 9870 kN in the bridge abutment area and 15750 kN in the counterweight area. This is consistent with the
SPT results, which show that the soil in the counterweight area has a higher NSPT value than in the abutment area

Table 2. Summary of PDA test results

Location Qs (kN) Op (kN) Qu (kN)
Abutment 7470 2400 9870
Counterweight 12740 3020 15750
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Fig 4. Force-velocity wave on the pile results for PDA test located in bridge abutment

3.2. Osterberg Cell Test Result

Three of the 32 bored piles in the bridge pylon position underwent the O-cell tests. All the O-cell tests were performed according to
ASTM D8169-18. The installation of the O-cell is shown in Fig 5.

The O-cell test on the outer side of the tower gives two different ultimate bearing capacity values since the tests were done on two
different piles. The first test pile gives a result of 17580 kN, whereas the second provides the pile with an ultimate capacity of 15500 kN.
For safety and conservative recommendations, the pile on the outer edge of the pylon area is assumed to have the lowest ultimate bearing
capacity of the two tests, 15500 kN. The summary of the results is presented in Table 3. It showed that the pile's ultimate capacity is
17720 kN for the inner radius of the pylon and 15500 kN for the outer radius of the pylon.

Table 3. Summary of O-Cell test results

Location Qu (kN)
Outer Radius of Pylon 15500
Inner Radius of Pylon 17720

3.3. Analytical Design of Bored Pile

The analysis of pile bearing capacity is performed by utilizing Reese and O'Neill (1988) and Meyerhof (1976) empirical methods. Pile
shaft resistance (Qs) and pile end bearing capacity (Qp) were calculated and shown in Table 4, respectively. Calculation is performed for
each borehole to compare the pile bearing capacity from the empirical method and the field test.
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Table 4. Summary of analytical design using Reese and O'Neill's (1988) empirical method

Analytical Design

Location Borehole
Qs (kN)  Qp (kN) Qu (kN)
Abutment BH-03 8612.18 666.11 9278.29
BH-04 8582.10 832.49 9414.59
Pylon
BH-05 9400.29 702.50 10102.80
Counterweight BH-06 8027.11 570.26 8597.38

Table 5. Summary of analytical design using Meyerhof's (1976) empirical method

Analytical Design

Location Borehole
Qs (kN) Qp (kN) Qu (kN)
Abutment BH-03 5567.216 5496.531 11063.75
Pylon BH-04 4866.01 6717.98 11583.99
BH-05 5643.56 5801.89 11445.45
Counterweight BH-06 4552.17 4580.44 9132.61

The results reveal that the Reese and O'neill (1988) empirical method generates a significantly lower pile ultimate capacity. According to
the calculation method of Reese and O'Neill (1988), pile shaft resistance governs pile bearing capacity. Meyerhof (1976) is dominated by
end bearing capacity, except for the pile at the abutment position. This is consistent with the formulas provided by each empirical
method, with the Meyerhof (1976) end-bearing capacity formula significantly more significant than the Reese and O'Neill (1988)
formula. At the same time, the Meyerhof (1976) formula comes with a frictional shaft capacity 2-3 times smaller than the Reese and
O'Neill (1988) formula. Compared to the field data, Reese and O'Neill's (1988) empirical method agree with the PDA test result that the
pile shaft capacity is the most significant component in the ultimate capacity.

3.4. Comparison of Analytical Design and Pile Load Test Result

The calculated bearing capacity utilizing the empirical method from SPT data versus the measured bearing capacity from the static and
dynamic load tests is plotted in Fig 6 and Fig 7. Due to field test data limitations, results from the static O-Cell test and the dynamic PDA
test are combined in the same graph. A diagonal line with a Qa/Qf = 1 ratio is drawn to demonstrate that the measured and estimated pile
capacities agree to an exact degree, along with the data plotted for each borehole. It is helpful to compare the results of this study.
According to Fig 6, the Reese and O'Neill (1988) empirical method tends to underestimate the pile's ultimate capacity. This finding is
supported by all data plots located below the Qfit line. This empirical method tends to underestimate the measured pile capacity by
57.8% in this study. The empirical method follows the same trend as the Reese and O'Neill method. Except for borehole BH-03, most
data was found below the Qfit line. Although it exhibits the same trend, this method offers results closer to the Qfit line. The Meyerhof
(1976) method underestimates the measured pile capacity by 37.19%. According to [19] research results, the Meyerhof (1976) method is
typically pessimistic when estimating pile ultimate capacity.

These findings are consistent with the study conducted by [8], which shows that the method has the best-fit equation compared to Reese
and O'Neill. The Meyerhof (1976) method is the best prediction method since it has a higher Qa/Qf in this study. However, there is a
flaw in this method, as the PDA test findings contradict it. The PDA test results indicate that pile shaft capacity is more dominant than
the end bearing capacity. The PDA results are more consistent with the Reese and O'Neill (1988) method, despite this method being
more pessimistic than the Meyerhof (1976) method.

According to the graphs in Fig 6 and Fig 7, the results of this study are consistent with those of [10] and [20], which found that measured
capacity by field test is often larger than predicted capacity using empirical methods. This gives designers confidence since their designs
using the empirical method tend to be more conservative than the results of field tests, resulting in significantly safer constructions.



International Journal of Engineering, Science and Information Technology, 5 (1), 2025, pp. 85-92 91

20000
® O-Cell Test
% 15000 X PDATest
C
ol
@
a BH-05
= 10000 ) °
Q
2 BH-03 X BH-04
= BH-06
w
<
S 5000
s}
0
0 5000 10000 15000 20000

Qu Field Test (kN)

Fig 6. Field test results of ultimate pile capacity versus analytical design ultimate pile capacity for Reese and O'Neill (1988) method

20000
@ O-Cell Test
Z 15000 X PDATest
&
7 BH-03 BH-05 R
o X [ ]
= 10000 BH-04
2 X
= BH-06
1]
<
s 5000
o
0
0 5000 10000 15000 20000
Qu Field Test (kN)

Fig 7. Field test results of ultimate pile capacity versus analytical design ultimate pile capacity for Meyerhof (1976) method
4. Conclusion

A comparison study of pile ultimate capacity based on analytical design employing empirical methods and field tests was presented in
this paper. Field test results typically indicate higher pile capacity than empirical methods, giving planners confidence in their design.
The Reese and O'Neill (1988) and Meyerhof (1976) methods are pessimistic regarding their estimates of the pile's ultimate capacity. All
pile ultimate capacity estimations are 30—60% lower than the field result. Nevertheless, the Meyerhof (1976) method better fits the field
test than the Reese and O'Neill (1988) method. Although Meyerhof's (1976) results are closer to the field test, they disagree with the
PDA results, which show that pile shaft resistance is a more significant component than the end-bearing capacity of the pile ultimate
capacity. Based on these findings, it can be concluded that while Reese and O'Neill (1988) are more conservative in estimating pile
ultimate capacity, the estimates provided are more consistent with the PDA test results. Thus, the Reese and O'Neill (1988) method is
preferred over the Meyerhof (1976) method for estimating the pile's ultimate capacity. This is also consistent with the conclusions of
research [9] and [21], which suggested that the Reese and O'Neill (1988) method is a safe and reliable method for estimating pile
ultimate capacity.
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