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Purpose. To establish the granulometric composition of natura jointing in amassif by average distance between cracksin
rock.

M ethodology. The natural jointing percentagein the rock massifs has been determined experimentally by measurement of
the block sizes in open cast mines of nonferrous metallurgy enterprises of Kazekhstan. The average extent of natural jointing
of various massifs has been determined by block sizes. The mathematical model of mosaic structure of a massif has been de-
veloped. The regression line of blocks size distribution has been obtained. The methodology for estimation of the particles
sizedistribution of the natural rock massif by their average sizeis offered.

Findings. Based on the experimental data the coefficients of the regression equation have been established for rock mas-
sifsdifferent by block sizes. By applying the coefficients the inverse problem was solved, the particles size distribution of the
natural rock massif has been estimated by their average size.

Originality. The regular changesin the granulometric composition of natural rocks depending on their size have been de-
termined. The values of congtants in equations of regression for rocks with different particles size.

Practical value. The developed method determines the percentage of natura jointing in the rock massif by the average
distance between the cracks, which isfixed in the geological reports and other technical documentation of mining enterprises.
The technique may be useful for projection of technological parameters of mining operations.

Keywords: rock massif, natural jointing, distance between cracks, natural jointing average size, granulometric composi-
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Problem. It is known that the rock massif consists of
natura jointing of the different size and is characterized by
particular granulometric composition. Thus, natural jointing
is formed by cracks of the third order. There are cracks of
three orders in the massif of rocks. The cracks of the first
and second orders determine the resilience of rocks to drill
and a refinement in crushers, and cracks of the third order
predetermine results of explosive destruction of the rocks
massif [1].

The latter include endogenous cracks occurring in met-
amorphic rocks due to the decrease of the rock volume. In
addition, they include tectonic cracks developing in the
rocks under the influence of tectonic forces, artificial cracks
formed in the rocks during mining operations, and weather-
ing cracks. The third order cracks have a significant stretch,
measured in centimeters, meters or even kilometers. The
size of their disclosure changes from 10° to 10”m. These
cracks can be filled in with other rocks or remain unfilled.
The third order cracks characteristics is that they divide the
massif for structural elements — jointing. [1]. There is the
methodology of determining of the percentage of natural
jointing in the rock massif by the average distance between
the cracksin thiswork.
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The analysis of recent researches. On the basis of a
large number of researches by the interdepartmenta com-
mission for blasting operations, a common classification of
rocks according to the degree of fracturing in the massifs
was adopted (table 1) [2-4]. It shows that all massifs ac-
cording to the degree of crack are divided into five catego-
ries: highly cracked, heavily cracked, medium cracked,
small cracked and monolithic.

The sdection of unresolved part of a common prob-
lem. In this classification there is no establishment of natu-
ra jointing percentage of various sizesin the rock massifs.

To detail the content of natural jointing in rock mas-
sif, we carried out the special research on quarries non-
ferrous metallurgy in Kazakhstan. Block sizes of massifs
of Kounradsky, Akzhalsky and Sayaksky fields was
measured on exposures immediately and in a photopla-
nimetric way. The classification of rock massifs is of-
fered on the basis of conducted researches by the block
sizesis given in table 2. The schedules of the percentage
dependence of natural jointings from their average size
are submitted on fig. 1.

This classification of rock massif by the block-size
complieswith the assigned task.
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Table 1
Classification according to the degree of rock fracturing
The average distance between The content of large jointing (%) in the massif
Category of The degree of massif fracture the natura cracks of al the
rock fracturing
systems, m 0,3m 0,7m 1,0m
| High cracked (small block size) upto0.1 upto 10 0 0
I Heavy cracked (medium block size) 0.1-0.5 10-70 upto 30 upto5
I Medium cracked (large block size) 0.5-1.0 70-100 30-80 5-40
v Small cracked (very large block size) 1.0-15 100 80-100 40-100
v Almost monolithic (just large block over 1.50 100 100 100
size)
Table 2
Classification of rock massifs by block-size
Classes Rock massifs The content of large jointing (%) in the massif The av-
of massifs block sizes erage
by block (modularity) diameter
Sizes (the cracked <0.20 0.21-0.40 0.41-0.60 0.61-0.80 0.81-0.100 1.01-1.20 >1.21 of joint-
degree) ing, m
Small block size
I (High cracked) 82.0 10.3 7.0 05 0.2 0.15
Medium block
I size (Heavy 48.0 27.0 10,5 6.0 4.2 33 1.0 0.31
cracked)
Largeblock size
11 (Medium cracked) 295 20.2 14.0 11.8 10.6 8.7 52 0.50
Very large block
\Y% size (Small 17.5 16.1 14.6 13.2 12.7 129 130 0.69
cracked)
Highly large block
\% size (Almost - 30 8.0 13.0 18.0 26.0 32.0 1.00
monolithic)
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20 4
10
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Fig. 1. Soecifications of the rock massifs by the block
sizes: 1- small block size (high cracked); 2 — medi-
um block size (heavy cracked); 3 — large block
size(medium cracked); 4 — very large block size
(small cracked); 5 — highly large block size ( mono-
lithic)

Formulation of the research purpose. In the tech-
nical literature on blasting the attention to the problems
of the study of rock massif by blocking, determination of
the percentage of natural rock partings in the massif was
not sufficient, there are no methods for their determina-
tion. At the same time, we know that the granulometric
composition of natural jointing of the massif depends on
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the fracture of rock massifs and blasted rock; it quality in
acertain way is predetermined by the percentage of natu-
ral jointing in the rock massif. To identify these linkages
there is a heed to establish the natural particle size distri-
bution jointing in rock mass on the average distance be-
tween the cracks.

The main material. The characteristics of rock mas-
sifs by the block size are given in Fig. 1, the choice of the
regression lines was done based on percentage content of
natural jointing for each class of rocks block-sizes.

In this research [6] we have shown that the content of
natural jointing in different rock massifs block-sizes gener-
aly varies by the exponential law

y= a™, ©
where a, b — constants for each class of block sizes; x— nat-
urd jointing size.

To solve the inverse problem, the establishment of gran-
ulometric composition jointing in natural rock massif in
their average size is necessary to establish the significance
of congtants of equation (1), depending on the size of the
natural partingswithin 0.1, 0.2 ... 1.2m. For this purpose the
unknown dependencies were graphed and are presented in
fig. 2
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Table 3

Constants of massifs the block sizes and coefficients of the determination

Block sizes of rock massifs Constants Coefficients of the determination R?
a b
Small block size (d.= 0.15m) 154.60 -7.50 0.96
Medium block size (d.= 0.31m) 59.32 -3.00 0.96
Large block size (de= 0.50m) 30.58 -1.30 0.96
Very large block size (d.= 0.69m) 17.05 -0.30 0.82
Highly large block (d.= 1.00m) 2.15 2.24 0.93

The coefficients a and b depending on the size of the
natural jointing are generally described by the equations
a=cé* b=l Inx+f, )
wherec, k, |, f —congtants of the equation; x — size of natural
jointing.
For the considered conditions (d. = 0.15; 0.31; 0.50;
0.69; 1.0m), it iseasy to see

_ -4,52x. —
a= 264,9¢™7; b= 4,023In(x) + 1,694. 3
ab
160
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Fig. 2. The dependence of the constants a and b of a
medium-sized natural jointing

The percentage of naturd jointing in massif, is calculat-
ed from formula (1) with the substitution of the obtained
significance aand b of the expression (3) by blocking grade
is shown in table 4 are presented graphicaly in fig. 3.
The comparison of these data with the experimentally estab-
lished natural granule compostion jointing in massif
(table 2) shows that they coincide very closaly.

Thus, the particle size distribution of natural rock massif
jointing in the formula (1) can be calculated for any size
fixed blocking. The significances of the coefficientsa and b
are determined by the dependencies (3). For the following
sizes for certain permanent natural a and b have the follow-
ing meanings

1) for the smal block size massifs with d=0.1m;
a=167.1, b=-7.6; with d=0.2m: a=104.1, b=-5.0;

2) for the medium block size massifs with d=0.3m:
a=65.3, b=-3.2; with d.=0.4m: a=42.2, b=-2.0;

3) for the large block size massifswith d=0.5m: a=27.6,

—=-1.1; with d=0,6m: a=23.4, b=-0.8;

4) for the very large block size massifs with de=0.7m:
a=17.5, b=-0.3; with d=0.8m: a=15.3, b=-0.1;

5) for the highly large block massifs with d.=0.9m:
a=4.0, b=1.6; with d.=1,0m: a=2.8, b=2.0.

The percentage of natural jointing results from thistech-
nique, with dimensionsd, = 0.1, d. = 0.2, ... de= 1,0min the
rock massisgivenintable5.

Tovisudizethe datain table 5 they are graphicaly illus-
trated on the fig. 4-6. The fig. 4 shows the dependence of
the percentage of natural building block jointing in massifs
with average diameters. d. = 0.1m; de = 0.2m (fig. 4, a) and
medium block size massifs with average diameters. d. =
0.3m; d.=0.4m (fig. 4, b).

The dependency charts are shown in fig. 4-6; they are
identical to the charts shown in the fig. 3, which shows the
unity of their nature.

According to the percentage of the natural specifications
the coarse-jointing massifs are with average diameters of
d. = 0.5m; d. = 0.6m (fig. 5, a) and very large block size
massifs with average diameters d. = 0.7m; d. = 0.8m
(fig. 5, b).

The figure 6 shows the percentage of naturd jointing in
large massifs only with an average diameter of natura joint-
ing d. = 0.9m; d, = 1.0m.

Table 4
Estimated particle size distribution of separately in natural rock massif
cl of Th(_e massifs _and The content of large jointing (%) in the massif (m)
asses their block sizes
massifs by th diameter of
block sizes (the aﬁiﬁfﬂéa’% ero <020 | 021-040 | 041-060 | 0.61-0.80 | 0.81-0.100 | 1.01-120 | >1.21
[ Small block size (de. = 0.15m) 76.77 17.83 414 0.96 0.22 0.05 0.02
I Medium block size (d. =0.31m) 45.63 25.04 13.74 7.54 414 2.27 1.68
I Largeblock size (d, =0.50m) 27.09 20.89 16.11 12.42 9.57 7.38 6.48
v Very large block size (d. =0.69m) | 16.93 15.95 15.02 14.14 13.32 12.55 12.17
Y, Highly large block size (d.=1.00m) | 2.76 432 6.78 10.63 16.67 26.14 3274
24 ISSN 2071-2227, HaykoBun BicHuK HI'Y, 2014, N2 6
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Fig. 3. The estimated granulometric content of natural jointing in: small block size (a); medium block size (b); large
block size (c); very large block size (d); highly large block size (€)

Table5
Content of natural jointing in rock massif and their block sizes
Classes of The massifs and The content of large jointing (%) in the massif (m)
. their block sizes.
massifs by Th diameter of
block sizes e avjeg(ﬁlenéa'n? erol | <020 | 021-040 | 041-060 | 0.61-0.80 | 0.81-0.100 | 1.01-1.20 | >121
| Small block size 781 171 37 08 0.2 0.0 0.0
(d=0.1m; d.=0.2m) 63.1 232 85 31 12 0.4 03
| Medium block size 47.4 25.0 13.2 7.0 37 1.9 14
(de=0.3m; de=0.4m) 34.6 232 15.5 10.4 7.0 47 38
" Large block size 24.7 19.8 15.9 12.8 10.3 8.2 74
(de=0.5m; d=0.6m) 216 184 157 134 114 9.7 9.0
v Very large block size 17.0 16.0 15.1 14.2 134 12.6 12.2
d-=0.7m; d-=0.8m)
(de e 15.1 14.8 14.6 14.3 14.0 13.7 13.6
v Highly large block 47 6.5 8.9 12.3 16.9 233 27.3
d=0.9m; d=1.0m)
(de=0.9m; d 34 5.1 76 11.4 16.9 253 309
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Fig. 4. Percentage of natural jointing in small block size (de=0.1m, d-=0.2m) (@) and medium block size (de=0.3m,

de=0.4m) (b) massifs
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The analysis of the percentage content of naturd jointing
in smal block size, medium block size, large block size,
very large block size, highly large block size rock massifs
that are shown in fig. 3-6, confirms the redlity of the analyt-
ica determination of particle size distribution of natural
jointing in them.

Conclusions and prospects for the development.
The conducted researches have shown that by the aver-
age extent of natural jointing it is possible to establish the

26

significance of coefficients a and b, and by means of the
exponential law (1) find percentage of natural jointing in
the rock massif.

Due to the fact that in geological reports and other tech-
nical documentation mining companies usualy indicated
only the average distance between the natural cracks of al
orders (de), the developed method is the reliable tool for de-
termining the particle size distribution of natural jointing in
the rock massif.

The percentage of naturd jointing in the massif is neces-
sary to design parameters process mining to ensure the re-
quired quality of blasted rock crushing.
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Ormnpezenenne TrpaHyJIOMETPHYECKOTO COCTaBa Mac-
CHhBa 1opoJ Mo Cpe€AHEMY pa3sMepy CECTCCTBCHHBLIX OT-
JeNbHOCTEeH: ¢O. TpymoB MeXIyHApOJHOW HAaydHO-
MpakTH4YecKoi KoH(epeHun ,, IHHOBalMOHHBIE TEXHO-
JIOTUHX U IPOCKTHI B TOPHO-METAJITYPIrUY€CKOM KOMILICK-
ce, UX HAay4HOE U KaapoBoe cornpoBokaenue” / B.P. Pa-
kumeB, A.M. Ayaszosa, A.Il. Kanuera, A.H. [laypenoe-
koBa — Anmartsl: KasHTYVY, 2014. — C. 186-190.

Mera. BcTaHOBJIGHHS TPaHYJIOMETPUYHOIO CKIIAy
MPUPOIHUX OKPEMOCTEH Y MACHBI MOPIJ] 32 CEPEIAHBOO Bifl-
CTaHHIO MDK TPII[HAMH.

Metoauka. ExcriepuMeHTaIbHO BCTAaHOBIEHUH MpoIie-
HTHUH BMICT HPHPOJHUX OKPEMOCTEH y MachBax IIOpin
Oe3mnocepeHIM BUMIpOM OJIOYHOCTI Ha Psili Kap’€piB Tim-
pHEMCTB KOJILOPOBOI MeTanyprii Kazaxcrany. Busnauenuit
CepenHiil po3Mip MPUPOTHUX OKPEMOCTEH y Pi3HHX MacH-
Bax 3a OnounicTio. Po3pobiieHa MaremariyHa Mozielb Oo-
YHOCTI MacHBY TIOpPi/l, BCTAHOBJICHI JIiHII perpecii rpanymo-
METPHYHOTO CKJIay MPHPOIHUX OKPEMOCTEH. 3arporoHo-
BaHA METOWKA BH3HAUCHHS TI'PAHYJIOMETPUYHOTO CKIIamy
MPUPOIHUX OKPEMOCTEH Y MaCHBI MOPIJ 3a iX CepeaHiM po-
3MIpOM.

PesyabTaTi. 3a eKcepUMEHTAIBHUMHU JaHUMH BCTa-
HOBJICHI 3HaYCHHS KOS(IlieHTIB PIBHAHHS perpecii s pi3-
HUX MAacCHBIB TIOpiN 3a OovHIcTIO. 3 X BUKOPUCTaHHSIM BH-
pillleHa 3BOpOTHA 33/laya — BU3HAUECHHH TPaHYJIOMETPHY-
HMH CKJIaJl IPUPOITHUX OKPEMOCTel y MacuBax Iopif 3a ix
CepeHiM PO3MIpoOM.

HaykoBa HoBHM3Ha. BcTaHOBIIGHI 3aKOHOMIpHOCTI
3MIHH TPaHyJIOMETPUYHOTO CKJIaxy MPUPOAHUX OKpe-
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MOCTeil MacuBy IOpia 3aJIe)XHO Bijx iX po3mipis. Bera-
HOBJICHI 3HAYCHHS TMOCTIHHUX BEIMYMH PIBHSIHHS pe-
rpecii B 3aJIeKHOCTI BiJl pO3Mipy MPUPOJHUX OKPEMOC-
Ten.

IpakTnyna 3HaunMicTs. Po3pobniena Meronuka Bu-
3HAYEHHS POLICHTHOTO BMICTY IPUPOIHUX OKPEMOCTEH Y
MacHBi TIpChKUX TOPiJ 32 CEPEAHBOIO BIICTAHHIO MIXK Tpi-
IIMHAMH, 0 (PIKCYETBCS B TEOJOTIYHHUX 3BITaX Ta IHIMIN
TEXHIYHIN JOKyMEHTamii TipHHYoro mimmpuemcTBa. Meto-
JMKa 3artpeOyBaHa MPH MPOCSKTYBaHHI TEXHOJIOTIYHUX Ta-
pameTpiB MPOIECIB TiPCHKHUX POOIT.

Karouosi cioBa: macug nopio, npupoona okpemicmo,
8i0cmaHb Midic mpiwuHamu, cepeowiti po3mip NpUpoOHOT
OKpeMocmi, 2panyIoMempudHuLl CKIao

Henb. YcraHoBneHHe TpaHyJIOMETPUUECKOTO COCTaBa
€CTECTBEHHBIX OTEIBHOCTEN B MACCHUBE MOPOJ MO CPEAHE-
MY PacCTOSTHHIO MEX/Ty TPEIIMHAMH.

Metoanka. OKCHEPUMEHTAIBHO YCTaHOBJICHO IIPO-
LIEHTHOE COJEPKaHNUE ECTECTBEHHBIX OTAENBHOCTEN B Mac-
CHBaXxX IOPOJI HEMOCPEICTBCHHBIM 3aMepOM OJIOUYHOCTH Ha
psiie KapbepoB MpennpHATHi IBeTHOW Metautyprun Ka-
3axcraHa. OmnpeneneH cpefHuil pa3Mep €CTECTBEHHBIX OT-
JIeIBHOCTEH B pa3iIMYHbIX MaccHBax I1o OyovHocTH. Paspa-
6oTaHa MaTeMaTH4eCKash MOJEIb OJIOYHOCTH MaccHBa IIO-
pOIl, YCTaHOBIICHBI JINHUN PErPECCHHU TPaHYIOMETPHYIECKO-
IO COCTaBa €CTECTBEHHBIX OTAEIbHOCTEN. IIpenoxena mMe-
TOJMKA OIpENIeNICHNUs] TPaHyJIOMETPHUECKOTO COCTaBa ecTe-
CTBEHHBIX OT/IEIBHOCTEI B MacCHBe IOPO/] MO UX CPETHEMY
pazmepy.

Pesyabratel. [lo sKkcniepuMeHTaNbHBIM JaHHBIM YCTa-
HOBJICHBI 3HAUCHUS KO3(D(DHUIIMEHTOB YPaBHEHHUS PETPECCHU
JUTSL PA3iIMYHBIX MaccUBOB THopox 1o OnouHoctH. C nx mc-
TI0JIb30BaHHEM pellleHa 00paTHas 3a/1a4ya — OonpesiesieH rpa-
HYJIOMETPUYECKUH COCTaB €CTECTBEHHBIX OTIENBHOCTEH B
MaccuBax MOPOJ, 10 MX CPEAHEMY pa3Mepy.

Hayuynass HoBHU3HA. YCTaHOBJIEHBI 3aKOHOMEPHOCTH
H3MEHEHHs TPaHyJIOMETPUYECKOTO COCTaBa €CTECTBEHHBIX
OTAENBHOCTEN MaccHBa MOPOJ B 3aBHCHUMOCTU OT HX pa3-
MEpOB. YCTaHOBJICHBI 3HA4YEHHS TIOCTOSHHBIX BEJIMYMH
yYpaBHEHHSI PETPECCHH B 3aBUCHMOCTH OT pa3Mepa ecTe-
CTBCHHBIX OT}ICHBHOCTeﬁ.

IIpakTnyeckasi 3Ha4UMOCTh. PazpaboTaHa MeToauka
OIIpe/IeNICHNs] TPOLIEHTHOTO COJEP’KAHUS eCTECTBEHHBIX
OTZETIFHOCTEH B MacCHBE TOPHBIX TTOPOJI TI0 CPeJHEMY pac-
CTOSHHIO MEXIy TpEIIMHAMH, KOTOpoe (UKcHpyeTcs B
TEOJIOTUUECKUX OTYETAX U JIPYrod TEXHUYECKOW JOKYMEH-
TalluM TOPHOTO TpPEANpusTHs. Meronauka BocTpeOoBaHa
IpU MPOCKTUPOBAHNU TCXHOJIOTUYCCKUX IMapaMETPOB IIPO-
IECCOB TOPHBIX padoT.

KunroueBble ciioBa: maccus nopoo, ecmecmeenuas, om-
0ellbHOCMb,  pACCMOsAIHUE MeHCOy MpewuHamu, CpeoHUll
pasmep ecmecmeeHHOU OmOeNbHOCIU, ZPaHYIoMempuye-
CcKuli cocmag

Pexomenodosano 0o nybnikayii O0okm. mexH. HayK
O.M. Llawenxom. [lama naoxoosxcenns pyxkonucy 28.11.13.
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