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ABSTRACT 

There are a few available methods to obtain load-settlement curve of a pile. Likewise, there are many methods to determine the 

ultimate pile capacity from a load-settlement curves. Although pile load tests have been widely used over the past decades, there 

are still many questions regarding its practice and interpretation. Frequently asked questions include: when does a pile test 

considered to have failed? From an economic point of view, a failure in pile load test can cost quite a lot of money. To what load 

can the pile be loaded till it is considered to have failed? Can a pile loaded to failure still be used as a working pile? Is pile driving 

analyzer (PDA) test reliable? Can PDA test replace static load test? Is it necessary to calibrate PDA test results with static load 

test results? Why is PDA test result interpreted as 1 dimensional wave and not 3 dimensional? What is bidirectional pile load 

test (also known as O’cell)? When should O’cell be used? Can a pile tested with O’cell be used as a working pile? What are the 

differences between kentledge load test, static load test with reaction piles and bidirectional pile load test? Do the three different 

pile tests produce the same results? This paper aims to shed light on these questions. 

Keywords: Pile static load test, Dynamic load test, Bidirectional test, Ultimate pile capacity, Fail Pile 

 

1 INTRODUCTION 

Foundation piles have been used for over one hundred 

years. There are many methods to construct the piles. 

Likewise, there are also many methods to test the pile 

capacity. In Indonesia, foundation piles are very 

common, and engineers in Indonesia are willing to 

adopt state-of-the-art testing methods. From the 

common kentledge loading test, static load test with 

reaction piles, dynamic loading test (also known as 

PDA - pile driving analyzer), to the more recent one, 

bidirectional test, also known as Osterberg Cell or O-

cell for short. Although these testing methods have 

been widely adopted in Indonesia, there are still 

questions regarding these testing methods. Often, 

engineers have different perspective on the practice of 

these testing methods. This paper aims to shed light to 

the following frequently asked questions: 

• A pile load test should not be determined as failure 

as the project owner has spent thousands or tens of 

thousands of US dollars for it. So, in what scenario 

does a pile load test considered to have failed? 

• Can a pile tested to “failure” still be used as a 

working pile? 

• Is PDA test reliable enough to replace static load 

test? Is it necessary to calibrate PDA test results 

with static load test results? 

• PDA test is interpreted with one dimensional 

theory, why not three dimensional?  

• Can a PDA test be manipulated? 

• What is a bidirectional load test or O’ Cell? When 

is it necessary to apply this test method? 

• Can a pile tested by bidirectional load test still be 

used as a working pile? 

• Will a pile tested by kentledge load test, static load 

test by reaction pile, and bidirectional test give the 

same results? 

The paper first discusses what ultimate pile capacity is, 

the principles of each pile tests, followed by answers to 

the above questions. 

2 ULTIMATE PILE CAPACITY 

Eurocode 7 (BS EN 1997-1, 2004) defines ultimate pile 

capacity, also known as ultimate limit states, as 

compressive or tensile resistance failure of a single or 

piles system. However, according to Fellenius (2017), 

“Ultimate pile capacity” is a very imprecise concept in 

most soil conditions. This can be clearly seen from a 

typical load-settlement curve shown in Figure 1. As 

shown in Figure 1, pile “capacity” continues to increase 

the further it is loaded. So, when does a pile really fail? 

Figure 2 shows the 3 types of load-settlement curve that 

can be obtained in field. The first type is a general 

failure, which as stated previously, the pile capacity 

continues to increase with pile movement. The second 
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type is punching failure with a relatively constant 

capacity, in which pile continues to move under 

constant load. The third type is punching failure with a 

reduction in capacity. Geotechnical pile failure only 

occurs when type 2 or type 3 occurs. For type 2 and 3, 

a true “ultimate” capacity can be defined. It is 

important to differentiate the peak and ultimate 

capacity for type 3. These three types of curve obtained 

can be explained with ultimate shaft resistance and toe 

resistance. 

 

Figure 1. Typical load-settlement curve from a pile-load test 

in medium dense sand. 

 

Figure 2. Three types of load settlement curve: 1 – general 

failure, 2 – punching failure with constant capacity, 3 – 

punching failure with reduction in capacity. 

2.1 Ultimate Shaft Resistance 

Development of shaft resistance is the consequence of 

relative movement between the pile and soil. If the pile 

settles more than the soil, a positive shaft resistance is 

generated. Whereas, when the soil settles more than the 

soil, a negative shaft resistance is generated. To fully 

mobilize shaft resistance, very small relative 

movement is required, often only a few millimeters 

(Fellenius, 2017). The relative movement required is 

independent of pile size, but dependent on soil type and 

roughness of the pile.  

The magnitude of shaft resistance mobilized is 

dependent on the magnitude of relative movement and 

soil type. This behavior is easily observed from direct 

shear test results shown in Figure 3. For loose sand or 

normally consolidated clay, shaft resistance (shear 

resistance) continues to increase with shear 

displacement. Once the displacement is large enough, 

the ultimate shaft resistance is reached, in which the 

resistance stays constant. For dense sand or overly 

consolidated clay, shaft resistance continues to increase 

until a peak shaft resistance is reached. From there, the 

shaft resistance decreases with movement, until 

ultimate shaft resistance is reached. 

 

Figure 3. Shear stress versus shear displacement on dense 

and loose sand (Modified after Das, 2014). 

2.2 Toe Resistance 

Unlike shaft resistance which has an ultimate value, toe 

resistance does not. The load-movement of pile toe is a 

function of the stiffness and effective stress of the soil. 

Figure 4 shows an example of load versus pile toe 

movement. The figure shows the unit toe resistance 

developed in a 1.5 m and 1.8 m diameter piles against 

their respective movement. It can be seen that even 

after a large movement of 150 mm, which is nearly 

10% the pile diameter, the load-movement curve has no 

indication of reaching “failure”. 

2.3 Failure in pile 

The three types of failure shown in Figure 2 can be 

explained from the ultimate shaft and toe resistance. 

For general failure, although ultimate shaft resistance 

has been mobilized, the toe resistance can continue to 

develop resistance as it is further loaded. For punching 

failure, the pile has majority of its capacity from the 
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shaft resistance. Hence, when the shaft resistance is 

fully mobilized, the toe does not have sufficient 

capacity to sustain the current load and self-weight of 

pile. For the punching failure with reduction in 

capacity, the shaft is surrounded by dense sand or 

overly consolidated clay, while the toe sits on soft or 

loose soil. When the shaft resistance is mobilized 

beyond its peak resistance, the drop in shaft resistance 

is higher than the increase in toe resistance. Hence, an 

overall drop in pile capacity occurs until the ultimate 

shaft resistance is mobilized, and the pile capacity 

remains constant. 

 
Figure 4. Unit toe resistance measured on a 1.5 and 1.8 m 

diameter bored pile constructed in silty sandy clay and 

clayey sand (Fellenius, 2017). 

Punching failure with relatively constant capacity and 

punching failure with reduction in capacity is rather 

rare. For general failure, there is no well-defined 

ultimate pile capacity. However, to ease 

communication between engineers, “ultimate” pile 

capacity is required. Hence, failure criterion is used to 

determine ultimate pile capacity. 

2.4 Failure criterion 

For pile which experience general failure, failure 

criterion need to be established to determine ultimate 

pile capacity. Eurocode 7 states that ultimate state can 

be defined as the load which causes excessive 

displacement (BS EN 1997-1, 2004). Therefore, the 

keyword is acceptable displacement, and a lot of 

standards uses pile settlement magnitude to define 

ultimate pile capacity. 

In Eurocode 7, 10% of the pile base diameter of 

settlement is adopted as failure criterion (BS EN 1997-

1, 2004). For Indonesian standard, the failure criterion 

is 25 mm for piles with diameter smaller than 0.8 m, 

and 4% pile diameter for piles with diameter larger than 

0.8 m (SNI 8640:2017). The failure criterion is then 

used to obtain the ultimate pile capacity, as shown in 

Figure 1. In this example, the ultimate pile capacity is 

2300 kN and 1480 kN based on the Eurocode 7, and 

Indonesian Standard respectively. Based on the 2 

criteria, 35% difference in ultimate capacity is 

obtained. Naturally, the factor of safety applied for the 

two failure criteria are different. For Eurocode 7, partial 

factors design is used, while for Indonesian Standard, a 

factor of safety of 2.5 is used for deep foundation. 

Other than settlement-based failure criteria, there are 

also other failure criterion which attempts to separate 

the initial relatively gentle part of the curve and the 

latter steeper part of the curve. Example of such 

criterion includes Hansen 80% and 90% criteria (1963), 

Chin-Kondner extrapolation (Chin, 1971; Kondner 

1963), Decourt extrapolation (2008), DeBeer 

intersection load (1968) and many others.  

Before understanding the different types of pile load 

test, an engineer needs to understand the basis of 

determining ultimate pile capacity. In essence, the so 

called ultimate capacity is a definition and hardly a real 

failure load! With this knowledge, one can have a 

clearer picture on the advantages and disadvantages of 

each testing methods, as well as their appropriateness 

in different situations.   

3 STATIC LOAD TEST 

Static load test is a test whereby tested pile is loaded 

axially, either through dead weight (kentledge) or 

reaction piles/frames. The choice of pile tested is 

usually based on the pile installed in the most adverse 

soil conditions. This is to ensure that the obtained 

results are most conservative, and there is no 

overestimation of pile capacity in other areas.  

The main purpose of static load test is to obtain load 

versus movement relationship of said pile. From the 

results, based on certain failure criterion, the ultimate 

pile capacity can be derived. In addition to 

determination of ultimate pile capacity, creep behavior 

can also be determined by interpretation of movement 

versus time relationship under constant load. Another 

useful information that can be obtained through static 

load test is the rebound behavior, when the pile tested 

is unloaded (BS EN 1997-1, 2004). More useful 

information can be obtained by using instrumented 

piles, e.g. shaft resistance and toe resistance (Fellenius, 

2017). In the next sections, the procedure of static load 

test by kentledge and reaction piles are discussed. Their 

results are also discussed. 

3.1 Kentledge System 

Figure 5 and 6 shows a schematic diagram and 

photograph of static load test with kentledge system, 

respectively. A pile capacity can range from a few tons 
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to hundreds of tons. To load a pile to that level, 

sufficient reaction force is required. One method to 

provide the reaction force is by kentledge. As the name 

suggests, it is the stacking up of slabs or blocks of 

concrete (kentledge) above cross beams/platform to act 

as a counterweight during loading of the pile. ASTM 

D1143 state that the total weights should at least be 

10% larger than the maximum load that is going to be 

applied. The center of the cross beams need to be in the 

center of the pile to prevent eccentric loading. Only 1% 

eccentric loading is allowed, and eccentric distance of 

25 mm. To stabilize the cross beams, temporary cribs, 

made of timber or concrete, need to be built. Care must 

be taken in determining the clear distance between the 

pile to the cribs. The distance is important as the cribs 

take on some of the load provided by the kentledge. 

This load is transferred to the soil underneath the cribs, 

causing some ground deformation. As stated in Section 

2.1, shaft resistance is a function of relative movement 

between pile and soil. Therefore, the cribs must be 

placed far enough to not let the deformation due to cribs 

weight affect the shaft resistance of tested pile. As a 

general guideline, ASTM D1143 states that the clear 

distance should not be less than 1.5 m. 

3.2 Reaction Piles or Anchors 

Alternative to kentledge, reaction piles or anchors can 

be used to provide the reaction force for pile loading. 

Figure 7 and 8 shows a schematic diagram and 

photograph of reaction pile system. Care must be taken 

to ensure sufficient resistance from anchors or reaction 

piles. Movement of anchors or reaction piles also must 

be measured to calculate the net movement of the tested 

pile. Another thing to note is the difference requirement 

in clear distance between tested pile and its anchors or 

reaction piles. ASTM D1143 states that the required 

clear distance is 5 times the largest pile/anchor 

diameter (can be the test pile or reaction pile) or 2.5 m, 

whichever is larger. The required clear distance is 

larger than kentledge system because for kentledge 

system, the larger the load applied on tested pile, the 

lower the load on the cribs. However, when reaction 

piles or anchors are used, the larger the load applied on 

tested pile, the larger the opposite load acts on the 

reaction piles or anchors.  

3.3 Loading procedure 

Ideally, the load applied should reach a “failure” that 

reflects the ultimate axial static compressive load 

capacity of the pile. Care must be taken that the load 

applied does not exceed the safe structural capacity of 

the pile, or the loading apparatus (hydraulic jack). As 

pile capacity changes with time (setup effect, when 

strength is gained; relaxation, when strength decreases) 

 

Figure 5. Schematic diagram of static load test with 

kentledge system (ASTM D 1143, 2007). 

 
Figure 6. Photograph of static load test with kentledge 

system (Khmer D&C, 2018). 

 
Figure 7. Schematic diagram of static load test with anchored 

reaction frame (ASTM D 1143, 2007). 

 
Figure 8. Photograph of static load test with reaction piles 

(Structville, 2018). 
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a qualified engineer should specify the waiting period 

before testing. Apart from the above, for cast-in-place 

pile or bored pile, sufficient time should be given for 

the concrete to gain adequate strength. 

ASTM D1143 approves 7 loading procedure. The first 

procedure is called ‘quick test’, the pile is loaded in 

increments of 5% of the anticipated failure load. After 

reaching 100% failure load, the pile is unloaded at 5 to 

10 equal decrements. Each interval of increment and 

decrement must be between 4 to 15 minutes. The 

second procedure is called ‘maintained test’. In this 

test, the pile is loaded in 25% increments of the design 

load until 200% design load is reached, unless failure 

is reached first. Each increment is maintained until the 

movement does not exceed 0.25 mm per hour 

(minimum 2 hours to verify the movement rate). After 

200% design load is reached, maintain the load for 24 

hours unless the 0.25 mm per hour criteria is reached.  

After the last loading step, unloading can be initiated at 

25% of the maximum test load per unloading step. Each 

unloading step is 1 hour. If failure is reached (i.e. 0.25 

mm per hour is not achieved), maintain the maximum 

load possible until the total axial movement equals to 

15% of the pile diameter. Care must be taken to 

maintain the load in hydraulic jack, as load may 

decrease as the pile deforms. The third procedure is a 

reloading procedure which can be conducted after the 

second procedure, it is called ‘loading in excess of 

maintained test’. After the test pile is fully unloaded, 

the pile is reloaded at 50% of the design load in 20 

minutes interval until the previous maximum load is 

reached. From the previous maximum load, the pile is 

further loaded in 10% increments of the design load 

with 20 minutes interval between increments. The 10% 

increments are continued until the settlement reached 

15% of the pile diameter. If failure does not occur, hold 

the final load for 2 hours, and unload at 4 equal 

decrements in 20 minutes interval. The fourth 

procedure, named ‘constant time interval loading 

test’ is similar to the first procedure, but the loading 

increments is 20% of design load in 1-hour intervals. 

Unloading is also conducted in 1-hour intervals. The 

fifth procedure is ‘constant rate of penetration test’. 

As the name suggest, the pile is loaded at a rate of 0.25 

to 1.25 mm per minute for cohesive soil; 0.75 to 2.5 

mm per minute for granular soil until a total penetration 

of 15% of the pile diameter. The sixth procedure is 

‘constant movement increment test’. In this 

procedure, the pile is loaded at 1% movement 

increments. The load applied on pile is varied to 

maintain every 1% movement until load variation is 

less than 1% of the total load. Likewise, continue 

loading of pile until 15% movement is achieved. The 

pile is then unloaded at four equal decrements.  

In Indonesia, the most commonly used loading 

procedure is the second procedure. Loading up to 200% 

design load, and ultimate pile capacity is taken from 25 

mm settlement for piles with diameter smaller than     

0.8 m, and 4% pile diameter for piles with diameter 

larger than 0.8 m (SNI 8640:2017). 

3.4 Results, Failures in Execution of Static Load Test 

Results from a non-instrumented pile static load test 

comes in the form of load-settlement curve (an example 

is shown in Figure 1 and 2). From the load-settlement 

curve, the ultimate pile capacity can be determined 

using failure criterion based on local national 

standards. However, without any geotechnical 

instrumentation, it is impossible to derive the shaft or 

toe resistance from the load-settlement curve alone. 

The importance of instrumentation is discussed in the 

next section. 

Failures in execution of pile test should not be confused 

with pile loaded to failure. For execution failure, it 

means the inability to produce a load-settlement curve, 

or ‘unacceptable’ results. Although failures in static 

load test is highly unlikely if the guidelines laid out by 

ASTM D1143 are followed, they can still happen. 

Failures usually occur due to unexpected malfunction 

of loading apparatus during testing, e.g. hydraulic jack 

cannot apply or unable to maintain the correct load. 

Another failure could be due to malfunction of 

measuring apparatus, e.g. misalignment of dial gauge. 

Other source of errors is human negligence, such as 

misreading of measurements. When the following 

‘accidents’ happen, the results may become 

inappropriate to be used. Failures can also happen prior 

to the load test. For example, miscalculation of the 

bearing capacity required by the cribs or eccentric 

placement of kentledge. When the aforementioned 

mistake occurs, the kentledge can experience bearing 

capacity failure, as shown in Figure 9. When this 

happens, it is likely that the test pile could not be used 

for testing, and another pile need to be chosen. Other 

miscalculation include underestimation of the 

kentledge required. More than often, due to 

conservatism in design load, and maximum load 

applied on test pile being a function of design load, the 

maximum load applied may not be enough to settle the 

pile more than the required failure criterion. In this 

case, the results from the static load test can become 

very uninformative, with the exception that the design 

capacity can be higher than what was initially 

calculated.  

Failures in static load tests cost a lot of time and money. 

Accidents that occur in Figure 9 can be prevented and 

should not be allowed to occur. Accidents that happen 
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due to loading or measuring apparatus can also be 

reduced by doing frequent maintenance and 

calibration.  

 

Figure 9. Failure of kentledge system prior to loading. 

3.5 Importance of Instrumentation 

The most common instrumentation installed in a pile 

are strain gages. Strain gages provides the load 

distribution along the pile shaft. Therefore, the unit 

shaft resistance for each strain gage interval can be 

evaluated. In addition, from the most bottom strain 

gage, toe resistance can be estimated. To obtain a more 

accurate toe resistance, pressure cell can be installed at 

the base of pile.  

Instrumentation can also “save” a static load test which 

experienced failure from being useless. For example, 

when load test needs to be stopped midway due to 

unforeseen circumstances, it is still possible to obtain 

the shaft and toe resistance developed with movement, 

such as shown in Figure 3 and 4. As little movement is 

required to obtain the ultimate shaft resistance. 

Pressure cell data can help to indicate the stiffness of 

soil below the pile toe. With the help of 

instrumentation, shaft and toe resistance can be back 

calculated, and design can be verified.  

For large projects, it is very beneficial to conduct static 

load tests with instrumented pile early, prior to the 

construction/installation of working piles. By back 

calculating the shaft and toe resistance, initial design 

can be optimized, and potentially number of piles can 

be reduced if too conservative or increased if the initial 

design capacity was too high. 

4 DYNAMIC LOAD TEST 

Pile driving analyzer (PDA) is a tool designed to 

control pile driving, but it can also be used to estimate 

pile capacity by using PDA instruments to conduct 

dynamic load test. Dynamic load test can be performed 

as a restrike on driven piles with a pile driving hammer 

after a set up period, or on bored piles with a drop 

hammer. Due to the nature of the test, it is much 

cheaper and quicker to conduct a PDA test than a static 

load test. 

4.1 Test Apparatus, Instrumentation and Test 

Procedure 

For PDA test, the test apparatus only involves impact 

device, which can be a pile driver or drop hammer. 

Magnitude of impact should be controlled to prevent 

damage on the pile cap. Pile cushion, usually plywood, 

can be used to reduce the impact on the pile.  

Minimum instrumentation required is dynamic 

measurement in the form of accelerometer and strain 

gage. The dynamic measurement instrument can be 

mounted externally on the pile surface or embedded 

within the pile. In accordance to ASTM D4945 (2017), 

the instruments shall be placed 1.5 times the pile 

diameter below the pile head to avoid irregular stress 

concentrations. The instruments shall be installed in 

pairs so that they are symmetrically opposite and 

equidistant from the pile centroid. This is done to 

remove effects of bending when averaging both 

readings from the instruments. A schematic diagram of 

a typical instrumentation setup on a bored pile is shown 

in Figure 10. A photograph of a PDA test on driven pile 

is also shown in Figure 11. Additional accelerometer 

and strain gage can be installed anywhere along the pile 

shaft, but also have to come in pairs, unless installed in 

the centroid of the pile. 

Prior to conducting PDA test, sufficient time need to be 

allowed for both driven pile and cast-in-place pile to 

gain strength. Instrumentation has to be calibrated, and 

pile properties, such as wave speed, density and 

dynamic modulus of elasticity have to be determined. 

For PDA test on driven pile, the test procedure is the 

same as conventional pile driving. During the test, 

hammer weight and drop height have to be recorded. 

Rate of blows (blows per minute) also have to be 

recorded in addition to the accelerometer and strain 

gage readings. As for PDA test on cast-in-place pile, it 

is necessary to flatten the pile top, and reinforce it with 

steel shell. Drop hammer with a weight of 1-2% of the 

desired ultimate test capacity is used to apply impact 

on cast-in-place pile, beginning with a low drop height, 

then proceeding to greater drop heights. Indonesian 

Standard conforms to the guidelines of ASTM D4945 

for PDA testing. 

4.2 Interpretation and Results from PDA Test 

Figure 12 shows the typical results obtained from PDA 

test. The force in the pile is interpreted from the strain 

gage reading, and velocity from the accelerometer. The 
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results are interpreted using 1 dimensional wave theory 

to obtain the ultimate pile capacity. The theory is based 

on conservation of energy and momentum. Although 

the interpretation is based on the same theory, there are 

many formulations that can be used to interpret the data 

(Samson, 1987).  

 
Figure 10. Schematic diagram of instrumentation for PDA 

test (ASTM, 2017). 

 

Figure 11. Photograph of a PDA test (Allnamics, 2018). 

An example of PDA interpretation is by the Smith 

wave equation analysis. The model is shown in Figure 

13. In this model, the pile is modelled as discrete 

lumped mass. Each series of mass are resisted by a 

spring (represented by Rs in Figure 13) and dashpot 

(represented by Rd in Figure 13). The spring represents 

static soil resistance, while the dashpot represents the 

dynamic resistance. For the soil resistance alone, there 

a few parameters required, such as ultimate static soil 

resistance, quake and viscous damping factor. These 

parameters are not easy to determine, especially in 

layered soils, and mainly derived empirically. The pile 

properties required include wave speed and dynamic 

elastic modulus of pile. The hammer weight, drop 

height, as well as the cushion’s modulus of elasticity 

and coefficient of restitution are required. The cushion 

properties change with number of blows, making 

interpretation more difficult.   

 

Figure 12. Photograph of a PDA test result (ASTM, 2017). 

 

 

Figure 13. Smith model – wave equation analysis (Banerjee 

and Butterfield, 1991). 
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Further complicating the matter, pile capacity changes 

with time (set-up effect). Ideally PDA tests should be 

conducted after the set-up effect has been completed. 

However, it is known that setup effects can go on for at 

least a month (Ng et al., 2013), in some soil it can even 

goes beyond 100 days (Axelsson, 2000). The 

dependencies on many of those parameters above and 

the difficulties in determining the dynamic parameters 

required make it important to calibrate PDA test results 

against static load test, tested after the same period of 

time. The Indonesian Standard also emphasize on the 

requirement for PDA test to be calibrated against static 

load test.  

4.3 Failures in Execution of PDA Test 

Failure in PDA test typically occur due to poor 

preparation of pile head as shown in Figure 14. Due to 

the poor quality of bored pile, and inadequate 

reinforcement, the pile head is damaged upon impact. 

When such occurrence happens, energy transferred to 

the pile is erratic, and results cannot be used. This type 

of failures can be avoided by proper preparation of pile 

head and by providing good cushion material to avoid 

direct impact on the pile top. Failures can also occur 

due to damaged instrumentation. This is especially 

common for instruments embedded in driven pile. For 

externally attached instruments, they can be replaced.  

Other failures are due to ‘bad’ results. Figure 15 shows 

an example of bad PDA test results. This can be seen 

from the disparity in trend of force and velocity signal. 

These types of bad signals can be due to eccentric 

hammering, or instruments which are too loosely or 

tightly attached. Great care must be under taken so as 

to obtain good PDA test signals.  

 
Figure 14. (left) Bored pile under the impact of drop 

hammer; (right) damaged bored pile after impact. 

 

Figure 15. Example of bad PDA test results  

5 BIDIRECTIONAL TEST 

Bidirectional test was first used in 1970s (Fellenius, 

2017), and popularize by Dr. Osterberg in 1990s 

(Osterberg, 1998). Hence, bidirectional is also known 

as Osterberg Cell test, or O-cell test. In static load test, 

the load is applied head-down, while in bidirectional 

test, as the name suggests, load the pile in two 

directions. Figure 16 shows a schematic diagram of 

bidirectional test. The test involves placing one or more 

sacrificial O-cells at some point within the pile shaft. 

The O-cells are considered sacrificial, as they cannot 

be retrieved after the test completion. O-cell pressure is 

generated by hydraulic system. When pressure is 

applied to the O-cell, the cell expands, hence pushing 

the upper part of test pile upward, and the lower part 

downward. Equipped with proper instrumentation, this 

method, can measure the shaft and toe resistance of the 

test pile. O-cell can be used for both cast-in-place and 

precast piles. 

 

Figure 16. Schematic diagram of a bidirectional test (ASTM, 

2018). 
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5.1 Test Apparatus, Instrumentation and Installation 

of O-cell 

There is no guideline yet for bidirectional test in the 

Indonesian Standard. For guideline, one can refer to 

ASTM D8169 (2018). For O-cell test, the only 

apparatus required are the O-cell itself and hydraulic 

pump. Required instruments are pile head measuring 

device, e.g. digital survey, or reference beam with dial 

gauge, O-cell’s top and bottom plate movement 

measuring device, can be in the form of electronic 

displacement indicator, or telltale. Optional 

instrumentation are strain gages along the pile shaft. 

For cast-in-place pile, the reinforcement cage is 

separated into 2 sections. The first section is welded 

onto the top bearing plate of O-cell, while the second 

section is welded onto the bottom bearing plate (see 

Figure 17). The bearing plate needs to have sufficient 

spacing to allow grouting to flow through.  

For precast pile, the O-cell can be prefabricated with 

the pile. Alternatively, the precast pile can be separated 

into two sections, and each section can be attached to 

the upper and lower bearing plate of O-cell (Figure 18). 

The installation of precast pile with O-cell attached is 

the same as normal precast piles. 

5.2 Loading, Measurement of O-Cell and Results 

Loading of O-Cell is carried out by hydraulic pressure 

by hydraulic pump from the ground surface (refer to 

Figure 16). The applied pressure expands the O-Cell, 

pushing the upper shaft upward, and the lower shaft and 

toe downward. Naturally, a fracture zone (in the case 

of cast-in-place pile) is formed during loading of O-

cell. The fracture zone separates the pile into an upper 

and lower length. 

 

Figure 17. Reinforcement cage welded onto bearing plates of 

O-cells (Foundation, 2018). 

 

Figure 18. Installation of O-cell in precast pile (YJack, 

2018). 

Figure 19 shows the typical results from an O-cell test. 

During the initial loading phase, the O-cell shows zero 

movement as it has to overcome the effective weight of 

the upper length of pile, as well as residual load. As the 

O-cell is further loaded, the shaft and toe resistance 

start to get mobilized until either the shaft or toe 

ultimate resistance is reached. It is also possible for the 

O-cell to reach its movement or load limit prior to 

reaching either the ultimate shaft or toe resistance. Care 

must be taken when designing the capacity and position 

of O-cell.  

The upper and lower movement of the bearing plates 

can be measured by a telltale. The total movement 

between the top and bottom bearing plates can also be 

measured by displacement transducers. The 

displacement of pile head can be measured by a 

reference beam or by digital survey. The difference 

between the pile head movement and the top bearing 

plate movement is the shortening of pile. 

 

Figure 19. Typical result of an O-cell test (Fellenius, 2017). 
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From the measurements, one can obtain load-

settlement curve for both the pile shaft and pile toe. 

Therefore, the shaft and toe resistance can be evaluated 

separately.  

5.3 Failures in Execution of O-cell test 

Failures in O-cell test can occur due to malfunctioning 

of the O-cell, e.g. the O-cell not expanding. Other 

failures can originate from poor placement of O-cell. 

Ideally, the O-cell should be placed at a level that 

allows full mobilization of upper length of pile, and as 

much toe resistance as possible. Therefore, in most 

cases, the O-cell is placed either at the pile toe, or very 

close to the pile toe. However, in cases where the pile 

sits on very soft soil, and depends mostly on the shaft 

capacity, it may be necessary to place the O-cell near 

the middle of the pile length. Poor placement of O-cell 

can mobilize either the ultimate shaft or toe resistance 

too early, hence only obtaining information for 1 

resistance instead of the intended 2.  

6 DISCUSSION 

This section is to answer most frequently asked 

questions regarding the loading tests laid out in the 

previous sections. 

6.1 Fail Pile vs Failing to Get the Intended Results 

From the above write up, it is clear that geotechnically 

the definition of pile geotechnical ‘failure’ capacity or 

ultimate load is a definition determined by the failure 

criterion taken in the design stage, specifically by its 

magnitude of settlement (movement) at a certain load. 

And it does not really mean the pile becomes totally 

unusable.  

Failures in obtaining the ultimate capacity of tested pile 

can come from various sources, such as 

apparatus/instrument errors, or miscalculations in 

designing the test, e.g. inadequate hydraulic jack 

capacity.  

‘Failures’ can be limited by doing a proper site 

investigation, and proper design test. By doing so, the 

design load can be close to the actual, and the 

kentledge, reaction piles or O’ cell will not be under 

designed. Apparatus/instruments errors can also be 

limited by doing calibration tests prior to installations.  

When failures occur midway through the test, some 

useful data may still be obtained with the help of 

instrumentations. It is recommended that all test piles 

should be instrumented with strain gages to enable 

engineers to optimize their design. 

6.2 Using Pile Loaded to Failure as Working Pile 

As discussed in section 2, in most cases, piles will not 

reach ‘geotechnical’ failure during pile load test. In 

most soils, a pile’s toe resistance continues to increase 

the further a pile is loaded. What is meant by pile 

loaded to ‘failure’ is when the tested pile is loaded 

beyond a certain failure criterion, e.g. pile head settle 

more than 4% pile diameter or other definition. 

Therefore, as long as the tested pile is not structurally 

damage, a pile loaded to ‘failure’ does not mean it 

become unusable. In other words, a pile loaded to reach 

a failure criterion can still be used as working pile as 

long as there is no structural damage. Furthermore, 

when a pile experience unloading, the next time it is 

loaded, it will show a stiffer response, until the 

previous maximum load is exceeded (see figure 20). 

This behavior is very much like loading an over 

consolidated soil.  

 
Figure 20. Load-settlement curve in cyclic pile load test 

(Trishna, 2018). 

However, one must pay attention when punching 

failure with reduction of pile capacity occurs (type 3 

failure in Figure 2). When reusing such pile, the 

ultimate pile capacity has to be used instead of peak 

pile capacity. However, for other piles which weren’t 

loaded, the peak pile capacity can be used as long as 

sufficient factor of safety is given to ensure that the pile 

will not be loaded beyond its peak capacity during its 

design life.   

6.3 Reliability of PDA Test 

PDA test is a good indicator for capacity of a pile. 

However, as mentioned previously, there are many 

parameters required to interpret a PDA test result. Non-

uniform and layered soils making even many more 

parameters need to be estimated.  Therefore, it is not 

recommended to solely depend on PDA test, but also 

static load test to calibrate the parameters of PDA test. 
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In the Indonesian Standards (SNI 8460:2017), a static 

load test can be replaced by 4 PDA tests. However, 

only 40% of the required static load tests can be 

replaced by PDA tests. For example, if 10 static load 

tests are required, 4 static load tests can be replaced by 

16 PDA tests, giving a total of 16 PDA tests and 6 static 

load tests.  

6.4 PDA Test with 3-Dimensional Theory 

It is theoretically possible to interpret PDA test with 3-

dimensional theory. However, it is impractical and 

unnecessary. Many more instruments would need to be 

installed, and the calculations would become 

unnecessarily complicated. While it is true that the 

wave travelled 3-dimensionally, this is only true for a 

short distance. Hence, the requirement of transducer 

being placed 1.5 pile diameter away from the pile top. 

After 1.5 pile diameter down the pile length, the wave 

practically travelled in 1-dimension. 

6.5 Manipulation of PDA Test  

No tests are foolproof from manipulation. Likewise, 

any data can be manipulated, and it depends on the 

ethic of the individual in charge. Example of PDA test 

manipulation include striking one pile more than the 

required number of blows and using those extras as 

results from other piles. Manipulation, intended or 

unintended, can also be done during interpretation of 

test. Reporting the wrong results. 

In order to minimize manipulation of any tests, the 

contractor should be supervised by another body, e.g. 

the owner’s consultant, to prevent conflict of interest.  

6.6 Using Pile Tested by Bidirectional Test as 

Working Pile  

Similar to that discussed in Section 6.2, a pile tested by 

bidirectional test can be reused as working pile. 

Although there is a fracture zone in the pile, the upper 

and lower reinforcement cage are connected by the O-

cell’s bearing plates. In addition, the fracture zone is 

always grouted, making the pile acts as one body. 

It is also very costly to not use a pile tested by 

bidirectional test. Bidirectional tests are common for 

large piles, and offshore piles. This is because building 

a kentledge system or reaction piles would be too time 

consuming and costly. And testing large piles by PDA 

test are almost impossible. Therefore, due to 

economical reason, most piles tested by bidirectional 

test are reused as working pile. Of course, this is also 

because conducting bidirectional test does not 

significantly diminish the tested pile performance.   

6.7 Similarity of Results from Static Load Test, PDA 

Test and Bidirectional Test 

The main objective of conducting pile load tests, 

regardless the methods are to obtain the ultimate 

capacity of the tested pile. Despite the difference in the 

measurement system of the three types of tests, 

theoretically, they should produce the same ultimate 

pile capacity. However, practically it is impossible to 

obtain the same ultimate pile capacity. This is due to 

the nature of interpretations from the three types of 

tests.  

Out of the three tests, static load test (be it kentledge or 

reaction pile system) and bidirectional test should give 

the closest match in terms of results. This is because 

bidirectional test is essentially a static load test as well. 

Bidirectional test can provide information on both the 

shaft and toe resistance, while conventional static load 

test can only produce the total pile capacity. Fellenius 

(2017) considers bidirectional test to be superior as 

compared to conventional static load tests. 

For PDA tests, with enough calibrations against static 

load test, a good match may be found. One should also 

note that PDA test were initially intended for driven 

pile. It is unlikely a uniform bored pile (i.e. same 

diameter throughout the length) can be constructed, and 

this affects the dynamic modulus of the pile. Whereas, 

the dynamic modulus of a precast pile can be tested 

prior to its installation. Therefore, obtaining a good 

match between PDA test on bored pile with static load 

test is more difficult. A more accurate pseudo-dynamic 

test that can be conducted on bored pile is statnamic. 

However, to the authors’ knowledge, statnamic has yet 

to be implemented in Indonesia, thus not discussed in 

this paper. 

7 CONCLUSIONS 

This paper is intended to answer some of the most 

frequently asked questions about pile testing. Three 

methods of pile test used in Indonesia are explained, 

and their sources of failures are also discussed. Ways 

to avoid these failures are also given. Hopefully this 

paper helps to improve the practice adopted during pile 

testing. 
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