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On the influence of tool shape on percussive drilling in hard rocks

INTRODUCTION

Percussive drilling is widely used in the mining industry, especially in hard rock formations. This technique is mainly used in drilling depths of roughly a thousand meters and is under development for applications in geothermal wells at greater depths. In such formations, hard and abrasive rocks are present and are subjected to high geostatic and hydrostatic pressures. These conditions alter their behavior [START_REF] Hokka | Effects of strain rate and confining pressure on the compressive behavior of kuru granite[END_REF] and complicate the drilling process [START_REF] Gnirk | An experimental study of single bit-tooth penetration into dry rock at confining pressures of 0 to 5000psi[END_REF]. Down-the-hole (DTH) percussive drilling is a technology that consists in applying a series of impacts via an oscillatory movement of a piston which impacts a drill bit at a frequency of 20 to 30 Hz with a velocity of 1 to 10 m/s [START_REF] Haimson | High velocity, low velocity and static bit penetration in Tennessee marble[END_REF], leading to rock fragmentation by compressive and tensile forces under the drill bit [START_REF] Hartman | Basic studies of percussive drilling[END_REF][START_REF] Lindqvist | Indentation fracture development in rock continuously observed with a scanning electron microscope[END_REF]Hustrulid and Fairhurst, 1971;[START_REF] Mishnaevsky | Physical Mechanisms of Hard Rock Fragmentation under Mechanical Loading: A Review[END_REF]. This mechanism is ensured by the drill bit buttons, also called inserts, which are in contact with the rock surface. At each impact, compressive waves travel through the drill bit down to the rock material, which enables the bit penetration by indentation of the inserts into the rock [START_REF] Hartman | Basic studies of percussive drilling[END_REF]). An extended description of rock fragmentation under indentation can be found in (Lindqvist andLai, 1983, Mishnaevsky, 1995;[START_REF] Saksala | Numerical modelling of rock fracture in percussive drilling[END_REF]. The rock destruction mechanism is achieved by crushing the rock material under the inserts, the creation of axial cracks during the loading phase, and lateral and side cracks which are formed during loading and propagate even more during the unloading phase [START_REF] Saadati | Granite rock fragmentation at percussive drilling -experimental and numerical investigation[END_REF]. However, most of the material removal is achieved by the creation of larger rock fragments from lateral and side cracks [START_REF] Lindqvist | Behaviour of the crushed zone in rock indentation[END_REF][START_REF] Saadati | Granite rock fragmentation at percussive drilling -experimental and numerical investigation[END_REF]. This is called chipping process and it occurs under the inserts and between them, this process requires a minimum amount of impact energy and it results from the tensile stresses [START_REF] Saksala | Numerical and experimental study of percussive drilling with a triple-button bit on Kuru granite[END_REF]. Therefore, in order to optimize the percussive drilling process, it is important to understand the influence of the insert geometry. We highlight the fact that many experimental and numerical studies were conducted to understand the rock fragmentation process under static and dynamic loading [START_REF] Harpst | Rotary percussion drilling[END_REF][START_REF] Wanamaker | Rotary percussion drilling in west texas[END_REF][START_REF] Whiteley | Air drilling operations improved by percussion-bit/hammer-tool tandem[END_REF][START_REF] Pratt | Modifications to and experience with percussion air drilling[END_REF][START_REF] Mishnaevsky | Physical Mechanisms of Hard Rock Fragmentation under Mechanical Loading: A Review[END_REF][START_REF] Liu | Numerical Modelling of the Rock Fragmentation Process by Mechanical Tools[END_REF]Han et al., 2005;[START_REF] Han | Percussion drilling in oil industry: review and rock failure modelling[END_REF][START_REF] Wang | A damage-softening statistical constitutive model considering rock residual strength[END_REF]…). Among these studies, only a few have accounted for the influence of the insert geometry [START_REF] Nguyen | Processus local de destruction des roches par un outil de forage[END_REF][START_REF] Reichmuth | Correlation of force-displacement data with physical properties of rock for percussive drilling systems[END_REF][START_REF] Lindqvist | Indentation fracture development in rock continuously observed with a scanning electron microscope[END_REF][START_REF] Gnirk | An experimental study of single bit-tooth penetration into dry rock at confining pressures of 0 to 5000psi[END_REF][START_REF] Qayyum | Effects of bit geometry in multiple bit-rock interaction[END_REF]Ajibose et al., 2013), and even fewer have taken into account this factor while considering percussive drilling conditions: both dynamic loading and highly confined rocks. These researches showed that the rock presents more ductile behavior and ARMA ABSTRACT: The present work aims to study the influence of the bit-button geometry on the performance of percussive drilling. Here, we describe the experimental set-up and we present the results of a series of single impact tests performed using a piston drop type percussion testing system. The experiments allowed the comparison of the drilling efficiency of several insert geometry designs and were realized under dynamic loading on two confined hard and abrasive rocks using five types of inserts. Drilled rock volumes were measured by a 3D laser scanner, and the insert performance is evaluated by calculating the drilled volume, the resulting chipping and the maximum depth of the obtained crater. The study showed the effect of insert geometry on the formation of the crater and chipping upon impact and that conical inserts, with a preliminary optimal tip curvature radius, have the best performance among the tested inserts. plastic response using larger inserts [START_REF] Nguyen | Processus local de destruction des roches par un outil de forage[END_REF], and it is easier to penetrate the rock using finer inserts [START_REF] Gnirk | An experimental study of single bit-tooth penetration into dry rock at confining pressures of 0 to 5000psi[END_REF]. Ajibose et al. (2013) have experimentally studied the matter under dynamic loading and showed the forcepenetration responses for conical and spherical inserts under atmospheric pressure.

This work aims to study the influence of the insert geometry on percussive drilling in hard rocks under confining pressure. For this purpose, multiple series of single impact experiments were conducted using a single impact drop test machine. The drilled volume, the chipping and the maximum depth resulting from the impacts, were measured by a 3D laser scanner technique and were numerically reconstituted in order to analyze the experimental findings.

EXPERIMENTAL INVESTIGATION

In order to analyze the effect of the insert shape on the rock destruction under dynamic loading, several single impact drop tests involving an insert impacting a rock sample were carried out. These tests were conducted on two types of hard rocks under confining pressure, using several types of inserts with different geometries.

Properties of tested rocks

Two hard and abrasive rocks were tested, a gabbro Nero Impala named "NI" and a granite Red Bohus named "RB". These two rocks were selected because they are examples of the type of formation in geothermal drilling to which the percussive drilling is dedicated. Their mechanical properties are presented in 

𝜎 -𝜎 = 𝜎 + 𝐵𝜎 (1) 
where 𝜎 and 𝜎 are the axial and confining stresses during triaxial tests, then 𝜎 -𝜎 is the compressive strength and 𝜎 is the unconfined strength of the material. The parameters 𝐵 and 𝑛 are material constants. The Equation 1shows that the compressive strength first increases very rapidly when the confinement is applied, but then slowly saturates at higher confinements. Furthermore, the evolution of the strength in equation 1 can be considered as linear for a confinement lower than 30 MPa. As for our tested rocks, we have the experimental three points strength function of confining pressure plotted and fitted linearly in Fig. 1. This figure shows that the strength, under 30 MPa of confining pressure, can go up to approximately 800 MPa and 720 MPa for NI and RB respectively. The high compressive strength increases the rock resistance to fractures and the high confining pressure increases the rock ductility and dissipates the impact energy [START_REF] Gnirk | An experimental study of single bit-tooth penetration into dry rock at confining pressures of 0 to 5000psi[END_REF].

Each rock is an aggregate consisting of various numbers of different minerals. In addition to external loading, at the scale of inserts, the heterogeneity, the discontinuity and the anisotropy, are the main factors influencing the rock fracture processes [START_REF] Whittaker | Rock fracture mechanics: principles, design and applications[END_REF]. The heterogeneity affects the crack propagation because of the different mechanical properties, especially the strength of crystals underneath the insert tip. This is because the rock heterogeneity has the same size as the interaction surface between the rock and the insert. The rock RB, as Fig. 2 shows, is a very heterogeneous rock. This rock has a complex mineralogical composition (35% Quartz, 30% Feldspar, 29% Plagioclase, 3% Biotite and other minerals in very small portions) and each one of these minerals has different mechanical properties. The rock NI, as Fig. 2 shows, is composed mainly of feldspar, a minor amount of orthopyroxene is also present in the rock. Its crystals are very indented and have relatively similar size. The main difference between these two rocks is the strength and the heterogeneity: RB has lower strength and is heterogeneous, while NI has higher strength and is relatively homogeneous.

Tested inserts properties

DTH drill bit is equipped with multiple inserts. An example is shown in Fig. 3, where the drill bit is equipped with a number of semispherical inserts. These inserts can also have different forms in other drill bit designs. In the current work, we simplify the impact of the drill bit to that of a single insert in order to evaluate separately the effect of each insert geometry.

The experiments were realized with inserts made of tungsten carbide material. Five types of inserts were tested: a semispherical insert with a diameter of 16 mm named "S16", another semispherical insert with a diameter of 13 mm named "S13", a 60° conical insert with a spherical tip of diameter 8.4 mm named "Cone", another 90° conical insert with spherical tip of diameter 8.4 mm named "Cone4" and an insert in the form of a chisel, with spherical corners of diameter 4.74 mm and extended sides with a length of 7 mm, named "Chisel".

A photo of the tested single bit inserts is shown in Fig. 4 and a detailed schematic draw of the inserts is presented in Fig. 5 to detail the geometry of each one.

In order to compare the tested inserts, we can classify them according to the radius of curvature of their tip from largest to finest as S16, S13, Cone4 and Cone respectively. Note that Cone4 and Cone have the same curvature radius but Cone4 can be considered larger than Cone because of its wider conical angle. The Chisel has a different type of tip and cannot be compared with the others according to its tip curvature radius. 

Experimental set-up

The experiments were conducted on hexagonal prism specimens of rock blocks of 5 cm height and 12.5 cm edges (see Fig. 6) with a drop test machine "CFP-IFP drilling production rock drill cell" presented in Fig. 7. This machine allows to apply up to 120 J of impact energy with a 13.8 kg loading platen by free fall from a specified height H, up to 1 m. The operating principle of the drop test machine is illustrated in Fig. 8. The rock specimen was fixed on a plate, placed within a confining cell, and subjected to a confining pressure P that can reach 50 MPa, applied by confining oil. In order to ensure the proper transmission of the impact energy, the contact insert-rock must be maintained throughout the impact. Therefore, the pressure in the gas chamber was increased with nitrogen to counteract the confining oil pressure and the joints friction and to apply the recommended static load on the rock before impact. The static load is also known as weight on bit (WOB). The impact locations were drawn on the rock specimen surface with distancing between impacts in order to avoid the merging of the resulting craters (see Fig. 6). After centering the insert on the impact location, the pressures in the cell and in the gas chamber were regulated to specific values that ensure the maintaining of the chosen WOB. The loading platen was released from a chosen height H, it free falls with no initial velocity and impacts the insert holding system.

The impact energy during this process is equal to the free fall gravitational potential energy defined by: 𝐸 = 𝑚 𝑔 𝐻, where m is the mass of the loading platen and g is the constant of gravity acceleration.

The impact energy is transmitted via the insert holding system, and it forces the insert to penetrate the rock creating a crater. After an impact, the rock was rotated to change the impact position in order to perform another impact test on a new intact rock surface. Upon performing a series of tests on the specimen surface, the craters were cleaned to better evaluate the impact results. 

Measurement techniques and processing

During the test series, the vertical displacement of the insert was measured by a magnetic displacement sensor located under the impact point as shown in Fig. 7 and Fig. 8. This measured displacement corresponds to the effective penetration of the insert in the rock. As for the velocity of the impact, it was theoretically calculated via a relation between the drop height and the gravity constant as 𝑣 = 2 𝑔 𝐻. Note that, in practice, the friction between the loading platen and the guiding holders may decrease the impact velocity. Once the tests performed and the rock surface cleaned, the resulting craters underwent a scanning by a 3D laser scanner to determine the imprint of the impacted rock. The measurement set-up includes a scanning laser and a horizontal displacement sensor. A photo of the measurement set-up is presented in Fig. 9. The rock surface level was adjusted before scanning using a bubble level. The laser was normally applied to the rock surface that was placed on the moving plate. The laser sensors capture the Y and Z coordinates of 1280 points, with a 25 Hz frequency, to log the crater profiles. The X coordinates were recorded by the displacement sensor while the moving plate slips at a constant velocity of 0.17 mm/s. These data were logged via a LabVIEW program and then transformed into a data file.

In order to calculate the drilled volume, the area and the maximum depth of the scanned crater (see Fig. 10), the data files were processed via Comsol3D modeling software. The geometry of the impact result was numerically reconstituted by an interpolation function. The created geometry was meshed with fine resolution of 0.01 mm and modeled as shown in Fig. 11. A threshold value was needed in order to determine the surface level of intact rock and to extract the impact imprint as shown in Fig. 12. The crater volume and surface were calculated by numerical integration over the 3D imprint. The depth was determined by the maximum value of the imprint points Z coordinates.

Laboratory Tests

The single impact drop test experiments were carried out using the five inserts shown in Fig. 4 with their geometries described in Fig. 5. The tests were carried out on the two rocks RB and NI under 30 MPa of confining pressure. Each rock type was submitted to dynamic drop tests with impact energies of 60 J and WOB of 2.88 kN. The testing campaign was repeated seven times under the same conditions in order to quantify the results dispersion for the impacts on each rock type and to evaluate the inserts performances (the drilled volume, the chipping and the maximum crater depth) by the resulting average values according to the realized repeatability.

RESULTS AND ANALYSIS

Impact results dispersion

As described in section 2.5, the experimental campaign was carried out by taking into consideration the repeatability of each experiment. The resulted drilled volumes from the experiments realized on the rocks RB and NI are shown in Table 2 and Table 3 respectively. These tables contain the resulted drilled volumes for each single impact test, their average value and their standard deviation. In the present work, we use the standard deviation "SD" to evaluate the results dispersion. In these tables, the SD values changing between the insert types shows no similarity. For example, for the impact tests realized on the RB (Table 2), the SD value for S16 is bigger than that for S13, while for the NI (Table 3) it is the opposite. Therefore, a relation between the insert geometry and the dispersion cannot be established in the current work. This can be explained by the insert geometry neglected effect on the result dispersion and the dominated effect of natural dispersion caused by the rock properties.

The experiments realized on RB show higher dispersion than those realized on NI for the tests using the inserts S16, Cone and Chisel, a close dispersion using the S13 and a lower dispersion using the insert Cone. According to the overall impact results, the dispersion is much higher for the RB. As discussed in section 2.1, the material properties have great influence on the rock fragmentation process. One of the main factors of influence is the rock heterogeneity, the RB can be considered a very heterogeneous rock while the NI is quite homogeneous. Then, the higher dispersion given by the impacts on RB can be explained by the rock heterogeneity. The result dispersion obtained for the tests realized on NI can be explained by its slight heterogeneity combined with the natural dispersion of any experimental work.

This interpretation showed the importance of the repeatability in a single impact experimental campaign. Therefore, in order to properly evaluate the performance of an insert type, the repeatability is required.

Inserts performance

In order to evaluate the insert type performance, the impact results were calculated as explained in section 2.4 and presented in Fig. 13. This figure presents three histograms showing the average drilled volume, area and depth measured upon the impacts using the five tested inserts. The inserts are organized on the x-axis by their curvature radius from larger to finer except Chisel. In this figure, we notice the similarities in performance of different inserts on each of the two studied rocks. Thus, if an insert is preferable to others in terms of performance on NI, then it is also preferable on RB and vice versa. In other words, the tested inserts have very similar performances when used on the two rocks.

The results showed that the 60° conical insert "Cone" has the best performance among the others. Note that the 60° "Cone" and the 90° "Cone4" inserts gave very close results in terms of drilled rock volume since the impacts performed with "Cone" removed only 4%, in case of RB, and 10%, in case of NI, more than those performed with "Cone4" (see Fig. 13a). The drilled volume can be considered as what mainly reflects on the drilling efficiency. Furthermore, if we rely on the resulting crater area (in Fig. 13b) to evaluate the chipping size, we can say that, in the present conditions, the "Cone" creates bigger chips upon impacts. This means that during the impact, this "Cone" geometry provided the most adequate stress distribution beneath and around the insert. The experimental results presented in Fig. 13c show the depth of the resulting crater, the higher depth was obtained by "Cone4". In addition to the results shown in Fig. 13, the effective insert penetration into the rock was obtained, it corresponds to the last value of the displacement curves recorded during the impact experiments. The average penetration values for "S16", "S13", "Cone4", "Cone" and "Chisel" are respectively 0.135, 0.168, 0.812, 0.72 and 0.692 mm for the rock NI. These results show that the finer inserts ("Cone" and "Cone4") showed better indentation penetration as previously concluded by [START_REF] Gnirk | An experimental study of single bit-tooth penetration into dry rock at confining pressures of 0 to 5000psi[END_REF] when he studied the quasi-static insert penetration into dry rock at multiple confining pressures.

However, the finer the insert, the smaller the area of contact insert-rock, the greater the stress concentration under the insert. Hence using a finer insert reduces the rock volume influenced by the impact. Larger insert significantly compacts the rock [START_REF] Nguyen | Processus local de destruction des roches par un outil de forage[END_REF][START_REF] Gnirk | An experimental study of single bit-tooth penetration into dry rock at confining pressures of 0 to 5000psi[END_REF], which results in decreased performance.

Experimental observations

In order to understand the experimental observations for this test series, the scanned craters were numerically visualized as described in section 2.4. The obtained craters by the tested inserts on NI rock specimens shown in Fig. 14. For each insert, between the seven repeated tests, we chose to show in this figure the impact crater which has the closest drilled volume value to the average value presented in the volume histogram in Fig. 13a. The Fig. 14 presents three columns which contain respectively the 3D views with the corresponding insert geometry, the carter XY top views and the YZ cut planes obtained by impacting the NI rock using all the tested inserts.

For the semispherical inserts, "S16" and "S13", the results show that the finer insert "S13" was able to penetrate the rock and to create more chips than "S16", which has barely penetrated the rock and created very small chips. This can be explained by the fact that large inserts consolidate the rock in the impact area, the rock material under the indentation shows more ductile response and consumes the impact energy [START_REF] Gnirk | An experimental study of single bit-tooth penetration into dry rock at confining pressures of 0 to 5000psi[END_REF][START_REF] Nguyen | Processus local de destruction des roches par un outil de forage[END_REF], while part of this energy is needed to initiate and boost the chipping process [START_REF] Saksala | Numerical modelling of rock fracture in percussive drilling[END_REF].

For the conical inserts, "Cone4" and "Cone", Fig. 14 shows that they gave the best impact results among the other insert types. The indentation imprints given by impacts using these inserts have deeper craters and thicker chips. These results prove the good performance of conical inserts, although the 60° conical insert "Cone" has slightly better performance as shown in Fig. 13a. Since the experimental results for the two conical inserts are so close, the comparison in such conditions is delicate. This can be explained by the fact that the ratio between the insert penetration (lower than 1 mm) and the insert tip length (see Fig. 5) is small and the upper part of the insert is not fully engaged during the impact.

For the "Chisel", a small chip was observed in the direction of the large profile of the insert. Otherwise, no chips were created during the impact, while its fine tip has facilitated the creation of the hole beneath the insert.

Most of the material removal is achieved by the chipping process, hence, the optimal insert should neither be too large nor excessively thin. Under high confining pressure, an optimal curvature radius of the insert tip is required to obtain the best percussive drilling performance. For the present investigation, under a confining pressure of 30 MPa and an impact energy of 60 J, the optimum curvature radius concluded is 4.2 mm. 

CONCLUSIONS AND PERSPECTIVES

In this paper we have presented the main results of an experimental campaign aiming at the study of the influence of the insert geometry on the percussive drilling performance. We have developed a specific experimental set-up which allowed us to run single impact tests under confining pressure and precise measurement techniques in order to measure the drilled rock material via a 3D laser scanner.

The experimental campaign of single impact tests was carried out using five types of inserts with different geometries on two hard and abrasive rocks with different mineralogical properties under 30 MPa of confining pressure and with impact energy of 60 J.

The study provided preliminary information on the influence of the insert geometry on the rock fragmentation process under confining pressure. A very large insert gives thin chips and small craters where a very fine insert gives almost no chips and creates a medium crater. Therefore, an optimal curvature radius of insert tip is required to obtain thick chips and a deep and voluminous crater, as it is the case with the conical inserts, in order to achieve better percussive drilling performance.

The current results are based on simplifying the response of the drill bit to that of a single insert. Hence, the observations may differ from an actual drilling experiment. This is because the insert distribution on the drill bits may vary from one type to another. The results of this investigation may then serve as a base for further studies on the influence of the geometry of a drill bit inserts on the percussive drilling rate of penetration.
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 2 Fig. 2. On the left side: optical microscope photos (G x25) in analyzed polarized light (LPNA). On the right side: cylindrical rock specimens views in centimetric scale for the rocks: (a) RB and (b) NI. Photos taken during laboratory tests in MINES ParisTech.
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 1 Fig. 1. Compressive strength of RB and NI as a function of confining pressure.
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 4 Fig. 4. Tested single bit inserts, from right to left: S16, S13, Cone, Cone4 and Chisel.

Fig. 5 .

 5 Fig. 5. Schematic representation of the tested inserts with dimensions in millimeters.
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 3 Fig. 3. An example of DTH drill bit.
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 8 Fig. 8. Simplified schematic representation of the drop test machine.
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 6 Fig.6. A photo of a gabbro Nero impala rock specimen with mapped impact positions.
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 7 Fig. 7. The drop test machine.
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 9 Fig. 9. Measurement set-up with a rock sample.
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 10 Fig. 10. A photo of an impact result on a RB rock specimen.
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 12 Fig. 12. Imprint of the modeled crater shown in Fig. 11.
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 11 Fig. 11. The modeled crater corresponding to Fig. 10.

Fig. 13 .

 13 Fig. 13. Histograms representing the resulting average drilled crater (a) volume, (b) area and (c) depth upon impacts using different types of inserts on the rocks NI and RB. The impacts were performed under confining pressure of 30 MPa and an impact energy of 60 J.
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 14 Fig. 14. Numerical visualization of the resulting craters created by experimental impacts on the rock NI using five different insert types. Five series of subfigures are presented, each one corresponds to an insert type (S16, S13, Cone4, Cone and Chisel from top to bottom) and each contains three graphs: the first is a 3D view of the created crater (left), the second is a XY plane top view (middle) and the third is an YZ cut plane view (right).

Table

  

Table 1 . Mechanical properties of the tested rocks; uniaxial compressive strength UCS, uniaxial tensile strength UTS, density ρ, Young's modulus E, sound velocity in the material Vs and porosity Φ. Data gathered during laboratory tests in MINES ParisTech.

 1 1. 

	Rock	UCS [MPa]	UTS [MPa]	ρ [T/m 3 ]	E [GPa]	Vs [m/s]	Φ [%]
	RB	196.4	8.78	2.62	52	5200	0.2
	NI	285	18.91	3.02	70	6421 0.03
	Such formations are located thousands of meters
	underground (usually deeper than 3 km), where the rock
	is subjected to hydrostatic and geostatic stresses leading
	to a high confining state, which decreases the rate of
	penetration "ROP" (Baujard et al., 2017, Saksala, 2016).
	The two studied rocks are classified as quasi-brittle
	materials and their compressive strength increases with
	the confining pressure as discussed for the Kuru granite
	by Hokka et al. (2016), who proposed the following
	relationship:					

Table 2 .

 2 Drilled volume values by single impact realized with the five tested inserts on rock RB, their average values over seven tests and their standard deviation. All values are in mm 3 .

	RB	S16	S13	Cone4	Cone	Chisel
		95.91	90.42 107.07 97.04	45.64
		53.92	77.96	90.64 109.24 101.67
	Single	108.68	81.23 141.42 92.58	59.21
	impact	56.31	69.33	64.36	94.43	89.80
	volume	51.07	77.13	59.27	97.85 105.92
		53.25	51.58	85.95	69.52	53.74
		54.88	96.92	65.82	80.08	47.12
	Average volume	67.72	77.80	87.79	91.54	71.87
	Standard deviation	23.96	14.70	29.17	12.97	26.33

Table 3 .

 3 Drilled volume values by single impact realized with the five tested inserts on rock NI, their average values over seven tests and their standard deviation. All values are in mm 3 .

	NI	S16	S13	Cone4	Cone	Chisel
		42.52	67.25	70.23	96.35	66.37
		26.42	62.55	78.04	73.16	39.85
	Single	25.28	38.98	58.12	39.49	90.77
	impact	35.10	67.99	64.15	84.75	61.33
	volume	38.13	56.83	58.92	76.82	58.97
		50.25	62.96	N.A.	79.68	36.50
		36.12	90.04	N.A.	61.29	83.10
	Average volume	36.26	63.80	65.89	73.08	62.41
	Standard deviation	8.73	15.19	8.34	18.27	20.17
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