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Abstract | B E

In the construction of tall towers a variety of pile testing methodologies are used. Piles can be
tested for many purposes including the optimization of pile design, operational verification, and
quality assurance of completed piles or perhaps for design verification. The paper will provide
an overview of the three types of bore pile tests conducted for the KL118 tower. Because of the
various desired test results and specific site conditions, this project has used three types of bore
pile testing methodologies: Statnamic, conducted on three of the 137 tower bore piles (each

pile being 2.2 meters in diameter, 60 meters deep) and four of the 427 car park bore piles; Bi-
directional Osterberg Cell (o-cell), conducted to verify design capacities and optimize the tower
test bore piles and the car park bore piles; and Kentledge blocks, conducted once for design

optimization of the car park piles.

Keywords: Bi-Directional, Kentledge, KL118, Pile Testing, Statnamic
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Introduction

In building construction, the installation of a
structure’s foundation is arguably one of the
most critical facets, and in no building type is
this more critical than a megatall tower. The
testing procedure utilized to verify the proper
installation and functionality of the foundation
systems therefore also prevails as a critically
important item, serving as the engineering
confidence for which the integrity of the
foundation structure is based upon.

Within the construction industry, there are
four (4) principal pile testing methodologies
available for testing and verification: the
statnamic load test; the static maintained
load test (via kentledge or reaction piles); the
bi-directional Osterberg cell (O-cell) test; and
the pile driving analyzer (PDA) dynamic load
test. As recommended by the Engineer of
Record for any given project, several factors
influence the ultimate testing methodology
selected, including: safety, schedule, cost, site
conditions and resource availability, to name
afew.

Due to the various desired test results and
specific site conditions, Merdeka PNB118
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employed three (3) of these pile testing
methodologies. An analysis of the safety
aspects, data collection capabilities and/

or limitations, timeframes, site conditions
and relative cost implications of each will be
reviewed in depth to identify how each of
these concerns can be applied to megatall
tower construction.

Merdeka PNB118 Project Background

Designed by Fender Katsilidis Architects
and locally adopted by RSP Architects,

the 630-meter-tall Merdeka PNB118 will

be among the tallest towers in the world.
The tower will be situated adjacent to a
140,000-square-meter, eight-story retail mall
podium and together, these structures will
anchor the Warisan Merdeka Development,
a destination which serves to revitalize the
Kuala Lumpur CBD area whilst preserving
the legacy of independence of its historically
significant location.

The Merdeka PNB118 structural design was
led by a partnership of Leslie E. Robertson
Associates and the Robert Bird Group, and was
locally adopted by Arup Jurunding Sdn Bhd.
The tower consists of a reinforced concrete
core with eight mega-columns as well as
concrete fin walls at the base. A structural
steel system comprised of six belt truss zones,
three outrigger zones, composite floor decks
and extensive roof framing make up the main
structure. The superstructure is supported by a
four-meter-thick raft foundation slab and 137
cast-in-place bored piles, each 2.2 meters in
diameter and extending 60 meters in length.
There are 936 cast-in-place bored piles which
serve as the foundation for the car park and
podium structure.

Figure 1. Statnamic load test (Source: PMV)
B gpEidis CRR: PMV)

Bored Pile Testing Methodologies

Merdeka PNB118 has utilized three pile testing
methodologies. Statnamic load testing was
conducted on three (3) of the 137 total tower
bored piles and on four (4) of the 427 total
bored piles at the east side of the podium. A
maintained load test using kentledge blocks
was conducted at one (1) bored pile and
bi-directional O-cell testing was conducted at
two (2) bored piles.

Statnamic Load Test

The statnamic load test is a highly specialized
pile testing methodology, performed by a
licensed expert, which performs a controlled
burn of a solid fuel within a pressure chamber.
As the pressure within the chamber increases,
an upward force is exerted on a reaction

mass while an equal and opposite force
pushes downward on the test pile. The
associated displacement of the top of the

pile is measured with a laser and the data is
collected with a computer, which is then used
to extrapolate the pile bearing capacity. The
actual test takes approximately 5 seconds,
however, the staging and preparation time
can extend to multiple days, depending on
site conditions, pile and equipment size.

For Merdeka PNB118, an area of approximately
6m x 6m around each pile to be tested was
graded and compacted for site logistics to
accept the statnamic test equipment. All
equipment was then erected in accordance
with the approved method statement
submitted by the contractor and approved

by the engineer of record. Numerous safety
measures were also initiated in the setup
process to ensure that the explosion within
the test chamber was controlled at all times.
A computer was also wired to the equipment,
which is used to instantaneously record all the
data upon launching of the test (Figure 1).

On average, each statnamic loading test for
the project took a week to set up and 2-3 days
to dismantle — the test itself took seconds.
Given the close proximity to neighboring
residential and education buildings, several
public notices were issued to the community,
fire and police departments informing them
of the upcoming controlled explosion and
resultant loud bang. The statnamic load tests
ensued in a safe, swift and efficient means

to test the piles dynamically. However,
availability of local or regional testing firms,
site specific conditions and proximity to
adjacent buildings must be evaluated closely
when considering using statnamic load
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Figure 2. Statnamic load test (Source: PMV/Geonamics
Pte Ltd)
B2 gEAL (/. PMV/Geonamics Pte Ltd)

testing as the chosen pile test methodology
(Figure 2).

Kentledge Maintained Load Test

The kentledge (static) load test is a commonly
used pile testing method. The capabilities of
the static load test include the determination,
evaluation and confirmation of the bearing
capacity of a foundation pile and its
apportionment into shaft friction and end
bearing capacity as well as the determination
of the behavior of pile settlement and the
structural shortening of a pile under an
applied load.

On the Merdeka PNB118 project, static load
testing was performed on a working pile
upon completion of the bored pile installation
process, in accordance with the approved

Figure 4. Kentledge load test (Source: PMV)
E4. REQEML CRR: PMV)

Figure 3. Kentledge diagram (Source: PMV/Aneka Jaringan Sdn Bhd)

B3 REEfE (KB PMV/Aneka Jaringan Sdn Bhd)

pile placement methodology by the Engineer
of Record. After completing a setting out
exercise and erecting a testing platform,
the reaction mass (kentledge blocks) were
assembled in phases from a minimum load
amount to a full maintained load amount,
with the specific loadings prescribed by the
Engineer of Record - up to a required test
load of 30,000kN. Once fully loaded, the
displacement of the test pile was monitored
at individual points using either a manual
micrometer or electronic displacement
potentiometer (Figure 3).

An area of approximately 20m x 20m around
each pile to be tested was graded and
compacted for site logistics to accept the
kentledge equipment. On average, each
kentlege loading test for the project took 2
to 3 weeks to coordinate and set up, 3 days
to conduct the testing, and 1 to 2 weeks

to dismantle and demobilize the entire
kentledge assembly (Figure 4).

A drawback to the kentledge load test
observed onsite is the inherent safety risks
associated with it. The nature of this test
method involves the stacking of extremely
heavy precast concrete blocks on top of each
other to spread the load across a wide area
and is required to be uniformly installed to
evenly distribute the load. Uneven installation
of the blocks could result in the entire
assembly tipping over. Additionally, site
specific risk factors include the potential for
crane hoisting accidents, crushing injuries,
falls from height and damage to adjacent
work due to falling concrete blocks. However,
the kentledge load test is very cost efficient
to conduct and resources are widely available
within the industry.
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Figure 5. O-cell diagram (Source: PMV/Fugro Loadtest Sdn Bhd for Pintaras Geotechnics Sdn Bhd)
B5. B¥EndE (R PMV/Fugro Loadtest Sdn Bhd for Pintaras Geotechnics Sdn Bhd)

Bi-Directional Osterberg cell (O-cell) Test

The execution of the bi-directional Osterberg
cell (O-cell) test is typically performed on a
working test pile, selected based upon site
specific criteria determined by the Project
Manager and design constraints determined
by the Engineer of Record. Most commonly,
the O-cell assembly (which consists of a
predetermined number of hydraulic pistons
and strain gauges) is fixed to the pile’s rebar
reinforcement cage via welding attachment.
The O-cell testing assembly is then installed
within the bored pile in accordance with
the approved pile placement methodology
(Figure 5).

For the Merdeka PNB118 project, the O-cell
instrumentation was used to provide specific
feedback as to the working characteristics

of the pile such as: top of pile movement;
measurement of pile compression above
the o-cell assembly; measurement of pile
compression in the concrete cast above the
design pile cut-off elevation; measurement
of the reaction pile toe displacement; and
assessment of load distribution along the pile
above and below the O-cell assembly.

Testing can only be initiated once the pile
concrete has reached a minimum required
compressive strength as prescribed by the
design specifications. Upon attainment of
minimum strength, the O-cell is internally
pressurized via the various testing
components installed within the pile. The
pressurization of the O-cell creates an upward
force on the pile in upper skin friction and an
equal downward force in lower skin friction
and end bearing. Using hydraulic fluid,
pressurizing the O-cell testing equipment
simultaneously loads the pile below the O-cell
in downward end bearing and/or side shear
which resists downward movement and loads
the pile above the O-cell in upward side shear
which resists upward movement (Figure 6).

During the O-cell testing the test pile is
expected to break on a horizontal plane,
creating an annular space within the pile. In
most cases, upon completion of the O-cell
test the contractor is required to grout the
O-cell and annular spaces as prescribed by the
Engineer of Record.

No additional working area is needed to install
the O-cell assembly as it is installed within the
rebar cage of the pile to be tested. However,
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Figure 6. O-cell test (Source: PMV)
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Figure 7. O-cell test (Source: PMV)
B7. 8 CRRE: PMV)

depending on the O-cell configuration,

the procurement and delivery of the O-Cell
assembly can take upwards of 2-3 months,
depending on regional availability. Therefore,
ample planning is needed to procure the
O-cell testing assembly. Safety hazards

and risks associated with O-cell testing are
consistent with those typically encountered
during cast-in-place bored pile construction.
The greatest hazard relates to the potential
for rebar cage racking during the application
of the testing load and potential for
malfunctioning of the O-cell test as there

is no ability to repair nor service the O-cell
assembly or gauges since they are cast within
the pile (Figure 7).

Pile Driving Analyzer (PDA) Dynamic Load
Test

Pile driving analyzer (PDA) testing involves
the use of state-of-the-art equipment and
computer software operated by testing
specialists. The required operator expertise
inherently limits the availability of licensed
and qualified testers, and thus, the availability
of adequate resources need always be
evaluated when considering a PDA test. PDA
testing is a reliable and cost effective method
of assessing pile bearing capacity; however

the test load limit is constrained by capacity of

the weights used to conduct the testing.

The PDA test involves the use of a substantial
ram mass (pile driver) that impacts the top

of the pile, causing a subsequent small
permanent displacement. Accelerometers

and strain transducers are attached to the
pile to measure force and velocity as the pile
driver makes contact with the pile (Figure 8).

The testing procedure for a PDA test must
account for compatibility with the testing
equipment, which can be large and onerous.
Specifically, this includes the selection of test
piles, which are of a sufficient diameter; and
normally the top of the pile to be tested must
be built up to a minimum height above the
ground level (typically 1+ meters). Upon
confirmation of compatibility, the pile head
is then fitted with gauges and transducers
for measuring energy. The transducers must
be attached near the top of the pile, as to
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Figure 8. PDA diagram (Source: PMV/Geonamics Pte Ltd/Arup Jururunding Sdn Bhd)
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avoid significant loss of kinetic energy during
the path of travel from the pile driver impact
location to the transducer location. Similar
to the statnamic test, specific data can be
obtained in the field almost instantaneously
after completion of the PDA test.

If a PDA test was to be done on the bore

piles for the tower, the Engineer of Record
required at least 1% of the pile working load
be achieved during the test. Due to the 2.2m
diameter size of the piles for Merdeka PNB118
and the high designed working load of the
piles, there was no equipment within the
region of the project to conduct the testing
without performing significant modifications
to the testing equipment (Figure 9).

Testing Selection & Execution

In general, pile testing is utilized on a project
for two primary reasons — design validation
and quality control. Testing was employed
early in this project for design validation, as
although practical, it is not a best practice

to design the piles based solely on the
information obtained from the soil boring
investigations at the project site. The Project
Team'’s goal was to carefully design pile test(s)
that were able to provide vital performance
information to the foundation designers in
order to optimize the pile design and verify
the installation requirements.

Accordingly, four (4) pile tests were executed
under a separate piling contract to verify

the pile design for Merdeka PNB118. There
were another four (4) pile tests performed for
design confirmation of the piles that service
the podium, and these were intentionally
performed after the testing of the tower piles.

Pile testing was also utilized at the
construction stage to verify the quality of
installation. In most cases, pile testing for pile
design is aimed to achieve pile failure in order
to obtain as much information as possible.
The same approach cannot be applied to

pile testing that is carried out on permanent
piles. As testing a permanent (working) pile

is concurrent with many other activities on
site, coupled with the limitations of time and
space available, the testing method should be
selected in concurrence with the Engineer of
Record, in consideration of the following:

1. Testing loads:

The test should simulate the actual pile
loading as closely as possible. Maintained
loading can be achieved by the use of
kentledge or via the design of reaction
piles. Kentledge is the most common and

economical method, however it is not
suitable for piles of high working capacity, as
higher testing loads require more kentledge.
Normally, kentledge is selected for testing
loads less than 5,000 tons. If a higher testing
load is required, then an alternate testing
method should be considered.

2. Reliability:

The method selected should be able to
provide reliable data, as the test is carried out
on a permanent pile. The test should provide
very conclusive results to determine whether
or not the installed pile meets the design
requirements. Any ambiguity of the results
would require further testing for verification,
which would have potential impacts to the
time and cost of the project.

3. Logistics:

The testing method selected should cause
a minimum disruption to the site and its
surroundings, to the greatest extent possible.
The kentledge method has a large amount
of logistics demands, as it requires a bigger
space for setting up the system, loading the
counterweights and inherent safety risks.
Conversely, bi-directional and statnamic
testing require very limited space to set up
and perform the testing.

4. Time:

Tests on working piles should be done as
early as possible, as it provides data to the
Engineer to verify the method of installation.
A complete kentledge method would take
3to 5 weeks to set up, test and demobilize
depending on the testing load and site access
constraints. Bi-directional and statnamic
methods in most cases can complete the
testing from setting up to full demobilization
within a week, however can require longer
procurement times.

5. Cost:

Costs for pile testing need be considered on
an individual project basis, as the budget
and available testing resources differ greatly
from project to project. On the Merdeka
PNB1118 project, kentledge was found to be
the most economical and widely available
method to test the piles. The second most
economical method observed were reaction
piles, followed by O-cell. Due to the size and
working loads of the tower bore piles, the
more costly methods for testing were PDA
and statnamic testing; the cost of performing
one (1) statnamic test on Merdeka PNB118
was equivalent to the cost of installing three
(3) tower piles.

Figure 9. PDA test (Source: PMV)
9. PDANNE (RIR: PMV)
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Analysis

Design Validation

Due to the constraints of the project site

as well as the desired information that was
required by the designers, the project team
had to carefully consider each pile test
method and compare it against the others
to determine the optimal testing strategy.
Ultimately, three (3) testing methods were
selected for the eight (8) pile tests that were
performed on the project.

During design stage testing, the bi-directional
O-cell method was selected for all the tower
piles. The testing program was intentionally
performed in a progressive manner, to utilize
the data from each test and make design
adjustments accordingly prior to executing
the next pile test. This strategy enabled the
team to obtain the required information

for design after completion of the last test
pile, and ultimately the ideal design and pile
construction method was determined.

For the podium structure piles, three (3) bi-
directional O-cell tests and one (1) kentledge
maintained load test were conducted to
finalize the design. The bi-directional tests
were specifically adopted for the pile locations
where access was constrained.

The test piles for the podium were purposely
conducted after the tower pile testing so that
the previously gathered test data could be
incorporated into the design. The results of
the tower pile testing data suggested that

an alternate balancing fluid was ideal for use
in installing the piles. Due to the pile layout
though, this option could not be incorporated
for the tower piles. However, the option was
feasible for the podium piles, and with the use
of tower pile test data, a revised pile design
and verification test was proposed. With
confirmation received in the pile test results,
the design team determined that the use

of a polymer balancing fluid for the car park
piles was ideal, as opposed to the bentonite
material that was originally proposed. The use
of this testing data to change the balancing
material also enabled the car park piles to

be reduced in pile by 12%, based on the
performance data that was obtained. This
change ultimately resulted in a proportionate
cost savings and significant time reduction on
the construction of piles for the Client.

Quality Control

During construction, carrying out of the
required pile testing to verify the installation
of the 137 piles for Merdeka PNB 118 was

a challenge in and of itself. The tower piles
are designed for 7,000 tons of working load,
which made it extremely difficult to utilize

the kentledge method. Specifically, if the
kentledge testing method were adopted,

at least 6,200 numbers of concrete blocks,
each weighing approximately two (2) tons,
would have been needed to be stacked
evenly and squarely to a height of almost 9
stories to provide adequate counterweight for
the testing. Therefore, this method was not
considered further due to the inherent safety,
schedule and logistics concerns.

For tower piles, a well-designed reaction

pile system test would be able to apply the
required test load, if there were site space
available to install the reaction piles. However,
the 137 tower piles are closely spaced within a
cofferdam 78 meters in diameter, which does
not allow for additional area between the
tower piles to install any reaction piles.

Bi-directional testing would also be able to
complete the pile testing for the tower piles.
However, due to the large service load of
the piles, the required load cells would have
created local cross sectional congestion in
the rebar cage of the piles and therefore
would have potentially negatively affected
the continuity of pile concrete flow during
casting, eventually resulting in failure of the
pile test.

Subsequently, after reviewing all available
options relative to the large size of the
Merdeka PNB118 piles and project site
conditions, statnamic testing was selected to
carry out the quality assurance testing for the
piles. The statnamic testing required only one
week to set up and the equipment used was
able to test the piles up to 13,500 tons. The
statnamic test also produced near immediate
results, which provided real-time feedback as
to the performance of the constructed piles.

Conclusion

Several factors must be evaluated in the
development of a pile testing program.

On the Merdeka PNB118 project the two
most important goals of the pile testing
were — to optimize the pile design and to
provide design and construction assurance
as to the performance and functionality of
the constructed piles. Ultimately, the use

of three (3) different pile testing methods
were needed to achieve these goals, but
the careful evaluation of the various testing
methodologies and development of a
strategic and specific pile testing program
allowed for multiple key achievements on
the project:
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- Reduction in cost of the piling works
contract

- Shortened schedule for the pile
installation

- Pile design optimization

- Confirmation and verification of the
constructed pile performance

- Safe and injury-free pile tests

Each mega-tower project is unique, most
with a structure and foundation that is
equally unigue in its technical complexity and
constructability to support such a project.
With careful identification of the goals of

a testing program, as well as a strategic
evaluation of the positives and negatives

of each testing method, a project team can
establish a pile testing program that not

only verifies the foundation pile capacity,

but also contributes as another element of
cutting-edge technology and industry leading
engineering practices that is necessary on a
mega-tower project.
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