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Systematically interpreting process parameters and the quality of pile foundations
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ABSTRACT: A study was carried out on the potential of machine data to infer on the quality of piles jointly with pile foundations
companies in the Netherlands. More specifically, to determine whether, by analysing measurement data during installation, including
expert knowledge and interpretation, and other usually unexploited process parameters, a judgment can be made about the quality of
the pile foundation. Frequently, all the data gathered during the installation of piles is not carefully looked at, nor taken into account
in a later stage of the project. However, this type of data, together with the knowledge of the machine operator, can be of great value
if well processed and taken into account. As such, we present a concept to systematically interpret the process parameters and the
quality of screw displacement piles. For that, machine learning and Bayesian Belief networks are explored. Long term visions of this
project are: (1) to not lose relevant information and (2) to not lose the expertise of our engineers, by promoting knowledge transfer
and processing. During this process, the creation of databases and decision support systems can help with the question "What exactly
should one look for when installing a pile?", and also in reducing the number of cases that piles are assessed without sufficient

quality.

1 INTRODUCTION

For screw displacement piles, there is quite some machine data
being gathered during the installation, such as torque, pull down
and velocity. Moreover, there are implicit assumptions and
decisions being made by the machine operator. However, there
is no systematic way to process these data and knowledge,
neither during nor after the installation stage. The following are
examples of known issues to pile installation: (1) behaviour
while boring/concreting in very soft soil, (2) stiff layers
interfacing with very soft or loose layers; (3) boring problems
in (loose) sands at low water table, among many others.

In order to optimize the installation process of screw
displacement piles (without grout injection), this study was set
up jointly with the together with pile foundation companies in
the Netherlands: BAM, Fundex, Hektec, VSF, and Bauer, and
with GeoConsult and also a contribution by the former
Geolmpuls program (https://www.deltares.nl/en/projects/geo-
impuls-2/).

The main focus of this study has been to deliver a proof-of-
concept that provides, by using machine data, process
parameters and expert knowledge, an assessment of the
geotechnical and structural pile quality. To achieve this goal,
the pile foundation companies have provided data on screw
displacement piles, including local soil testing and pile integrity
testing. After a search on the state-of-the-art methods,
techniques like data science, data mining, machine learning or
Bayesian Belief Networks (BBN), the selected techniques, rules
and models were then applied to case studies.

2 METHODOLOGY AND RESULTS

The BBN technique was found suitable for this proof-of-
concept, because it is a “Machine and human/expert learning
approach” and practice in geotechnical field is heavily based on
experience and expert judgement. The BBNs are based on the
probability theory and readily combine available statistics with
expert judgement. The discussion and expert knowledge of the
different partners were important for the definition of the model
structure and parameters, while also the outcomes of statistical

analyses on their databases have improved the performance of
the BBN.

At first, the process of installing pile foundation was divided
into two parts: “boring process” and “making process”. For the
“boring process”, a geotechnical review revealed relations
between the diameter of the pile and the pile head, the pitch of
the screw and the velocity (Viggiani, 1993; van Impe, 2001;
Slatter, 2000). Also, relations between CPT’s cone penetration
resistance and torque and pull down have been established
(Viggiani, 1993; Salgado et al. 2011; Larisch, 2014) to infer
about the limits of the pull down and torque, during instalation.
On the other hand, for the “making process”, expert knowledge
and assessment based rules were determined together with the
partners — see Figure 1. The following Table 1 summarizes the
rules considered. Due to space limitations, only the “boring
process” is presented.

Table 1. Summary table of the models and rules considered to assess
the installation process of screw displacement piles (without grout
injection) for the “boring process”.

Rule description input

#1 Difference in stiffness in consecutive

soil layers CPT-qe

#2 Duration of the boring process Expert knowledge

#3 Balance of transported soil volume Tip geometry,
by the blades RPM and velocity
#4 Relationship between torque (M) and Machine data
effective pull down (Q) and CPT

. Machine data
#5 Effective pull down (Q) and CPT

Next, for the “boring process” relations, the outcomes were
analysed and statistical inferences derived — see Figure 2 for a
look into the generated reports per pile, and Table 2 for part of
the outcomes per rule. These, the geotechnical parameters that
describe the soil conditions, and other knowledge rules, have
been incorporated in a BBN describing both the boring process
as well as the making of the pile while pulling up the casing.
When using such a BBN a statement can be achieved, for
certain conditions, concerning the pile quality (should be OK or
not OK).
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“boring process” “making process”
Considered:
. CPT parameters Influencial
. Pile integrity tests Factors
. Machine parameters
. Expert rules/knowledge
. Pile concreting process
. Etc.
Still to be considered:
. Ground water level
. Achieved vs designed pile depth
. Negative friction
. Machine type
. Etc.
STR quality
Pile integrity
GEO quality
Pile tip Pile side
capacity capacity

Figure 1. Schematic representation of the elements included in the BBN

to assess the pile quality of screw displacement piles, detailed BBN to
be found at https:/tinyurl.com/pilequality .

3 CONCLUSIONS AND RECOMMENDATIONS

Jointly with pile foundations companies in the Netherlands and
other research institutions, a study was carried out on the
potential of machine data to infer on the quality of piles. The
proof-of-concept work carried out has shown that such a BBN,
subject to further improvements, can definitely help the pile
foundation companies to monitor and control the pile
installation process, possibly even in real time (“early warning
system”). By including more pile testing, in situ testing after
installation, and other available data, and by extending the parts
based on the expert knowledge the proof-of-concept BBN can
benefit from further development and extension to other types
of displacement piles. A long term vision of this project is to
promote systematically knowledge transfer and processing. This

is of value, especially in geotechnical engineering where
practice is heavily based on experience and expert judgement.
Also, a long term aim is the creation of databases and decision
support system.

Table 2. Summary table (incomplete) of the resulting statistical
information for the piles present in the collected databases.

Statistical output

42% go to fast
41% are within accepted range

Rule description

#2 Duration of the boring

process and the rest (17%) goes quite slow
Considering an stipulated limit for

#3 Balance of transported the p rocess:
soil volume by the blades 3% goes outside
47% goes accordingly

and the rest (50%) goes in between
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Figure 2. Example of the outcome of the generated outputs from the collected databases of screw displacement piles (in Dutch).



