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3a pesynbTaTaMy aHami3y BiJOMHUX aHATITUYHUX 3QJIEKHOCTEH MO BU3HAYCHHIO
BHUCOTH 1 IIMPUHHU PO3BAIY T1IPChKOI Macu Mpu BHOYXOBIM 0OpoOIll YCTYIIB BUCOTOIO
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B1101¥KkK 1ipu K3B BiIHOCHO HE 10 BUIBHOI MOBEPXHI YCTYITy, a IO OCHOBHHX CHUCTEM
TPIIIHH.
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PROBLEM STATEMENT Together with the achievement of high quality rock
crushing in quarries, explosive works should prevghrameters of breakup (width
and height) of the rock mass, which lead to higtfgsemance and safe operation of
excavators. At the same time the width along theuigd on top and a height of
breakup depends on the degree of loading effettteo€xplosion and the forces of re-
sistance of destructible rock mass, implementedriseparibus, schemes of short-
delay explosion (SSDE) in combination with othergmaeters of explosion (line of
least resistance, grid of wells, type of explossubstances (ES), construction of
charge, diameter of the wells). Essential valutheregulation of breakup parameters
Is working off of ledges in height 20-30 m, thatwhen there may be instances of ex-
ceeding the height of breakup of the establishethador maximum digging height of
the excavator.
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In determining the parameters of breakup of rockaymoposed formulas by a num-
ber of authors, which not sufficiently take intaccaent the indicators of rock properties
and rock mass, parameters taken into account todscaf rock properties and rock mass,
parameters of ledge and accepted a priori, mogiriaomt, without taking into account the
structural and textural features of the rock masst interconnected with design of
schemes SSDE and must take into account the dimeatibreaking charges of explosive
substance (ES) relative to the main systems oksr@a@nd Q.

EXPERIMENTAL PART AND RESULTS OBTAINED. The basid the well-
known formulas for calculating the parameters efalkup of rock mass in the quarries
IS geometrization, interpreted by to form of triengr trapezoid. Based on this, many
of formula currently used in the practice of designexplosive works under certain
conditions, therefore dwell on them in greater dlesanot necessary, because their
characteristics and the results of using suffityehighlighted in scientific literature.
In this regard, it is advisable to bring a briealysis of the most used formulas.

According to the work [1] applied to the conditiomisquarries construction mate-
rials the width of breakup of rock mass

B,=45-q,-VW-H, (1)

whereq, — calculated specific consumption E§/n;

W - line of least resistance, if;— height of ledge, m.

In the same work is recommended to take the hefhteakup of rock mads,, :
under two-row arrangement of charges -0,three-lane — 0/8, four-row — (0,85 —
0,9)H.

Practically similar with the work [1] is formulasifdeterminingB, andH,, shown
in the work [2]respectively:

B,=65-q-\W-H )
H,=(0,7—0,9)-H. 3)

As recommended in the work [3] val#g under SSDE can be approximately de-
termined by the formula

B,~ K, B+ (n+1)b, (4)

whereK;, — coefficient of range kickback of blasted ovedair, depending on the
time interval slowdown (see: [3], p.94);
n — the number of rows of wells charges;
b — the distance between rows of charges, m;
Bo — the width of collapse of the rock at the instsingle-row explosion, m
(see. [3], formuldV.24 on p.93).
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Further in the [3] noted, that the valtg at multiple-row SSDE does not exceed
H, while increasing the number of rows of chargigsn the middle and rear its parts
exceedd? on 5-30 %.

Parameters of collapse of the the rock mass, &sinot[4], depend on many fac-
tors, including the schemes SSDE, due to thesarsehean be done to reduce or in-
crease the range of movement of the rock mass thare2 times. In the general case,

By =A+AB, (where4 — width of blasting stope, B, — the range of movement of

the blasted from overburden slope ledge, m).

It is shown, that the maximum valigs is achieved by blasting scheme. Taking
into account the change in direction of breaking rocharges due to the angle orien-
tation of the front breaking to the line the freeface of the ledge

B, = ABy - (0,73 + 0,27 - cos 2a;,,), (5)

whereAB, — the width of collapse of the rock during grackcileme of blasting, m;
0;, — angle between the direction of the slope shaowddd line simultane-
ously exploding charges, hail.
Value of AB, with diagonal @, =45°) and gradually, transversei( =90°)
schemes of blasting is 0B3and 0,48,.
The maximum height of collapse of the rock mass

Kp-H-A.__»
HF=KP-H-[1—(1+ R ] (6)

According to normative reference for drilling blagbrks [6]

B,=35:H:yF*: Jq/H(0,65+ 0,35 cosa,, ); (7)

H,=H:*|N/H,, (8)

whereF — group of soils according to SNIP;

O:y - angle between the direction of the slope shouahel line simultane-
ously exploding charges, hail.;
N — number of explosive rows hole charges.

Thus, recommended the formula for determinigg(1), (2), (4) used in the prac-
tice of blasting operations excluding the impacthe# direction of blasting. Formulas
(5), (7), (8) take into account the direction oé tilnont breaking relative to the main
fracture system, which to some extent reduces dissilpility of regulation quality of
preparation the rock mass and the width of theapsk. Analogical approach observed
in determining the valug,.
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The aim of the work — estimation of parametershefc¢ollapse of the rock mass in
relation to the direction of breaking, schemes S@b#orking out benching fractured
mountain massifs in the quarries.

In Soviet and modern practice in the productiorexgblosive works there are ex-
amples of mining and rock ledges height 20-30 nusTéxcavator loading of the rock
mass aff to 30 m made with the division of the approaches.

At H = 20-30 m adopt schemes SSDE and parameters loesg@works in such a
way, thatH, does not exceed 1,5 digging height excavator, employed in loading

of the rock mass. In this cagg should be (0,5-0,8) depending on the type of exca-
vator (table 1).

Table 1 — The maximum value &t, (m) rock mass of mining shovels

Model of Source Remark
excavator [3] [7] [8]

EKG - 4,6B - 10,3 10,3 Coincides
EKG -5 11,0 11,7 10,3 Coincides slightly
EKG - 8I 12,5 12,5 14,0 Does not coincide

EKG-12,5 15,6 10,0 10,1
EKG - 20 18,0 11,6 17,0

For conformity assessmeht,, different models of excavators type EKG height of

camber make calculations of by the formulas (3),aftd (9), the results of which are
built graphic dependencés, = f(H).

On the Fig.1, according to (3), shows the chaidg® the ledge height 15-23 m.

Hp, m

18

14 2

15 17 19 21 H, m

Figure 1 — The graphic dependedf,efrom H: 1 — at 0,7; 2 — at 0,8/; 3 — at 0,%/

In general, with increasing/ value H, increase from 10,5 to 13,5 m (@ = 15
m), from 11,9 to 15,3 m (& = 17 m), from 14,7 to 18,9 m (& = 21 m) and from
16,1 to 20, 7 m (a/ = 23 m). From the analysis of these data showtgiheock mass
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for these models of excavators does not exdéehd H,,. However taking into ac-
count the schemes of explosion, directed breakim ather blasting operations pa-
rameters the valu, can change significantly.

Value H, affect the value of stope blasting In formula (6) taken into account,
except H, value K,, 4 and AB,. On the Fig.2 shows the graphic dependences
H, = f(H, 4), built on the results of the calculation of thdldwing parameters:
H=15m,K, = 1,2;4 = 20 m;AB, = 25 m. With increasing/ from 15 to 23 nthe
valueH, also increases from 10,8 to 19,9 m (dependencehlisH, does not exceed
(0,8 — 0,9¥, that fully satisfies the regulatory requiremefiotsthis process.

With increasing4 from 10 to 30 m valuéi, increases from 7,2 to 12,8 m (de-
pendence 2). Value adopted, starting from the conditio.=b =5 m (wheréb — the
distance between rows of charges, m: 10 m — 2ssette m — 3, 20 m — 4, 25 —
5, 30 m — 6 series).

Obtained valuefd, by the formula (6) also satisfy designs of excarsatype
mehlopata on condition of complian&g, the value of this parameter.

With the increase of the specific consumpti from 0,8 to 1,Rl kg/nT, accord-
ing to the formula (9), whe#/ = 15 m andN = 5, valueH, decrease from 12,5 to
11 m. Given circumstances indicate that, that aedeser?, with increasing ¢ associ-
ated with an increased impact of the explosionggnat the ruined rock mass due to
of this indicator, and hence, and increased rariggabage rock mass slope of the
ledge. For this reason, there is an increased vadthcamber rock mass. Thus large
width of camber caused by irrational parametetsiadting operations. In general, this
parameter varies between 20 — 60 m [9].

H, m

P

18

14

10

6
15 17 19 21 H,m3

10 15 20 25 4, m

Figure 2 — The graphic dependence the chaAgé®m H(1) andH(2)

Executed calculations by the formulas, given abekew that, takes the follow-
ing value: by (1) — 32 m; by (2) — 45 m and by €457 m. In the calculations ac-
ceptedn = 5;b =5 m;By = 30 m;K, (att,= 25 ms) = 0,90.
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In determining thd3, depending on the orientation of the front breakimgk mass
charges ES with respect to the free surface ofetlige by the formulas (5), (7) and (8)
conflicting results are obtained (Fig. 3).

By, m

0 15 30 45 60 5 og, degree
Figure 3 — The graphic dependence the chafiges the angle of orientation

of the front breaking the free surface of ledgg 1 — by the formula (5);
2 — by the formula (7); 3 — by the formula (8)

According to (5) with increasing;, from 0 to 90 the valueB, decreases from
50,8 to 29,2 m (dependence 1), and the formula (Acreases from 10 to 40 m (de-
pendence 2). The discrepancy between the resudsnadd ina;, = from @ to 5C,
and ato¢, = 50-90 the valueB, has approximately the same value. Similarly, ddpen
ing 1 value changeB,, calculated according to the formula (8), thathwitcreasing
0y decreases from 34,2 to 22,2 m (dependence 3).fattiss obviously explained by
some differences in the approach of the author§][4#o the mechanism of explosive
destruction.

To obtain rational parameters of camber rock messsfying for normalized indi-
cators constructive model power shovels, necedsamyake breaking the rock mass
the use of alternate-diagonal schemes of SSDE. iNglhelp of such schemes explo-
sion possible to carry out the direction of bregkaharges, oriented with respect to
the main systems of vertical cracks occurrence, rastdwith respect to the line of
slope the ledge [10]. This condition can provide@e compact collapse of the rock
mass and productivity of excavators in the prooéssading in means of transport.

Important factors that affect the range of expamsind collapse of the parameters
are schemes SSDE deceleration intervals of 25 whshencharge structure. To obtain
H, less thar{ should apply the diagonal ordinal scheme explodioshould be noted
that the use of a downhole charge air spaces sesethe range of movement of the
rock mass and therefore reduces the amou#t of 1,2 — 1,3 times. At the same time,
the use of schemes SSDE should take into accoenditection of breaking on the
main fracture systems. Due to the angle of oriemadf the front against fracture sys-
temsar can be adjusted parameters of the rock mass.
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Empirical relationship for evaluating the impacttbése factors on the value of
H,, can be represented as follows:

H
H, =K. Ky (E) . (1,3 +0,11sin ay), (9)

where K, — coefficient taking into account the type of steeused SSDEK{. =
0,6-0,7);

K, — coefficient taking into account the design «f dinarge EWK ,= 0,7—
0,8).

On the Fig. 4 shows the dependefte-f (a,, H). In the calculations, the follow-
ing parameters were usdd:= 0,7;K,=0,8;q = 0,8 kg/n.

From the analysis of Fig. 4 we can see, that witra@asinga, from @ to 9C
value H, increases from 13,7 to 14,8 m; dt= 20 m — from 18,2 to 19,7 m; at
H =25 m - from 22,8 to 24,7 m; a&t= 30 m — from 27,3 to 29,6 m. In general, for
these values of the angle of orientation with respe the front breaking cracks the
rock mass for the cases examiédalueH, increase in 1,1 times.

With increasingg from 0,8 to 1,2 kg/rhvalue H, reduced. MaxH, observed at
q = 0,8 kg/ni and the average values for the adomed0°, 3C°, 6C°, 9C°) equally
14,3 m.

0 15 30 45 60 Om, degree

Figure 4 — A graphical representation of changeom o+ at the height
of the shouldef: 1 —-15m;2-20m; 3-25m;4-30m

On average, q = 0,8-1,2 kgEImaIuer decrease withiH = 15 and 20 m in 1,5
times.

Value oy indicates a smaller influence aH, compared toH. Thus, when
q = 0,8 kg/m maximum valuegd, depending omr, increases from 13,7 to 14,8 m, i.e.
to 1,1 m. Atq = 1,2 kg/m there is a minimum valug, and varies from 9,1 to 9,9 m
with an increase of 0,8 m.
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038 0.9 1 Ll g, kg/m’
Figure 5 — A graphical representation of changefom g at the height
of the ledge? = 15 m (solid line) and/ = 20 m (the dotted line)
forar: 1-0;2-30;3-60;4-90

Change the width of the collapse of the rock mgsdepending omir can be
calculated by the following relationship:

H
B, = AB,+ (E) .(1,2—0,11sinay), (10)

whereAB, — the width of the stope blasting to blast blocksocks, m.
According to the formula (10) the calculations bngesB, from a for different

height of the ledgé?. In thisAP» = W + b(n — 1y, whereb — the distance between
the rows of hole charges, m;— the number of rows on charges exploding blotrks.
the calculations mad&V=b =5 m,n— 5 series. TheAB, = 5+54 = 25 m. Changs,
from ar andH shown in the graph Fig. 6, from the analysis wiabbws that with the
increasent: from O to 90 valueB, decrease in average 1,7-1,8 times. The maximum
value ofB, observed atiy = 0°, and the minimum - atr = 9C°. If you changé&d from

15 to 30 m ¢, = C°) B, increases from 47,6 to 67 m, i.e. in 1,4 timesl whenar =

90° —in 1,1 times (from 28,8 to 32,5 m).

By m
55
45

35

25
0 15 30 45 60  om, degree

Figure 6 — A graphical representation of chargesom o at the height
oftheledgeZ: 1 —-15m;2-20m; 3-25m; 4-30m
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An estimate of thé&, the known and recommended formula is made wittfdhe
lowing parameters = 15 m;q = 1,2 kg/nf; AB, = 25 m;F = 9; B, = 40 m (table.2).

Table 2 — Comparative evaluation of changgfom ay

Source, Value B,, m depending oy, hail.

formula 0 15 30 45 60 75 90

[5], (7) 0 10,4 20,0 28,4 34,8 38,4 40,0

[6], (8) 45,4 45,0 43,1 40,0 37,7 33,6 29,5
(11) 47,6 42,7 38,2 34,2 31,7 29,5 28,8

From the analysis of table 2 see, that with inéneps, valueB, by the formula
(7) increases, and by (8) and (10), converselyedses. These results can be obtained
in different approaches to the orientation of thenf line breaking or direction, as a
free surface of the ledge slope, and systems oksréepending on this valig may
take the opposite values. However, preference dhoeilgiven an order diagonal pat-
terns SSDE orientation with respect to the direcbbthe front breaking fracture sys-
tems massif. In this case, a minimum vaRjeand max#,, and hence more intense
crushing rocks with a minimum of oversized fractiorthe collapse of the rock mass.

The dependencs, = f (ar) confirmed the results of previous studies usierg-g
logical and diagonal schemes SSDE (table 3).

Table 3 — The results of the experimental data @ong massive explosions
on the granite quarries

The village - 1 The village - 2
Horizont The Horizont The a
"I number of | ay, hail | B,, m '| number of| " | B,, m
m . m : hail
explosions explosions
162 4 30 41-49 183 4 50 31-38
150 5 36 37-42 170 3 67 22-27

An analysis of the data shows that an incregseducess, . Within this range an
increaseny from 30 to 67 valueB, decrease in average in 1,8 times.

CONCLUSIONS. Based on the analysis performed teroebhe the analytical
dependencef, andB, quantify the changes in these parameters fiomH, 4 anda.
However, some consider the impact depending owrikatation of the front line of the
slope with respect to breaking the ledge. It issghthat in order to improve the quality of
the crushing of the rock mass and achieve a compiget collapse
(Hmax » By min it is appropriate to apply the diagonal decemteste SSDE with the
direction of the front breaking crack rock mass] aot to the free surface of the ledge.
This condition is confirmed by the results of expental explosions in granite quarries.

The calculations give reason to believe that, ie tuarries stable supply
parameters collapse at working ledges height 16+36quite possible.
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[lo pe3ynbraramM aHajld3a M3BECTHBIX AHAJIUTHUYECKUX 3aBUCHUMOCTEWH IO
OTPEIECTICHUIO BHICOTHI M IIMPHUHBI pa3Balia TOPHOIM MacChl NMPU B3PBIBHON OTPabOTKE
yCTynoB BbIcOTOM 15-25 M naHa KojguyecTBEHHas OIICHKA JITHUX IIOKa3arejeld B
3aBUCMMOCTH OT OCHOBHBIX MapaMeTpoB B3pbiBa. OOOCHOBaHbI PEKOMEHAAIMH TIO
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opueHTHpoBKe (poHTa oO0TOONKM Tpu K3B oTHOCHMTENnbHO HE K CBOOOMHOMN
MOBEPXHOCTH YCTYTa, & K OCHOBHBIM CHCTEMaM TPEIITHH.

KiroueBble c¢ji0Ba: B3pbIB, Kaphep, CXeMa B3pPbIBAHUS, TPEIIMHOBATOCTh, ()POHT
OTOOMKH, YCTYII.

JINTEPATYPA

1. baeitman M.JI. ViccnenoBanne OCHOBHBIX MapaMETPOB B3PHIBHOW OTOOWKHU IO-
pOIBI CKBOXXMHHBIMH 3apsigamMu BB Ha kapbepax CTpOHMTENBHBIX MaTEpHANIOB. aBTO-
ped. Ha COMCK. y4. CTENEHH KaHA. TexH. HayK: crel. 05.312 ©TkpriTas pazpaboTka u
AKCIUTyaTalusl YTOJNbHBIX, PYIHBIX U HEPYIHBIX MecTopoxaeHuit» / M.JI. baeiiman. —
®pynsze, 1972. — 28.

2. Aponun B.I'. CripaBovyHOE 1MOCOOHE 1O B3PBIBHBIM Pab0TaM B CTPOUTENLCTBE/
Adonun B.I'., T'eitman JI.M., Komup B.M. M3a. 2 mnepepab. u gomn. — K.:
bynisenpauk, 1982. — 17@G.

3. PxkeBckuii B.B. rmuporieccsl OTKpBHITBIX TOpHax padoT / Pxesckuii B.B. — M.:
Henpa, 1974. — 52Q@.

4. BypoB3pbiBHbIE paOOThI HA yroJibHbIX pa3pe3ax / [Penun H.S., borateipes B.II.,
bytkun B.JI. u ap.]; mox oomr.pen. H.f1. Penuua. —M.: Henpa, 1987. — 254.

5. Paspymienue ropHbeix mopoj 3ueprueii B3poisa / [Eppemon 2.U., Kpasios B.C.,
Msanna H.U. u np.]; mox pen. N.D. Edpemona. —K.: HaykoBa nmymka, 1987. — 264.

6. HopmatuBHBIN cripaBOYHUK 110 OypoB3pbIBHBIM pabotam / @.A. Asnees, B.JI. ba-
poH, H.B. I'ypos, B.X. Kanrtop: 5-¢ u3x., nepepad. u qom. —M.: Henpa, 1986. — 51%.

7.MenbaukoB H.B. KpaTkuii cnpaBo4HUK IO OTKpPBITBIM TOPHBIM paboram /
MenwsaukoB H.B.; 4-¢ u3n., nepepab. u qon. —M.: Henpa, 1982. — 414.

8. Xoxpsakos B.C. OtkpbiTasi pa3paboTka MECTOPOXKACHUN MOJE3HBIX HCKOIae-
MbIX / XoxpsikoB B.C.: Yue0.11s1 TeXHUKYMOB. — 5¢ u3n., nepepad. u gom. - M.: He-
npa, 1991. — 33@.

9. KnesuoB 1.B. Cxembl B3pbIBaHUS HA Kapbepax M KaueCTBO APOOJICHUS TOPHOU
maccsl / .B. Knesros, I[1.1. ®enopenko. —K.: Texuuka, 1981. — 104.

10Tsepnas O.4. IloBbllieHue KayecTBa APOOJICHHS] TPEUIMHOBATBHIX CKaJbHBIX
HIOPOJI 33 CYET ONTHMAJIBHOTO TONPABJICHUS] OTOOWKM CKBaKMHHBIMU 3apsinamu / O.51.
Tsepnas, B.JI. Bopooses // CydacHi pecypco3bepirarwdi TEXHOJIOTIT TpHUYOr0 BUPO-
onunTBa. Hayk.-BupoOH. xxypran. — 2014. Bun. 2/2014(14). €.13-24.

11MccnenoBanue U pa3paboTKa parloHaIbHBIX METOAOB B3PBIBHBIX PAaOOT IS
oOecrnevyeHns pallMOHAIBHBIX MapaMEeTPOB pa3Bajia TOPHON MacChl C COXpaHEHHEM Ka-
YyecTBa APOOJICHUS U CEMCMOCTOMKOCTH MPOMBIIIEHHBIX U TPaKJAHCKUX OOBEKTOB!
Otuer 0 HUP (3axmounrtensubrit)) Uu-T reopusuku um. CU. Cyo6otuna AH YCCP.
NeI'P01.8.80|0518241uB. Ne 02.8.90|061773. k., 1989. — 19t.

Crarrg Haminnuia 22.04.2015.

CydacHi pecypcoeHepro30epiraroui TeXHOJIOT 11 TipHuYoro BupooHuiTa. Buryck 1/2015(15).
73



