MINING AND METALLURGY INSTITUTE BOR ISSN: 2334-8836
UDK: 622

UDK: 622.83:550.8.013(045)=111 DOI:10.5937/MMEB1403041L

Suzana Lutovac”, Zoran Gligori¢™ Cedomir Belji¢", Marina Ravili¢*

DERIVATION THE SOIL OSCILLATION LAW AND
DETERMINATION OF ITS PARAMETERS™

Abstract

This paper gives an analysis the method for determining the parameters of soil oscillation law, sug-
gested by Professor M. A. Sadovski as well as the level of its applicability for blasting with commercial
explosives for the needs of mining and other economic activities. The applicability of this law was ana-
lyzed on examples of mass blasting at the Open Pit “Drenovac” that are carried out for deposit mining.

As the relation between the soil oscillation velocity and basic parameters affecting its magnitude, are
the following: the amount of explosive, distance from the blasting site, characteristics of the rock mate-
rial and type of blasting, the equation of M. A. Sadovski, where the oscillation velocity v is given in the
form of of the function, is most frequently used:

v=K-R™",

where R is reduced distance, and K and n parameters conditioned by soil characteristics and
blasting conditions, thereby v is decreasing and convex function of variable R.

To determine parameters in the equation of Sadovski, in addition to the common method of least
squares, another model was applied. There by, it has been stated that both models can be used to calcu-
late the oscillation velocity of the rock mass.

Keywords: working environment, blasting, rock destruction, seismic effect, oscillation velocity,
soil oscillation law

1 INTRODUCTION

For evaluation and control the seismic By application the law of rock mass os-
effect of blasting, as well as to plan it, the cillation in blasting, determination of soil
determination of soil oscillation law is re-  oscillation velocity is enabled for each blast
quired, with the strike: blasting field - facili-  operation in advance, thus blasting is, as
ties to be protected [12]. One of the most  regards seismic effect, under control, which
commonly used equations is that of M.A.  gives an opportunity to plan the magnitude
Sadovski defining the law of alteration in  of shock waves for each future blast opera-
oscillation velocity of soil depending on tion [2]. In this way, the adverse blasting
distance, explosive amount and conditions effects are reduced. Adverse effects of blast-
of blasting and geological characteristics of  ing imply, in addition to the seismic ones,
the soil, being determined on the basis of test  those of air blast waves, fly rock mass, etc.
blasting for the specific work environment. [14]. Thus the production efficiency is in

: University of Belgrade, Faculty of Mining and Geology, Djusina 7, 11000 Belgrade, Serbia,
e-mail:suzana.lutovac@rgf bg.ac.rs, zoran.gligoric@rgf-bg.ac.rs; cedomir.beljic@rgf.bg.ac.rs;

™ This paper has resulted from the Project No. 33025 and 33029, funded by the Ministry of Education
of the Republic of Serbia, realized by the Faculty of Mining and Geology in Belgrade

No. 3,2014 41 Mining & Metallurgy Engineering Bor



creased and, at the same time, construction
and mining facilities, as well as the envi-
ronment in the vicinity of the blast site, are
protected.

2 SOIL OSCILLATION LAW

To establish the correlation between the
oscillation velocity and three basic parame-
ters affecting its size: the explosive quantity,
properties of rock material and distance,
several mathematical models are developed
in the world. One of most frequently used
models, i.e. equations, is the equation of
Sadovski defining the law on velocity altera-
tion of soil oscillation depending on dis-
tance, explosive amount and blasting meth-
od [9]. The law, defined in this way, offers
the possibility to determine the seismic ef-
fect of blasting towards a structure or settle-
ment, whereby the connection, between the
velocity of soil oscillation and consequences
that can affect facilities, is used. The equa-
tion of M. A Sadovski is given in the form:

veK | —— (1)
%)

where there are:

v - velocity of soil oscillation [cm/s]

K - coefficient conditioned by soil char-
acteristics and blasting conditions,
determined by terrain surveying,

n - exponent conditioned by characteris-
tics of soil and blasting conditions,
determined by field measurements,

r - distance from the blasting site to the
monitoring point [m],

Q - amount of explosive [kg].

2.1 Derivation the equation of rock mass
oscillation law

2.1.1 Derivation the equation of rock
mass oscillation — the I way

The equation of Sadovski was derived
from the condition: if the radius of charge
and distance from the blasting site to the

monitoring point increase in the same or
approximately the same ratio, the soil
oscillation velocity remains the same [1
pp. 42 and 43], that is :

V=K, H , @)

7

where there is
1, —radius of explosive charge [m],
r- distance from the blasting site to the
monitoring point [m].
Radius of explosive charge (ro) and
amount of explosive (Q) are related by
equation:

0=%mr, 3)
from where there is:
3-0
=32 4
o= @

By replacing the value (r,) from equa-
tion (4), in t equation, the following is
obtained (2):

n
439

|l (7]

v=K,-

R — reduced distance or derived distance
is the one from the blasting site to the
monitoring point reduced to the
amount of explosive, being given in

the form R=- .
"o
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Thus, the oscillation law of rock mass
is obtained, i.e. the Sadovski equation in
the form :

y=K-R™" (5)

2.1.2 Derivation the equation of rock mass
oscillation — the Il way

If, in blasting in the specific environ-
ment, the relative increase in oscillation ve-
locity of the rock mass and relative increase
of reduced distance are monitored, then it
can be seen that their relations at various
levels have approximately the same value
[8(A)] which will be marked (-n), meaning
that:

~n ©)
Thereby, it can be considered that:

Av

: )4
limag 50 7o =">

R
which means that is :
dv
v __
4R n. (7N
R

Equation (7) can be written in the

form:
dv dR
&t

Y R

where by integration, it is obtained:

dv dR
LA
% R
namely:

logv=IlogR™" +logKk (8)

where:
K — constant of integration.

Equation (8) can be written in the form:

logv=1Ilogk-R7",

from where, it is obtained:

v=K-R™", (8a)
being the equation of rock mass oscilla-
tion of M. A. Sadovski.

The equation of Sadovski is commonly
shown in the form:

v=K- Q:led (9)
where:
Qreq — reduced amount of explosive
Yo

Qred =7 >
»

(10)

where:
R - distance from the blasting site to the
monitoring point [m],
Q - overall amount of explosive in a
mine series [kg].

2.2 Models of determination the soil
oscillation law parameters

There are two parameters K and n in
equation (5) which should be determined
for the specific work environment and IN
particular blasting conditions. Regarding
to the characteristics of the rock mass os-
cillation law, it is possible to determine
the parameters K and n in a number of
ways, i.e. models, thereby using the values
obtained by experimental measurements.

2.2.1 Determination of parameters by
model 1

The smallest square method is mainly
used to obtain the parameters (K) and (n),
which represent the common model [3].
Equation (5) uses logarithms and thus is
reduced to the following form:

(11

By introduction the replacement:
v =y; K =a; R =x; n = b; the equation
gets the following form:

logv =1logK —nlogR

(12)

loga—blogx =logy
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Normal equation system for finding pa-
rameters (a) and (b) in this case is:

N N
Nlogu —bZ:logxl- = Z:logyl-
= =

N N N
(logz)Z:log)g —bZ(logxi)Z - Z“]ngi -logy;
i=1 i=1 =

(13)
where:

N - is the number of carried out surveys:

2.2.2 Determination of parameters by
model 2

Starting from the rock mass oscillation
law from the equation (5):

v=K-R7",
which is derived by different way (Chap-
ter 2.1.2), whereby the parameter K, oc-
curring as constant of integration [8(B)],
can be determined from conditions (initial
condition) that for R=R; is v=v;.

Parameters K and n will be determined
using the experimental data of pairs (R;,vy), i
=1, 2,.., N, provided that the curve of os-
cillation velocity of rock mass passes
through the point M;(Ry,v;). In that case,
out of (5) for R = R, and v = vy, the follo-
wing is obtained:

1= K- R{n ’
where:
K = Vl Rln . (14)

By replacement thevalues for K from
(14) in equation (5), the equation is ob-
tained:

(R]jn
V=V ? .

From equation (15), for R = R, there is
obtained v=v; for any n, in the case n>0.
For R=R;,1=2, 3,.., N, from the equation
(15), it can be taken that:

(15)

n
S -[%j Li=23,.N,

i

from where the relation is obtained:

n
PRIV A R Ry Ry |

(16)
From relation (16), parameter n can be
determined. By logarithm operation of
relation (16), the following is obtained:

N
nl()g R] :log ViV N VN ,
R]RZRN Vi

where the following is found:

Vi Vy itV
log 1 2 N
[ VIN

RY
log| ———
R] 'R2 '...'RN

By replacement the value for parame-
ter n in equation (17), found in this way,
the relation for oscillation velocity of rock
mass in monitored environment is ob-
tained:

(R]jn
V=V ? .

Thus, to determine the parameter n, all
experimental data were taken into account.

(17)

n=

(18)

3 DEFINING THE STATISTICAL
CRITERIA

To evaluate the degree of correlation be-
tween recorded (measured) and calculated
data in this work, the coefficient of linear
correlation r [5] between logarithm of re-
duced distance R and logarithm of the oscil-
lation velocity v was used. Additionally, the
curve line dependency index p [6(A)] be-
tween the reduced distance R and oscillation
velocity v was also taken into account.

Evaluation the relationship degree of
two variables [13] to values of the curve
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line dependency index p is given in the
follo-wing survey:
0.0 < p < 0.2 - none or highly poor
correlation,
0.2 <p < 0.4 - poor correlation,
0.4 < p <0.7 - significant correlation,
0.7 < p < 1.0 - strong or highly strong
correlation.

The same is valid for absolute value of
linear correlation coefficient r.

As a convenience measure of the ob-
tained functional relationship for the given
experimental data, the criterion ,,3S“ was
also used [6(B)]. This criterion uses squares
of differences between the obtained expe-
rimenal data and the calculated ones for
oscillation velocities of v. If those differ-
rences are one after another g, &, ... &y,
thenitis:

e +el . +ed
S=, 2L To2 T TEN
N

According to this criterion, for evaluation
the convenience of obtained functional corre-
lation, the following relations are valid:

- If it is |emax] > 3S, the obtained func-
tional correlation is rejected as unfa-
vorable,

- If it is |emax] < 3S, the functional cor-
relation is accepted as a good one.

(19)

4 SURVEY OF MASS BLASTING AT
THE OPEN PIT “DRENOVAC”

4.1 General characteristics of the open pit
“Drenovac”

This work includes research, carried out
during mass blasting at the open pit “Dreno-
vac” in Mionica [7(A)]. The open pit
“Drenovac” is of elevated type and it is situ-
ated almost at the very top of the hill of the
same name.

The limestone deposit covers the sur-
face of 7.7 ha. The altitude difference of
the deposit is about 70 m from the eleva-
tion 440-520. There is a diabase - chert

formation in the floor of limestone, appro-
ximately at the elevation of 438 m.

The limestone is of fissure porosity as
stated by mapping of both the terrain and
test bore holes. The length of cores is from
30 to 40 cm. Cracks and fissures are mostly
filled with calcite, and to a lesser extent they
are filled with limonite debris, namely limo-
nite dross. During drilling, circulation loss-
water was insignificant, which points to
low effective porosity of limestone.

Limestone is a firm petrified environ-
ment. It is tectonically undamaged thus it
represents a unique monolithic mass. The
impact of present cracks and fissured is
insignificant on physico-mechanical cha-
racteristics.

The following values were obtained by
testing the physico-mechanical properties
of the working environment:

- volume mass 2.68 [kN/m?]

- porosity 0.7-1.5 [%]
- cohesion 0.25 [MPa]
- uniaxial strength
- in dry state 120-134 [MPa]

- in water saturated state
83-129 [MPa]
- angle of internal friction 41 [°].

4.2 Blasting method

Measurements of seismic shock waves
at the open pit “Drenovac”, carried out
during blasting, were conducted in order
to exploit the deposit [7(B)]. Eight blas-
ting operations were carried out.

The amonex-1 28/200, amonex-1
60/1000, ANFO-J in bags of 25 kg and
ANFEX-PP 70/1500 were used as explo-
sives. The explosive was activated in bore-
holes by nonel detonators, marked N-
25/500 and K-42 connectors. Basic data,
related to the number of boreholes (N),
overall explosive amount (Qy,), maximum
explosive amount by deceleration interval
(Qy), overall borehole depth (L;y), and ave-
rage stemming length (Ly), are present in
Table 1.
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Table 1 Survey of blasting parameters

BlaSting Nb Qtotal [kg] Ql[kg] Ltotal[m] le[m]

1 27 661.4 36.2 211.0 2.8-3.0

1I 28 1,980.6 71.2 488.0 2.8-3.0

111 15 915.3 66.2 213.0 2.8-3.0
v 16 745.0 47.0 175.0 3.0-3.2
\Y 40 1,895.0 60.5 453.0 3.0-3.2

VI 22 1,774.4 85.2 402.0 3.0-3.2
VII 43 1,988.6 54.2 518.0 3.0-3.2
VIII 20 600 32.0 273.0 3.0-3.5

The record of soil oscillation velocity
for blasting number 1 - measuring point 3

is shown in Figure 1.

instrument SiN 123

Event number 458

Date & time Thu 6 Nov 2008 12:30:08

Reg Length 45/ 1kHz

Vector max {ch 1-3) 6.98 mm/s at 0.557 &

Timagcale 0.4 g/div
Channel 1 Channel
Input Gea Input
Unit mmi/s Unit
Trig lavel 1 Trig leval
Pk 2,550 Pk
Diff mis2 0.843 Diff mis2
Integ pm 212 'Integ pm
Fra(zx) Hz 18.8 Fra(zx) Hz

=] -8 1] sh

Client: “Mining BMB" D.0.0 !
Oparation. Miniranje |

1Location FK 'Drenovac” !
| operatar :
‘Notes: MM-3

Channel 2
Input Geo
Unit mmis
Trig level 1

Pk 5377
Diff mfs2 0933
i\meg pm 1.4
\Fra(zx) Hz 278

8.6 0 a

i ]
| L i

version 2.10.2

Figure 1 Image of soil oscillation velocity for blasting I-MM3

4.3 Calculation the soil oscillation
law parameters

Table 2 gives the values of distances
from blast sites to monitoring points r, the
amount of explosive Q , calculated values
of reduced distances R, recorded values of

soil oscillation velocities by components
Vi, Vy, Vi and resulting oscillation veloci-
ties vy, for blasting from I to VIII of to-
tally seven measuring points MM.
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Table 2 Survey of blasting parameters and measurement results

No. ]?.I::Z M riml | Qke] R [avr:/s] [avr:/s] [avr:/s] [cVn'IZ]
1 1 MM -2 383.87 661.4 44.0585 0.070 0.100 0.110 0.1643
2 1 MM -3 250.49 661.4 28.7499 0.255 0.466 0.537 0.7616
3 1 MM -5 647.42 661.4 74.3073 0.080 0.090 0.080 0.1446
4 11 MM -1 605.54 1980.6 48.2182 0.060 0.060 0.070 0.1100
5 11 MM -2 334.15 1980.6 26.6078 0.080 0.120 0.150 0.2081
6 11 MM -3 256.71 1980.6 28.4042 0.510 0.500 1.090 1.3031
7 11 MM -6 527.05 1980.6 41.9681 0.090 0.230 0.160 0.2943
8 it MM -1 616.35 915.3 63.4804 0.091 0.083 0.082 0.1482
9 it MM -2 250.14 915.3 25.7629 0.192 0.573 0.719 0.9392
10 it MM -3 412.66 915.3 42.5015 0.380 0.605 0.412 0.8247
11 it MM -5 714.10 915.3 73.5481 0.138 0.096 0.116 0.2045
12 it MM -6 541.13 915.3 55.7332 0.170 0.241 0.177 0.3454
13 it MM -7 530.89 915.3 54.6785 0.133 0.236 0.193 0.3326
14 v MM -1 723.77 745.0 79.8390 0.060 0.080 0.070 0.1221
15 v MM -2 410.33 745.0 45.2635 0.140 0.170 0.180 0.2844
16 v MM -3 223.89 745.0 24.6973 0.310 0.420 0.540 0.7511
17 v MM -5 644.64 745.0 71.1102 0.110 0.200 0.200 0.3035
18 v MM -7 426.38 745.0 47.0339 0.200 0.230 0.210 0.3701
19 \% MM -1 737.38 1895.0 60.0667 0.050 0.070 0.040 0.0948
20 \% MM -3 210.96 1895.0 17.1847 0.550 0.790 1.150 1.4996
21 \% MM -7 422.53 1895.0 34.4192 0.210 0.360 0.320 0.5254
22 VI MM -3 231.44 1774.4 19.1171 0.577 1.160 0.709 1.4768
23 VI MM -5 650.53 1774.4 53.7341 0.055 0.071 0.077 0.1165
24 VI MM -6 640.06 1774.4 52.8693 0.081 0.150 0.168 0.2393
25 VI MM -7 425.36 1774.4 35.1350 0.340 0.465 0.259 0.6316
26 VII MM -3 333.13 1988.6 26.4910 0.534 0.460 0.602 0.9268
27 VII MM -6 530.48 1988.6 42.1845 0.101 0.190 0.150 0.2623
28 VII MM -7 415.31 1988.6 33.0260 0.284 0.525 0.286 0.6618
29 VIII MM -1 609.20 600.0 72.2286 0.030 0.070 0.070 0.1034
30 VIII MM -3 387.35 600.0 459254 0.339 0.527 0.629 0.8878
31 VIII MM -6 532.35 600.0 63.1171 0.067 0.112 0.079 0.1607
32 VIII MM -7 493.85 600.0 58.5524 0.072 0.157 0.156 0.2327

¢ Model 1
. . . _ —1.6433
Based on data, given in Table 2, the soil v =166.3916- R (20)

oscillation law is calculated by formula (5) -
by the models 1 and 2. The calculation of
curve was carried out for values of reduced
distances from R = 17.1847 to R =
79.8390.Thus, the curve parameters were
calculated enabling to determine the equa-
tion of soil oscillation in the form of:

where by the linear dependence between
log v and log R is obtained, expressed by
equation (20), with the linear correlation
coefficient (r) amounting:

r=-0.8

Graphic survey of soil oscillation law
is shown in Figure 2.
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Figure 2 Graphic survey of soil oscillation law curve at the open pit Drenovac

¢ Model 2

v, =143.2699. R71:6032 (21)

Based on the obtained equations of soil
oscillation (20) and (21), it is possible to
calculate values of soil oscillation velocities
for corresponding reduced distances for
models 1 and 2.

Table 3 presents the survey of reduced
distances R, recorded oscillation velocities
v;, calculated oscillation velocities vj;, Vi
as well as the difference between recorded
and calculated soil oscillation velocities
for models 1 and 2.

Table 3 Survey of recorded and calculated soil oscillation velocities for models 1 and 2

No. R v, [em/s] | vy [em/s] | v; [em/s] Vy — Vit Vy— Vi
1 44.0585 0.1643 0.3307 1.4996 -0.1664 0.0000
2 28.7499 0.7616 0.6670 1.2641 0.0946 0.2127
3 74.3073 0.1446 0.1401 0.8384 0.0045 -0.0873
4 48.2182 0.1100 0.2852 0.7835 -0.1752 0.1557
5 26.6078 0.2081 0.7576 0.7493 -0.5495 0.1775
6 28.4042 1.3031 0.6804 0.7440 0.6227 -0.5359
7 41.9681 0.2943 0.3583 0.6700 -0.0640 0.6331
8 63.4804 0.1482 0.1815 0.6572 -0.0333 0.1044
9 25.7629 0.9392 0.7988 0.5262 0.1404 0.1356
10 42.5015 0.8247 0.3509 0.4924 0.4738 0.0330
11 73.5481 0.2045 0.1425 0.4765 0.0620 0.1551
12 55.7332 0.3454 0.2248 0.3583 0.1206 -0.0640
13 54.6785 0.3326 0.2319 0.3554 0.1007 -0.0931
14 79.8390 0.1221 0.1245 0.3512 -0.0024 0.4735
15 45.2635 0.2844 0.3164 0.3315 -0.0320 -0.1672
16 24.6973 0.7511 0.8562 0.3174 -0.1051 -0.0330
17 71.1102 0.3035 0.1506 0.3101 0.1529 0.5777
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18 47.0339 0.3701 0.2971 0.2985 0.0730 0.0716
19 60.0667 0.0948 0.1987 0.2868 -0.1039 -0.1768
20 17.1847 1.4996 1.5539 0.2475 -0.0543 -0.0082
21 34.4192 0.5254 0.4963 0.2411 0.0291 -0.1246
22 19.1171 1.4768 1.3043 0.2345 0.1725 0.0981
23 53.7341 0.1165 0.2387 0.2274 -0.1222 0.1180
24 52.8693 0.2393 0.2451 0.2101 -0.0058 0.0226
25 35.1350 0.6316 0.4798 0.2017 0.1518 -0.1069
26 26.4910 0.9268 0.7631 0.1863 0.1637 -0.0256
27 42.1845 0.2623 0.3552 0.1846 -0.0929 -0.0364
28 33.0260 0.6618 0.5311 0.1539 0.1307 0.1496
29 72.2286 0.1034 0.1468 0.1501 -0.0434 -0.0467
30 45.9254 0.8878 0.3089 0.1458 0.5789 0.0587
31 63.1171 0.1607 0.1832 0.1434 -0.0225 0.0012
32 58.5524 0.2327 0.2073 0.1278 0.0254 -0.0057

Based on the data in Table 3, a statistical
analysis was carried out and the following
values were obtained:

for Model 1:

The curve line dependency index p; be-
tween the reduced distance R and soil oscil-
lation velocity is:

p1 = 0.8380 (there is a strong correlation

between R an v, given in
formula (20)).

Maximum difference between the rec-
orded and calculated oscillation velocities
of the s0il (¢,,,, ) = max|z,| , amounts:

€max1 = 0.6227, S; =0.2200,

3S; =0.6600

As there is g1 < 3S;, the supposed finc-
tional relationship is accepted as a good one.

for Model 2:

p2 = 0.8357 (there is a strong correlation
between R an v, given in

formula (21)).
€max2 = 0.6331, S, =0.2214,
3S, =0.6642.

emae < 3S, (supposed functional rela-
tionship is accepted as a
good one).

5 CONCLUSION

To establish the relationship between the
oscillation velocity of the rock mass and
basic parameters affecting its magnitude, the
followings are: the amount of explosive,
distance from the blasting site, characteristics
of the rock mass and type of blasting, it is the
equation of M. A. Sadovski that is used most
commonly. It defines the law on alteration in
the oscillation velocity of the rock mass and
is given in the form of function:

v=K-R7",
where R is reduced, i.e. derived distance,
and parameters K and n the coefficient and
exponent conditioned by characteristics of
the soil and conditions of blasting and can
have only the positive values. Thereby, vis a
decreasing and convex function.

In this work, the law of Sadovski is also
derived in another way using the quotient of
relationship between the relative increase in
oscillation velocities of the rock mass and
relative increase of reduced distances. The-
reby, in a marginal case, a differential equa-
tion, whose general integral overlaps with
the law of Sadovski, is obtained.

In this paper, the oscillation velocity is
calculated, i.e. the parameters K and n are
determined in two ways - models. Based on
the analysis and data processing, it can be
concluded:
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The parameters n and K in Sadovski law
are determined in two ways - models in the
specific work environment. Thereby, the
obtained corresponding functions present the
oscillation velocities of the rock mass de-
pending on reduced distance. The calculated
corresponding indexes of the curve line cor-
relation point out that there is a highly strong
curve line relationship between the reduced
distance and oscillation velocity of the rock
mass, expressed in the obtained functions.

Comparing the values of recorded oscil-
lation velocities of the rock mass with the
corresponding calculated ones, it can be seen
that they are approximately the same. On the
basis of obtained values of curve line de-
pendency coefficients and the values of line-
ar correlation coefficients between the re-
duced distance logarithm and oscillation
velocity logarithm, it can be concluded that
both models can be used for calculating the
oscillation velocity of the rock mass.
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0 IZVODENJU ZAKONA OSCILOVANJA TLA 1
ODREDIVANJU NJEGOVIH PARAMETARA"

Izvod

U ovom radu izvrSena je analiza metode za odredivanje parametara zakona oscilovanja tla, koji je
predlozio ruski profesor M. A. Sadovski, kao i stepen njegove primenljivosti za miniranja sa privrednim
eksplozivima za potrebe rudarstva i drugih privrednih delatnosti. Primenljivost ovog zakona,
analizirana je na primerima masovnih miniranja na PK ,, Drenovac“, koja se izvode radi eksploatacije
leZista.

Kao vezu izmedu brzine oscilovanja tla i osnovnih parametara koji uticu na njenu velicinu, a to su:
kolicina eksploziva, rastojanje od mesta miniranja, osobina stenskog materijala i nacin izvodenja
miniranja, najcesce se koristi jednacina M. A. Sadovskog, gde je brzina oscilovanja v data u obliku:

v=K-R™",
gde R predstavija redukovano tj. svedeno rastojanje, a parametri K i n uslovijeni su karakteristikama tla i
uslovima miniranja. Pri tome je v opadajuca i konveksna funkcija promenljive R.
Za odredivanje parametara u jednacini Sadovskog, pored uobicajene metode najmanjih kvadrata
primenjen je jos jedan model. Pri tom je konstatovano da se oba modela mogu koristiti za izracunavanje
brzine oscilovanja stenske mase.

Kljucne reci: radna sredina, miniranje, razaranje stena, seizmicko dejstvo, brzina oscilovanja, zakon
oscilovanja tla

1. UVOD

Za ocenu 1 kontrolu seizmitkog dejstva Primenom zakona oscilovanja stenske
miniranja, kao i njegovo planiranje, neopho- ~ mase pri miniranju omogucava se da se za
dno je utvrditi zakon oscilovanja tla u svako miniranje unapred odredi brzina
pravcu minsko polje - objekti koji se Stite.  oscilovanja tla, a miniranja se u pogledu
[12]. Jedna od najéesée koriséenih je jedna-  seizmiCkog dejstva stavljaju pod kontrolu,
&ina M. A. Sadovskog, koja definise zakon ~ Sto pruza mogucnost da se veli¢ina potresa
promene brzine oscilovanja tla u zavisnosti 22 svako sledece miniranje unapred pla-
od rasto-janja, koli¢ine eksploziva, uslova  nira [2]. Na taj nacin smanjuju se negativni
izvodenja miniranja i geoloskih karakte- efekti miniranja. Pod negativnim efektima
ristika tla, a odreduje se na osnovu probnih  miniranja osim seizmickog dejstva miniranja
miniranja za konkretnu radnu sredinu. podrazumevamo i dejstvo vazdusnog talasa,

* Univerzitet u Beogradu, Rudarsko-geoloski fakultet, Pusina 7, 11000 Beograd, Srbija,
e-mail: suzana.lutovac@rgf.bg.ac.rs; zoran.gligoric@rgf.bg.ac.rs; cedomir.beljic@rgf-bg.ac.rs
“Rad je proistekao iz projekta broj 33025 i 33029 koji je finansiran sredstvima Ministarstva za prosvetu i
nauku Republike Srbije, a Ciji je realizator Rudarsko-geoloski fakultet, Univerziteta u Beogradu

Broj 3, 2014. 51 Mining & Metallurgy Engineering Bor



zvucni efekat, razbacivanje odminirane
stenske mase itd. [14]. Na taj nacin pove-
¢ava se efikasnost proizvodnje i ujedno Stite
grade-vinski i1 rudarski objekti u okolini
mesta miniranja, kao i Zivotna sredina.

2. ZAKON OSCILOVANJA TLA

Za uspostavljanje korelacione veze
izmedu brzine oscilovanja i tri osnovna
parametra koji utiCu na njenu veliCinu:
koli¢ine eksploziva, osobine stenskog mate-
rijala i rastojanja, u svetu je razvijeno vise
modela. Jedan od najées¢e koris¢enih mo-
dela je jednacina Sadovskog, koja definise
zakon promene brzine oscilovanja tla u
zavisnosti od rastojanja, koli¢ine eksploziva
i na¢ina izvodenja miniranja [9]. Tako defi-
nisan zakon pruza mogucnost da odredimo
seizmicko dejstvo miniranja u pravcu nekog
objekta ili naselja, pri emu se koristi veza
izmedu brzine oscilovanja tla i posledica
koje se mogu odraziti na objekte.

Jedna¢ina M. A. Sadovskog data je u
obliku:

V=K | —— (1)
%

gde je:

v - brzina oscilovanja tla [cm/s],

K - koeficijent koji je uslovljen karakte-
ristikama tla i uslovima miniranja, a
odreduje se terenskim merenjima,

n - eksponent koji je uslovljen karakte-
ristikama tla i uslovima miniranja, a
odreduje se terenskim merenjima,

r - rastojanje od mesta miniranja do
mesta opazanja [m],

Q - koli¢ina eksploziva [kg].

2.1. Izvodenje jednacine zakona
oscilovanja stenske mase

2.1.1 Izvodenje jednacine zakona
oscilovanja stenske mase - I nacin

Jednacina Sadovskog izvedena je iz
uslova: ako se radijus punjenja i rastojanje

od mesta izvodenja miniranja do mesta
opazanja povecavaju u istoj ili priblizno istoj
razmeri brzina oscilovanja tla ostaje ista
[1], 1. da je:

V=K, H , @)

7

gde je:
1, - radijus eksplozivnog punjenja [m],
r - rastojanje od mesta miniranja do
mesta opazanja [m].
Radijus eksplozivnog punjenja (ry) i
koli¢ina eksploziva (Q) vezani su jedna-
¢inom:

4
0-271, G)
odakle je:
3.
S @)

Zamenom vrednosti (r,) iz jednacine
(4) u jednacini (2) dobijamo:

R - redukovano rastojanje ili svedeno
rastojanje predstavlja rastojanje od
mesta miniranja do mesta opaZanja
svedeno na koli¢inu eksploziva, a

dato u obliku R ="
"o
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Na taj nacin dobili smo zakon oscilovanja
stenske mase tj. jednaCinu Sadovskog u
obliku:

y=K-R" (5)

2.1.2. Izvodenje jednacine zakona
oscilovanja stenske mase - II nacin

Ako se pri miniranju u datoj sredini
posmatraju relativni prirastaji brzine oscilo-
vanja stenske mase 1 relativni prirastaji
redukovanog rastojanja [8(A)], onda se moze
videti da njihovi odnosi pri raznim nivoima
imaju priblizno istu vrednost koju ¢emo
oznaciti sa (-n), $to znaci da je:

&
V ~ —
AR ©
R
Pri tome se moZze uzeti da je:
Av

: )4
limag 50 7o =">

R
$to znaci da je:
dv
v __
4R n. (7N
R

Jednaéinu (7) mozemo napisati u
obliku:
dv__ dR

=—n-—,

Y R

odakle se integracijom dobija:

dv dR
LA
% R
odnosno:
logv=1logR™" +log K (8)
gde je:

K — konstanta integracije.
Jednacina (8) moZe se napisati u obliku:

logv=1logk-R7",

odakle se dobija:

v=K-R™",

(8a)

a to je jednacina oscilovanja stenske mase
M.A. Sadovskog.

Jednacina Sadovskog Cesto se iskazuje
u obliku:

v=K- Q:led (9)

gde je:
Qreq — redukovana koli¢ina eksploziva

Yo (10)

Ored ==
”

gde je:
r - rastojanje od mesta miniranja do me-
sta opazanja [m],
Q - ukupna koli¢ina eksploziva u min-
skoj seriji [kg].

2.2. Modeli odredivanja parametara
zakona oscilovanja tla

U jednacini (5) javljaju se dva parametra
K in, koje treba odrediti za konkretnu radnu
sredinu i pri odredenim uslovima miniranja.
S obzirom na svojstvo zakona oscilovanja
stenske mase, moguce je parametre K i n
odrediti na vise nacina tj. modela, koristeci
pri tome vrednosti dobijene eksperimen-
talnim merenjima.

2.2.1 Odredivanje parametara
po modelu 1

Za dobijanje parameatra (K) i (n)
uglavnom se koristi metoda najmanjih
kvadrata, koja predstavlja uobicajeni model
[3] Jednacina (5) se logaritmuje i tako svodi
na sledeci oblik:

(11)

Uvodenjem zamene: v=y; K=a; R=x;
n = b; jednacina dobija sledeci oblik:

logv =log K — nlog R

(12)

loga—blogx =logy
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Normalan sistem jednacina za nalaZenje
parametara (a) i (b) u ovom slucaju glasi:

N N
Nlogﬂ —bZIngl- = ZI()gyl.
i=1 i=1

N N N
(logz)zmgxl- —bZ(logxl- )2 =210gxi -logy;
i=1 i=1 -1

(13)

gde je:
N — broj izvrSenih merenja.

2.2.2. Odredivanje parametara po modelu 2

Polazeci od zakona za brzinu oscilovanja
stenske mase iz jednacine (5):

v=K-R™",

koji je izveden na drugi nacdin (poglavlje
2.1.2), pri cemu parametar K, koji se pojavio
kao konstanta integracije [8(B)], mozemo da
odredimo iz uslova (pocetnog uslova) da za
R=R, budev=v,.

Parametre K i n odredi¢emo Kkoristeci
eksperimentalne podatke parova (R;Vv)),
i=1, 2,., N, uz uslov da kriva brzine
oscilovanja stenske mase prolazi kroz tacku
M;(Ry,vy). U tom slucajuiz (2.5) za R=R; i
v =v; dobijamo:

1= K- R{n ’
odakle je:

KZVI'Rln.

(14)

Zamenom vrednosti za K iz (14) u
jednacini (5) dobijamo jednacinu:

- (%j . (15)

Iz jednacine (15) se za R = R; dobija
v = v; za bilo koje n, u naSem sluc¢aju n>0.
ZaR=R;,1=2,3,.., N, iz jednacine (15)
mozemo uzeti da je:

n
S -[%j i=2,3,.N,

i

odakle se dobija relacija:

n
P2 N A R Ry Ry |

(16)

1z relacije (16) mozemo odrediti para-
metar n. Logaritmovanjem relacije (16)
dobijamo:

N
nl()g R] :log Vi Vp N VN ,
R] 'R2 RN Vi

odakle nalazimo:

(17)

Zamenom ovako nadene vrednosti za
parametar n u jednacini (17), dobijamo za
brzinu oscilovanja stenske mase u posma-
tranoj sredini relaciju:

(R]jn
V=V ? .

Na ovaj nacin za odredivanje parametra
n uzeti su u obzir svi eksperimentalni
podaci.

(18)

3. DEFINISANJE STATISTICKIH
KRITERIJUMA

Za ocenu stepena povezanosti izmedu
registrovanih (izmerenih) i izracunatih poda-
taka u ovom radu koristili smo koeficijent
linearne korelacije r [5] izmedu logaritama
redukovanog rastojanja R 1 logaritama
brzine oscilovanja v. Pored toga, uzimali
smo u obzir i indeks krivolinijske zavisnosti
p [6(A)] izmedu redukovanog rastojanja R i
brzine oscilovanja v.

Ocena stepena povezanosti dve promen-
ljive [13] prema vrednostima indeksa krivo-
linijske zavisnosti p data je u narednom
pregledu:
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0,0 < p < 0,2 nikakva ili veoma slaba

veza,

0,2 <p < 0,4 slaba povezanost,

0,4 < p <0,7 znacajna povezanost,

0,7 < p < 1,0 jaka ili vrlo jaka pove-

zanost.

Isto vazi i za apsolutnu vrednost
koeficijenta linearne korelacije r.

Kao mera pogodnosti dobijene funkcio-
nalne veze za date eksperimentalne podatke
koristili smo 1 kriterijum ,,3S“ [6(B)]. Ovaj
kriterijum koristi kvadrate razlika izmedu
dobijenih eksperimentalnih podataka i izra-
Cunatih podataka za brzine oscilovanja v.
Ako su te razlike redom g, ¢, ... &y, tada je:

[c2. .2 2
g |ELtErttey (19)
N

Prema ovom kriterijumu, za ocenu po-
godnosti dobijene funkcionalne veze vaze
slede¢i odnosi:

- ako je |emax| > 3S, odbacuje se dobijena

funkcionalna veza kao nepovoljna,

- ako je |em < 3S, prihvata se

funkcionalna veza kao dobra.

4. PRIKAZ MASOVNIH MINIRANJA
NA PK ,,DRENOVAC*

4.1. Opste karakteristike povrSinskog
kopa ,,Drenovac"

Ovaj rad obuhvata ispitivanja koja su
izvrSena pri masovnim miniranjima na
povrsinskom kopu ,,Drenovac” — Mionica
[7(A)]. Povrsinski kop *’Drenovac’” je visin-
skog tipa i nalazi se gotovo na samom vrhu
istoimenog brda. Merenja su izvrSena na
masivnim ili slojevitim kre¢njacima.

Leziste kre¢njaka zahvata povrSinu od
7,7 ha. Visinska razlika lezista je oko 70 m,
od kote 440-520 m. U podini kre¢njaka je
dijabaz — rozna formacija i ona se priblizno
nalazi na koti oko 438 m.

Kartiranjem terena i istraznih buSotina
konstatovano je da je krecnjak prslinsko
pukotinske poroznosti. Duzina kernova je od
30-40 cm. Prsline i pukotine su najvecim
delom zapunjene kalcitom, u manjem obimu
pukotine su zapunjene limonitisanom dro-
binom, odnosno skramama limonita. Prili-
kom busenja vrlo malo se gubila isplaka -
voda, §to ukazuje da je efektivna porozonost
kre¢njaka mala.

Kre¢njak je ¢vrsta dobro okamenjena
sredina. Tektonski je neoste¢ena tako da
predstavlja jedinstvenu monolithu masu.
Prisutne prsline i pukotine malo uti¢u na
opSte fiziCko-mehanicke karakteristike.
Ispitivanjem fizicko-mehanickih osobina
radne sredine dobijene su sledeée vred-
nosti:

- zapreminska masa 2,68 [kKN/m?]
0,7-1,5 [%]
0,25 [MPa]
- jednoaksijalna ¢vrstoca
120-134 [MPa]
- u vodozasi¢enom stanju

83-129 [MPa]

- ugao unutrasnjeg trenja 41 [°].

- poroznost
- kohezija

- U suvom stanju

4.2. Nacin izvodenja miniranja

Merenja seizmickih potresa na PK
,,Drenovac® obavljena su pri miniranjima
koja se izvode radi eksploatacije lezista
[7(B)]. Izvedeno je osam miniranja.

Kao eksploziv koris¢en je amonex-1
28/200, amonex-1 60/1000, ANFO-J u
vre¢ama od 25 kg i ANFEX-PP 70/1500.
Aktiviranje eksploziva u busotinama vrseno
je nonel detonatorima, oznake N-25/500 i
konektorima K-42. Osnovni podaci vezani
za broj busotina (N,), ukupnu koli¢inu
eksploziva Q, maksimalnu koli¢inu eks-
ploziva po intervalu usporenja Q;, ukupnu
dubinu busotina Ly, i prosecnu duzinu ¢epa
L, dati su u tabeli 1.
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Tabela 1. Prikaz parametara miniranja

Miniranje Ny Quilkg] Qilkg] Lyk[m] Lpe[m]

I 27 661,4 36,2 211,0 2,8-3,0

I 28 1.980,6 71,2 488,0 2,8-3,0

I 15 915.3 66,2 213,0 2,8-3,0

v 16 745,0 47,0 175,0 3,0-3,2

\ 40 1.895,0 60,5 453,0 3,0-3,2

VI 22 1.774,4 85,2 402,0 3,0-3,2
Vil 43 1.988,6 54,2 518,0 3,0-3,2
VIII 20 600 32,0 273,0 3,0-35

Na slici 1. prikazan je snimak brzine mesto broj 3.
oscilovanja tla za miniranje broj I - merno

linstrument SN~ 23 Clien: "Mining BMB' D.O.G !
Event number 458 Oparation Miniranje |
-Date & time Thu 6 Nov 2008 12:30:03 | Location: PK "Drenovac” |
Reg Length 4571kHz 1 Operatar: !
Vecior max {ch 1-3) 698 mm/s at0.557 & ‘Notes: MH-3
Timgscale 0.4 sidiv
Channgl 1 Channel 2 Channel 3
Input Geo Input Gee Input Gea
: Unit mm/s Unit mmis Unit Mmis
‘ Trig lavel 1 Trig leval 1 Trig level 1
Pk 2550 Pk 4.660 Pk 5377
Diff /52 Dift mis2 0.738 Diff mis2 0.933
Inteq ym ‘Integ pm ‘Intﬁg pm 614
Fra{xx) Hz . frq(_u] Hz IFrgtzx) Hz 278
5] 8 LK) a-6 0 B
[}
i
i
! i : i
P04 ’ |
|
| | |
o.8 |
| ‘
12 - : |
i |
! &
< i
|
| ‘ ‘ |
16 |

| | |
I L : . I . |

) verslon_z- 102

SL. 1. Snimak brzine oscilovanja tla za miniranje I — MM3

4.3. Proracun parametara zakona
oscilovanja tla

Vrednosti rastojanja od mesta miniranja  tla po komponentama v;, vy, v; 1 rezultujuée
do mesta opaZanja r, koli¢ina eksploziva Q, brzine oscilovanja v, za miniranja od I -
izracunate vrednosti redukovanih rastojanja  VIII na ukupno sedam mernih mesta MM
R, registrovane vrednosti brzina oscilovanja  date su u tabeli 2.
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Tabela 2. Prikaz parametara miniranja i rezultata merenja

Na osnovu podataka datih u tabeli 2

R.b I\:)l.n MM rim] | Qlke] R Ve[emis] [avr:/s] [a:/s] [cVn'IZ]
1 I MM -2 | 383,87 | 6614 | 44,0585 | 0,070 | 0,100 | 0,110 | 0,1643
2 1 MM 3 | 250,49 | 6614 | 28,7499 | 0255 | 0,466 | 0,537 | 0,7616
3 1 MM_5 | 647,42 | 6614 | 743073 | 0,080 | 0,090 | 0,080 | 0,1446
4 11 MM 1 | 605,54 | 1980,6 | 482182 | 0,060 | 0,060 | 0,070 | 0,1100
5 1l MM 2 | 334,15 | 1980,6 | 26,6078 | 0,080 | 0,120 | 0,150 | 0,2081
6 1l MM 3 | 256,71 | 1980,6 | 28,4042 | 0510 | 0,500 | 1,090 | 1,3031
7 1l MM 6 | 527,05 | 1980,6 | 41,9681 | 0,90 | 0230 | 0,160 | 0,2943
8 M | MM-1 | 61635] 9153 | 634804 | 0091 | 0083 | 0082 | 0,1482
9 W | MM_2 | 250,14 | 9153 | 25,7629 | 0,192 | 0573 | 0719 | 0,9392
10 | m | MM_3 | 412,66 | 9153 | 42,5015 | 0380 | 0,605 | 0412 | 0,8247
11| m | MM_5 | 71410 | 9153 | 73,5481 | 0,138 | 0,096 | 0,116 | 0,2045
12 | m | MM-6 | 541,13 | 9153 | 557332 | 0,170 | 0241 | 0,177 | 03454
13| m | MM_7 | 53089 | 9153 | 54,6785 | 0,133 | 0236 | 0,193 | 03326
14 | Iv | MM-1 | 72377 | 7450 | 79.8390 | 0,060 | 0.080 | 0,070 | 0,1221
15 | v | MM_2 | 41033 | 7450 | 452635 | 0,140 | 0,170 | 0,180 | 0,2844
16 | 1v | MM_3 | 22389 | 7450 | 246973 | 0310 | 0420 | 0540 | 077511
17 | v | MM -5 | 64464 | 7450 | 71,1102 | 0,110 | 0200 | 0200 | 03035
18 | 1v | MM_7 | 42638 | 7450 | 47,0339 | 0200 | 0230 | 0210 | 03701
19 v [ MM-1 [ 73738 | 18950 | 60,0667 | 0050 | 0,070 | 0,040 | 0,0948
20 vV | MM -3 | 21096 | 18950 | 17,1847 | 0,550 | 0,790 | 1,150 | 1,4996
21 V | MM -7 | 422,53 | 18950 | 344192 | 0210 | 0360 | 0320 | 0,5254
22 | vi | MM-3 | 23144 | 17744 | 190171 | 0577 | 1,160 | 0,709 | 14768
23 | VI | MM_5 | 65053 | 17744 | 53,7341 | 0055 | 0071 | 0077 | 0,1165
24 | VI | MM _6 | 640,06 | 17744 | 52,8693 | 0081 | 0,150 | 0,168 | 02393
25 | VI | MM _7 | 42536 | 17744 | 351350 | 0340 | 0465 | 0259 | 06316
26 | VI | MM-3 | 33313 | 1988,6 | 264910 | 0534 | 0460 | 0602 | 09268
27 | VI | MM _6 | 53048 | 1988,6 | 42,1845 | 0,101 | 0,190 | 0,150 | 02623
28 | VII | MM _7 | 41531 | 1988,6 | 33,0260 | 0284 | 0525 | 0286 | 06618
29 | VI | MM_1 | 60920 | 600,0 | 722286 | 0030 | 0070 | 0070 | 0,1034
30 | VII | MM_3 | 38735 | 600,0 | 459254 | 0339 | 0527 | 0629 | 08878
31 | VII | MM-6 | 53235 | 6000 | 63,1171 | 0067 | 0,112 | 0079 | 0,1607
32 | VI | MM_7 | 49385 | 6000 | 585524 | 0072 | 0157 | 0156 | 02327

¢ Model 1
v, =166,3916- R~10433 (20)

izraCunava se zakon oscilovanja tla po
formuli (5) - po modelima 1 i 2. Proracun
krive izvrSen je za vrednosti redukovanih
rastojanja od R = 17,1847 do R = 79,8390.
Na taj nacin izraCunati su parametri krive,
koji omoguéuju da se odredi jednacina
oscilovanja tla u obliku:

pri ¢emu je izmedu log v i log R dobijena
linearna zavisnost, izraZzena jednacinom
(20) sa koeficijentom linearne zavisnosti r
koji iznosi:

r=-0,8

Graficki prikaz zakona oscilovanja tla
dat je na slici 2.
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¢ Model 2
v, =143,2699. R71:6032 (21)

Na osnovu dobijenih jednacina oscilo-
vanja tla (20) i (21), moguce je izracunati
vrednosti brzina oscilovanja tla za odgova-
rajuca redukovana rastojanja za model 11 2.

U tabeli 3. dat je pregled redukovanih
rastojanja R, registrovanih brzina oscilovanja
tla v,, izraCunatih brzina oscilovanja tla vy,
Vp, kao i razlika izmedu registrovanih i
izraCunatih brzina oscilovanja tla za model
1i2.

Tabela 3. Prikaz registrovanih i izracunatih brzina oscilovanja tla za model 1 i 2

Redni br. R v, [em/s] vi1 [em/s] | v, [em/s] Ve — Vi1 Ve — V2
1 44,0585 0,1643 0,3307 1,4996 -0,1664 0,0000
2 28,7499 0,7616 0,6670 1,2641 0,0946 0,2127
3 74,3073 0,1446 0,1401 0,8384 0,0045 -0,0873
4 48,2182 0,1100 0,2852 0,7835 -0,1752 0,1557
5 26,6078 0,2081 0,7576 0,7493 -0,5495 0,1775
6 28,4042 1,3031 0,6804 0,7440 0,6227 -0,5359
7 41,9681 0,2943 0,3583 0,6700 -0,0640 0,6331
8 63,4804 0,1482 0,1815 0,6572 -0,0333 0,1044
9 25,7629 0,9392 0,7988 0,5262 0,1404 0,1356
10 42,5015 0,8247 0,3509 0,4924 0,4738 0,0330
11 73,5481 0,2045 0,1425 0,4765 0,0620 0,1551
12 55,7332 0,3454 0,2248 0,3583 0,1206 -0,0640
13 54,6785 0,3326 0,2319 0,3554 0,1007 -0,0931

Broj 3,2014.

Mining & Metallurgy Engineering Bor



14 79,8390 0,1221 0,1245 0,3512 -0,0024 0,4735
15 45,2635 0,2844 0,3164 0,3315 -0,0320 -0,1672
16 24,6973 0,7511 0,8562 0,3174 -0,1051 -0,0330
17 71,1102 0,3035 0,1506 0,3101 0,1529 0,5777
18 47,0339 0,3701 0,2971 0,2985 0,0730 0,0716
19 60,0667 0,0948 0,1987 0,2868 -0,1039 -0,1768
20 17,1847 1,4996 1,5539 0,2475 -0,0543 -0,0082
21 34,4192 0,5254 0,4963 0,2411 0,0291 -0,1246
22 19,1171 1,4768 1,3043 0,2345 0,1725 0,0981
23 53,7341 0,1165 0,2387 0,2274 -0,1222 0,1180
24 52,8693 0,2393 0,2451 0,2101 -0,0058 0,0226
25 35,1350 0,6316 0,4798 0,2017 0,1518 -0,1069
26 26,4910 0,9268 0,7631 0,1863 0,1637 -0,0256
27 42,1845 0,2623 0,3552 0,1846 -0,0929 -0,0364
28 33,0260 0,6618 0,5311 0,1539 0,1307 0,1496
29 72,2286 0,1034 0,1468 0,1501 -0,0434 -0,0467
30 45,9254 0,8878 0,3089 0,1458 0,5789 0,0587
31 63,1171 0,1607 0,1832 0,1434 -0,0225 0,0012
32 58,5524 0,2327 0,2073 0,1278 0,0254 -0,0057
Na osnovu podataka iz tabele 3. izvrSena 3S, = 0,6642.

je statisticka analiza 1 dobijene su sledece
vrednosti.

Model 1:

Indeks krivolinijske zavisnosti p, izmedu
redukovanog rastojanja R i brzine oscilo-
vanja tla v, iznosi:

p1 = 0,8380 (postoji vrlo jaka povezanost
izmedu R 1 v, data u
formuli (20)).

Maksimalna razlika izmedu registro-
vanih i izraCunatih brzina oscilovanja tla
(6max ) = max|sl-| , 1Znosi:

€max1 = 0,6227, S; = 10,2200,

3S; = 0,6600.

Posto je emax1 < 3S;, pretpostavljena
funkcionalna veza se prihvata kao dobra.

Model 2:

p2 = 0,8357 (postoji vrlo jaka povezanost
izmedu R 1 v, data u for-
muli (21)).

emax2 = 0,6331, S, =0,2214,

Emax2 < 3S, (pretpostavljena funkcionalna
veza prihvata se kao dobra).

5. ZAKLJUCAK

Za uspostavljanje veze izmedu brzine
oscilovanja stenske mase i osnovnih para-
metara koji utiCu na njenu veli¢inu, a to
su: koli¢ina eksploziva, rastojenje od mesta
miniranja, osobina stenskog materijala i na-
¢in izvodenja miniranja, najce$¢e se koristi
jednacina profesora M. A. Sadovskog, koja
definiSe zakon promene brzine oscilovanja
stenske mase i data je u obliku funkcije:

v=K-R™",

gde R predstavlja redukovano tj. svedeno
rastojanje, a parametri K i n koeficijent i
eksponent koji su uslovljeni karakte-
ristikama tla i uslovima miniranja i mogu
imati samo pozitivne vrednosti. Pri tome je v
opadajuca i konveksna funkcija.

U radu je zakon Sadovskog izveden i na
drugi nacin, koriS¢enjem koli¢nika odnosa
izmedu relativnih prirastaja brzina oscilo-
vanja stenske mase i relativnih prirastaja
redukovanih rastojanja. Pri tome je u
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grani¢nom sluéaju dobijena jedna diferen-
cijalna jednadina ¢Ciji se opSti integral
poklapa sa zakonom Sadovskog.

U ovom radu, izracunata je brzina
oscilovanja, tj. odredeni su parametri K i n
na dva nacina - modela. Analizom i obra-
dom dobijenih podataka moze se zakljuditi:

Parametri n i K u zakonu Sadovskog
odredivani su na dva naCina — modela u
datoj radnoj sredini. Pri tome su dobijene
odgovaraju¢e funkcije kojima su predstav-
ljene brzine oscilovanja stenske mase u
zavisnosti od redukovanog rastojanja.
Izracunati odgovarajuéi indeksi krivolinijske
korelacije pokazuju da izmedu redukovanog
rastojanja i brzine oscilovanja stenske mase
postoji vrlo jaka krivolinijska veza izrazena
dobijenim funkcijama.

Uporedujué¢i  vrednosti  registrovanih
brzina oscilovanja stenske mase sa odgova-
raju¢im izracunatim vrednostima, vidimo da
one imaju priblizno iste vrednosti. Na
osnovu dobijenih vrednosti koeficijenata
krivolinijske zavisnosti i vrednosti koefici-
jenata linearne korelacije izmedu logaritama
redukovanog rastojanja i logaritama brzine
oscilovanja zaklju¢ujemo da se oba modela
mogu koristiti za izraCunavanje brzine
oscilovanja stenske mase.
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