
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 materials 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 simultaneously
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 investigatingstrengthparameters

(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

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 byKalantari

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

techniquewill improveandprovidemorefor itsuse.

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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خا انا ع ر  ها    نو فا کر  تفا



خااناضعیر هانوفایکر  تفا

2اباا یرا ،1*تر جا

.ر .ر د   شگا عد هند ر اتا .1

.ر .فها نعت شگا ،عد هند ر ما تا .2

چکید

ــح صا ــت قا ــاترا ــر  ــر   ــا ف کــر   ــتفا
ســب ــ قا ــف   ــم  ــر  هــ ــد و ،ــن  ــ ت مچــو
 مــق ــو ــخت تماــا ــ صا ــف ــا   ــخا ــانا
،ــها ــ ــقربــاً نــو وــد ــ .ــو تــر ــکا رــا
ــتفا ــخا ــانا ــاا  ــر ــو  طمئــ  ــر ،خــر ــر
ــر د  ــا ن ــط   ــر ت ــا ع  ــا ف ــا   ــ   .ــو 
،شــتا ،تــ شــ ــا  ــر مچــو فــا ــخت ــاترا ــا
ــخا ــانا مــق ــع ــر ــکا تــ ــر ــر  فــو ــر
ــطح  ــو   تعــد ــو  ــا ــو ــار ــز ظــر 
. ــو ز ــر  عــد  ب ــر ــف ــر ــمچن .ــو ــر
شــو  ،فــا ــقا نــو ــا  ــ  ــخت ــاژ ــ ــ
ــا ــا ــزجه ــو ــ ــا ــ نــو .ــ شــد ــتفا نــو ــا
 فــا اتــر نــد ــا ــرد .ــ ــد ــر شــو  شــتر
أــر نتــر ــم  شــتر ســب ــاز وــد  ــا  ــتفا
ــتگا ــعو  ــا ــا ــا  ــ  نــد. ــر  ــ  تــ ــا
رد ــر  ــ  ــتفا .ــر ــر  ــکا ــ ــا ــ ــا
م ــو ــع ــقا ــ  ــ ــ تــــا  تأــر فــا ــقا
ســقا ا  تما ــا فــا ــقا ــر هــ  ، ــ عــر
.ــر ــر ــر ــو ــتا ــ   ــ  ــتفا ــو  ــو ــ

.تا ،فا قا ،فا کر ،خا انا :ید ا

.و تنا جا ،نا ا و    جار تفا ور .  مگا ر قا   تر

ر فا اص

3 ما ،فتا

14۰3 از ،21ا ما

https://kcr.richt.ir

16 ا 1 :فحا

سئو سندو

تر جا

شگا عد هند ر اتا

.ر .ر د  

اا

s.kalantari58@iau.ac.ir

شژ قا
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قد

ــقا مچــو( ــتقا ــاترا ــر  ــع
ــر   ــش م ــ قا ،ــش ش ــ قا ،ــا ش
 ــتفا  ــا  ــن  ــ م  ــ خت ــ صا ــر  )
ــا  ــو ــر  نــز ــر  دــتا ــا
ــاد  ــع ــامو ــه انــد ــو  ــر 
ــو ــر  ــ ــ ظــر ــو ــصا  دــتا
ــ  ــ  ــا مو ــ  ــ ه ــخ ا ــا نا ــد ان
ــا  ــتفا .ــ مکــر ،ــخر رنــد
همقــ ا ــ  ــاق ــو  خــر ــر
حــ   ــصا ــتقا ــع ونــد ــ ــد
 ــا،  ــ   ــک  ــد. ن ــر  ــا  ــو 
ــامو ــه ــ ــا ــد ــ ــ فــا کــر
خا نــا ح  وــد ــز خر ــا  ــز
نــا ــط  تــر عــا  فــا ــو
و ــصا ــر  ــتقا ــاترا ــر ــکا
ــا ــن ــتقا ــاترا ــع نــد. ــر ظــر
ط  ســب ــو  ــ فــا ــا  ــتفا
ــتفا ــا ــصا ســب ــقا ــع .ــ ــر
جــا  بنــا ــامو ــه انــد  ــ 
ــر شــتر  ــ تــ ــا أــر ــذ ــا ــا
ــ ط ــ قا ــ ع .ــ جــر ــا  ــ ا
ــح ــاد ــ ــر بتــن  ــ ــا ــصا
 ــف خت ــ ح ــا د ــا ــ  ــر   ــ
ــ جــر ــا  .ــ ــد ــ ــم تــو
شــ ــر  ــد ق اــند، ــو ــا ق  شــتر
 ــر ــر ــا  ــا ف ــر  حــ  ــ ت
ــ قا ــو ن ــ ح  ــر د ــ ا ــو ف ــر 
مبســتگ فــا ــقا ــ .ــ طــر فــا
ــو ــ ، حــو ــ شــا ــقا ــا ــو
ــه شــگاا  ــد ــ ــا بنــا ــامو ــ
ــرد  ــر هــ بنــا نــو  ــو
Pamplona et all,) ــو ــتفا ــن ــقا
 .(2007; Delgado et all, 2004; Valentini et all, 2008
ــانا ــصا ــع ــر ــاو   ــ
Tiano et all, 2004;) ــا  ــاا  ــر ،ــخ ا
ســب ــقا ــر ــمچن  (Fratini et all, 2006
Del Monte et) ــر  ، ــو مچ ــر گ ــ صا

خا انا ع ر  ها    نو فا کر  تفا

(Felicctti, 2006) تــ ،( all, 2008; Costa et all, 2012
شــتر  ــح ــا  .ــو ــتفا ــر 
ــو ــف خت ــاد اــند، ــز  ــا ق 
ــر  ــن بت ــاً مو ــ  ــ  ــد  ــ  ــد تع ــر 
اــند. ــر  ــا ع ــر  ــن بت ــا   رــا ــا ع
ــد  ــ  ــر  ــا ع ــا  ــر  ــ  ــا د
Karasawa et all. 2002; Ohno et all, 2004;) ــ
Bingham, 1964; Wolcott et all, 1993; Hoberock et

all, 1996; Burgess et all, 1985; Pessier et all, 1992;

ــر ــد  تــرر (Warren, 1987; Li et all, 2012
ــ  اــند. (Teale, 1965) ــ فــا ــژ
ــد ــا ف ــر   ــر  ــد ق ــ د ــا د
ــن ــر ــر  ــا ــ نــو ــن جــ
ــ قا ــر ر مســفر شــا ــر    ــو  طــر
ــر بتــن ــاد .ــ ــن حــو ــ شــا
فــا رنــد  رــا عــا ــا ــر رــا عــا
Detournay et) ــند ا ــا ف ــز  ــ و ــن 
all, 1992; Gerbaud et all, 2006; Chiaia et all, 2013;

Wojtanowicz et all, 1993; Nakajima et all, 1979;

Hareland, 2010; Kalantari et all, 2019; Kalantari

ــا ف ا ــر  ــد  ــا  ــتر ش  (et all, 2018
ــقا ــر ــر ــا ــا  ــر  ــو
Richard, ) ــد نن ــ  ــن حــو ــ  شــا
فــا ســکا  ــتفا .(2012; Schei et all, 2000
ــا ف ــ ا ــ  ــا  ــ و ــا ق  ــش ر
ــا ــک Tــکن ــات ــو ــت
ــر مــا ا ــ ــ نــد. ــر هشــا
.ــ ــا ت ــ  ــا  ــا ف  ــر  ــد رن ــع 
ــر قــ ــ ــر ــا ــر  ــ
ــر   ،ــ  ــا ج ــ ا ــنگ  ــا مو 
ــنگ ــطو   رــا حــ  ــنگ ــامو
نــ  ــو رشــا، نــ مچــو ــتر ــا
ــز  ــنگ اــا  ــنگ ــطو  ــا، و ا
ــن ــتقا ــاترا ــط  قطــ ــو
شــا ــقا  ســبند ،طــکا ــ مچــو
مــق ــر  ــکا  نــد ــر   حــو ــ
ــ ر ــا ر  ــو  ــر ظ   ــنگ  ــا نا
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ــکا م  ــر ت ــ و ًــر  ا ــ  ــد. ن
ــا (Kalantari et all, 2019; Kalantari et all, 2018)
ن ــا ــتگاــ ــا  ــح ــد ــ ــ
 ــ اا  ــک .ــ ــد ــر ــتا
ا .ــ فــا و  فــا تــــا
ــ اــند ــا ــ  تأــر دــ فــا
ــر  ــصا ســب ــقا ــر دــ ــتا
ــ قا ــ   ــوو ــ  ــ ــر  ــد. ن ــع 
 ــتگا    ــتفا  ــو ح ــ  ــد  ــد و ــع 
ــخا ــانا ــع  ســب ــقا ــر ــو
  ــو تــر ،ــ  ــاا  ــک ــ
مچــو ــر ــو ــ تــ ــا ــذ هــ
ــر ،ــ ــد ــ (Delgado et all, 2004) ــگا
نکــ مــ .ــو ــ  ــعو ندــا اــن
ــر ــر شــو  ــ عــر ــ ــقا ــ 
ر ــر ــخا ــانا ــاا  ــر ــو
 ــا شــو   ــ  نــوا ــا ــر ــطا

.ــ شــد ــتفا ــو ــ

خا انا  فا یکر  تفا

فــا رنــد  ــن  تــ ــ نــد ــر
ا  )حــر  شــگاا( جــر ظــ ــد
ــز  ــا ف ــد رن  .ــ ــد چ  ــخ ــا س
فــو ــ نجــر تــد ــن ــقا ــر بــ ــا فــا
 ــر  ــر  ــ  ــر نج ــپ   ــن  ــت کس 
ــر فــا ــر  خــش رنــد ــ  نــد.
ــو ــز   خــش  ــد ــن فــا
ــ خ  ــ  ــ فک .ــو  ــر ص ــکا ط
،ــو و ــ  ــر   .ــ  ــخت   ــد چ ا
ــاس ــز فــا رنــد  ــذرأ ــاترا
 ــن  ــ قا ــر  ــر  ــ   .ــ  ــا 
ــاد ــ انــد  ــو شــک فــا ــا
  رــا  ــ  .ــو  ــد و ــا  ــد چ
،ــا ف ــا   ــن  ــ قا ــر  ــو و
ــ قا ــر ات  ــتفا  ــ جــر ــا و
ــر   ــن  ــ قا ــد مان ــو ن ــا ف
ــر    ــ   ــد.  ــر ظ ــ  ــ زن 
ــر حــ ــن فــا ــر  تــ شــ ــا
ــو ن ــ ا ــ ر ــر   ــو ف ــر  ،ــتا ش

ــ صا  ــا ف .ــو ــر  ــا  ــا ف ــقا
ــد شــا 1 ــک ــطا ــن ــم  ــخت
ــو  ــتگ مبس )ــا ف ــ قا( ــر ات ــ  ــ 
 ــ   . ــا  حــو ــ  شــا ــ قا ــا 
ــ صا  ــر  ــا ف ــاو جــا ــا  ــو 
 حــو ــ شــا ــقا ــو  ــخت
کا ح   ــر ــه بنــا ــامو شــگاا
ــصا ــقا ــع  ــر   ــ  .ــر
ــ صا  ــ ت ــو  ــا،  ــو  ــو مچ ــر گ
 .ــ ــد ــتفا ــم د اتماــا  ــا ن
ــقا ــر د ــر  ــاا ــز  ــتا ــ 
ــک   ــ ــد تــا 2ــک ــطا فــا
ــا ف ــ قا ــر د ــا ا  ــ مو 3
فــا ــقا ــع 4 ــک  ــد. شــا 
ــو ظــ ــتگا ــو ــد ــرد
 ــ ر  بــ  ــا فــا ــقا ــع ــ
ــ نک ــ   ــد.  ــا ش ــو  ــ ر  ــد ع
.ــ ــو ــ  ــر ــا ــد جــا ــخر
ــ ها ــ   ــ  ــو ن  ــ   ــ  

قا  فا قا  مبستگ ط مو .1ک

(Pamplona et all 2007) حو  شا

Figure1. Linear correlation between drilling resistance
(DRi) and compressive strength (UCS)



1403 پایز | 21 پیاپ شمار | 3 شمار | هفت سال |  7

ــع نتــر ــمچن  ــقا ــرد هــ
.ــ طر ــخت ــخا ــانا  ــصا ــتقا

ــا ف اــتگا  ــ   ــوو ــ را  ــک 
ــو ــو حــد ــخت ــر ــو ــد تــا
ــرد ــاترا ــمچن  اــا ــ
تماــا ــ صا ســتر ــ  ــ و ــا  ــ  ــ؛
ــو ــا رــا ــو  ــا ــو  ــخا ــانا
ــفخت ــتقا نــ ــ ــ ــخت اــن
،تــ شــ ــا ــر قــ ــتگاا ــ ثــر ــد.

 ــد نن ــر د  ــو ف ــر   ــ ر ــر 
ــر  ــاً مد ــ  ــ ا ــت قا ــ ن ــر  ــر 
ــ  ــد.  ــا ف ــا و ــتند، س ــکا اگا 1۰
ــر  ــا   ــتفا  ــ  ــو  ــ ا ــ حد
ــاً مد ــ  ــنا   ــد  تــا  ــخ ا ــا نا
 ــر  اــند. ــتد ا ــد، ــا ــقا
ــر  شــو ــ  ــتگاا ــ  ــ حر ســا ــ 
ــع و  ــا  ــا  ــا  ــ  ــود. م ــ رت
رــخ  فــا ــا ــا فــا ــتگا ــ
ــانا  فــا شــک  ــر ــر ــز  ــنا
ــا   ــخ  ــنگ  ــ صا ــا  ــد  تــا  ــخ ا
.ــمو ــرر  تــر ــاق  ــا ــقا

ر  د تافا تگاعر

ــ ما  ــکا م ــا  ــ م ــ ا ــا ف ــتگا 
.ــ  ــد  تــا  ــا فه ــت نع ــگا ش ــا 
ــر د ــد  ــا  5 ــک  ــ طا ــتگا  ــ 
ــا ف ــر ک  ــ  ــن  ــت قا ــا ترا
 فــا ــا ــتگا ــ ــد. تــا  ــر
حــ  ــ ــخت ــاقا ــا اــن
ــنگ  ــا مو  ــر  ــگا اش  ــ   ــر 
ــر ت 1۰۰ ــ م ــا   ــر ت 15 ــا  1 ــر ط ــا 
،ــن  ــا ف ــا  ــا  ــتگا ــ  .ــ 

فا قا رد ا  امو .2ک

(Pamplona et all 2007)

Figure 2. Examples of drilling
resistance measuring machines

قا تا  خا نا ا  مو .4ک

(Tiano & Rescic ,2004) ر  عد  ب فا

Figure 4. An example of a test of a historical
monument and the results of drilling resistance before

and after treatment(Tiano & Rescic, 2004)

ا  فا قا رد ا  مو  .3ک

(Tiano & Rescic 2004) خا نا   ا

Figure 3. Two examples of drilling resistance machines
in operation in historical building

خا انا ع ر  ها    نو فا کر  تفا
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شــ ــا  ــر  ،ــتا ش مچــو ــا ف ــا 
 ــا ف ــ م  ــو ف ــر  ،ــ ر ــر  ،ــ ت
ــوو   ا ــ ــر ماــد. بــ  تــر ــد
ــا ــر ــک ــ ــر مــ جــز نتــرو
ــ أ ــ و 13۰۰ ــ ر ــر دث ــا  ــ ت ــ ش
6 دثــر ــر ــا گــر نتــرو ــوو  نــد
ــد. ن ــر ــا ف ــر   شــتا ــر ت ــ و

ــم س ،ــا  ــ  ــم س   ــا ف ــتگا 
خــ .ــ ــد شــک رــگر ســم  فــا
ــ خ   ــا ج  ــن  فــا ا ،ــا ف
ــر   ــا ف ــا  ــ ب  ــر نت ا ــگر ر
خــ ــ  ــ ــتگا فــا خــ . هــد
ــد. شــک  ــتگا ــ ــز ــخ ــ
ــکا  ــد ــو ــا ــ  ــر 5 ــک ــطا

ــر  ــعو  ــ ظــر  ــر ــر  فــا
ــ و ــنگ  ــا و  ــر  ــد و  ــد ن
ــا ف ــ خ .ــو  ــ ثب ــو  ــو خص ــ ا
ــا ف ــر  ــز ج ــر نت ــو  ــو و   ــتگا 
ــا  ــر  ــر نت ــو ــو و ــک  .ــر  مــ
ــ أ ــ و 13۰۰ ــا  ــ ر ــا   ــ ت ــ ش
حــو ــ امــر ســم ــ ــو  ــر ــ  ــر
ــر ــچا تقــا حــو نــد. نتقــ ــچا
ــوذ نتــر ــو ــوو ــو ــد جــا حــو
ــ عب ،ــا ف ــر نت ــو  ــو و( ــ جمو ــ  
ــ نتق   ــر  ــد  ــو  )ــ ت  تــر  ــد 
ــر دث ــر ــا  گــر ــر نت ــو ــو و ــد. ن
ــر ــر  فــا ــر  شــتا تــر ــو 6
ــد  تصــ ــد  ــ عب ــ   ــد  ــا ج ــتا ش 
عبــ مــر ــ نتــر ــو ــوو ــ نــد. نتقــ
تــ  ــو ــو ــچا تقــا حــو  ــر ــد
ــ  .ــ تصــ ــد  ــ عب ــ  ظــا ــ ــ ر 
نتقــ تــ ــ  حــو ــر  شــتا ــر ــ
فــا مــ ــرد هــ ــتگا .ــر
ــ ا   ــد  ــ عب ــن  ــا اج ــگر س  
مــ بــ  نتــر ا ــ ــر مــ فحــ
ــتگا ــا ف خــ ــ  ــد. جــا  ــا ف
ــ تص ــز ر ــگر ر ــ  ــ  ــ ا ــ ر 
نترگــر ــ  ــا ــتگا رــگر خــ .ــ
ــد ،ــد فحــعــد ،(PLC) ذــر ــار نطــق
ــر ــر ــ ــر مــر ــ مــس ماشــگر 
اپوــر ــ صــا ــا خــ ــ .ــ ــا
ــز  ــر وپا ــ ر  ــتگا  ــر نت ــکا   ــو 
،ت شــ ــا ــا ــر ــا .ــو ــر
ــا ف ــ م  ــو ف ــر  ،ــ ر ــر  ،ــتا ش
ــ  ــ س ــ ا ــ  ــ ا  ــا  ــو  
ــر ــا ــر موــا ــو ــ ــکا ــ نــد
6ــک ــامو .ــو ــر ــا ــ  ــد
ــات ــک اــند. موــا ــ  ــمو 7 
ــو  9 ــک ــطا اــا ــ  ــتفا ــو
15ــ ــ   ــ ــو  ــکن ــا  ــک T
ــو   ــا ت ــ  ــو  ــ ن .ــ  ــ  2۰ 

.ــ ــما ــو   ــا   ــد اا نگســت

ا ا ر  د تا فا تگا  ما .5ک

فا ا رد

Figure 5. The constructed drilling machine in Iran with
the drilling data measurement capability
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انا ر ر یشنهاا

خا

ــقا ــع قــد ــرد ــا ــ ــد
ــد رن  .ــ  ــ ت ــا  ــر أ ــذ   ــا ف
شــ ــا  ــر  ــا  ــ خت ــا ترا ــا ف
ــ و ــ ر ــر   ــو ف ــر  ،ــتا ش ،ــ ت
ــعر ــا .ــو بــ  ــرد فــا ــتگا
ــر  ــ ا  شــخ ــو ف ــر   ــ ر ــر 
ــا  ــر  ــا ترا ــا ف ــر ــد ت  ــتگا
ــ  ــا ف ــد رن  ــ تنا ــتا ش  ــ ت ــ ش
ــامو  ــمو 7  6اــک نــد. ــ

کســا ــر  ــا هــا کــر  دــ
ــد.  شــا ــر ر ــن ــا ف  

 ،ــخ ا ــا ن ــ  ــ ع ــر  ــر  ــا 
 ــا ــو ــصا ــر بنــا ــمو ــ ــ
 تــ ــا ــع نتــر ــر ــمو ــ  نــا
ســت بنا ــمو .ــن ــهــا ــتا ــر  أــر
ــا    ،ــفا  ــر،  ــد و ــ  ــ صا ــو  ــ 
ــخ ا ــا ن  ــد  ــ رت ــکا  اــن  ــو 
ــ صا  اــد تــ ــا نتــر ــر  ــ مو اــد.
مو ــهتر ــ اــد گرمســا  مگــ ــا ــ
ــتفا صنــو ــن نــو ــ ــتر  ــو

ا کر ا نرر  فا تگا و د رد ت ش ا ر .6ک

Figure 6. Thrust force measured by the drilling machine in marble with repeated testing.

ا کر ا نرر  فا تگا و د رد شتا .7ک

Figure 7. Torque measured by the drilling machine in marble with repeated testing

خا انا ع ر  ها    نو فا کر  تفا
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ــا ج ــا  ــا  ــک پزد ــ  ــو  ــ  ،ــو 
ــا  ــ  ــ  .ــ ــو و ــا    ــ ــا ودو
ــا  ــد ــر ــا 1۰۰ ــ 3۰ ــ ــ  ســب
دثر ــقا   7  قــ 15 ــ ــر ــا
  مگــن ــتر ــ ــ ــز ــد. ــو
ــ ــر .ــ  ــتقا ــاترا ــو طمئــ
حــ  فــا ــا ــر عــد  بــ ــ  ا
ــر جــا تــ ــا نتــر فــا ــا ــ
.ــو  ــوــا جــا رنــد ــ  ــ

ا جا ر

ــو ن 1ــ و ــخصا ش ــا  ــر  ــر  -
فــا ــا ــر شــخصا بــ هــ ــ مو

ــو جــا هــ ــصا ــر بنــا ــمو ــه -
نتــر هــ ــکپزد ــ ــمو  شــگاا

حــ  شــگاا ــو  تــ ــا

جــا  بنــا ــمو  ــر فــا ــا جــا -
 بــ ــا نتــر ــمو  ــر فــاــا

فــا ــا ــر  عــد

مــو ــر ــا ــر فــا ــا بــ -
فا مــ -فــا ــقا

-فــا ر ــر فــا ــقا ــگا ــر -
ــتفا ــا تــ ــا نتــر ــمو  بنــا ــمو 

ــر مــ - فــا ــقا  دــ مــو 
.ــو ــا ــ  ــ ــط ــا

نا  ــر  حــ ــا ــر ــو ــر -
.ــو کر ــز ــخا

 دفاقا تا سقا

بنا مو  ح  فاا

ــر  ــر  :ــا ف ــ قا ــ گا ــد ق ــب حا
.ــو ــبحا فا قا ــگا قــد ،ــو
ــ  ــ  ــو م  خــش ــ  ــو ر ــب حا ــ 
مــو ــ ســمت ( .ــوم ــا  ــ ســم
 ــر ت 5  ــد ع ًــو عم ــ  ــ  ــد  ــق 
p ــوDRpفــا ــقا ــگا تــد( فــا
ــعر ــر m-qــامو ــتو قــد نــو

:(Valentini et all 2008) ــو

( i=0, 1, 2, …, m-1)  مو ا :i

 ــر شــخصا   ــامو  عــد :mp
 p ــو  ــ  ــو ر ،ــ م ــ قا

ــ  ــد  ــ خت  ــا  ــا مو ــد ع :qp
 p ــو  ــ  ــو ر ،ــ ت ــو ف ــر أ ــ 

ــ م ــ ر  ــن مگ ــد  ــا  ــر گ ــر ات
ــو ن ــ  ــ  ــ -p ــو  ــد ع (INHD)
ــا ف ــ قا ــ گا ــ  ــ  ــا  ــب س
ــ ــاً مد نــدر نکــ ــر ــا ( ــو ــعر
ــط  ــر  ــو م ــ ه  ــو  ــن مگ ــد  ــ 

:(Valentini et all 2008) ).ــ ــن

 p ــو عــد ــ ــا Sp طــ ــ  ــ
.ــ دــتا حــر ننــد ــر ــهتر نــو

ــر ــر دــ فــا ــقا ــگا قــد
ــ ا ــد ع  ــ ب ــا  ــر نت ــ مو  ــا ف
ــو ــ ــرغ ــد  ــد ســقا ــا فــا
تا   ــد ــ ــ تــ ــا  ــا ــد

اا  د تفا ان مو .8ک

Figure 8. Samples of rocks used in the tests

فا ت و  ک .9ک

Figure 9. Shape and type of drilling bit

1 ط

2 ط
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فــا ــا مــا  دــ فــا ــقا
تــــاــز ــا ــر ــو؛ مــا بنــا ــمو
ــا اــد  اــد ــز دــ فــا ــقا
   تــــا  ــا طــا ــر ــ مــا
مــا جــا رنــد  ــ ــا ــت ــو اــد .ــر
ــر نت ــ مو  ــ   ــا بن ــ مو  ــ  ــا ا
 ــا ف ــا ترا ــر قا ،ــ ح  ــا   ــا 
قار تــ طــر ،فــو ــر ،تــــر ــر ــم
ــا اــا ــو   ــد ــعر شــخ
.ــو ــر ــتا ســقا ــکا ــا ــود ــتگ
ــر هت ــر نت ــکا  ــ ــ گا شــتا ــر د
ا ــط ط شــتا ــ ــر نــد؛ ــر  ــتا
ط ــقا ــر  وــد   فــا ــقا
شــتر ــخا ــانا حــ  نــد ــر .ــو ــتفا

.ــ طــر ســب ــقا اتــر

  ســتند ندــا ــاســا ــو ــصا ــر
ــا  ــر قا ــت ــ ــ  ــنا ــر   ــو
ــد .ــ شــهو وــز انــد ندــا ــاا 
ــو   ــا  ــز  ــ  ــ  ــد  ندــا 
ــرغ ــا  ــد ــا تــ  ــر فــا ــ
ــ ــد ــرد فــا ــقا قــد  ــا
ــو مــا تهــا ــا  ــد ــا ف ــو ــد ت
  ــ  ــر هت اــن  ــ ن ــر  .ــو 

.ــو ــتفا ــر

صح قاــر ــ ــرنــد ــ ــ ــد
ــ   ــتند س ــد رد ــر قا  ــر س ــد 
ــر ــو  جــر ــو ــو   ــ صح ســر

.ــر ــع شــخ فــا ــام

:اطر ا

. عطا و ن – Aن

)"Aــن"( ــا مــا  طعــ - ــصح ــمو
  ــ ــ ــد ا ــا  خــو ــ ــ ــ

.ــو ــ ع ــد ا  ــ ر

ــمو"  ــ ســتند اــو -  اــو
ــود.  جا "

ــو  ــ   دــ  ــا ف ــ قا - F0

ــقر ــ هتر  ــ " ــ مو"  ــد جــا
ــد. شــا  ــا "ــع" فــا ــقا
ــز  ــد ق ــ  ،ــو دشــا ًــد ع ــ  ــوما

،ــ   ــتعد س

قطــ  ــر ــ ــ ــ قــد -ــتو ــقا
ــبحا فــا ــقا مــو تــد  ــد ــعر
ــاا  ــا ــز  ســتقماً   ــو .ــو

. ــ ــ ــد ــا ســ

ندا خان ا

اــو ــ ــر ــ  "Aــن"  ــمو -
ــ نــد. تخــا ،ــو جــا   

ــد. ا ــد و ــا  "ــ صح ــ مو" ــو ن
" ــ مو"  ــد د ــ ت ــا   ــو  ــ  -
ــ تو ــ قا ــد. ن ــا ج ــاتمتر(  1 ــ )م
 ــرو ــر .ــو ــدا F0 اــد ــو ــ
تــ ــو ــک ــ ــا ، تــر 1-2 أــر
هــ تــر 8 ــا 2 ــ ــا ، ــا أــر

.ــو شــنها ــتفا

ــا مو   ــا  ــو  ــش ا اــو  -
ــد، ن ــو ــا حــ

ــو ــ ،تــ فــا مــر  نظــ ــو  -
نــد فــا " ــمو"  دــد ترتــا 1

ــود(. ــد ا Fi ــا قا ــ (

ــ  ــ و ــا  ــد ا  ــو   ــ  ــ ا -
اــن ــر .ــو ــنظ ــن ندــا
ــ ــ اــن ــر  واــر ــاندر
ــ ا ــو   .ــ  ــر و ــتند، س ــاندر 
 اــو ،مــا تــ ــر ،ــن
ــا  ــا ف ــو  ــر ت 5۰ ــر   ــ  ــ مک
ــد، ا ــتر   ــ ر ــو  ــ ن ــ  ــا 
1۰۰ ــر   ــد ا ــد، ع ــ  ــا    .ــو  ــا ج
.ــو  ــا ج ــد د ــ ر ــو  ــ  ــر ت

و  )ــط ــورــر )ــا ــصح ــا -
ا  ــ ــا ،ــر ــبحا ــو  ــد ــا
 ــتر ش اــو  ــد ع ــ  ــد ا ــ ز
ــر ــ فــا رنــد ــ جــا  اــد. ــتر

خا انا ع ر  ها    نو فا کر  تفا
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ــع  ــ ا ــا  ــر  ــ   ــ صح ــد رن
بــ  ــو شــتر عــد فــا ،ــذ أــر
اــو  ــر  ــا ر ــر  ،ــ  ــ ناا
اــد ،ــرنا ــد؛ خوــد مــا زــاً عــد تــ
مکــ ــوا ــ  ــ صح ــ ــر ظــر 
ــ تا ــ ات ــر  ــاً طمئن  باــد »ــ ا«ــ

. جــد ــن ا ــ  ــا  ــر 

ــت  ــر  ــو  ــ و ،ــکا  ــو   -
ــد ع ــر نتظ ــا تم ــ ا ــ صح ــر مک ــ 
ــ ــد ــپ  اــد  ــو ــنع
ــد. ن ــو و ــا ف ــا   ــر   ــا م
ــ ــحد ــ  تظــا ،ــو
ــا  شــم  ــ  ــا،  ــ جر   باــد ــا 
،ــا ــ .ــ ــو اــاــا ــا 
ه ازــا ــا مــر ــز ــ ــر ــ ــا
ــر ــع ــر  ا  اــو ،ــو

. ــو  ــ صح



ــر  ــو  شــنها   ــر -
: جــا ــر ــکر

ــو ــر  دــ فــا ــقا -
اــد. تــر 8 ــا 2 ــ اــد 

،و قس F0 ر اد تو Fiاقا -

ــو  ــر قطــ ــ ــو ــتو ــقا -
ــ قط ــر  ــن ع ،ــو   ــا تص ــا 
ــر  .ــو ــ ــر ت x=0  ــد ا Fi/F0 ،
Fi/ جــت تــر، 9۰ ــا 8۰ ــ ــد فــر ــو

.ــو  ــ ــر ت x=80  ــد ا F0

ــ قا ،ــو و  اــو  ــا م ــر  -
ــو  ا ــد فــر  ــو ســ ــر  فــا

نــد. ــشــخ

ا ــد فــا ــو  Fi/F0 ــر ختصــا  -
ند. ــ  i قطــ

ــنظ ــصح ــا ــا  ــور ــ ــ -
ــ  ــد ن ــا  ــ    ــو  ــ  ــ و ــا  ــد. ن

1۰ ــک ــار  ــر نــد. ــتفا ســتق
بنــد، 

XY ــ قط  ــد ا ــ   ــو ر ــ  ــ  -
ــاحر نــد. بــو  ــ ــز ــاس ــا )۰;1(0
ــح  ــجز ــ ــ اــد ــر ــ  ــز
.ــو  ــو  ــا  ــد   بــ  ــو

ند. ع ور  ر ــر  ور ــعا -

ــترســتند،  ور عــا ــ نــگا -
ــ قطــ ،اــو ــو ــو  فــا ــا
ــتخر Excelــاا  ســتق ــو ،قطــ

.ــر ــصح ــتگا  ــز ــر ــو ــد

:(Delgado et all, 2004)   صح ور -

Fci=Fmi/a+bxi 3 ط



i قط  د صح قا :Fci

i قط  د رد قا :Fmi
i قط ا ور ت ا د جا فا  و :xi

اس اد ،مو  سم ر بد  ر :a
اد   ز

وگر    ر :b

ظــر ــا ث ــ   ــتفا  ــا  ــا نج  ــ ا 
 ــر ظ ــو م  1۰ ــک  .ــ  ــد   ــا ش
شــا فــا ــو ــا  فــا ــقا ــکا ــا
 (A) ــد ــط ــد ــ  ــک ــد.
طــو ــ نــگا .(B) تماــز ــد   گــر
ــا ف ــا قا ــو  ــود،  ــ عر 
ســ ــر ــ  ــتفا ــا مــق ــر   ــع
ــ هر ــا ف ــتگا  ــا    ــ  ــ نا

.ــر   ،ــ ــد 

عاــۀ ــ ،)Aــ( 1۰ ــک ــا ــصح ــر
ســتند: تگــا ا ــور

y=1+0.1x 4 ط

xiفــا ــو  ــ ، iــع قطــ ــر  ــصح 
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:ــو جــا ــر ــو ــد، 

Fci=Fmi/1+0.1xi 5 ط

ــاتتر 25 ــا ــور ــعا ــ ،B مــو ــر
ــ   .ــر  ــر    ــد ع  ــ عا ــ  
د. شــا ــر ــ ــد  ــما ــور

: باد ور عا  ،ار ا

  ا اتمتر 25 ا y=1+0.25x

. ا اتمتر 25  عد y=5.8+0.04x

:و ر و  نجر صح اور

Fci=Fmi/1+0.25xi 6 ط

:و ر و  نجر صح اور

  را ا اتمتر 25 ا

Fci=Fmi/5.8+0.04xi 7 ط

. را ا اتمتر 25  عد

ــاــ ــو ــا ،ــط ــر ًا ــــد ــر
ــپ   ر ــا   نفــر ــط ــر ــور
ــا ،ــ ــا ــا ــصح ــر ــا   ــتفا
ــا   ــ ا ــو م  ــو ر ــ ا ــ ن
ــر عتبــر ــصح ــر ــ ــخم ــو اــد

ــا ــا نحــن تهــا ــا تــو ــو ــ ــع ــا ــر
،ــر ــر    ــط ــد ــ تــو ــ ــا

.ــر جــا

ــصح نــد، شــا روــا ــ ــ ــوما
ــر قا ــز ر ــ رنا  ــو  ــا ج ــر س ــا 
ــا  ــد جــا شــک ــ  ــد. م ــ ــ  ــف ن
 ــد ن شــا  ــ ــا س ــر قا ــ ــامو
ــد،  ــا   ــ  ــا  ــو  ــا  ــ  ــ 
 ــ ــد ظــر ــ ،ــ ــر  نــد. ــ
 ــ ا جــر ــا ــصح ــر ،نطــق
ــود. د گــر ــ ــز ــا  ــا ــا
ــر ز ــ صح ــر ا ــا ،ــع ب ــو ــ 
متــر ــصح اــر ــا  ننــد ــا
ــا ــ جــا ــا ــد ــد ظــر ــ ــ ــد،
.ــ ــ ع ــا  ــ طا ،ــ ر    ــو ان

ندم

اا جــا ــر عتبــر ــز ــ فــا کــر
 ــر حــ  ــها ــ  خــر ــر ــب
ــددأ خت تماــا ــصا  ــعب اــن
 ــ ها ــ   ــ  ــو ن ــد و  ــ 
ــتفا ــو ــخا ــانا مــق ــع ــر
أــر نتــر ــکا  ــا ــرذکر .ــر ــر
عــر ــقا ــ ــد .ــ کاذــر تــ ــا
ــ ــر شــو    ــتفا   فــا ــز
ــر   ــد تع ــخ ا ــانا ــو ــ  ــو ــا  
ــاا  ــر ــو  ــز ــ  ــتفا ــعو

اــد. ؤــر ــاس وــد ــخا ــانا

ــاخ   ســندو :اســندو شــا
ــ ق ــا  ــ م  ــنا  ،ــر فهو
ــ ح ــئو س  ــند وس ــ  ــا   ،ــ 

.ــ هــد ــر   هــا ــر  ــم

.د :نا ضا

فها نعت شگا :عنو  ا یاا

ژ ــ ــا ا ــا: ــ ــتر
.ــ ــتر ا باکا ا  ــ اســندو ات

ا  ر ر صح ا   امو .1۰ ک

(Delgado et all, 2004)خت

Figure 10. Examples of two hypothetical correction
functions for two different materials

خا انا ع ر  ها    نو فا کر  تفا
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مو

(Specimen)

تر

(Plaster)

رر

(Rotational Speed)
600 rpm

فو ر

(Penetration Rate)
10 mm/min

و م

(Hole Depth)
10 mm

و طر

(Hole Diameter)
5 mm

فا ت

(Drill Bit)

ما

(Polycrystalline diamond)

و ما

(Hole Number)
1 2 3 4 5 6 7 8 9

فا قا

DR (1.5-10)
5.3 4.9 5.1 5.1 5.1 5.3 5.3 5.3 5.2

دتا حر

St.Dev.
0.19 0.21 0.23 0.22 0.23 0.15 0.20 0.28 0.24

مگن دا

INHD(%)
3.6% 4.3% 4.5% 4.3% 4.5% 2.9% 3.8% 5.3% 4.6%

و ر  عد

(Data per hole (m))
101

د ذ ا عد

(Discharge data(k))
14

فا قا

DR (1.5-10)
5.2 N

مو فاقا

(Drilling Resistance of the Specimen)

 ر

(Precision Index)
0.2 N

مگن دا

INHD(%)
3.8%

م و  مگن ر ر

(Index of Non Homogeneity through Depth)

و توا

(Coverage Factor- k)
2

و توا

(Declaration of results)
DR=5.2±0.1 N

95%نام د

(confidence limit)

ا نتر  بنا امو  وا فا  ور ا ب د مو :1یو


