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Purpose. The aim of this research work is to assess the effect of the explosive charge and the blast distance on the
stability of the Boukhadra iron mine. The objective is to contribute to the conception of a blasting plan in order to
reduce the effect of the vibrations on the slope stability and ground damage.

Methodology. The characterisation of the blasting process was done using geophones to record the particle veloc-
ity for sixteen tests, and the DELTA SEIS software to determine the ground displacement influenced by the particle
velocity. We also used the PLAXIS 8.2 software to simulate the slope stability under the effect of blasting by calculat-
ing the safety factor for the entire mine.

Findings. We concluded that the blasting itself is not the main cause of the slope instability, since the cause of in-
stability is conditioned by structural, blend and phase composition of slope rocks and peculiarities of physicochemi-
cal interaction with propagating blast and elastic waves caused by explosive charge blast.

Originality. Numerical simulation of ground displacement under the effect of blasting was performed with the use
of two different tools: geophones assisted by the Delta SEIS characterising certain blasting results and the PLAXIS 8.2
software. It was found that “the mass of explosive charge — explosive charge-blast distance” being 130 kg and 177 m
respectively leads to a peak particle velocity of 16 mm/s and acoustic overpressure of 147 dB causing a ground dis-
placement of 335 um.

Practical value. The results are used while preparing technical specifications for conducting drilling-and-blasting op-
erations, which allowed increasing slope stability regarding the effect of blast and elastic waves significantly. In the process
of stimulation we found that we found that a safety factor Fsis 0.90 (less than one), which certainly leads to the slope sliding.
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Introduction. The Boukhadra (BK) iron mine, where
both open pit and underground mining methods are used,
islocated in the far east of Algeria. The mine is well known
for its ore grade which exceeds 58 % on average and its
reserves estimated to be more than 50 million tons. How-
ever, the BK mine has a big problem of stability mainly
due to blasting. Because of its importance in the national
economy, this problem must be seriously taken into con-
sideration in order to improve and preserve the slope sta-
bility, the surface mining and transportation safety [1].

Certainly, the blasting is the most used operation in
both open pit and underground mining, but a bad blast
design leads to severely negative impacts because of the
propagation of ground vibrations causing the destruc-
tion of surrounding structures [2, 3]. For this purpose,
the assessment of the blasting execution conditions is
essential with the aim of contributing to the develop-
ment of a controlled blast plan to reduce the amount of
the over-break and control the vibrations of the ground.
This technique is one of the most common ones used to
solve such problem in situ [4].

Thereby, we were inspired by the classic principles of
the most used controlled blasting plan, based on the con-
trol of blast parameters to reduce its effects, such as the
secondary debiting, short and long-holes bench blast,
typical bench-blasting [4], as well as by the rock engineer-
ing systems RES. This widely used approach is also based
on the characterization of the most important parameters
influencing blasting and its results on the grounds[5].
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In order to visualize our own contribution regarding
the most appropriate blast design whose choice concurs
with the most influent factors on blasting results and
which are: the distribution of the explosive charge in the
explosion and the distance of the blast, it is important to
emphasize that the value of one parameter of this com-
ponent should not be taken separately from the others.

On this basis, we launched our investigation in two
parts. The first one is a characterization of the results of
several blasting tests with well-defined “explosive
charge-blasting distance” parameters according to a
seismic scale made using three-directional geophones
distributed around the exploited zone and assisted by
the Delta-Seis treatment program, to detect faults in the
field by referring to the regulation. This is based on the
assumption that a maximum particle velocity PPV de-
creases with the distance and the attenuation of the ex-
plosive charge at once. This PPV is related to the maxi-
mum deformation (to the maximum peak particle dis-
placement PPD) from which there will be damage [6,
7]. We appealed to the principles of formulating Cha-
pot’s law largely trusted in this sense.

The second part of our research work focuses on
modeling the stability of the slope of the mine in terms
of blasting by determining the safety factors Fs (the
slope stability coefficient) [1] with the Plaxis 8.2 calcu-
lation code and based on the physical-mechanical char-
acteristics of the Boukhadra mountain rock mass shown
in Table 6 — section III. Since the extent of damage on
the ground depends largely on its dynamic characteris-
tics [8].
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Finally, we can confirm that the optimal blast de-
sign, compatible with the conditions of the BK site as
well as sites with similar conditions, must adopt values
of the parameters of “explosive charge-blast distance”
component far from the limit values of damage.

1. Geological and geomorphological setting. The Djeb-
el Boukhadra is located in eastern Algeria, 45 km north
of Tebessa city, 13 km from the Algerian-Tunisian bor-
der. The ferruginous deposit of Boukhadra, belonging to
the Atlas Saharan domain, is located in the mountain-
ous Jebel Boukhadra, characterized by a simple anti-
cline structure of NE-SW direction with a periclinal
termination NE. Jebel Boukhadra extends over a length
of 7 to 8 km and a width varying from 3 to 5 km along a
NE-SW (Fig. 1). The iron mine is located between 8°01’
and 8°04' east and between 35°40" and 35°50" north.
Djebel Boukhadra is an anticline structure composed
mainly by Mesozoic and Tertiary sediments with a Qua-
ternary thin cover. The Triassic deposits encountered in
Boukhadra region are represented by marls, gypsum,
dolomite, limestone and sandstone. They are found in
the West as well as in the South and South East parts of
the anticline. The Triassic formation is unconformably
in contact with the Cretaceous limestones. The lower
part of the Aptian is mainly constituted by marl and reef
limestone (rudist); the latter is the main ore bearing for-
mation, while the upper part of the Aptian which is
mainly sandstone and limestone are unproductive. Ter-
tiary formations (Miocene) are observed only in the
western part of the study area and are represented by
polygenic conglomerates, cemented by a matrix of car-
bonate and interbedded sandstone rocks. The recent
Quaternary deposits are formed by a stony material,
blocks of limestone, sandstone, debris and conglomer-
ates. Usually, they are encountered as a cover on the
mountain sides and all along its foot [9].

The mineralogical analysis has shown that the nature
of the substance being exploited is a heterogeneous min-
eral of chemical formula Fe,O;, of density (d=2.7 T/m?)
and of an iron content which varies from 51 to 58 % and
even more.

The hydrogeological studies carried out by the
ANRH (National Agency of Hydraulic Resources)
show that there is no aquifer in the level of the mining
area of Boukhadra. The only aquifer in the area is lo-
cated at a level well below the mine. The level of the
mine is at 1463 m while the aquifer is at 818 m [9].

Dedta Seis Al Systrmn

Fig. 1. DELTA SEIS 1 Measuring device
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II. Blasts Recording. The analysis of the behavior of
rock during blasting requires the recording of the blast in-
formation. In fact, the movement of the rock matrix is
only a resultant of the vibrations induced by the explosion.

I1.1. Regulations concerning seismic and acoustic vi-
brations. For values of seismic nuisance, we retained the
vibration values given by the international regulations,
particularly the French law on quarry and mining oper-
ations which are the most severe ones (See Annex II)
where the limit is 10 mm/s.

For the overpressure thresholds, these values are re-
called in the July 1996 law of 125 dB for structures and
145 dB for persons [10].

I1.2. Measuring equipment. The measurements were
carried out with a DELTA SEIS 1 recorder (serial number
112), equipped with a seismic vibration sensor, three direc-
tional geophone and an overpressure sensor, with a homol-
ogous NE calibration in less than 12 months, (Fig. 1) [11].

I1.2.1. Parameters retained for these blasts. The pa-
rameters retained for our case are:

1. Acquisition time: 6 s.

2. Seismic triggering threshold: 0.5 mm/s.

3. Acoustic trigger threshold: 115 dB.

11.2.2. Positioning of sensors. As the theory recom-
mends; the sensors placed on the structures to be stud-
ied are three directional geophones (2 horizontal and 1
vertical) with sensitivities of several tens of meters.

For our case, the sensors are placed at the com-
pressed air station, the water station and the under-
ground adits at level 1105 and higher levels.

I1.3. Actual blast parameters at surface and under-
ground mining. Tables 1 and 2 show respectively the blast-
ing parameters applied in the BK mine for open pit and
for underground mining. Sixteen tests were carried out to
assess the effect of blasting on the ground. The parame-
ters we changed during our tests are the explosive charge
and the distance between the blast point and the sensors.

I1.4. Chapot Law. Pierre Chapot has greatly contrib-
uted to the development of knowledge in the field of
geophysics applied to public works with a remarkable
contribution of his research work in the field of wave
propagation in the soil, by writing an equation setting,
relating the measured vibration velocity to a distance D
and the energy of an explosive charge. It remains the
tool for prediction and management of reference vibra-
tions for mine blats. Chapot’s law is written as follows

S G

with V is vibration speed, mm/s; D is the blast-sensor
distance, m; Q is the instantaneous charge of explosive,
kg; K is the site coefficient, ranging from 300 to 6000
with an average value of 2500.

This law, which is the foundation for the knowledge
of the propagation of vibrations in the soil, is transmitted
to buildings or structures such as historical monuments,

IL.5. Recording and analysis of seismic and acoustic
vibrations. The results of the seismic and acoustic vibra-
tions obtained by our recordings, using Delta Seis 4.4,
are shown on a data sheet (Fig. 2).
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Table 1
Blasting parameters in open pit used in the mine

11.5.1 Blasting results and interpretation. The results
of the seismic vibrations measured near to the nearest
inhabited house (more than 700 m) from the blasting or

Designation Quantity Unit earth-moving locations, were all less than 10 mm/s, de-
3 fined limit value by the judgment of 22/09/1994 for the
Bench height 7.5 m . . . . . .
mines blasting carried out in quarries and massive rock
Hole length 8.5 m mines for a frequency band of 5 to 30 Hz. The Acoustic
Bench inclination 80 to 85 Degree overpressure is generally less than 125 dB, i.e. below the
Blast hole inclination 90 Degree a]l.owed limit for mining in quarries and massive rock
. mines (125 dB).
Hole diameter 165 mm Because measuring points at recording distances of
Stemming length 3 m less than 300 m are used a lot in field, they were selected
Number of holes 40 Unit during blasting (blasts 63, 64 and 65).
Only the 3rd blast with a unit charge of 130 kg, at a dis-
Load per hole 125 kg tance of 177 m, has reached the maximum limit for the
Total amount of explosive 5000 kg risks of damage to buildings-record 112 65 (Table 3, Fig. 3).
Table 2
Blasting parameters in underground mining used VoA Trneems
by the mine
Designation Quantity Unit
* Acousti. X Ventical |
Number of holes 20 Holes X Radial X Transverse |
[ TompsDebut____ ||
Hole diameter 64 mm _:T 3 l]_.:muu e | 1 | ‘ :
] i|| i Lttty
Hole length 1.6to3 m F_M'J lﬂl ‘U‘l‘“ﬂ\lww
Stemming length 0.5t01 m L:—«wmvw.wﬁw
- _2n Mb I
Load of a hole 70 to 100 kg i | " ﬂ || |
ch. Amplitude - Sismig. [ ' l [" i ok o
Total amount of explosive 1400 kg T I 2L ?—M il W"r ‘ ihsreeocs
s
Anfomil 1200 kg = . u“ ~0.00 Mb (d8) R - 0,00mm7s V= 0,00mm’s T - 0.00mmes
Marmanite 200 ke Fig. 2. Technical sheet of blasting results
Table 3
Results of seismic and acoustic vibrations
Test Reference Measurement Instantaneous Distance Vr W Vi Acoustic
device location charge (Kg) (m) (mm/s) (mm/s) | (mm/s) (dB)
1 112b T063 | BK 1090 77.5 281 3.35 1.94 2.90 144
2 112b T064 | BK 1120 82.5 125 2.03 1.56 2.38 115
3 112bT065 BK 1090 130 177 16.33 9.57 8.78 147
4 112b T066 Transfo (1090) 120 690 1.06 1.17 1.11 136
5 112b T067 Transfo (1105) 120 690 1.08 1.19 1.11 136
6 112b TO68 Water Tower (1105) 82.5 710 0.24 0.22 0.22 122
7 112b T069 Water Tower (1090) 82.5 730 1.03 0.54 0.79 108
8 112b T070 Water Tower (1120) 77.5 678 1.48 0.92 0.67 131
9 112b TO71 S.A.C (1105) 93.75 708 1.43 0.97 1.22 127
10 112b T072 S.A.C (1090) 77.5 695 0.38 0.78 0.27 108
11 112b T073 S.A.C (1120) 120 700 0.29 0.49 0.25 127
12 112b T074 S.A.C (1095) 156.25 700 1.08 1.05 2.54 106
13 112b TO75 S.A.C (1135) 77.5 700 1.14 0.37 0.70 106
14 112b T0O76 S.A.C (1075) 152.5 700 0.21 0.51 0.14 106
15 112b TO77 S.A.C (1120) 152.5 700 0.84 0.54 1.60 116
16 112b T078 S.A.C (1135) 77.5 700 0.33 0.83 0.44 108
ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 6 59
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File name: T065.0TC
Clef 112b T065 CURVE Selsmic threshold: 0.0125 In/s 0.3175 mm/s
Measurement BK 1090 Acoustic threshold: 130 dB
CHT=1300 Kg CHU=130Kg D=177m Sampling rate: 2048
- Recording time: 6.0 Seconds
Measurement at the BK mine TEBESSA Pre trigger: 0.25 Second
Sensor gain: 16x
Battery: 0.0
Amplitude and Frequencies Graph Information
Acoustic: 147 dB @ 256.0 Hz Time 0.000470:5.995 ¢
(0.42Mb 0.0038 psi 0.0060 kPa) Acoustic scale: 131 dB 0.25 Mb (0.050 Mb/div)
Radial: 0.645 in/s 16.33 mm/s @ 156.5 Hz Seismic scale:
Vertical: 0.3778 in/s 9.57 mm/s @ 150.0 Hz 0.20 in/s (0.050in/s/div) 5.08mm/s 1.270 mm/s/div
Transversal: 0.3466 in/s 8.78 mm/s @153.3 Hz | Interval between two time lines of 1.00 s
:A + Cal 0.03
l-:R Cal 0.00
:V Cal 0.00
;r Cal 0.00
7 i & % a %
Particle Velocity on Frequency
3937 Radial - in/s (mm/s) 3937 Vertical - in/s (mm/s) 3937 Tramsversal- in/s (mmis)
(100.00) (100.00); (100.00):
0394 0.394
(10.00)" (10.00)"
0.039 0.039 0.039
(!.00‘.:' (1.00)" (1.00y
X XX oy x
0.004 * 0.004 = s ouo-k i x
& 0 | x -
.10 1—— _x'\_u_u'lo_n_n_n_:_u_iw ©.10) 1——= ‘_._u_ujw_._ "Ll ©.10 l_._._._u_ul-&_;_._._._;_ul-
Frequency (Hz) Frequency (Hz) Frequency (Hz)

Fig. 3. Particle velocity curve on frequency, blasting 65

Because it satisfies the intersection of the use of a
high unit load for a small distance having as a rule that,
the relation between the values of the explosive load
and the blast distance is reversible. Such test recording
was intended as an illustration, since the recording
distance is below the allowed conditions (less than
300 m) associated to a relatively high explosive charge;
we have noticed that such blasting parameters are used
in the site.

Except the blast 65, we noticed that the results re-
lated to the blasts 63 and 64 are the highest. However,
they still remain below the regulatory limits. Although,
the values of the distances of blasts are outside the
statutory conditions, the choice of the values of explo-
sive charges relatively associated with the latter was ra-
tional.

I1.5.2. Estimation of charges — Calculation of the site
coefficient K. The practical study of the vibrations in the
case of mine blasting is carried out by measuring the
particle velocity at a given distance, three orthogonal
geophones, one longitudinal, one transversal and one

60

vertical are available for measuring the three compo-
nents of the particle velocity. This latter is then calcu-
lated according to the formula (mm/s)
Vi(p=)NWV 24V, 1 24V v12). ()
The method which consists of using for the resultant
the square root of the sum of the maximum velocities
measured on the three components is erroneous because
these speeds are not maximal at the same instant. There-
fore, it is necessary to use the maximum value of the
component defined at the instant T by the formula. The
particle velocity is calculated according to the Chapot
formula, previously mentioned (mms)

g
e
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where V'is the vibration speed, mm/s; D is the sensor-
blasting distance, m; Q is instantaneous charge of explo-
sive, K.

For blasts (112b T063, 112b T070, 112b T072, 112b
TO075, 112b T078), the instantaneous charge of explosive
was fixed with the variation of the blasting-sensor dis-
tances; the general observation is that increasing the dis-
tance automatically leads to an increase in the site coef-
ficient K (Table 4).

For the blasts (112b T074, 112b T075, 112b T076,
112b T077, 112b T078), the blasting-sensor distance was
fixed with the variation of the instantaneous loads; the
general observation is that the increase in the charge
generates a decrease in the site coefficient K.

So, the relationship between the values is as follows:
charge of the explosive and the distance of the blast-
sensor are reversible, which means that when the charge
of explosive increases, the site coefficient decreases. On
the other hand, when the distance is increased, site co-
efficient increases.

11.5.3. Simulation of blasts and values interpretation.
The simulation of the blasts allows presenting the dan-
ger zones, and having a visualization of the moveme-
ment of the rock matrix following the explosion.

I1.5.3.1. Simulation results. The results of the dis-
placement and the acceleration of the seismic waves ob-
tained by the seismic analysis using software Delta Seis
4.4 are presented in Table 5. They are far from the regu-
lation thresholds (320 um) because the accelerations are
higher, except for blast 65 where the value of the dis-

Table 4
Calculation of the site coefficient K
Distance Instant Parti(;le
Measures (m) Charges | Velocity K
(kg) (mm/s)

112b T063 281 71.5 3.35 1709.18
112b T064 125 82.5 2.38 266.82
112b TO65 177 130 16.33 2274.37
112b TO66 690 120 1.17 2027.73
112b T067 690 120 1.19 2062.39
112b TO68 710 82.5 0.24 613.81
112b T069 730 82.5 1.03 2768.82
112b TO70 678 71.5 1.48 3681.59
112b TO71 708 93.75 1.43 3242.6
112b T072 695 71.5 0.78 2029.14
112b T073 690 120 0.49 849.22
112b T074 700 156.25 2.54 3562.41
112b TO75 700 71.5 1.14 3007.92
112b T076 700 152.5 0.51 730.65
112b T077 700 152.5 1.60 2292.26
112b TO78 700 77.5 0.83 2189.97

placement exceeds the limits of the regulations (limits of
damage) (Table 5). It should be noticed that the test
blasts having low frequencies (112b T069, 112b T071,
112b T074, 112b T077) have high displacement limits
with low accelerations. For the tests with high frequen-
cies, they have generally low displacement limits with
higher accelerations.

I11. Simulation by Plaxis. To perform an analysis of
the stability of the entire mine, by calculating the safety
coefficient for blasting due to underground exploitation
at 1105 level, a two-dimensional modeling of the studied
area was established using FEM under a Plaxis calcula-
tion code version 8.2.

III. 1. Calculation of the safety factor Fs by FEM. The
estimation of slopes stability is generally established us-
ing a coefficient called safety coefficient Fs. This coeffi-
cient is defined as the relationship between the moment
of results of the strengths resistant in the sliding and the
moment of the strengths provoking the sliding with re-
gard to a fix point.

Theoretically: Fs > 1 indicates that the slope is stable;
Fs =1, the slope is in state of equilibrium limit and when
Fs < 1, the slope can only slide.

The reduction of the mechanical characteristics
(phi-c reduction) is an option available in PLAXIS 8.2
[12], which makes it possible to calculate safety coeffi-
cients, the characteristics tg ¢ and C are gradually re-
duced until the rupture is obtained
Cinput _ resistance available 5)

z Msf = tanQinput
tanoreduced Creduced rupture strength

II1.2. Numerical model of the study area. The numer-
ical model corresponds to the cross section of the proj-

Table 5
Delta Seis 4.4 displacement and acceleration results
Device Panigle The ma"i‘?lum Displacement
Test reference Velocity accelerat;on max (microns)
(mm/s) (mm/s?)
1 | 112b T063 | 3.35 371 29
2 | 112bT064 | 2.38 291.60 20
3 | 112bT065 | 16.33 442.10 335
4 | 112b T066 1.18 438.10 18
5 | 112b T067 1.19 477.60 17
6 | 112bT068 0.24 45.45 5
7 | 112b T069 | 1.03 31.48 20
8 | 112bT070 | 1.48 185.80 10
9 | 112b TO71 1.43 72.18 40
10 | 112bT072 | 0.78 295.40 4
11 | 112b TO73 0.49 67.79
12 | 112b TO74 2.54 74.76 91
13 | 112b TO75 1.14 127.50 2
14 | 112b T076 | 0.51 65.10 32
15 | 112b T077 | 1.60 53.90 66
16 | 112bT078 | 0.83 143.80 2

ISSN 2071-2227, Naukovyi Visnyk NHU, 2018, N2 6
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ect. The study area is located between levels 865 and
1135 (N 120 °E) where level 1105 is the underground part
(Fig. 4). Itis a succession of quarry tiers, alternating iron
ores and bands of limestone and marl; with a height of
440 m, a width of 780 m and an edge angle equal to 70°.
The physical-mechanical properties of the Boukhadra
rock mass are given in Table 6 [9].

II1.3. Calculation of safety coefficient before blasting.
The safety coefficient is about 1.16, indicating that the
edge of the quarry is stable with small displacements at
the top (Fig. 5).

The quarry is affected by plastic points of cut-off
tension type, which is explained by the appearance of
cracks in the massive rock. Thus, the appearance of the

27000 | EE0DOO 2S00 240000

Table 6

Physical-mechanical properties of the Boukhadra
mountain rocks

Model Limestone | Iron-ore Marl
Mohr —coulomb Drained Drained Drained
Yunsar [IKN/m?3] 26 27 22
Your TKN/m? 26.5 29 26
G, [KN/m?] 8.131-10° | 8.400-10° | 1.680 - 10°
E., [KN/m?] 1.984 - 10° | 2.100 - 10° | 4.470-10°
Cror [KN/m?] 350.000 320.000 33.000
o [°] 50.000 45.000 23.000
v [°] 25.000 22.000 11.000

owos | amico  oom oo -teengo

400.00

00.00

700.80°

100.007

Underground Part -Level 1105

Fig. 4. Digital Model
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Fig. 7. Values of Fs as a function of blasting

Mohr-Coulomb points indicates that these zones are in
the limiting state of rupture (Fig. 6).

II1.4. Calculation of the safety coefficient after blast-
ing. The modeling by the Plaxis software v 8.2, after sev-
eral blasts, shows a small decrease in Fs values from
about 1.16 before blasting to more than 1 after blasting
(at around 1.08 for most values), which indicates that
the slope of the BK mine remains stable for these blasts
(Fig. 7). It has also been found that other values of Fs
have decreased to less than 1 (the characteristic value of
the ultimate state of rupture) after blasting indicating
that, for these values the slope of the BK mine is no lon-
ger stable and it can only slip. Indeed, the instability en-
countered at the BK mine is due to blasting process,
specifically (as proved on the first part of our work) to
blasts where the values of the influential parameters
were taken without correlation and outside the regula-
tory conditions (case of the blast limit 65).

General conclusion. Our work is done in two parts,
on a characterization of the blasting and a simulation of
the blasting phenomenon with respect to the stability of
the BK iron mine.

We have found that the two parts complement each
other and confirm the same results, on the one hand,
and, on the other hand, there is lack of correlation be-
tween the main parameters, some of which are taken
outside the regulatory conditions which are at the origin
of the instability.

This is exactly what we have demonstrated with the
reference blast 65, whose values of the parameters of the
“explosive charge-blast distance” component lead to
exceeding the current regulatory limits for seismic and
acoustic vibrations, these values being for our case study
“the limit values of damage”.

In conclusion, we can say that our case study can
provide a working platform in blasting design that is
technically, safely and economically successful for
mines and quarries with conditions similar to the
Boukhadra mine conditions.
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Meta. OUiHUTH BIUIMB 3apsiay BUOYXOBOI pe4OBU-
HU Ta BiCTaHi MOIIUPEHHS YIapHOI XBUJIi HA CTilKiCTh
yKociB pynHuka byxanpa. CTaBUTbCS 3aBIaHHSI BHECTHU
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BKJIAJ Y KOHLICMIIiI0 IUIaHYBaHHSI BUOYXOBUX pPOOIT,
11100 3MEHIIUTHU BIUIMB BiOpalliii Ha 3CyBHY CTiMKiCTb
CXMJIiB, a TAKOX TOILIKOIKEHHS IMiICTaBU IJIacTa.

Metoauka. Omic XxapaKTepUCTUK BUOYXOBOTO TTPO-
1ecy OyJ0 BUKOHAHO 3 BUKOPMCTaHHSIM celicmorpada
JUISL 3aTTUCY TAHUX II0I0 NIBUIKOCTI YaCTMHOK Y 16 Tec-
Tax, a Takox rporpaMHoro 3ab6esneueHHss DELTA SEIS
JUTSI BUBHAYEHHS BETMYMHU 3MiLLIEHHS TPYHTY MiJ] BILIN-
BOM IIBUIKOCTI YaCTMHOK. BuKopucTaHe mporpamHe
3ab6e3neueHHss PLAXIS 8.2 misg MoaemoBaHHS 3CyBHOL
CTIKOCTi CXWJIiB Mif] BILIUBOM OYpOMiAPUBHUX POOIT, 3
ypaxyBaHHSIM KoedillieHTa MilITHOCTi JJIsI BCIi€l 1LIaXTH.

Pe3yabratu. Mu Hamiiilluiu 10 BUCHOBKY, 1110 caMmi
o cobi 6e3nmocepeaHbO BUOYXOBI pOOOTU HE € TOJIOB-
HOIO NPUYMHOI HECTIMKOCTI CXUJIiB, OCKUJILKU IMTPUYM -
Ha HECTIiKOCTi OOyMOBIIeHA CTPYKTYPHUM, KOMIIO-
HEHTHUM i ()a30BUM CKJIAAOM TOPiJ CXUJiB i 0CO0M-
BOCTIMU (hi3UKO-XiMiYHUX B3a€EMOJil i3 MolIMploBa-
HUMMU YIAPHUMU Ta MIPY>KHUMU XBUWISIMU, BAKITMKAHU -
MU BUOYXOM 3apsiiiB BUOYXOBUX PEUOBUH.

HaykoBa HoBu3Ha. [IpoBeneHo yncesbHe MOIETIO-
BaHHS 3MillLIEHHS IPYHTY il BIUIMBOM BUOYXOBUX PO-
OiT 3 BUKOPUCTAHHSIM JIBOX Pi3HUX iHCTPYMEHTIB: 3a-
MUCKU cericMorpaM i3 3acTocyBaHHsIM mporpamu Delta
SEIS, 1mo xapakTepu3yloTh pe3yJIbTaT! BIUTMBY BHOY-
XOBHMX POOIT, i TporpamHoro 3abe3rnedyeHHss PLAXIS
8.2. BcraHoBieHo, 1110 ,,Maca 3apsiLy BUOYXOBOI pedo-
BUHM — BiICTaHb, Ha SIKY IOIIMPIOETHCS yaapHa XBU-
g npu nokaszHukax 133 xri 177 M BignosinHo, Bene
JI0 MaKCHMaJIbHOI KOJIMBaJIbHOI IIBUIAKOCTI 16 MM/C i
aKyCTUYHOMY TepeHanpyxkeHHto y 47 n1b, Bukiukaro-
YU 3CYB IPYHTY y 335 um.

IIpakTuuna 3HauumicTb. Pe3ynbTaT BUKOpHCTaHi
TPU MiATOTOBII TEXHIYHOI TOKYMEHTAllii Ha MPOBEICH-
Hs1 OyponiApUBHUX POOIT, 110 TO3BOJIUJIO iICTOTHO Mif-
BUILIUATU CTiMKICTh CXWJIB 10 Ail yOapHUX i MPYXKHUX
XBWJIb. Y MPOLIECi MONETIOBAHHS MU BUSIBWIU, 11O KO-
edimienT mimrHOCTI cTaHoBUTH (.90 (MEHIIIE OMUHNIII),
110, TIPUPOTHO, Bee IO 3CYBY CXIITY.

KmouoBi cioBa: subyxoei pobomu, ceiicmiyni ma
aKycmu4Hi KoAueamHs eibpauii, cmiilkicms, cxun, 4u-
cenbHe M00en8aHHS, PYOHUK
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ean. OieHNTH BIMSTHUE 3apsina B3PHIBYATOTO Be-
IIeCTBA M PACCTOSIHUS PACIIPOCTPaHEHUS yIapHOM
BOJIHBI HA YCTOMYMBOCTH OTKOCOB pymHHKa byxampa.
CraBuTcs 3amaya BHECTH BKJIal B KOHIICIIIUIO TJIaHM-
pOBaHUS B3PBIBHBIX PA0OT, UYTOOBI YMEHBIIIUTD BIISI-
HUe BUOpalMii Ha OITOJI3HEBYIO YCTOMYMBOCTH CKJIO-
HOB, a TaKxKe MOBPEXIESHUS OCHOBaHMSI TIIacTa.

Metoauka. OnucaHue XapaKTEPUCTUK B3PbIBHOTO
npoiiecca ObLIO BHIIIOJHEHO C UCMOJIb30BaHUEM ceiic-
Morpada [isl 3aIiCK JAaHHBIX O CKOPOCTH YacTUILl B 16
TecTax, a Takxke nporpammHoro obecneyenuss DELTA
SEIS mig onpeneneHusT BETUMIMHBI CMEIIEHUS TPYHTA
IO BO3ICHCTBUEM CKOPOCTH JacTHil. KcImomb3oBaHO
nporpamMMHoe obecrieuenne PLAXIS 8.2 nng monenu-
pOBAHMS OMNOJI3HEBOM YCTOMYMBOCTU CKJIOHOB IIOI
BO3IEHCTBUEM OYypOB3PBIBHBIX PA0OT, C yUeTOM K03(]-
(uiMeHTa MPOYHOCTY /IS BCEt IIaXThI.

Pe3ynbTaTbl. MBI NIpUIILIKA K BBIBOIY, UTO CaMU IO
cebe HenmoCpeNCTBEHHO B3PbIBHbBIE PAOOTHI HE SIBJISTIOT-
CS IJIABHOU NMPUYMHOM HEYCTOMYMBOCTU CKJIOHOB, IO~
CKOJIbKY MpUYMHA HEYCTOMYMBOCTU OOYyCIOBJIeHA
CTPYKTYPHBIM, KOMITOHEHTHBIM U (pa30BbIM COCTAaBOM
MOPOJ CKJIOHOB U OCOOEHHOCTSIMU (PUBUKO-XUMUYE-
CKHX B3aMMONIEWCTBUII C PacIpOCTPaHSIOIMINMUCS
YIApHBIMH U YIIPYTUMU BOJTHAMHU, BBI3BAHHBIMU B3PbI-
BOM 3apsSIIOB B3PHIBUATHIX BEIIECTB.

Hayuynas noBusHa. [IpoBeneHO YncI€HHOE MOIEIN-
pOBaHNE CMEIICHMS TPYHTA IO BIUSHUEM B3PBIBHBIX
paboT C MCIOJb30BAaHUEM ABYX Pa3HBIX MHCTPYMEH-
TOB: 3aIIMCU CeiicCMOrpaMM C IPUMEHEHUEM TMpPOorpam-
Mbl Delta SEIS, xapakTepu3syoonux pe3yabTaTbl BO3-
JIeiCTBUSI B3PBIBHBIX pabOT, U MPOrpaMMHOT0 obecrie-
yeHust PLAXIS 8.2. YcraHoBiieHo, UTO ,,Macca 3apsja
B3pBIBUATOrO BEIIECTBA — PACCTOSIHWE, Ha KOTOPOE
pacrnpocTpaHsieTcsl yaapHasi BoJiHa“ Mpu Mmokas3aTessix
133 xr 1 177 M COOTBETCTBEHHO, BeJleT K MaKCUMaJlb-
HOI K0J1e0aTeIbHOM CKOpOCTH 16 MM/C U aKKyCTH4Ye-
CKOMY TiepeHanpskeHIo B 47 nb, BEI3bIBast CMEILICHIE
rpyHra B 335 pum.

IIpakTnyeckasi 3HaYMMOCTb. Pe3ynbTaThl UCMOJb-
30BaHBbl MIPU MOATOTOBKE TEXHUUYECKON NOKYMEHTa-
LIMM Ha MpoBeJcHUEe OYPOB3PBIBHBLIX PadOT, UTO MO-
3BOJIMJIO CYIIECTBEHHO TIOBBICUTH YCTOMYUBOCTH
CKJIOHOB K JEMCTBMIO YAApHBIX M YOPYTMX BOJH.
B npouecce moaenupoBaHusi Mbl OOHAPYKWJIU, UTO
koaddunmeHT npoyHoctu cocrtapiseT 0.90 (MeHee
eIMHUIIbl), YTO, €CTECTBEHHO, BEAET K CMEILIEHUIO
CKJIOHA.

KimoueBble cii0Ba: 83pbieHble padomol, ceicmutecKue
U aKycmuueckue KoaeOauus eubpayuu, yCmou4ueocmo,
CK0H, YUCACHHOe MOOeAUpo8arue, pyoOHUK
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