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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 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 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 vatious 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 8. Samples of rocks used in the tests.
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Figure 9. Shape and type of drilling bit .

)l pl L (Sblid g5 g9 S g0
L godd eSS 5 pab Ver an ¥ Cj@u‘w
50 on o ol ol Csge iy 0 295
Q—il d‘)_g Ll CJ‘ ‘3_09LM Lng)Lol)li P9 u_io.la.n
3-8 plol asie ol Jy8 (o )las u:;_,"lpj -
Dgid g0 03D sl iolejl plsul ] yd asalsl ys 4
wrizlojl ol Yol o

Ole—sds N Cwgn Clas o Ly o) 8 ol b—

Gl Lislejl o Slas e s Cags diged

050l Lol e el (el Lo digas aai -

IS e (Sl &3 dised 5 (2R ile)l

e g (BBl el > aie Lol

plol 5 Lo diges (555 = gyl Lilesl plosil -

9 =8 Dol )8 40905 (595 0 il inlo]l

b Giolesl e il ae

g3 s i g il o (5l (glmosly s -

— )lis ya (dly o)las conglio uSSlo 359l s —
o3kl L dio il S d 505 g Line diged 40



)b Slals Candg (w3 w28 05 by S lgieds (6)lis 9,0l oolazul

u_:).oa Oy 9 S J ”C)/Lo] 4_396:\” 5 ol Jl_’>o1
.J_b.)do UL‘“‘) ‘) odl_o "@_5‘9" d)Lo- p‘_ﬁsl.;us
S AR ol g o sl i x4 S jg bojlen

alads g3y oy 0 d S Cowl (g)lide — lawgie Cinglds
Al (gylis Coglio Hogod dlaiel 3 oddh oy
sbals 1 Lyl )3 lasiiane |y ol g e 2950

Dyl Cwd 4y ois Lo JuS]

g ygm ol |, 8451, A K I (dlasiges —
Aole ales 8L "C_,;oa.‘; d._Sgw'" Olg—isds
oMol aiged” paae ae Ly Ty #lis s el -
L sgie Coglio A8 3oyl (ewtlow V G—os)
Sl Ssl (gl e 0ol Fy anl &lygw o]
e So JSii S ls Jyl ek VY il
Cpr oo ALY o alols oy (ool s
Do oo doiiiyg odlai !

S Elg pimloj] o

A gylis oMol gl 3 asis (6 ye Sl )

daang L aol sMolfligw 9o oy alols -
p_f s L;gllb&_w dl)_: 9 )_:ab9§ ))b.)ul_w
dwlo 0y50 1 .l 15 SV b i oulw
Al oy 3 g2 pe Elg gy 45 Sl
Voo ya 3l aim as loej ol 5l g plsl
e (b GgesS) 0208 L) el i -
Sloj ol 8y Lal 0,5 awloxo #lygm 93 8l L
2 &y gl w Dl a S b o il
o ()l Ayl f a8 ool il ey

olis il slen 5l oselecwda (o)lis coglio
i el i1 o 99 o S L i
Lol g b o i)l odolcwddy (g lis coglio
o il aste plalw 5l (8L s e p5 ol Jlos]
plod ploml ald o 48 ol w ity ar g Al o
JrS ages > dy g Lie aiged 3z Loyt
el byl jlie (oo 3 Loy g ol
i ot b 3955 £ idte RS s e
s Lagilesl Jobo 3 g s iy 35 e te
Doid vl )8 2l duolie LISl L g axiilaaSS
e I8 el o Sl 55 (5 ojll
s iy g (el 5 o bl
Gllas Caglio 0l 5 Al oo 5 )l ()L Ceoglio
ydd ()b glaly ooy s 1 e edlaiul
Gl gytro pd Coglio ol )y

ol g A ol jla iolojl 3)90 plas S
35 yolie cpailhy Sy 4 b Sy 35
S ) dgaio 3558 A ile ol sLa SIS ]
b 55 el (5o 8 ol (6080 Sl
Ol sl g 0 0l ate (59 o s)li> S
O 04 (6 pS0jll (g)lis Cagliie lade > (o3l
g lod sl L o (g)li> gl (gl
9y J sl e S (i gl e
Do ool wl 45

o= g A 06 S0l olde | gy uS 0a
2 dob 2 (2028 seba eS|y el S
2y el g pasde gyl Sloles

wbMasl 5810

el allas 3,90 S — A Skas

("A Kiw") ools ol (glaslad — x oral dges
‘J 5 aS cwl oile L;Ql_: 03)9_523 Cwd 45 ]
D9 e Sk e Mol e s

dgel’ a8 aiad olagligw — ol lagl



w1y

XY adas jl ol Jol 3 gwyS) s gl =

bzl S jee ol 4 S L Ly (+5))

o g o s an 0l (558 ol 1 S

D95 030> b el yhgy L pladljl J8 9395

S Oy OgeyS ) b3y sl ) (e Sy addlae

Wi o yiad 5D oS ) SYDlro 4 S B in -

Dy resual olKiwd )0 l5-8l p i lawgi 00

:(Delgado et all, 2004) cul pl S zuonas Jg0,8 —

Fci:Fmi/ a+in Y alal,

&S

i dags » 04U W u,o9b,o :FCi

1 alads 5 04D Lg);o)’bjl L‘mgl.&o le

1 e b abgye o b o plool g ylas S gl X

s 1L hged Jgl cuond (4l ;L\,.m).u iy

il S 4 Ko

oSy bl aygly oo b
S Jlie SOl adlawl Ly Lol jo JolS o,
Iy s og—od 93 Ve S ol 0 o0l i
9 (A) J._>]9 L;‘a_> A9y gi_: dl)l.) L?i—’ Aad o
bglad a8 ol5in (B) jolate a5 93 gl (6500
JuS1a 5, SO jlodliwl U o a0y 28l
Cwytd 6yl oS (clmosly o y3 48 Cwlio

Dy S C)/Lol Wl 0I5
doleo ol (A 3 Ve S (glosly pousnad (gl
HS VORIV ui._sl_w Lgl.ma)b O?—ff“’)f)

y=1+0.1x ¥ ala,

g B Y e
8 31 g syt Sass (5l )35 oo -5
slaghy—w sl Glagen ) sl culial
b ol 208 4 alsss Jlael Log ) (gum aie
oS glyg ()l ppnai a8 s )5 ) s
=l 8l gl Lizelas o uiils « | ol8» el

)b ssme (b as L 4558

O (gl 358 g0 Aoy e Sel jgo 3 -
S, Latie slasel J B pouay 5y, Sloe S
A Pl o g 4l (2 g (e
A8 3290 (5 )i Lpodld (59; ;2 o] Jlse!
s Cdgie (5l gy e il (S 9L,
L aivon (o) ol dos o 3 5 4ils Sl
LBl clel .ol 039 5w ilejl (o3le Jlo,
49 LosUl Lol o 5135 cl 808" s
e pd g sl B (Mol laghg 9

Db 3929 ral

el o9,

Gk 3l lasiee ) oloimiin el i) gl -
2l Fl_’>ol =) J$_>9)J

Fho—w a1 sdelec it ()las o aglio —
9 o T 2 il Jlgite T (glacuoglio -

Ehss o oy Ak 4 Egs Laogio Coglie -
a_lag; d])_) u“—" ‘39—“’6" o3l3 uoL.a...&‘ uol_s
8l 98 oy pto e x=0 )3 a0L Fi/F ool
k““9LQA D990 @Mo' leﬁ’d)ﬁ—“’ fal_m LS‘)—’ -
Ehge Ol b o i JS Jo-bo s oy g5l

Uomd)mJ#JfFi/FOO_bbm)b—

el el glaodb L1y g )5y o3 S -
Lol SO jlabgiasasglyn s



Pl Sl Cundg (ow)p 2 025 05 U9y S lpied (li 9)See jloslazal

L L i sl B Jlgto jo-bo d (psme 03l -0
oS Gl ol ) e a9y S e a8 Sl
.5)_5 Fbo‘

geas iy o Gldi Ladge b (ol 45 je bolen
sl 55y ol 9 9S00 Pl g8 L
L oa alou] o ol ] od cwd 4y e
g 4o o0 (Lt |y o8 jlm jdllie 48T oL lages
Wyl bl e Mol a5l Ses iolw s 4
B9y Ol Swyise IS5 A ol 0gMe S (o0 S
&S cewl Gloj (o255 slaodh posnal (gl ¢ alaio
S5 5305 4 S5 ol 5 YU (oncS
=S gmreal y5VL Sy ol Jo-b 4
S gmal ySeml slaSy 9 1S o B
Lo aS ol U 8l aw) oo pdai ay a S s
) aily Uy allas qoled,S S 1y o] oSt

e

o iolojl ool (ly ysime 50l o (g )lis 5, Se
Sy o P e2ld oS g oS A
ol caliste  Slais L pllas 5 ab (slacSiw
2 =2l o5 gy S plyed alg e g
olail 3j50 (Fe) gLl (dos Cndy (o)
5 S Sl g ilogl (gyaiy S5 3,8 5
o adlie ol Bua ol )l el ae iolw
o=l i (S glalydg g anang g
Sl g Cnpo 0jo 50 550l ol 5l edlewl dx g
Al 350yl 1l 0 (S )b sLals

Lo 9 g s I Sy €8 i

a5 Laesly d)ﬂjz_—“? 9 umL_.wu»j) “5}‘3)—4(’9-@‘-5-9
. . C—"‘ﬁj £ ‘993 W “,93 4\_{ (_fn_> ).) ‘C:A—A:’b
Ll ol ps l) L;’LQ(’ u"—")’9 9=

)l 28l aLas
Oleeo] imio oKl 1 goir0 9 (530 ylwols

2 osbgh o=l s slaodls Ldodld Ay o piowsd

9 g0 plowl jmj ©ygmod B3 0 )
Fe=Fm;/1+0.15, b dlal,
FasBlw YO LS (g3 5 atslae Sy B Iy ol
L300, 5 o )3 ol 5l am ped adilee S g
e oo i |y 058 ol et oaly oled (g S
5 Al ym0,S s olas 53 ¢ ol o L

9 Cul lo yiegslo YO b y=140.25x

ol 3o el Y0 jlax y=5.8+0.04x

D90 325 2)lge & i goval sl Jge b
Fe;=Fm;/1+0.25x; 5 abal,

Dgd o0 2 3lge 4 i guonal glage b

g sl 38 6 el YO b
F;=Fn,/5.8+0.04y; V aba,

Gl 39,8 BB iasilo YO 5l ax

£ St s L e i SIS gy S oy

e 930 18 Laodls a1y, e o s 8 a5
L il ools Lanosls T—ouas 61)—3 é_gl.}' OT )" odlawl

aloMol g cdl ylgS woi ]y (Sgm)S) bl s
Sl ymize pesval o pb S (yresd gl L

10“‘

QT'

BT """""""""""""""""""""""""""""

7“5

BT & Y W e S e
£ 513
o 4 4 >

31

il

19

0+

0O 10 20 30 40 S0 60 70 80 90
total drilled length (cm)

oo 9 dl).g Lsoo)ﬁ W@l) 99 )l dL&aA)}o) AR J,{w:
- (Delgado et all, 2004) calises

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