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ABSTRACT

The drilling test is a simple and effective test that is less known or remains unknown in some engineering
fields, including structural engineering. This test is widely used in various fields, including oil and gas
exploration, groundwater extraction, and material characterization. This test provides valuable information
about the properties and behavior of subsurface formations or materials under investigation. The present
paper aims to provide a comprehensive review of drilling test techniques and their applications, drawing
from a diverse range of scientific literature. For this purpose, the test method and its potential are explained.
This study shows that the drilling test is a flexible test that its different approaches can find wide application
in all branches of engineering. Considering the development of the drill test in identifying wood, soil, and
stone, it is recommended to use its experiences for use in construction materials, concrete, and other
engineering fields.
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1. Introduction

Tests are necessary to identify and determine the properties of materials and elements. Tests can
be classified on different bases. For example, tests can be categorized based on the need for prior
planning or the lack of prior planning [1-2]. Also, based on the degree of destruction that the test
creates in the object, the tests are divided into two important categories of destructive and non-
destructive tests (NDT) [3], which are somewhat dogmatic and seem to be better to use the
definitions of destructive, semi-destructive, slightly destructive and non-destructive. By combining
the concept of the need or lack of prior planning with the concept of the level of destruction, tests
Arrangements-Consequences matrix (TAC Matrix) can be formed.
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Figure 1. tests Arrangements-Consequences matrix (TAC Matrix)

The more we move to the right in the TAC Matrix, the more destructive the test becomes, and as
we move up, it requires more extensive prior planning. For the existing objects, the purpose of
which is likely to be continued use (if the quality is confirmed after the test), obviously the test
used should be placed on the beginning of the horizontal axis. Below, it is obvious that it was not
premeditated and we must also be sure that less damage is done (left side). Another important issue
about tests is their reliability. In other words, the test must have reliability and validity. Reliability
and validity are two key concepts in evaluating the quality of a test. Reliability refers to the degree
of stability and similarity of test results in different conditions. In other words, if the test is
performed on several occasions and under the same conditions, to what extent will the results be
the same? Reliability is measured by the Reliability Coefficient, which varies from zero to one.
The closer this coefficient is to one, the more reliable the test is [4, 5]. Validity refers to the degree
of accuracy and precision of the test in measuring what is supposed to be measured. In other words,
does the test actually measure or the ability to measure trait? In general, reliability refers to the
stability and uniformity of test results, and validity refers to the accuracy and precision of the test
in measuring what is supposed to be measured. For the results of a test to be reliable, both its
reliability and validity must be confirmed. With this introduction about the tests, the importance of
the drilling test becomes clear. The drill test is a test without the need for prior preparation, with
minor destruction [6] and good reliability. This test is much less destructive than the coring test
and provides instant results for decision-making [7]. Drilling testing is a commonly used method
in the oil and gas industry [8- 10]. In the field of material science and engineering, drilling tests
have been used to assess the strength and durability of building materials like concrete, mortar, and
stone [11, 12] often in the form of coring (figure 2 ) which is not in the scope of this manuscript.
The drilling test is also employed in groundwater hydrology to determine the hydraulic properties
of aquifers [14- 16].
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Figure 2. Drilling and coring test position in TAC matrix

In summary, drilling tests have found widespread applications in various fields, each with its
unique objectives and methodologies. This paper presents a comprehensive review of the existing
drilling test techniques and their applications, providing a valuable resource for researchers and
practitioners working in these areas. In this paper, the less standardized drilling test method and
tools will be described. Various applications of the test in different fields are reviewed based on
the published articles, and the areas of future development and its practical potential will be
presented.

2. Drilling test

The drilling test simply consists of a drill that rotates the drill bit at a constant speed and drives it
into the solid body with constant pressure or a constant penetration rate [17, 18]. This system is
equipped with a tool that measures and records the parameters of penetration depth, power
consumption, input current, penetration rate (in constant pressure mode), and applied pressure (in
constant penetration rate mode)[19, 20, 21].
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Important variables in the test results [22, 23] include the type of drill bit head [24, 25, 26], drill
rotation speed [27] drill bit diameter [28, 29], drilling temperature [30], method, and material used
for cooling [31, 32, 33]. Drilling bit types included Flat drill, Straight fluted drill, Twist drill,
Double fluted drill, Multi-fluted drill, Centre drill, Countersinking drill, Counter boring drill, Oil
hole or tube drill, Spirec drill, Shell drill, Step drill [20] [1008], Installer bit, Masonry Drill, Rivet
Drill, Auger Drill, Tile bits, Hammer bit, Glass bit, Forstner bit, Hole saw, Plug cutters [34].

i

Figure 4. some types of drilling bits (1,7,8.twist drill bit; 2,3.auger bit; 4, masonry bit; 6. hammer bit; 5. flat bit;
9.spade drill bit; 10. step drill bit [35]
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3. Applications of Drilling Tests

3.1. Wood

Drilling tests are increasingly recognized for their utility in non-destructive testing (NDT) methods
within the wood industry. These tests provide critical insights into the internal condition of the
wood, allowing for the identification of defects such as decay, cavities, and variations in density
without causing significant damage to the material. The advancements in drilling technologies have
led to their application across various sectors, including construction, forestry, and heritage
conservation [45,46, 47, 48, 49, 50]. There is a lot of research and work done in this field and it
can be said that the drilling test has been used the most in identifying wood and forest trees.
Therefore, the articles published in this branch are a good guide for developing other materials.

3.1.1. Structural Integrity Assessment

One of the primary applications of drilling tests is to evaluate the structural soundness of wooden
elements. Inspection drills, such as those developed by IML, utilize resistance measurement
technology to detect early stages of decay and internal defects. By measuring the resistance
encountered by a drill bit as it penetrates the wood, inspectors can identify areas of low density
indicative of decay or structural weakness. This method is particularly useful for inspecting utility
poles, bridges, and historical wooden structures, ensuring safety and longevity [51,52].

3.1.2. Strength Evaluation

Drilling tests are also employed to assess the mechanical properties of wood, such as compression
strength and hardness. Research has shown that drilling resistance can correlate with the strength
of timber, although the relationship is complex and may vary between different wood species. For
example, a study on Maritime pine timber indicated that while drilling resistance had a reasonable
correlation with compression strength, it showed a weaker correlation with hardness. This
highlights the need for combining drilling data with other NDT methods, such as ultrasonic testing,
to improve accuracy in strength predictions [53, 54].

3.1.3. Condition Monitoring

In addition to initial assessments, drilling tests are valuable for ongoing condition monitoring of
wooden structures. By regularly measuring drilling resistance, changes in wood condition can be
tracked over time, allowing for timely maintenance interventions. This is particularly relevant in
environments where wood is exposed to moisture, which can accelerate decay processes. The
ability to monitor wood conditions non-destructively helps in preserving historical artifacts and
ensuring the safety of modern constructions [22].

Drilling tests play a crucial role in the wood industry, providing essential data for assessing
structural integrity, evaluating mechanical properties, and monitoring the condition of wooden
elements. As technology advances, the integration of drilling tests with other non-destructive
methods will enhance the reliability of assessments and broaden their applications. Continued
research and development in this area are vital for improving wood quality management and
ensuring the safety and sustainability of wooden structures.
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3.2. Building Materials

Drilling tests encompass a range of techniques used to evaluate the properties of construction
materials, particularly masonry, concrete, and soil.

3.2.1. Concrete (4001, 4002, 4003, 5015, 5016, 5017, 5021 halavat, 5025 magnetic)
Concrete characteristics play a crucial role in structural performance [55, 56, 57]. Estimates the in-
situ strength of concrete [58, 59, 60, 61, 62] by correlating drilling resistance measurements with
compressive strength [36, 40, 63, 64, 66, 67, 68].

3.2.2. Soil

Drilling tests are essential in geotechnical engineering for assessing soil properties crucial for
foundation design and stability [69, 70, 71, 72, and 73]. Considering the development of various
drilling tests in soil, research, and documentation can be a good guide for other fields.

3.2.3. Building Stones, Bricks and Concrete Blocks

Compression tests on rock specimens are commonly performed to assess their load-bearing
capacity [74, 75, 76, 77, and 78]. In summary, drilling tests are essential for evaluating the
properties and performance of concrete, soil, aggregates, and various other construction materials,
ensuring the safety, reliability, and quality of construction projects.

3.3. Old and Ancient Structures

Drilling tests play a crucial role in assessing the condition and properties of materials used in old
and ancient structures. These non-destructive and semi-destructive techniques provide valuable
insights into the structural integrity and remaining service life of historic buildings, bridges, and
other heritage structures. This review explores the various applications of drilling tests in the
evaluation of old and ancient structures.

3.3.1. Timber Structure Assessment

Drilling tests, particularly the resistance drilling method, are widely used to evaluate the condition
of timber structures in historic buildings. This technique helps estimate the depth of wood decay
and detect internal defects, cracks, and voids within the timber members [53, 79]. By correlating
the drilling resistance with wood density and mechanical properties, researchers have developed
reliable methods for predicting the compressive strength and modulus of elasticity of ancient wood
[53, 79].

3.3.2. Masonry Structure Evaluation

Drilling resistance tests, such as the Drilling Resistance Measurement System (DRMS), are
employed to assess the condition of mortar in historic masonry structures. Extensive experimental
campaigns have been conducted to establish correlations between the drilling resistance parameters
(mode and average values) and the compressive strength of low-strength mortars [39]. This
information is crucial for understanding the structural behavior of historic masonry buildings and
developing appropriate conservation strategies.
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3.3.3. Concrete Structure Analysis

Drilling tests are also used to evaluate the condition of concrete in old and ancient structures. The
drilling resistance test, combined with other non-destructive techniques like the SonReb method (a
combination of ultrasonic pulse velocity and rebound hammer), provides a comprehensive
assessment of concrete strength [63]. This approach is particularly useful for estimating the in-situ
compressive strength of concrete in structures that have been subjected to fire damage or other
environmental stresses [80-85]. This method can be combined with different artificial intelligence
methods [86-89].

4. Conclusion

Drilling tests are invaluable tools for the assessment of new, existing, old, and ancient structures,
providing crucial information about the condition and properties of materials used in buildings. By
integrating drilling tests with other non-destructive evaluation methods and establishing reliable
correlations between drilling resistance and material properties engineers can make informed
decisions about the preservation and rehabilitation of structures. Drilling test is used for different
purposes including strength, porosity, permeability, stiffness, and layer determination. Taking into
account the advancements in drill testing for identifying wood, soil, and stone, it is advisable to
apply these insights in the areas of construction materials, concrete, and other engineering
disciplines.
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