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Abstract

To estimate the strength parameters of materials such as concrete and

rock, the micro-drilling technique can be used to quantitatively and
qualitatively check the comparative strength of historical monuments
and to qualitatively evaluate various building matetials in depth and
in situ. This technique can be used as a relatively minimally invasive,
non-destructive, fast and reliable method in the field of restoration
and treatment of historical monuments. In this method, by drilling
in millimeter dimensions of the building surface and simultancously
measuring various drilling parameters such as thrust force, torque,
penetration rate and bit rotation speed, it is possible to assess the
deep condition of historical monuments in terms of the amount of
erosion and weathering caused by various climatic and environmental
factors. There is also an examination of the quality of treatment
before and after treatment. However, various studies as drilling
resistance in other countries, it has not been used in our country yet.
Now that the construction of this type of equipment has become
more capable in the country, we can also benefit from this system
in the field of restoration and treatment of historical monuments.
Simultaneous measurement of several drilling parameters and use
of its data can provide additional relative advantages, including
controlling the effect of bit wear in this technique. Therefore, we have
provided this possibility by constructing and developing a device with
this capability. Using this technique to measure drilling resistance is
affected by bit wear. In this paper, we will introduce this technique,
present a method for estimating reliable and comparable drilling
resistance, and assess the principles of using the method in this regard.
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Introduction

Determiningand investigating strength parameters
(such as compressive strength, tensile strength,
bending strength, etc.) for various materials, such
as rock, using standard methods, in addition to
being costly and time-consuming, requires the
preparation of real samples in standard sizes of
the desired materials, which in some cases, such
as historical monuments, is impossible due to the
destruction process. The use of non-destructive
and small-scale methods plays an important role
in this, as they can evaluate the strength status of
materials on site. One of these methods is the
micro-drilling method, which can provide the
possibility of estimating the strength parameters
for the desired materials at the site of a historical
monument by drilling in millimeter dimensions
of the building surface without the need to
prepare large samples or extensive destruction.
Determining the relative and absolute strength
parameters of rock using drilling data is possible.
Determining the relative strength of materials
using this method requires the preparation of
base samples and conducting tests by eliminating
the effect of bit wear, and is mostly based on
experimental methods. The determination of the
absolute strength of materials by this method is
based on the presentation of analytical models,
and on this basis, various analytical models
have been presented in scientific literature. In
experimental methods, which are mostly on a
small scale, the amount of thrust force under
drilling conditions with a constant rotation speed
and penetration rate is measured and referred to

as the drilling resistance. The drilling resistance has
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a good correlation with the uniaxial compressive
strength, so that basic graphs are prepared for
this purpose in the laboratory and are used as a
basis for examining and measuring the strength
of the materials. This method is used in the fields
of testing the condition of materials in historical
monuments, their restoration and treatment, and
also testing the relative strength of other materials
such as mortar, brick, concrete, etc. This method
estimates the strength parameters of the rock,
such as the friction angle, adhesion, and uniaxial
compressive strength  from accessible rock
surfaces and provides the possibility of testing
stone buildings in depth in terms of weathering.
This work has recently been provided by Kalantari
et al. by presenting an analytical model and
construction a device with such capabilities. One
of the main challenges of this method is the wear
bit during drilling. The drilling data obtained are
affected by this challenge, which makes unrealistic
results. To solve this issue, this article will try to
discuss how to use that device in the field of
testing historical monuments, which is one of
its capabilities, and a method for eliminating bit
wear, which was presented by Delgado, will be
developed and presented for abrasive rocks. In
addition, in this article, we will introduce this
technique in Iran for the field of restoration of
historical monuments because, according to our
research, so far this technique has not been used

in our country in this field.
Materials and Methods

Using micro drilling system to assess the deep
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erosion status of the historical building is the base
of this paper. For this purpose, different building
materials need to be tested using this technique.
In this case, the standards required for using this

technique willimprove and provide more forits use.
Results and Discussion

Micro-drilling has been proven to be a reliable
tool for conducting quasi-non-destructive and
minimally invasive in-situ tests on natural stones
and various building materials and can be used
as a minimally invasive method in investigating
the depth condition of historical monuments.
The repeatability of the test and the possibility
of controlling the effect of bit wear are possible.
The aim of this article is to introduce the drilling
tool and its application technique in Iran, and
considering the existence of numerous historical
monuments in Iran, the development of the use
of this tool in the field of restoration of historical

monuments can be very effective.
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Figure 4. An example of a test of a historical
monument and the results of drilling resistance before

and after treatment(Tiano & Rescic, 2004).
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Figure 2. Examples of drilling

resistance measuring machines.
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Figure 3. Two examples of drilling resistance machines

in operation in historical building.
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Figure 6. Thrust force measured by the drilling machine in marble with repeated testing;
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Figure 10. Examples of two hypothetical correction
functions for two different materials.
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