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Abstract: This paper presents an analysis of the influence of burden deviation from the designed 

one on the intensity of blasting, vibrations through the use of laboratory and field examinations. By 

definition, the burden represents the shortest distance from the axis of an explosive column charge to 

the free surface. It should be measured along the entire hole length, although, in practice, it is often 

measured only on the bench surface as the shortest distance from the axis of the explosive column 

charge to the crest. The real surface of the bench slope (free face) can be very irregular and should 

be considered during, every blast. The deviation of burden in the blast pattern represents a serious 

problem in the field during, blasting, operation. Burden deviation from the designed one can be 

greater or lesser, affecting, the results of blasting through poor fragmentation and sometimes causes 

unwanted effects like increased blasting, vibrations or fly rock. The influence of burden deviation on 

the intensity of blasting, vibrations was tested on a laboratory model, where 8 mm diameter holes 

were drilled into blocks with certain dimensions. The small explosive chargjees placed in blastholes 

were initiated. The design burden was set at 30 mm, as the distance from blastholes to the free face of 

the blocks. Any deviation in distance greater than the designed burden was taken as a parameter 

for comparison. During each initiation, vibrations were measured using a seismic instrument at a 

distance of 150 mm from the borehole. At the same time, the free face in the front of the blastholes 

was photographed to create a detailed 3D model of the blasted surface of the blocks for each blasting,. 

Each measurement is presented on a diagram and classified depending, on the values of the burden 

in the cases where the value of the burden is equal to the designed one, as well as any deviation that 

is smaller or larger than 30 mm. A total of 55 tests were carried out. The results were analyzed, and 

the model of dependence of each burden deviation from the designed one on the intensity of blasting, 

vibrations was established under laboratory conditions. To verify the model, the same experiments 

were also applied in the field. The basic parameter of the model, the coefficient K, which represents 

the ratio of peak particle velocity and the surfaces of the blasted material from laboratory and field 

testing, indicates that there is a connection between these values. The deviation of the coefficient K, 

obtained from laboratory and field measurements, was 5.5%. 

Keywords: burden; 3D model; blasting; blast vibration; free face 

1. Introduction 

During blasting, in open pit mines, there may be numerous unwanted effects, such 

as blasting, vibration, fly rock, oversized blasted material, etc. To find a solution to these 

problems, attention must be paid to the blasting  parameters, primarily to the drilling 

parameters on which the blasting, effects significantly depend. Several parameters are 

important for the drilling and blasting process and must be paid attention to. Previously, 

burden size, as one of the important factors on which the blasting, effects depend, could 

Appl. Sci. 2023, 13, 12837. https:/ /doi.org,/10.3390/app132312837 https:/ /www.mdpi.com/journal/applsci



Appl. Sci. 2023, 13, 12837 2of20 

not be measured in sufficient detail. Many studies on the topic of the influence of different 

values of the burden size on blasting,  vibration and other effects of blasting: have been 

published. Several pieces of published research will be presented in the following, text. 

Despite that, research related to the influence of burden deviation from the designed one 

on the intensity of blasting, vibration is not so represented. However, the introduction 

of modern technolog;ies in mining, has made it possible to see the real situation from the 

terrain more precisely. 
Simangunsong et al. [1] conducted a field experiment to examine whether the burden 

size during,blasting, has a significant influence on the vibration level. Along with the 

main idea, the research was extended to measure the size of the blasted material. The 

relationship between the peak particle velocity (PPV) and the scaled distance reveals three 

relationships for three different tests for the burden size, indicating that the burden affects 

he level of blasting, vibration in a way that larger burden values increase the intensity of 

vibration. Singh and Sastry [2], as well as Singh et al. [3], clarified in their papers that the 

burden has a significant influence on blasting results. Uysal [4] published a study in which 

research was also carried out on the impact of blasting,  vibrations in relation to different 

sizes of burden in two different open pit mines. Choudhary and Arora [5] examined the 

burden's influence on several factors: the size of the blasted material, the loading cycle, 

and the cracks behind the blast field (back row). Konya [6], Jenkins [7], and Konya [8] 

also give the rationale that the cracking of the rock material behind the blast field due to 

blasting,  increases with the higher values of the burden and the stemming, Lu et al. [9], 

with their experiment and numerical analysis, investigated the influence of the number 

of free surfaces on blasting vibration. Prasad et al. [10], through their case study, give an 

example of where the influence of stemming in a blasthole can be related to the size of the 

burden and how it affects the size of the blasted material. Mortazavi and Katsabanis [11], 

using a model made through the use of DDA code, represent a simulation of blasting, with 

he influence of cracks, gas release, and the pressure of the back row on the blast field for 

several different values of burden. 

If there is a lower value of burden than the designed one, in addition to blasting 

vibration, emphasis is placed on fly rock, where a lot of research has been carried out on 

his issue. Fly rock represents the flying, of rock material during the blasting process, where 

pieces of that blasted material can great distances from the zone of the influence of the 

blast charge. According to Dumakor-Dupey et al. [12], there are three mechanisms through 

which blasted material may fly away: riffling, cratering, and face bucking. Fly rock occurs 

when the explosive charges are near the crack zones, allowing, gases under high pressure 

o penetrate through those cracks, as well as the zones where the burden size is smaller 

han the designed one. Through the use of an ANN, Armaghadi et al. [13] simulated fly 

rock distance and the peak particle velocity (PPV) during blasting. Erten et al. [14], in their 

research, mentioned that the free face has an impact on the rise and creation of a tensile 

strain from the reflection of elastic waves. 

With the use of software and modern technologies, it is possible to take a detailed look 

at the situation on the terrain and analyze the deviation of the burden from the designed 

one, as well as its influence on the intensity of blasting,  vibration. The main difference in 

this work compared to previous research is the focus on the influence of burden deviation 

on the intensity of blasting vibrations. Earlier research examined the influence of different 

values of burden where the deviation was not considered. The deviation of burden could 

not be precisely determined due to a lack of modern technology for measurements using, 

GPS or software that could form a 3D model using, photogrammetry, especially in the field. 

By using,  modern technologies, creating, a model of the blast field itself, and processing il 

through specialized software intended for blasting, the idea of this type of research was 

formulated. As it is impossible to see all the irregularities on the free face of the pari 

being blasted, creating, a 3D model enables the possibility of a detailed analysis of each 

blasthole, including, a profile showing, the distance between the blasthole and the free 

face along the entire length of the blasthole. Through this research, detailed analysis will 
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(a) 

Free face—- 

Designed burden. 

show the influence of the deviation of burden size from the designed one, specifically its 

increase along the blasthole, but with comparative analysis when it is higher, smaller, or 

approximately equal to the designed one. 

2. Description of the Relation between Field Study and Laboratory Method 

In order to drill a blasthole on the terrain, the angle of the drill must be taken into 

account to follow the slope of the bench. Further work on the terrain depends on the 

drilling: parameters and affects the results of the blast. Often on the blast field, the real 

burden size is not taken into detailed consideration, but in most cases, the blasthole follows 

the slope of the bench. However, there is alvays unevenness in the free face of the bench 

slope, which influences the effects of blasting. With the development of technology and 

software specialized for drilling and blasting, much progress has 

all parameters of drilling and blasting, controllable and uncontro: 

been made in analyzing, 

lable [15], as well as the 

burden size, which was very important in this experiment. The appearance of the deviation 

of the burden from the design during drilling is presented in the ollowing, images. 

Blasihole charge| 

The influence of the burden on blast results and the side effects of blasting, can be 

explained in Figure 1. The blasting results are best when the burden size is, as much as 

possible, equal to the designed one along the entire length of the blasthole (the green line 

in Figure 1a). When the value of the burden is higher than the designed one (the blue 

line in Figure 1b), the intensity of the blasting, vibration behind the blast field increases as 

well as the percentage of oversize blasted material in the muckpile. In the case where the 

burden is smaller than the designed one, the risk of fly rock is higher, and the blasted rock 

material can be thrown out uncontrollably, most often from the bench slope (the red line in 

Figure 1c). 

(b) 

Free face with deviation —— 

Figure 1. Deviations in the burden values in regard to the free face of the bench: (a) blasthole with 

design burden; (b) blasthole with higher values of the burden due to unevenness at the free face; 

(c) blasthole with smaller values of burden than the designed one. 

There is currently a large number of specialized software designed for drilling  and 

blasting operations on the market, which can be used to provide an overview and for 

detailed analysis and image analysis of the drilling and blasting parameters [16]. In this 

case, to analyze the burden size, O-Pitblast software (version 1.5.62.0) was used. O-Pitblast 

software is a product of the company O-Pitblast [17]. It can be used to optimize drilling, 

and blasting parameters. 

In the model shown in Figure 2, the analysis of the burden values in relation to the 

free face of the bench is presented. The deviations that are smaller and higher than the 

designed burden are represented using, different colors. The green color represents the 

zones where the burden value is close to the designed one, and the blue color represents the 

zones where there are larger burden deviations (the value of the burden is higher than the 

designed one), and the red zones represent the zones where there are smaller burden values 

than the designed one. Therefore, a correction of the drilling angle can be made in order to 

obtain as large a green zone as possible on the model, improving the effects of blasting and
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reducing, unwanted effects, such as fly rock [18], blasting, vibration, etc. With the help of 

the software, it is possible to analyze the section of each blasthole individually, resulting in 

the idea for this research, where every deviation of burden size from the designed one by 

each blasthole is considered. 

Figure 2. Three-dimensional model of a free face from the terrain, green color when the burden value 

is close to the designed one, the blue color is larger burden deviations from the designed one, and red 

zones are smaller burden values than the designed one (O-Pitblast software distribution tool [19]). 

Considering that the research was carried out to investigate the influence of burden 

deviation on the intensity of the blasting vibration, any major burden deviation, i.e., where 

the burden size is higher than the one set during drilling, was of particular importance. 

The laboratory model will show how these deviations affect the intensity of the blasting 

vibrations because the free face on the terrain can be irregularly shaped. Since the burden 

is not equal in all parts at the free face of the bench slope, as well as along the blasthole 

length, the surface of the blasted material is also taken into consideration. The surface of 

the blasted material, in this case, represents the surface at the cross-section of the blasthole, 

which is bordered by the free face and the blasthole, as shown in Figure 3. 

Free:fae _ | 

, 
Blasting surface —. 

Blasthole charge 

Figure 3. The surface of the blasted material considered in this research.
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Based on conclusions from previous research, the influence of increasing burden size 

on the increased intensity of blasting vibration can be taken into consideration. A larger 

burden size increases the rock volume to blast, which affects the burden movement as 

well as the increase in the intensity of the blasting vibration and burden movement [20]. 

Through the research presented in this paper, this dependence on the laboratory model 

hrough the investigation of a large number of repetitions of the blasting rounds and 

hrough testing the model on the field will try to be proven. 

3. Methodology of Research 

Working with the laboratory model, a similar procedure Was carried out as would 

ake place in the blast field, only of smaller dimensions, that is, in a block of homogeneous 

composition with established mechanical properties and instrumentally measured speeds 

of wave propagation through the material. For laboratory testing, a siporex block with 

dimensions of 250 x 600 x 250 mm was used. siporex blocks are used as artificial building 

materials produced from quality Portland cement and fine quartz sand [21]. The physical 

and mechanical characteristics of the siporex block are: 

• · Compressive strength 5 N/mm?; 
•  Volumetric mass 0.7 t/m3ž ; 

•  Wave propagation speed 1900 m/s. 

The procedure for measuring the speed of longitudinal and transverse waves through 

the material is shown in Figure 4. Measurements were made along the length, width, and 

height of the block. 

Figure 4. Instrument and display used in the measurement with the speed of longitudinal waves 

on blocks. 

During the measurement, an instrument from the Swiss manufacturer Proceq (Zurich, 

Switzerland), Pundit PL200 [22], was used to test and measure the speed of wave propaga- 

tion through the siporex blocks. The technical specifications of the Proceq Pundit PL200 

measuring instrument are shown in Table 1. 

Table 1. Technical specifications of the Proceq Pundit PL200 measuring, instrument [235]. 

Description Technical Specification 

Bandwidth 20 to 500 kHz 

Technology Ultrasonic pulse velocity 

Measuring, Resolution 0.1 us 

Pulse Voltage +100 to +450 V (UPV) 

Receiver Gain 1 to 10,000x (0 to 80 dB) 
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Table 1. Cont. 

Description Technical Specification 

Nominal Transducer Frequency 24-500 kHz 

Pulse Shape Square Wave 

Pulse Delay 

Number of Channels 1 

PC Software 
PL-Link 3.0 for analysis and export of data to third-party 

applications 

; A 7” color rugged touchscreen unit (800 x 480 pixels) 
Display ; q with a dual-core processor 

Memory >Internal 8 GB flash memory 

Connections USB host/device and Ethernet 

Pulse velocity, surface velocity, data logging, E-modulus, 
Measurement Modes compressive strengith correlation, crack depth, line scan, 

area scan 

Measuring, Rangje Up to 15 m, depending on concrete quality 

Special Features 

Zoom and scroll for precise A-Scan inspection, onboard 
storage and review of waveforms, settings directly 

accessible on measuring,  screen, dual cursor for manual 
A-Scan evaluation, separate cursor to measure signal 

amplitude, automatic and manual trig;gering and 
user-adjustable triggeer threshold, A-Scan update rate up 

to 25 Hz 

Transducers 

Available Proceq transducers: 54 kHz, 150 kHz, 250 kHz, 

54 kHz Exponential, 500 kHz and 250 kHz Shear Wave, 

connect third-party transducers up to 24 kHz, 54 kHz, 
150 kHz, 250 kHz, 54 kHz Exponential, 500 kHz and 

40 kHz shear wave dry point contact 

Serial number UP01-001-0041 

Manufacturer Proceq—Zurich, Switzerland 

Proceq PL-Link software (version 3.0) [24] is used to export data from the instrument 

and display the measured values. Additionally, when exporting, data, the software has 

an option for later reading, the records from the instrument and data processing, which is 

shown in Figure 5. 

Vertical blastholes, 80 mm long and 8 mm in diameter, were drilled in the block. 

Small explosive charges were placed in each blasthole. The length of the stemming, was 

30 mm. Initiation was carried out with electric fuse heads—the primary ignition source 

used in electric detonators. One blasthole was initiated each time. Before each initiation, a 

photograph of the block, especially the free face, was taken in order to create a 3D model. 

The measuring point in relation to vibration was at a distance of 150 mm from the center of 

each blasthole. 

After that, software processing was used to analyze the burden along each blasthole 

(per blasthole, there exists a pair of derived values of the burden, where the average is 

taken into consideration according to the percentage deviation from the designed one). 

Then, the burden values were input into the diagram, and then the comparative analysis of 

the results on the diagram was finalized. The burden values that are higher, equal and less 

than the designed ones were compared.
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Figure 5. Display of measured values of longitudinal waves with signal recording, in Proceq PL-Link 

software, the blue line is the longitudinal wave through the material, and the red line is response time. 

The measurement of vibration due to the initiation of each blasthole was measured 

using, the Micromate instrument (Instantel, Ottawa, ON, Canada) [25]. The Micromate 

instrument is designed to monitor blasting vibration, sound /noise level, or air overpressure. 

The results from Micromate were exported and analyzed in specialized software, Thor [26], 

procured from the same company, and a measurement example is shown in Figure 6. The 

Micromate instrument is equipped with three channels for a triaxial geophone and one 

channel for an air overpressure or sound level microphone [27]. This instrument represents 

precise measurements of ground vibration (whether those ground vibrations are from 

blasting, pile driving, demolition, or similar artificially induced vibrations). With measured 

vibrations, this instrument provides the whole recorded waveform in three components 

(longitudinal, vertical, and transverse), with the possibility of analyzing,  PPV, frequency, 

peak acceleration, and peak displacement. 

In this case, Micromate was used to measure the peak particle velocity (PPV), an index 

used to measure blasting, vibrations. PPV is also an important indicator for controlling, 

the structural damage criteria [28]), such as blasting in open pit mines, and represents the 

maximum value in one waveform recorded time. The peak particle velocity (PPV) is one of 

the indicators of the intensity of vibrations in addition to the frequency of oscillation, which 

is measured by using, seismographs during blasting in surface mines. It is specified in many 

standards used to assess the effects of vibrations on buildings, such as DIN 4150-3:1999 [29], 

as shown in Figure 7. 

Micromate was used to measure the particle velocity in three mutually perpendicular 

axes using, triaxial sensors—gjeophones. The results of measurements represent longitu- 

dinal, transverse, and vertical components of blasting, vibration. According to the DIN 

standard, the maximum of the three measured components is relevant and that is the peak 

particle velocity (PPV). The technical specifications of the Micromate Instantel measuring, 

instrument are presented in Table 2.
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Figure 6. Display of measured values of PPV for three components (longitude, blue colored; vertical, 

green colored; transverse, red colored) in Thor software (version 1.0.0.37). 

Type of structure ibration thresholds for structural damage, PPV (mm/s) 

Short term Long term 
At foundation Uppermost Uppermost 

floor floor 

Oto 10 Hz 10 to50Hz 50to100Hz Al Al 
frequencies _frequencies 

Commercial/industrial 20 to 40 40 to 50 40 10 

Residential 5 5to 15 15 to 20 15 5 

Sensitive/historic 3 3to8 Sto 10 ii 2.5 

Figure 7. Vibration guidelines for assessing the effects of vibrations on buildings [30]. 

The first test with the same laboratory model was carried out to show how the increase 

in burden size influences the increase in blasting vibration. Measurements of vibration 

were made at the burden size B = 20 mm, B = 30 mm, and B = 40 mm, with the same drilling 

angle of 90 degrees. One blasthole was initiated in the block, where multiple repetitions 

were performed for all three sizes of the burden for the same distance from the instrument 

for each case. With the initiation of the borehole, the instrument records all vibrations that 

appear in the block, and later, we analyzed that recorded waveform through specialized 

software Thor, where we can export data from it and read the PPV value; all of the data 

taken from the instrument are shown in tables in Section 4. Before each initiation, a 3D 

model of the laboratory model was created in order to obtain the most accurate data for 

analysis. The 3D model is created by using a  photograph of a laboratory model, which is 

taken before every initiation and using photogrammetry to stitch them together and create 

a model in O-Pitblast.
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Table 2. Technical specifications of the Instantel Micromate measuring, instrument [31]. 

Description Technical Specification 

Sensor Options 

ISEE Triaxial Geophone (2–250 Hz), DIN Triaxial 

Geophone (1—315 Hz), Swedish Blasting, Geophone 
(5–300 Hz), Swedish Pile Driving, Geophone (2–150 Hz), 

ISEE Triaxial Borehole Geophone (2—250 Hz), DIN Triaxial 

Borehole Geophone (1–315 Hz), ISEE Linear Microphone 

(2—250 Hz), Sound Level Microphone (Class 1) 

Dimensions 101.6 x 135.1 x 44.5 mm (4.15 x 5.32 x 1.75 in) 

Unit weight 0.5 kg (1.1 Ibs) 

Battery 
A 10-day rechargeable lithium-ion (optional 15-day 

battery upgrade available) 

User Interface 10 domed tactile with separate keys for common functions 

Display QVGA, 320 x 240 color touchscreen 

PC Interface USB 

Auxiliary Inputs and Outputs External triggeer and rešr};;)i'fnešlarm (factory-installed 

Environmental 

LCD Operating, Temperature: —10 to 55 "C (14 to 131 ?F), 
Electronics Operating, Temperature: —40 to 45 "C 

(40 to 113 ?F), Operating, Temperature: —40 to 45 "C 
(40 to 113 F) (LCD screen saver enabled and set to a 

maximum time-out of 2 min (Without USB sensors)) 

Remote Communications 
Supported modems: Sierra Wireless!M Airlink? RV-50, 

GX-400, LS-300 

Optional Feature 

Printer: precision high-resolution; GPS: synchronize time 
and download coordinates; Vision (Cloud-based software): 

provides stakeholders with secure, encrypted, access to 

event data, and allows instant sharing, for 
time-sensitive projects 

Electrical Standards 
CE Class B-The Micromate has been tested and passed 

TEC 61010-1:2010 [32] 

Record Modes 
Waveform, Waveform Manual, Histogram and 

Histogram-Combo!M (unit captures triggered waveforms 
while recording  in Histogram mode) 

Serial number UM11139 

Manufacturer Instantel—Ottawa, ON, Canada 

The initiations were carried out first for the value of the burden B = 20 mm. For 

this case, several measurements with the designed burden size and with deviations in 

burden size were performed. Then, the burden was increased to B = 30 mm, where several 

measurements for the designed burden or at least approximately designed were carried 

out. Each subsequent firing in the block leaves some kind of irregular free face, where the 

one with the largest deviation was used as a benchmark for deviation analysis, which is 

shown in tables as the surface of the blasted material parameter. The next is B = 40 mm, 

where the same test was repeated as in the previous steps. Each movement was followed 

by re-setting the instrument to the same distance of r = 150 mm before each initiation of the 

blasthole. The dimensions of the block, and the position of the instrument in relation to the 

blasthole, where the instrument was moved by the same distance for each subsequent shot, 

are shown in Figure 8.
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Figure 8. Model of blocks for different burden values with the positions of the measuring, points. 

For all three cases, the burden size is shown, where multiple measurements were 
performed, i.e., initiation at three different values of the burden size, both in the designed 
conditions for each of them, as well as for those cases where there were deviations of 
burden size. 

This test was carried out to show how the designed burden for three cases, and all 
have some small deviations, which can be seen in the diagrams later in this text. Increasing, 

the burden size from B = 20 mm to B = 30 mm and B = 40 mm, the surface of blasted 
material increased and affected blasting vibration. 

The second test was carried out on the same type of block to show how burden 
deviations influence the increase in blasting vibration. As in the previous test, initiation 
was performed for the value of burden B = 30 mm, but the additional initiation was carried 
out in the case when the burden is equal to designed one and in the cases when there are 
burden deviations. 

The deviations observed that are of interest for analysis are those that represent the 
higher burden values than the designed ones because, based on previous research, increased 
burden size increases vibrations. Deviations are examined in relation to the surface of the 
blasted material, the information of which we obtained from the software, as shown in 
Figure 9. 

A3D modelofa 
free face has 
oitinn for 

As we get data 
from the O-Pitblast, 

then we do the 

From From borehole 
photographs, information we 037 lo 
we create 3D get the size of || 

Figure 9. The process of obtaining, surface of blasted material data from the model using, O-Pitblast 

software.
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Theoretically, all bumps on the free face of the block that are above the value of the 
design burden affect the intensity of the vibration. A detailed view of the free face, which 
has an irregular shape, i.e., the front of the slope and its influence on the burden values, are 
shown in Figure 10. 

Figure 10. Three-dimensional model of the sample before and after initiation of the blasthole in 

O-Pitblast software. 

Deviations in burden that are greater than the designed burden value should affect 
the increase in vibrations. The increase in burden automatically affects the increase in the 
rock volume per blasthole as well as the intensity of blasting vibrations. 

The positions of the instruments during, the measurement of blasting, vibration are 
given, and the condition of the free face before and after initiation is shown in Figure 11. 

(a) 

Figure 11. Measurement of vibrations and condition of the free face before (a) and after (b) the 

initiation of blasthole. 

4. Results 

After the tests were carried out for these burden values of B = 20 mm, B = 30 mm, 

and B = 40 mm, 27 measurements were taken in order to determine the dependence of the 

increase in burden value, which at the same time affects the increase in the surface of the 

blasted material, on the increase in the intensity of vibration. All results of the measurement 
are shown in Table 3.
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Table 3. Test results of measurement burden influence for B = 20 mm, B = 30 mm, and B = 40 mm. 

Burden Values (mm) Surface of Blasted Material (mm?) PPV (mm/s) 

B=20 1476 13.8 

B=30 2418 30.94 

B=40 3385 96.95 

B=20 1514 18.6 

B=30 2364 28.99 

B=40 3003 98.13 

B=20 1497 44.11 

B=30 2468 49.43 

B=40 3466 127 

B=20 1666 43.17 

B=30 2631 60.88 
B=40 3178 63.59 

B=20 1582 44.47 

B=30 2457 86.09 

B=40 3301 103.6 

B=20 1610 36.38 

B=30 2457 50.03 

B=40 2781 202.4 

B=20 1560 64.23 

B=30 2301 97.33 
B=40 3210 110 

B=20 1542 52.86 

B=30 2301 98.33 
B=40 3181 231.2 

B=20 1630 58.91 

B=30 2561 99.4 

B=40 3148 107.1 

The test results for three burden values were statistically analyzed. Figure 12 shows 
the dependence of PPV on the surface of the blasted material for different burden values. 
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Figure 12. Dependence of the peak particle velocity (PPV) on the blasted material for different 

burden values.
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Further research was carried out to examine the case where the burden was, for 

example, designed so that B = 30 mm along the entire length of the blasthole. Then, it could 

be said that these were optimal conditions that affect the intensity of vibrations in regard 

to the burden that has deviations from the designed one, i.e., is not equal along the entire 

blasthole. The dependence of peak particle velocity (PPV) on the burden deviation from 

the designed one is presented in Figure 13. 

= B=30 mm 

I I I i 

se
| 

cev
z| Š svz
| 

osč
| 

svz
| š veo

z| 

6so
z| 

73
74
 

ue
z|

 

zss
z| š reo
z| 

sea
z| 

iog
z| 

Values of blasted material surfaces according to different burden sizes (mm?) 

Figure 13. Dependence of peak particle velocity (PPV) in relation to the deviation value of the burden 

size from the designed one. 

According, to the diagram given in Figure 13, it can be seen that the values of the 

vibrations due to the initiation of the blastholes increase with the increase in the surface of 

the blasted material. For this test, the measurements are shown in Table 4. 

Table 4. Test results of measurement burden influence for B = 30 mm and B > 30 mm. 

Burden Values (mm) Surface of Blasted Material (mm?) PPV (mm/s) 

B=30 2418 30.94 

B> 30 2492 86.09 

B=30 2364 28.99 
B> 30 2457 50.05 

B=30 2468 49.43 
B> 30 2501 98.33 

B=30 2631 59.54 
B> 30 2795 60.88 

B=30 2301 97.33 
B> 30 2561 99.4 

B=30 2457 131.9 

B> 30 2624 147.6 

B=30 2059 80.69 
B> 30 2476 174.7 

B=30 2371 96.06 

B> 30 2552 115.1 
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To determine the dependence of increased vibrations on burden deviation more 

precisely, the measured results will also be analyzed mathematically. In this case, the 

dependence could be: 
_ AVmax 

K 
AP d) 

where 

AVmax represents the ratio between peak particle velocity (PPV) for the burden size 

B=30 mm and B > 30 mm; 

AP represents the ratio between the surface with the deviation of the burden size for the 

values B = 30 mm and B > 30 mm. 

Using data from the diagram presented in Figure 10, the surface formed in relation to 

the designed burden and the deviation values of the burden for each measurement can be 

taken into account. The difference between these surfaces AP can be calculated using the 

following, equation: 

__ APdes 
AP= 

APadey 
(2) 

where 

APqes is the surface with designed burden size (mm?); 

AP+qev is the surface with burden deviation from the designed one (mm?). 

The surface of the blasted material for the case when the burden does not have 

deviations and it is equal to the designed one APaqes, can be calculated as the sum of the 

surface of the blasted material of each blasthole, as given in Equation (3). In the same way, 

the surface of the blasted material for the case when there is a deviation of the burden 

and when its value is greater than the designed one APqey, can be obtained, as shown in 

Equation (4). 

APdes= APdqes, FAPdes, +. APqes, = 19,233 mm? (3) 

and 

APqgev= APqev, +APaev, +..... APqev, = 20,494 mm? (4) 

By inserting the obtained values into Equation (2), the value of AP can be calculated 

as follows: 

Using, a similar procedure, the values of the peak particle velocity (PPV) for each 

repetition for the values of B = 30 mm and B > 30 mm can be calculated. The value 

of variable AVmax represents the difference in the peak particle velocity (PPV) of the 

designed burden and the burden with deviations for the burden values of B = 30 mm and 

B > 30 mm, respectively. 

(5) 

where 

AV des ax represents the peak particle velocity (PPV) measured for B = 30 mm (mm/s); 

AV- devnax represents the peak particle velocity (PPV) measured for B > 30 mm (mm/5s). 

The values of AVqes „, and AVdevy „ can be calculated in the same way as shown in 

Equations (3) and (4). The calculation for both values is represented through the following; 

equations for each testing case. 

AV desnax— AAV desnaxi F V desmav ev E AVdesnaxs — 974.9 mm/s (6) 
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and 

AVdevaa — AV dev FAVdevaaa Fee- + AVđeva a = 892.2 mm/s 0) 

The obtained values for AVge. „ , and AVqev y „ are inserted in Equation (5), and the 

value of AVmax is calculated as follows. 

Additionally, the coefficient from Equation (1) for each of the measured values can be 

calculated and shown on the diagram to represent the dependence of peak particle velocity 
(PPV) on the values of the burden deviations. 

_ AVmax 
K 

AP 
= 0.73 

5. Model Verification on the Blast Field 

Based on tests on the laboratory model and the obtained results, as well as the analysis 
of the results, the verification of the model in terms of the influence of the burden deviation 
on the intensity of the vibration during blasting,  was carried out on the blast field. For this 
case of testing, at a quarry, 12 blastholes were used. The same instrument and methodology 
were used to measure the blasting, vibration during field tests. The instrument was placed 

at a distance of 60 m from the axis of the blasthole. The diameter of the blasthole was 
89 mm, and the blasthole length was 10 m. In this case, an example of a blasthole profile 
with different values of the burden along the length of the blasthole was given. These 

values were used in the calculation of the surfaces, as in the case of the laboratory model. 
Figure 14 represents a 3D model of the blasthole with different values of the burden 

where the burden size is less than the designed one (red line), equal to the designed one 
(green line) and greater than the designed one (blue line). In this case, through comparative 
analysis of the results of measurements on the laboratory model and field measurements, 
in places where there is a deviation of burden greater than the designed one (blue line), the 
value of peak particle velocity should be higher. The different values of burden along the 
blasthole are also represented with a number of each value for the burden deviation from 
the designed one. 

Figure 14. Three-dimensional model of the blasthole obtained using, O-Pitblast software with the 

display of different values of the burden.
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The records of the vibration instruments and the results of statistical analysis confirm 

the increase in the intensity of blasting vibration as the value of burden is higher (as shown 

in the graph in Figure 14). All measurement blasting, vibrations from the field tests shown 

in the Figure 15, are represented in Table 5. 

100.0 
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M B=3m 

u B>3m 
40.0 

i I I I I I I .0 
47.2 49.6 39.4 449 39.1 41.5 41.5 449 44.9 45.,1 489 51,9 
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Figure 15. Dependence of peak particle velocity (PPV) in relation to the value of the deviation of the 

burden size from the designed one during the test on the blast field. 

Table 5. Test results of measurement from field test with burden influence for B = 30 mm and 

B> 30 mm. 

Burden Values (mm) Surface of Blasted Material (mm?) PPV (mm/s) 

B=30 47.2 35.3 

B> 30 49.6 37.8 

B=30 39.4 424 

B> 30 44.9 57.3 

B=30 39.1 37.1 

B> 30 415 82 

B=30 415 31.2 

B> 30 44.9 52.2 

B=30 44.9 33.8 
B> 30 45.1 51 

B=30 48.9 35.7 
B> 30 51.9 49.8 

Verification of the model obtained under laboratory conditions was performed by 

applying, the same formulas to the data obtained from measurements in the field. The 

surface of the blasted material for the case, when the burden is equal to the designed one, 

can be calculated using, Equation (3): 

APades= APades, +AP des +....- + APdes, = 261 m? 

The surface of the blasted material for the case when there is a deviation in the burden 

and when its value is greater than the designed one can be obtained using, Equation (4): 

APdev= APaev, +APdev, +..... + APaev, = 277.9 m 

The difference between these surfaces “AP” can be calculated using, Equation (2): 
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Calculation of the peak particle velocity (PPV) when the burden value is equal to the 

designed one can be calculated using, Equation (6): 

AV des — AVdesy a ı F AV des Fve- + AV des — 215.5 mm/s 

Calculation of the peak particle velocity (PPV) when the burden is equal to the de- 

signed one using, Equation (7): 

AVdevaa — A V dev FAVdeva a Fee- + AVdđev , = 390.1 mm/s 

The ratio between the peak particle velocity (PPV) at the deviation of the burden with 

deviations is calculated using Formula (5): 

Additionally, the coefficient from Equation (1) for each of the measured values can be 

calculated, and this is shown on the diagram to represent the dependence of peak particle 

velocity on the burden deviation values. 

6. Discussion 

The diagram shown in Figure 12 and Table 4 shows that the values of the vibrations 

due to the initiation of the blastholes increase with the increase in the surface of the 

blasted material. 

Based on this, more precise data were obtained in terms of the dependence of the 

burden size analyzed by examining the surface of the blasted material for the case where 

the burden value is B = 20 mm. Due to irregularities at the free face, the dependence o- 

the burden size is here expressed through the surface of the blasted material, where it is 

different from blasthole to blasthole. Other data were obtained for the other two cases 

where burden values were B = 30 mm and B = 40 mm. Therefore, based on the analyzed 

data, it can be concluded that the largest intensity of vibration is for the designed burden o 

40 mm. 

In most cases, the value of the burden varies and is not equal to the designed one 

along the entire length of the blasthole on the blast field. Burden deviation is determined 

using, O-Pitblast software, which can provide all distances of the burden to the free surface 

along the borehole at the default range, and then we can calculate the surface of the blasted 

material. That is why, in these tests, the dependence of the burden size on the intensity of 

he vibration was analyzed by analyzing the surface of blasted material because the value 

of the burden directly affects the size of the surface of the blasted material. 

In order to obtain the dependence of peak particle velocity (PPV) in relation to the 

burden deviation from the designed one for the second test for B = 30 mm, 16 measurements 

were performed through laboratory tests. Measurements were first taken when the burden 

value was equal to the designed one along the entire lengtth of the blasthole, and then for 

he case where deviations were higher than the designed ones. Through this model, all 

of the burden values higher than the designed ones were of interest in terms of analysis 

because they affected the increase in vibrations, according to previous research. 

Based on the tests of the laboratory model and the obtained results, as well as the 

analysis of the results, the verification of the model of the influence of burden deviation on 

he intensity of the vibration during blasting, was carried out in the blast field. For this case 

of testing on a quarry, 12 blastholes were used. In the end, a comparative analysis of the 

results obtained from laboratory tests and field testing, was performed. 
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7. Conclusions 

The obtained model represents the results of the research in order to examine the 

influence of burden deviation from the designed one on the intensity of the blasting, 

vibrations through laboratory and field measurements. During laboratory testing, a large 

number of measurements were carried out for two different conditions: when the burden 

size is equal to the designed one and when there is burden deviation. 

Blasting, vibration caused by the initiation of blastholes was monitored throug the 

use of blasting seismographs placed at precisely determined distances from the blastholes. 

The obtained results from the laboratory measurements enabled a comparison of the values 

of burden and the values of the peak particle velocity, the basic parameters of the intensity 

of blasting vibration, for the cases with and without burden deviation. 

The statistical analysis of the measured data and the obtained diagrams clearly show 

he difference in the values of the peak particle velocity when there are larger values of 

burden deviation and for the case when the value of burden deviation is lower, i.e., vhen 

he burden is close to the designed one. Because the value of the burden size is variable 

along the length of the blasthole, the results were mathematically analyzed by examining, 

he ratio of the peak particle velocity and the surface of the blasted material, which was 

aken for observation. 

The model obtained from laboratory testing, was verified under real conditions in the 

blast field. The blastholes were initiated under different conditions of burden size while 

he peak particle velocity was monitored. The basic parameter of the model, coefficieni 

K, which represents the ratio of the peak particle velocity and the surfaces of the blasted 

material from laboratory and field testing, indicates that there is a connection between 

hese values, which can be seen through the results of the calculation. The deviation o 

coefficient K, as obtained from laboratory and field measurements, Was 5.5%. 

The results of the measurements under laboratory conditions, especially in the field, 

depend largely on the characteristics of the material in which the tests are carried out. 

The presence of interlayers, cracks, and fissures in the rock material can have a significant 

impact on the effect of blasting, and, thus, the intensity of the blasting, vibration. 

The research presented in this paper was an attempt to find a direct dependence 

between the deviation in burden and blasting vibration, as well as the influence of increased 

burden deviation on the intensity of the blasting vibration. Since blasting,  vibration does 

not depend on just one blasting parameter, such as burden, it is necessary to carry ou! 

further research to improve the model in relation to other blasting conditions. 

From this laboratory model and terrain test, a numerical model can be designed in 

later research, which could maybe provide some predictions in terms of the blast vibration 

caused by burden deviation. This research can also be used to reduce factors such as 

blast vibration, fly rock, boulders, etc., as well as improve safety during, blasting; and 

environmental protection. 
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