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Abstract

Purpose. The purpose of this research is to investigate the effect of weight on bit (WOB), rotary speed (RPM), and some
rock properties on the rate of penetration (ROP).

Methods. Four types of rock were collected from different sites in the south of Egypt (Aswan sandstone, Isawya lime-
stone, Assiut limestone, and Minya marble). These tested samples were drilled by diamond core bit using a fixed labora-
tory diamond drilling machine under conditions (400 and 1200 rpm), and loads from 12 to 220 kg. WOB, ROP, torque
(T) and specific energy (SE) were continuously observed during the drilling trials. The effect of these factors on ROP
were examined. Water is used as a flushing and cooling medium.

Findings. The effect of some operation factors on the penetration rate regarding mineral composition and different rock
type was evaluated and the general equation was carried out to predict the suitable operation factor which gives the best
penetration Rate.

Originality. The effect of some operation factors on the penetration rate regarding mineral composition and different rock
type was evaluated and the general equation was carried out to predict the suitable operation factor which gives the best
penetration Rate.

Practical implications. The Results demonstrated that ROP was inversely proportional to compressive strength (CS), ten-
sile strength (TS), and density. It was also found that Aswan sandstone, Isawya limestone, Assiut limestone, and Minya
marble have CS 111.94 MPa, 131.22 MPa, 125.0 MPa, and 502.5 MPa respectively. Was established that ROP was directly
proportional to porosity. Increasing ROP in case of Aswan sandstone is associated with increase in porosity — 23.158%, and
in case of Assiut limestone and Isawya limestone ROP is also associated with an increase in porosity — 19.9% and 17.93%
respectively. Decreasing ROP in case of Minya marble is associated with decrease in porosity — 2.314%. So, we concluded
that marble has lower ROP due to its higher CS, TS, and density and lower porosity than other tested rocks.

Keywords: rate of penetration, weight on bit, rotary speed, specific energy

1. Introduction — bit type and design;

— abrasion index;

— drilling fluid properties;

— flow mechanics;

— hole dimensions;

— machine specifications;

— time, climate and crew and/or operator efficiency.

However, there are the principal parameters that are required
in estimating and predicting of ROP and the operating factors
of the drill bits and characteristics of the penetrated rock [4].

In order to drill a well, three factors should be recognized
simultaneously:

—a certain load should be applied on the bit;

— the bit should be rotated;

—adrilling fluid should be circulated within the well bore.

Drilling is one of the most important processes to identify a
clear picture of orebody in any mineral exploration. Its mineral
content, and the stratigraphic features allow to illustrate both
geometry and geological setting, which helps to interpret the
layers behavior under surface. Layer thickness and structure
influence drilling operations. There are many resistance forces
which affect drilling operations, such as shearing action of the
bit in rotation and the degree of abrasiveness [1]-[3].

Rate of penetration is considered to be an index for calcu-
lating drilling operation cost. The total performance of any
drill bit is complex and is affected by several parameters
which include:

— bit operating factors;

— formation characteristics;
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The most important variables affecting ROP that have
been identified and studied include [5], [6]:

— bit type;

— formation characteristic;

— drilling fluid properties;

— bit operating conditions (bit weight and rotary speed);

— bit tooth wear and bit hydraulics.

Diamond bit drilling is one of the most widely used and
preferable drilling techniques because of its higher rate of pene-
tration and core recovery in the hardest rocks, the ability to drill
in any direction with less deviation, and the ability to drill with
greater precision in scoring and prospecting drilling [7].

Rate of penetration depends on the following geotech-
nical parameters: compressive strength (CS), tensile strength
(TS), porosity, density, hardness, mineral composition and
quality of cementation in clastic rock. Decreasing linear
relationships were established between ROP, uniaxial com-
pressive strength (UCS), and hardness [8]-[13].

Experimental work was carried out in the department of
Mining and Metallurgical Engineering, Engineering Faculty,
Assiut University. The locations of the collected rocks sam-
ples are shown on the map in Figure 1.
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Figure 1. The four locations of the studied rocks

All cores were extracted from two categories of rocks
used in this study, namely sedimentary and metamorphic
rocks. Sedimentary rocks were represented by samples of
sandstone, and limestone. Sandstone was taken from Akaba
sandstone quarry in Aswan. Limestone rocks were represent-
ed by two types the first from Assiut limestone quarry in
Assiut, and the other type from Isawya limestone quarry in
Sohag. The metamorphic rocks were represented by the sam-
ple of Marble from El sheikh Fadel marble quarry in Minya.

The used bit has outside diameter 5 cm and inside diame-
ter 4.2 cm. All the drilling series were executed at Rotation
speed 1200, 400 RPM. So, the drilling bit has a series of
drilling data for the rocks, a certain RPM and the load ap-
plied to the bit (Fig. 2).

The aim of this article is to examine the influence of
weight on bit, rotary speed, and some rock properties on
penetration rate.

2. Geology of the tested rocks

The four-rock samples were collected from different
governorates in Egypt (Minya, Assiut, Sohag, and Aswan).
Several samples of every rock type were tested and examined
for petrography. In sub-section, we discuss the final results
of thin sections and the description of each rock sample.

Figure 2. General view of diamond drilling machine

2.1. Aswan sandstone and Nubian sandstone

Aswan sandstone, and Nubian sandstone were extracted
from the available geological sites of southern Egypt. Nubia
Sandstone located over a kilometer deep in the Nubian strata
deposited in south western Egypt is controlled primarily by
marine transgressions and regressions with alluvial plain
sand with interbedded channel and soil zone deposits inter-
leaved with marine clay and silt. This cycle comprises the
typical Nubia sandstone and represents continuously chang-
ing environments from fluvial and deltaic deposition.

1. Petrography description.

Occurrence — sedimentary.

Hand specimen — brownish to reddish in color.

2. Microscope description.

Texture — granular.

Grain size — medium.

3. Mineralogy.

Essential component — quartz and biotite.

Accessory — plagioclase containing patches of iron oxides.

Figure 3 illustrate sample core preparation and Figure 4
thin section under polarizing and depolarizing microscope.

Aswan  sandstone:

Figure 4. A photomicrograph of the
(a) polarizing microscope; (b) depolarizing microscope
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2.2. Isawya limestone

Isawya limestone containing different rock types is located
in the area east of Sohag, between latitude (26°33'57"), and
longitude (31°49'14"), covering about 400 km?. The area under
investigation was covered by limestone, sand, silt, clays, con-
glomerate and red lime-stone breccias. The area between Sohag
and Nag Hamadi was investigated geomorphologically and
classified in relation to the drainage pattern and drainage types,
where the main wades in the area were determined. Carbonate
rocks are mineralogically composed mainly of calcite (CaCOs)
with variable amounts of accessory minerals. A similar propor-
tion is composed predominately of dolomite (CaMg (COs).)
which alters considerably in geotechnical properties.

1. Petrography description.

Occurrence — sedimentary.

Hand specimen — white brownish in color.

2. Microscope description.

Texture — lithoclastes.

Grain size — coarse to medium.

3. Mineralogy.

Composed mainly of coarse to medium grain size of
lime-stone (lithoclastes, echinoderm frag, nummulites, bryo-
z0a, green algae and fragments of unknown origin), euhedral
from calcite and low interference color, fragments of anhe-
dral crystal from quartz and fine disseminated anhedral iron
oxide, fossils, calcite, large pores.

Figure 5 illustrates sample core preparation and Figure 6
thin section under polarizing and depolarizing microscope.

Figure 5. Sample core preparation from Isawya limestone

@ )

of the limestone:

Figure 6. A photomicrograph
(a)polarizing microscope; (b) depolarizing microscope

Isawya

2.3. Assiut limestone

The Assiut limestone that lies to the west of Assuit city is
used in cement industry. Its geological formation is related to
paleogeographic and structural domain of the Arabian Nubi-
an shelf. Wadi el Assiuty Eocene Plateau bounding the Nile
valley near Assiut is composed of limestone (Drunka for-
mation) which is quarried for cement industry.

1. Petrography description.

Occurrence — sedimentary.

Hand specimen — white-grey in color.
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2. Microscope description.

Texture — bioclasts.

Grain size — very fine.

3. Mineralogy.

Essential component — calcite.

Accessory — quartz and iron oxides.

Limestone components are from nummulites, green al-
gae, and miliolidae foraminifera with some bioclasts of
unknown origin. This rock contains some types of fossils
euhedral colors from calcite and low interference color
fragment of anhedral crystal from quartz and fine dissemi-
nated anhedral iron oxide.

Figure 7 illustrates sample core preparation and Figure 8
thin section under polarizing and depolarizing microscope.

of the Assuit limestone:

Figure 8. A photomicrograph
(a) polarizing microscope; (b) depolarizing microscope

2.4. Minya marble

Minya marble samples were collected from EI sheikh
Fadel Minya marble quarry. With coordinates: latitude
(28°20'49"), longitude (31°48'18") and elevation 43 m. Minya
marble is a crystalline, compact variety of metamorphosed
limestone, consisting primarily of calcite (CaCO3), dolomite
(CaMg (C0Os),) or a combination of both minerals.

Pure calcite is white, but mineral impurities add color in
variegated patterns. In terms of geological definition, it is a
metamorphosed limestone produced by recrystallization
under condition of thermal regional metamorphism. In com-
mercial parlance almost, any rocks consisting of calcium
and/or magnesium carbonate which can take polish easily
especially unmetamorphosed limestone are termed as marble.

1. Petrography description.

Occurrence — metamorphic.

Hand specimen — white brownish in color.

2. Microscope description.

Texture — mosaic (horn felsic).

Grain size — very fine.

3. Mineralogy.

Essential component — calcite.

Accessory — quartz and iron oxides.
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Both limestone and sand in thin layer and also silt bioclast of
uncertain origin and rare-quartz silt with very thin layer from
iron oxides. This marble consists of coarse to medium size
calcite particles, coarse fossils <2 mm rod stone, non-porous,
high chemical compaction, high hardness, highly cemented.

Figure 9 illustrates sample core preparation and Figure 10
thin section under polarizing and depolarizing microscope.

Figure 10. A photomicrograph of the Minya marble: (a) polarizing
microscope; (b) depolarizing microscope

2.5. Properties of the tested rocks

In this study physical (density, porosity) and mechanical
(strength, TS and friction coefficient) properties are examined,
and shown in Table 1, which included standard deviation.

3. Experimental work

Experiments were performed on sandstone, limestone,
and marble samples from four sites of different location
(Fig. 1). In the present work, rock samples were extracted by
a drilling machine from each kind of samples. The used cor-
ing bit has a thin walled impregnated diamond type with the
inner diameter 4.2 cm and the outer one 5 ¢cm. The drilling
machine is a fixed laboratory type [14].

The conditions and data of drilling results and samples
related to the test were logged. Actual speed, weight, drilling
time, and borehole length were monitored and measured.
These results were used to determine both the ROP, and the
average ROP under the applied load. Trials were performed
for a different weight on bit. The weight on bit depends on
the rock type and the weight which is effective in getting the
higher rate of penetration. All drilling trials were performed
at 1200 and 400 rpm.

The experimental data of the operating factors are pre-
sented in Table 2 and 3. Machine speed (RPM) value taken
in the unloaded state. However, the speed decreased over a
small range with increasing torque.

4. Results and discussion

The effect of both weights on bit (WOB), rotary speed
(RPM), on ROP and SE were discussed.
4.1. Effect of WOB and RPM on ROP

The effect of WOB and RPM on ROP for all tested rocks
is given in Tables 2 and 3.
4.2. Relationships between WOB and ROP

Relationships between WOB and ROP in tested rocks
at two rotary speeds 400 and 1200 rpm are given in
Figures 11-14.

Table 1. Physical and mechanical properties of the samples

Rock type Compressive strength, MPa Tensile strength, MPa Density, g/cc Porosity, % u
Aswan Sandstone 111.94 +2.52 21.47 +0.712 2.014 +0.0088 23.158 £0.071 0.91
Isawya limestone 131.22+4.4 24.05 +0.537 2.13 +£0.0068 17.93+£0.15 0.95
Assiut limestone 125.0+0.71 15.0+0.25 2.20 +0.020 19.9+0.52 0.5
Minya marble 502.5+4.11 76.18 +1.83 2.76 £0.00018 2.3144+0.095 1.03

Table 2. Drilling results fo

r operation factors at 1200 rpm

WOB Aswan sandstone Isawya limestone Assuit limestone Minya marble
kg ' ROP, T, SE, ROP, T, SE, ROP, T, SE, ROP, T, SE,
cm/min N/m MPa cm/min N/m MPa cm/min N/m MPa cm/min N/m MPa
12 5.33 5.04 339.6 - - - 7.66 2.75 128.9 - - -
18 7.42 7.55 365.5 - - - — — — - - -
24 11.25 10.07 3215 6.84 10.49 551.9 12.36 5.52 160.4 - — —
30 14.64 12.59 308.9 - - - - - - 381 143 13434
36 16.36 15.11 3317 1151 15.73 492.4 147 8.28 202.3 - - -
42 19.23 17.63 329.3 — — — — — - — —
48 28.80 20.14 251.2 20.42 20.98 369.9 33.72 11.05 117.7 - - -
54 38.00 22.66 2142 - - - - - - - - -
60 40.57 25.19 2229 26.90 26.22 350.9 45.16 13.81 109.8 11.36 285  901.09
66 21.74 27.70 457.7 - - - - - - - - -
72 - - - 35.31 31.46 320.9 47.12 16.57 126.3 - - -
84 - - - 41.18 36.71 320.9 51.13 19.33 135.7 - - -
90 - - - - - - - - - 12.42 427 1236.2
96 - - - 48.00 41.95 314.7 41.78 22.09 189.8 - — —
108 - - - 49.72 47.2 341.8 - - - — - -
120 - - - 23.77 52.44 794.4 - - - 16.10 57.0 12716
150 - - - - - - - - - 10.24 713 2499.1
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Table 3. Drilling results for operation factors at 400 rpm

WOB Aswan sandstone Isawya limestone Assuit limestone Minya marble
Kg ' ROP, T, SE, ROP, T, SE, ROP, T, SE, ROP, T N/m SE,
cm/min N/m MPa cm/min N/m MPa cm/min N/m MPa cm/min ' MPa

12 2.96 5.04 174.7 - - - 3.15 2.75 89.6 - - -
24 3.06 10.08 337.7 3.03 10.49 356.1 4.09 5.52 1385 - - -
30 - - - - - - - - - 1.29 14.26 1133.6
36 5.37 15.11 288.8 3.82 15.73 405.9 5.13 8.28 165.6 - - -
48 9.24 20.14 223.7 4.87 20.98 424.5 11.48 11.05 98.8 - - -
60 13.00 25.19 198.9 7.70 26.22 335.6 14.66 13.81 96.7 2.95 28.51 991.4
72 17.56 30.23 176.7 10.42 31.46 297.6 18.04 16.57 94.3 - - -
84 18.70 35.26 193.5 12.40 36.71 291.7 20.7 19.33 95.8 - - -
90 - - - - - - - - - 3.28 42.77 1337.5
96 8.47 40.30 488.3 14.10 41.95 293.2 16.4 22.09 138.2 - - -
108 - - - 16.31 47.2 285.2 - - - - - -
120 - - - 17.12 52.44 301.9 — — — 412 57.02 1419.7
132 - - - 10.75 57.69 528.8 - - -

150 - - - - - - - - 4.74 71.28 1542.6
180 - - - - - - - - 5.60 85.53 1566.8
210 - - - - - - - - 3.60 99.79 2843.4
12 2.96 5.04 174.7 — — 3.15 2.75 89.6 — - —

The trend line for the results shows that increase in WOB
produces increase in ROP up to the maximum point. Howev-
er, it follows from the experimental data in Table 2 and 3 that
a further increase in WOB causes constant or little increase
or decrease in ROP. The effect of rotational speed on ROP of
the bit is clear in the curves and data from Table 2 and 3, i.e.
increase in rotary speed produced an increase in ROP.

4.2.1. Aswan sandstone

ROP at the maximum WOB = 96 kg was about 2.9 times
more than that at the minimum WOB =12 kg at low speed,
whereas ROP at the maximum WOB =66 kg was about
4.1 times more than that at the minimum WOB = 12 kg at high
speed. ROP increases with increasing rotation speed, ROP at
high rotary speed (1200 rpm) is more than ROP at low rotary
speed (400 rpm), using a specific load as an example at
WOB =60 kg, ROP at high rotary speed (1200 rpm) was
about 3.12 times ROP at low speed (400 rpm) (Fig. 11).

R =0.762

40
£ 35 ROP = -0.0094WOB%1.2059WOB-10.909
é 30 @V =1200 rpm R =0.7439
2 | ®v=400mm *
g %
T *
g 20 4 e ©
c
2 15 * s ——
S 10 L
) ® [ )
s 5 ,/‘ o ROP=-00062WOB*0.894WO0B-17.061
°

0 ‘ ‘ ‘ ‘ :
0 20 40 60 80 100 120
Weight on bit, kg

Figure 11. Relationship between WOB and ROP at 400 RPM and
1200 RPM for Aswan sandstone

4.2.2. Isawya limestone

ROP increases with the increase in WOB at low and high
speed; as shown in Figure 12. ROP at the maximum
WOB =120 kg was about 3.48 times more than that at the
minimum WOB = 24 kg at high speed, whereas ROP at the
maximum WOB = 132 kg was about 3.55 times more than
that at the minimum WOB =24 kg at low speed. ROP in-
creases with an increase in rotation speed, and ROP at high
rotary speed (1200 rpm) is more than ROP at low rotary
speed (400 rpm), as an example at specified WOB = 96 kg

ROP at high rotary speed (1200 rpm) was about 2.94 times
more than ROP at low speed (400 rpm).

- 60 R ROP = -0.0085WOB*+1 5675WOB-31.606
= V =1200 rpm =
£ 50 P 32 &%
g ® V=400 rpm
= 40 *
S /
B
£ 30
& * *
(<5
Q20 >
5 o © °
g 10 T ®
o :/ & R®P = -0.0014WOB*+0.3404WOB-6.3048
0 d R®= 0.8505
0 25 50 75 100 125 150

Weight on bit, kg

Figure 12. Relationship between WOB and ROP at 400 RPM and
1200 RPM for Isawya limestone

4.2.3. Assiut limestone

ROP increases with increase in WOB at low and high
speed, as shown in Figure 13. ROP at the maximum
WOB =96 kg was about 4.5 times more than at the minimum
WOB =12 kg at high speed, whereas ROP at the maximum
WOB =96 kg was about 5.2 times more than that at the min-
imum WOB = 12 kg at low speed. ROP increases with grow-
ing rotation speed, ROP at high rotary speed (1200 rpm) is
more than ROP at low rotary speed (400 rpm), as an example
at WOB =60 kg ROP at high rotary speed (1200 rpm) was
about 3.1 times more than ROP at low speed (400 rpm).

c 60 . ROP = -0.007WOB?®+1.2973WOB-12.6504

£ V = 1200 rpm -

£ 50 P R =§.8946

£ ® /=400 pm PO

S .

= 40

2 /

£ 30

e

5 3

= 20 . —

[$) [}

£ 10 ¢ ° .

o :///. ROP = -0.0016WOB?+0.3882WOB-3.4005
0 R’ =0.8918

0 20 40 60 80 100 120
Weight on bit, kg

Figure 13. Relationship between WOB and ROP at 400 RPM and
1200 RPM for Assiut limestone
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4.2.3. Minya marble

ROP increases with increasing WOB at low and high
speed as shown in Figure 14.

18
£ 16 ROP = 40.0019WOB*+0.4044WOB-6.594
E 1 @V =1200 rpm _ R*=0.9078
g ® V=400 rpm °
= 12 ’/
o
= 10 e
T 3
g 6
S 4 ./ /Q/—‘_’\
j<} A v
s, &% ROP=0.0002WOB"+0.067JWOB-06
>~ R’ =0.8567
0 , , , , )
0 50 100 150 200 250

Weight on bit, kg

Figure 14. Relationship between WOB and ROP at 1200 RPM
and 400 RPM for Minya marble

ROP at the maximum WOB =150kg was about
2.69 times more than that at the minimum WOB = 30 kg at
high speed. Whereas ROP at the maximum WOB = 210 kg
was about 2.79times more than that at the minimum
WOB =30 kg at low speed. ROP increases with increasing
rotation speed, ROP at high rotary speed (1200 rpm) is more
than ROP at low rotary speed (400 rpm). As an example, at
WOB =60 kg, ROP at high rotary speed (1200 rpm) was
about 3.85 times more than ROP at low speed (400 rpm). For
all tested rocks the relationship between WOB and ROP with
correlation coefficients is illustrated in all figures.

4.3. Relations between weight on bit (WOB)
and specific energy (SE) in all rocks
at low and high speeds

The SE is defined as the energy required for excavating a
volume unit of rock in MPa. It is a useful parameter that may
also be taken as an index of the mechanical efficiency of
rock mining process. SE is directly linked to the cost used for
drilling the hole, so the SE is a clear indication of the drilling
performance in the rocks drilled in this study. SE can be
defined as input energy to the output ROP. The SE equation
can be expressed in terms of drilling parameters in a follow-
ing equation [15]:

_27-N.T

SE=——75—-—-,
A-ROP

@
where:

SE — specific energy, MPa;

N — rotary speed, rpm;

T — resistance torque, Nm;

A — area of the bit, mm?,

Specific energy (SE) values were calculated from the
above equation for all tests at high and low speeds, and the
obtained values were illustrated previously in Table 2 and 3.

For different rocks at 400 rpm and 1200 rpm, Figures 15-
18 introduce the relation between weight on bit (WOB) and
SE for all tested rocks, while increase in weight on bit led to
increase in SE for all Aswan sandstone rocks at low and high
speed. The relations between weight on bit and SE, with
correlation coefficients are given in Table 5. In general, at
low rotary speed of 400 rpm, the increase in ROP leads to
increase in SE in most of the tested rocks.

41
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Figure 15. Relationship between WOB and SE at 1200 RPM and
400 RPM for Aswan sandstone
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Figure 16. Relationship between WOB and SE at 1200 RPM and
400 RPM for Isawya limestone
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Figure 17. Relationship between WOB and SE at 1200 RPM and
400 RPM for Assiut Limestone
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Figure 18. Relationship between WOB and SE at 1200 RPM and
400 RPM for Minya marble

Whereas at high rotary speed of 1200 rpm the increase in
ROP leads to decrease in SE in most of the tested rocks. Then,
high rotary speed is more suitable than low speed in drilling these
kinds of rocks. In the tested rocks, the relationship between SE
and WOB with correlation coefficient is shown in all figures.
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4.4, Effect of rock type on the rate
of penetration and specific energy

At constant WOB = 60 and RPM = 1200 the ROP value
of the bit in Assiut and Isawya limestone and Aswan sand-
stone has a range from 2.5 to 5 times more than that of Min-
ya marble. This is because the Marble has higher density and
compressive strength than any other rock and lower value of
porosity. On the other hand, the specific Energy (SE) in case
of Minya marble is 9 times, 3 times, and 4 times more than
that for Assiut limestone, Isawya limestone and Aswan sand-
stone respectively.

5. Conclusions

From the laboratory research carried out on the selected
rocks it can be summarized that:

Rate of penetration at high speed is more than that at low
speed under a specific load. At WOB of 60 kg as an
ex-ample ROP at high speed were about 3.12, 3.49, 3.08 and
3.85 times more than ROPs at low speed in rocks Aswan
sandstone, Isawya limestone, Assiut limestone and Minya
marble respectively.

At WOB = 60 Kg, ROP will be 1200 rpm in Assiut lime-
stone, which is about 1.68, 1.11, and 3.98 times more than
that of the Isawya limestone, Aswan sandstone and Minya
marble respectively.

At low WOB, SE increases for the four types of rock, and
increasing WOB is associated with decrease in SE to a cer-
tain limit, then decreasing WOB results in increasing SE.

WOB that gives the lower value of SE is the optimum
WOB. From the results, it was found that the suitable value
of WOB is 60 kg for drilling in Aswan sandstone, 96 kg for
drilling in Isawya limestone, 84 kg for drilling in Assiut
limestone and 120 kg for drilling in Minya marble at
1200RPM. Optimum WOB at 400 rpm is 84 kg for drilling
in Aswan sandstone and Assiut limestone, 120 kg WOB for
drilling in Isawya limestone, and 180 kg for drilling in Minya
marble at 400 RPM.

At low and high rotary speed increasing WOB causes an
increase in ROP. In Aswan Sandstone rock at a maximum
WOB = 96 kg, ROP was about 2.8 times more than that of
at the minimum WOB = 12 kg. Rate of Penetration increas-
es in rocks (Isawya limestone, Assiut limestone) and (Min-
ya marble) at WOB =132, 96, and 210 kg was about 3.55,
5.21, and 2.79 times that at 24, 12, and 30 kg respectively
to the low speed.

It is found that Isawya limestone needs 3.20 times more
SE than Assiut limestone and 1.57 times more SE than As-
wan sandstone, whereas Minya marble needed 8.21 times
more SE than Assiut limestone and 2.57 times more than
Isawya limestone and 4.04 times more than Aswan sandstone
at 60 kg and high speed to complete this operation.

Specific Energy is inversely proportional to ROP in all test-
ed rocks. The machine consumed 9.37 times more energy for
drilling Minya marble than for drilling Assiut limestone, and
the energy consumption was 5.70 and 4.04 times more than that
of Aswan sandstone and Isawya limestone respectively.

There was a correlation between ROP and some rock
properties. We found that ROP was inversely proportional to
compressive strength (CS), tensile strength (TS), and density.

42

Accordingly, we found that Aswan sandstone, Isawya lime-
stone, Assiut limestone, and Minya marble have the follow-
ing CS =111.94, 131.22, 125, and 502.5 MPa respectively.
Whereas we found that ROP was directly proportional to
porosity. Increasing ROP in case of Aswan sandstone is
associated with increase in porosity (23.158%), and in case
of Assiut limestone and Isawya limestone is associated with
increase in porosity (19.9 and 17.93%) respectively vice
versa. Decreasing of ROP in case of Minya marble is associ-
ated with decrease in porosity (2.314%).
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ExcrniepuMeHTAJIbHE JOCTi/KEHHs] BILITMBY JAeSIKHX eKCITyaTaniiiHux
napaMeTpiB Ta BJACTUBOCTeH ripcbKUX MOPi HA MIBUAKICTH OypiHHA

M. Scen, M. Caen, I'. Bormani, M. Ami, A. Moxamen

Merta. BuByeHHS BIUTMBY KOMIUIEKCY OCHOBHHX €KCIUTyaTalliiHUX MapaMeTpiB i psny (isHKo-MeXaHIYHHUX BIACTUBOCTEH MOPiA HA IIBH-
JKICTh OypiHHS B yMOBax pi3HHX ponouil [liBgenHoro €rumnry.

Metoauka. by BiniOpani 4 THnH Nopif 3 pi3HUX paioHiB Ha HiBAHI €runTy (ACyaHCHKOI IIIAaHKK, BanHAK IcaB, AcciyTcKilf BaITHSIK i
Mapmyp Minbi). ExcriepiMeHTanbHI 3pa3sku OTpUMAHO Ha CTalioHapHil 1TabopaTopHii OypoBiif ycTaHOBII 3 aIMa3HUM JOJIOTOM IPH IIBH-
xoctsix obeprannas 400 1 1200 06/xB Ta mpu HaBaHTaXeHHX Bif 12 mo 220 kr. Ilix 9ac eKcriepMMEeHTIB MOCTIHHO BUMIipIOBAJIHCSI HaBaHTa-
JKeHHS Ha JO0JI0TO, YacToTa 00epTaHHs, KPYTHUH MOMEHT Ha JOJIOTI i MHUTOMa EHeprisi, a TaKoXK JOCIIKYyBaBCs BIUIMB LUX (AaKTOpiB Ha
MIBUAKICTH OypiHHA. SIK pO34MH U1 IPOMHUBAHHS 1 OXOJOIKYIOUHI areHT BUKOPUCTOBYBAIAcs BOAA.

Pe3yabTaTn. BctaHoBIIeHO 3a51€)KHOCT] IIBUAKOCTI OypiHHS BiJf HABAaHTQKEHHS HA JIOJIOTO, IIUTOMOI €HEprii Ta YacTOTH 00epTaHHA 1 ITH-
TOMOi eHeprii. BusBneHo, mo i BCiX YOTHPHOX THIIB HOPOIU HIBUAKICTH OypiHHS 301IBIIYETHCS 3 POCTOM HaBaHTAXKEHHS Ha JOJIOTO, B
TOH Yac sIK MUTOMA SHEePTisi 3MEHIIYETHCS 3 POCTOM IMIBHAKOCTI OypiHH:. Po3pobieHo edexTHBHUI CrIOciO MPOTHO3YBaHHS MPOIYKTHBHOCTI
OypoBoi ycTaHOBKH. BcTaHOBNIEHO, IO MIBUAKICTH OypiHHS 0OCpHEHO MPOIOpIiifHa MIIHOCTI HA CTUCK, MIIHOCTI Ha PO3TSATHEHHS i IiIb-
HOCTI, a TaKOX 3MIHIOETBCS MPSIMO MPOIOPIIfHO MopHcTOCTi. BH3HayeHo, Mo MeHIIa MBUAKICTE OypiHHS MapMypy IOB’si3aHa 3 BEJIUKUMU
3HAQUEHHSIMH MII[HOCTI Ha CTHUCK, PO3TSAT 1 NIIJIBHICTE, @ TAKOXK 3 MEHIIIOIO MOPUCTICTIO Y IMTOPIBHSAHHI 3 IHITNMH JOCIIJDKYBaHHIMH OPOJAMHL.

HaykoBa HoBU3HA. BcTaHOBIEHO HOBI 3aKOHOMIPHOCTI B3a€EMO3B’A3KY €KCILUTyaTallifHUX MapaMeTpiB OypiHHS 3 ypaxyBaHHSAM Pi3HOTO
TUIy TOpoau (MiCKOBHK, BAaHSAK, MapMyp) Ta il MiHEpPaIbHOTO CKIIAAy, a TAKOXK OOTPYHTOBAHO TOJIOBHY YMOBY €KCIUTyaTaliiHOTO (aKTopy,
KW 3a0e31euye ONTUMaNbHY MIBUAKICTH OYPiHHS.

IpakTnyHa 3HaYUMicTh. OTpHUMaHi Pe3yNbTaTH T03BOJSIIOTH BUOMPATH ONITUMAJBHI TAPAMETPH 1 peKUMHU OYypiHHS B IIPOIIECi pO3BIIKU
YMOB 3aisiraHHs ponoBuin IliBgeHHoro €runry, X MiHepalbHOTO BMIcTy Ta cTpaTHrpadivHux ocobmmBocted. Pesympratn OynyTe xopuc-
HHUMH ISl IPOEKTHUX OpraHi3aliif, HAyKOBHX IHCTHTYTIB 3 T€OJIOTI i PO3BIAKH, 8 TAKOXX TIPHHYMX ITiIIPHEMCTB.

Kniouosi cnoea: wieuoxicmo Oypinns, naganmagicenus Ha Oypoge 00A0mMO, 4acmoma o00epmants, NUmoma emepeis, 2ipcoka nopooa,
MIYHICMb, WITbHICMb, NOPUCICMb

BKCHepl/IMeHTaJﬂ)HOe HCCICIOBaAHME BJMAHUA HEKOTOPLIX IKCILTYyaTAllMOHHBIX
mapamMeTpoB u CBOMCTB TOPHBIX MOPOX HA CKOPOCTH 6ypemm

M. Scen, M. Caen, I'. Bornagu, M. Anmu, A. Moxamen

Leap. M3ydenne BIUSHUS KOMIUIEKCA OCHOBHBIX SKCIUTyaTallHOHHBIX IapaMeTpOB M pAna (PU3HMKO-MEXaHMYECKUX CBOHCTB MOPOJ Ha
CKOPOCTh OypeHHs B YCIOBUSIX MMOPOA Pa3INIHBIX MecToposkaeHuit KOxuoro Erunra.

Metoauka. beun oToOpans! 4 THIIA TOPOJ U3 PA3IMYHBIX PalioHOB Ha rore ErumnTa (AcyaHCKuil mecuaHuk, u3BecTHIK McaBun, AccnyT-
CKUIl M3BECTHSAK U MpaMop MuHbBH). DKCIIEpUMEHTAIbHBIC 00pa3llbl MOTYYCHBI Ha CTAI[MOHAPHOHM 1a00paTOpHOil OypOBOM YyCTaHOBKE C
QJIMa3HBIM JIOJIOTOM TIpH cKopocTsx Bpamienus 400 u 1200 06/MuH u nipu Harpy3kax ot 12 no 220 kr. Bo Bpemst SKCriepiMeHTOB HOCTOSIHHO
M3MEpSJIMCh HArpy3KH Ha JI0JIOTO, YacTOTa BPAIlleHus], KPYTALIMIl MOMEHT Ha JI0JIOTE M yJeJbHas SHEeprys, a TakkKe ¥ MCCIeI0BaIoCh BIINs-
HHE 5THX (aKTOPOB HA CKOPOCTh OypeHHs. B kauecTBe MPOMBIBOYHOTO paCTBOPA M OXJIAXK/AIOIIET0 areHTa UCI0JIb30BalIach BOJIA.

Pe3ynbTaThl. YCTaHOBIEHBI 3aBUCUMOCTH CKOPOCTH OypeHHs OT Harpy3KH Ha HOJIOTO, yJIEIbHOW PHEPTUH W YacTOTHI BPAIICHHS H
yIeTbHON YHEprHu. BrIsBIeHO, 4TO 11 BCeX YETBIPEX THIIOB ITOPOABI CKOPOCTH OYPEHMs yBEIHUUBACTCS C POCTOM HArpy3KH Ha J0JIOTO, B
TO BpeMs Kak yZAeJbHas SHEpPrusl yMEHBIIAETCS C POCTOM CKOPOCTH OypeHus. PaspabotaH > eKTUBHEII CIIOCOO MPOTHO3UPOBAHUS TPOU3-
BOJUTENILHOCTH OYpOBOIl yCTaHOBKH. Y CTaHOBIICHO, YTO CKOPOCTH OypeHHs1 00paTHO MPOMOPIIHOHAIBHA IPOYHOCTH Ha CXKATHE, IPOYHOCTH
Ha pacTsDKEHHE M IUIOTHOCTH, a TaK)Ke M3MEHsIeTCS MPSIMO MPOMOPIHUOHAIBEHO MOPHUCTOCTH. ONpeneNieHo, YTO MEHbIIas CKOPOCTH OypeHust
Mpamopa CBsi3aHa ¢ OOJBIIMMH 3HAUSHUSIMH IIPOYHOCTH HA C)KAaTHE, PACTSHKEHHE M IUIOTHOCTH, @ TAKXKE C MEHBIIEH MOPUCTOCTHIO 10 CPaB-
HEHUIO C IPYTUMH HCCIIeyeMbIMHU OPOIaMHU.

Hayunast HoBu3Ha. [ToyueHbl HOBbIE 3aKOHOMEPHOCTH B3aMMOCBSI3H KCIUTyaTallMOHHBIX ITapaMeTpoB OypeHHs ¢ y4EeTOM Pa3IndHOIOo
THUIA TOpObI (ECYaHNK, U3BECTHIK, MpPaMOp) M €e MHHEPAIbHOTO COCTaBa, a Takke 0OOCHOBAHO TJIABHOE YCIIOBHE SKCINTyaTalHOHHOTO
(hakTOpa, KOTOPHIIT 00ECTIEUNBAET ONTHMANBHYIO CKOPOCTH OYpEHHS.

IIpakTHyeckasi 3HAYMMOCTb. [loydeHHbIE Pe3yIbTaThI TO3BOJIIOT BRIOMPATh ONTHMAIIBHBIE TAPAMETPHI U PEXHUMBI OypeHHs B IpoIec-
ce pa3BeIKH YCIIOBUH 3aieranus mectopoxxaeHuii FOxxHoro Ermmra, mx MHHEpaTbHOTO COIEp)KaHWE W CTPATUTPahUUECKUX OCOOEHHOCTEH.
PesynbraThl OyayT MOJE3HBIMHU JUIS IPOSKTHBIX OPraHNU3alUi, HAyYHBIX HHCTUTYTOB 1O TE€OJIOTUH U PA3BEJIKe, a TAKKE TOPHBIX IPEATPUSITHH.

Knioueswie cnosa: ckopocmu Oypenus, nazpyska Ha 6yposoe 0010mo, 4acmoma 8pawjerus, YOenbHas IHepeusl, 20pHAs NOpood, NPOYHOCHb,
NJI0MHOCMb, NOPUCTNOCIIL
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