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Abstract 
This study utilizes empirical equations to describe the propagation of vibra-
tions induced by blasting, with the goal of predicting the attenuation of Peak 
Particle Velocity (PPV) at the Yaramoko mine in Bagassi, Burkina Faso, a site 
characterized by granitoid rock. Four empirical PPV prediction equations 
were employed, so-called Duvall & Fogelson (or the United States Bureau of 
Mines “USBM”), Langefors and Kihlstrom, Ambressys-Hendron, and the Bu-
reau of Indian Standard. The constant parameters for each of these equations, 
referred to as site constants, were derived from linear regression curves. The 
results show that the site constants k, a, and b of 4762, 0.869, and 1.737, re-
spectively, derived from the general prediction equation by Davies, PPV = 
kQaD−b, based on Duvall & Fogelson, are in good agreement with values of 
4690, 0.9, and 1.69, respectively, for similar rock types in Spain. Regarding the 
impacts of blasting on houses, the findings indicate that houses built from lat-
erite-block bricks in the village of Bagassi are the most vulnerable to vibration 
waves, followed by those constructed with cinder-block bricks. In contrast, 
houses made of banco bricks are the most resilient. Additionally, it was deter-
mined that during blasting operations, adjusting the blasting parameters to 
ensure the PPV does not exceed 2 mm/s at the level of nearby dwellings can 
minimize the appearance of cracks in houses. 
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on Houses, PPV Equation 

 

1. Introduction 

Explosive blasting is commonly practiced at the initial stages of the industrial min-
ing process, particularly when dealing with massive and hard rocks. It is used in 
all operational mines in Burkina Faso due to the geological context, which is dom-
inated by Birimian crystalline formations [1] (Lower Proterozoic) consisting of 
schists, quartzites, sandstones, conglomerates, and greenstone rocks. These for-
mations, which cover 80% of the country’s territory, are characterized by their 
high hardness [2]. 

On mining sites in Burkina Faso, blasting is either conducted by technical per-
sonnel or outsourced to specialist companies, such as African Explosives Limited 
(AEL Burkina), Bulk Mining Explosives, African Underground Mining Services 
(AUMS), or Maxam Explosives Company. While different types of explosives are 
used across various sites, they all serve a single purpose: to detach the targeted 
rock from the massif through the shockwave created by the explosion, which leads 
to its fragmentation and reduction to smaller grain sizes that can easily be col-
lected by mobile equipment to continue the production process. 

As a principle of explosive blasting, an explosion is initiated when a highly flam-
mable chemical compound is compressed into a hole. Detonating such a device 
generates a significant shockwave that cracks the rock and produces a large vol-
ume of gas. This gas, at a very high temperature, diffuses into existing faults or 
those created by the shockwave, pushing against the rock walls until quasi-static 
equilibrium is reached. This equilibrium is then broken due to the overpressure 
caused by the ultra-rapid decomposition of the explosive material. It is this release 
of energy, exceeding the physical and mechanical strength of the rock mass, that 
leads to the fragmentation of the rock, which is the primary goal of explosive blast-
ing. Today, explosive blasting is essential in both quarrying and mining due to its 
many advantages, primarily time and energy savings. Theoretically, a single ton 
of explosives can fragment approximately 2500 m3 of rock in less than three sec-
onds. Achieving the same result with a 5-ton hydraulic rock breaker would take 
25 days of 10-hour shifts, totaling 250 hours of work [3]. However, there are sig-
nificant concerns associated with blasting, as the outcomes and impacts remain 
the focus of considerable attention and can serve as performance indicators for 
the company. The primary goals of blasting include (i) maximizing the amount of 
rock fragmented, (ii) achieving the maximum reduction in rock size, and (iii) 
minimizing the impact of blasting on the surrounding physical and social envi-
ronment. These objectives must be met under the safest possible conditions, both 
during the preparation of the blast and during the collection of the fragmented 
rocks. In terms of the external environment, efforts must be made to prevent rock 
projections in quarries and open-pit mines, as well as to control noise and vibration 
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parameters that are considered in the environmental management of projects. 
Note that in blasting operation, only 20% to 30% of the explosive energy is used 
for rock breakage and movement, while most of the explosive energy is wasted 
and not being used effectively. The wasted energy is the main cause of the blasting-
induced environmental and sanitary impacts, including fly rock, air blast, and 
ground vibration, which are undesirable phenomena [4] [5]. 

It is well established that blasting impacts buildings. Figure 1 illustrates the 
physical degradation of the witness houses exposed to blasts at the mine site. As 
discussed in Section 3.2, the physical degradation of these buildings is the result 
of the vibration waves generated by the explosive blasts they endure. 

It is possible to predict the propagation of vibration waves induced by blasting 
in a mine by measuring the velocity levels of explosions following blasting and 
correlating these measured values with field data, such as the explosive charge 
used and the distance of impact measurement. Understanding the law governing 
the propagation of vibration waves induced by blasting in a mine allows for de-
termining the explosive charge values that may cause physical damage to build-
ings and, consequently, helps in limiting such damage. This study is the first to 
focus on predicting Peak Particle Velocity (PPV) associated with the propagation 
of vibrations induced by blasting at the Yaramoko mine in Bagassi, Burkina Faso, 
and can serve as a reference for establishing acceptable values for similar condi-
tions in Burkina Faso. 

2. Materials and Methods 
2.1. General Information on the Study Area 

The study was conducted at Roxgold Sanu, an underground mine that is a subsid-
iary of Fortuna Mining Corp. This mine is located within the Yaramoko mining 
permit area in Bagassi, Burkina Faso. Roxgold Sanu is situated near the town of 
Bagassi in the Balé Province, approximately 200 km southwest of Ouagadougou, 
the capital of Burkina Faso. A general overview map of the study area is shown in 
Figure 2. 

Several zones of gold mineralization are present within the Yaramoko project. 
The target gold mineralization for this study is located in the 55 Zone, hosted in a 
narrow, east-northeast-trending shear zone. From 0 to 400 meters (m) in depth, 
the shear zone dips moderately (65˚ to 70˚) to the south and contains thick exten-
sional quartz veins. Below this depth, the shear zone becomes steeper (85º) with 
fewer, more segmented, and deformed quartz veins. The bulk of the gold miner-
alization is found in dilatational segments of the reverse dextral shear zone, where 
the quartz veins are thicker and exhibit greater geological continuity. Gold typi-
cally occurs as coarse free grains in quartz, often associated with minor pyrite. The 
gold-bearing veins range in width from a few centimeters to over 4 m. 

Longhole open stoping (including uphole retreat in certain areas) is the primary 
mining method, with limited use of cut and fill for crown pillar mining. The mine 
plan comprises 73% standard long hole stoping with down holes on 17 m  
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Figure 1. Photographs of the physical degradation of witness houses. 

 
sublevels, filled with cemented rock fill (CRF); 21% longhole retreat using up 
holes, without backfill, and recovery of sill areas between mining fronts; and 6% 
crown pillar mining, followed by cut and fill and final uphole retreat. Six mining 
blocks are planned to ensure sufficient independent mining fronts. For more 
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details, refer to Figure 3 & Figure 4. Ore development along the vein is limited to 
a maximum width of 5 m. Blast holes consist of parallel down holes 14 to 16 m in 
length, loaded with either ammonium nitrate-fuel oil (ANFO) or emulsion, de-
pending on local water conditions, at an average powder factor of 0.5 kilograms 
per ton. 

2.2. Peak Particle Velocity (PPV) Monitoring 

Seismic wave monitoring equipment includes seismographs, vibrometers, and  
 

 
Figure 2. Aerial view of the Yaramoko gold mine area with surface infrastructure (source: AUMS, 2022). 

 

 
Figure 3. Typical long section—long hole open stope [6]. 
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Figure 4. Cross-section—long hole open stope typical sublevel, 4.0 m width [6]. 

 
accelerometers. In our study, four seismographs were used: two Instantel Micro-
mate ISEE (std/IO) devices, one Vibrock V901 device, and one Svantek 977 de-
vice. A Cirrus integrated sound level meter (CR:821C) was employed for noise 
level measurements, and a Davis 6152 Wireless Vantage Pro2 Weather Station was 
used to collect climate data for the site. The geolocations for the study were deter-
mined using a GPS GARMIN 64 S. Distance measurements were made with a cal-
iper (to measure wall spacing during a crack), an infrared rangefinder, and a tai-
lor’s tape measure. The vibration measurement points and the blasting area were 
situated at the same elevation. The distances between the measurement points and 
the blasting area were calculated using the Pythagorean theorem, as shown in Fig-
ure 5. 

2.3. PPV Predicting Equations 

Numerous research studies have proposed several empirical equations to describe 
the attenuation characteristics of blast vibrations and predict the attenuation of 
Peak Particle Velocity (PPV). In most of these equations, the radial distance and 
the charge weight per delay are considered the primary parameters influencing 
PPV prediction. However, it is well known that PPV is also affected by other fac-
tors, such as rock strength, rock mass discontinuities, and blast geometry, which 
have not been explicitly incorporated into these empirical equations. Recent stud-
ies have analyzed vibration data across multiple case studies, differing in terms of  

https://doi.org/10.4236/jmmce.2024.126020


R. Zoundi et al. 
 

 

DOI: 10.4236/jmmce.2024.126020 322 J. Minerals and Materials Characterization and Engineering 
 

 
Figure 5. Schematic illustration of blasting position and PPV measurement points. Note 
that D represents the radial distance from the blasting center to the vibration measurement 
point. 

 
both operations and rock types [7] [8]. In the present study, four empirical equa-
tions are used as the prediction models: Duvall & Fogelson [9], Langefors and 
Kihlstrom [10], Ambressys-Hendron [11], and the Bureau of Indian Standard 
[12]. These equations are summarized in Table 1. Note that the parameter D rep-
resents the radial distance from the blasting center to the vibration measurement 
point (Figure 5). The parameter Q refers to the charge weight used for the initial 
detonation. The parameters k and n, known as site constants, are positive coeffi-
cients determined empirically through linear regression and are dependent on lo-
cal blasting conditions. 

 
Table 1. Empirical PPV prediction equations according to different studies. The parame-
ters k and n are dimensionless; PPV is in mm/s, D is in meters, and Q is in kilograms. 

Author(s) Equation 

Duvall & Fogelson [9] 1
2

PPV

n

Dk
Q

−
 
 =   
 

 

Langefors and Kihlstrom [10] 

2
3

1
2

PPV

n

Dk
Q

−
 
 =   
 

 

Ambressys-Hendron [11] 

1
3

PPV

n

Dk
Q

−
 
 =   
 

 

Bureau of Indian Standard [12] 2
3

PPV

n

Dk
Q

−
 
 =   
 

 

 
The four empirical PPV prediction equations lead to a general relation of the 

form [13]: 
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PPV
n

Dk
Q

α

β

−
 

=  
 

 

The two parameters, k and n, need to be determined to obtain the PPV predic-

tion equation as a function of a scaled distance factor, 
D
Q

α

β

 
 
 

. 

Based on the measurement data, the parameters k and n are obtained by plot-
ting a linear regression equation: 

10 10 10 10log PPV log log logD Df n k ax b
Q Q

α α

β β

    
= = − + = − +         

 

where n a=  and 10log k b= . 

2.4. Monitoring Physical Degradation 

In theory, all infrastructure has a lifespan beyond which signs of deterioration 
begin to appear. The construction materials used, along with the climatic condi-
tions and various pressures the infrastructure is subjected to, negatively impact its 
lifespan. In general, for all types of materials, the appearance and progression of 
both intermediate and structural cracks can be observed. Almost all intermediate 
cracks are the origin of structural cracks, which extend and worsen over time. 
Figure 6 illustrates the theoretical behavior of crack development over time in 
infrastructures, whether subjected to external shocks or not. In the absence of ex-
ternal disturbances, the number of cracks increases almost linearly over time (Fig-
ure 6(a)). However, in the presence of external disturbances, a sudden increase in 
the number of cracks is observed (Figure 6(b)) because of the increase in stress 
concentration. [13] 

 

 
Figure 6. Crack development over time in infrastructures: (a) not subject to external 
shocks; (b) subject to external shocks [14]. 

 

In the present study, the infrastructures used to assess physical degradation due 
to blasting vibrations can be classified into two categories. The first category, re-
ferred to as “witness houses,” consists of new houses constructed specifically for 
the study. Their materials and dimensions were determined based on a study con-
ducted in 2021 on existing houses located within a radius of approximately 2 km 
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from the mine. Three types of witness houses were considered: cinder block, lat-
erite block, and banco bricks. The second category of infrastructure comprises the 
residential houses of the local population. A total of 213 houses, spread across five 
villages near the mine, were included in the study: 55 cinder block houses 
(25.82%), 80 laterite block houses (37.55%), and 78 banco brick houses (36.61%). 

3. Results 
3.1. PPV Predicting Equations 

Table 2 presents the blasting measurement data collected between June and Oc-
tober 2022. According to several studies [15] [16], the maximum value of the  

 
Table 2. Blasting measurement data collected between June and October 2022 for the study 
of the PPV predicting equation. Trans.: Transversal; Vert.: Vertical; Long.: Longitudinal; 
Max.: Maximum. 

N˚ Date 
PPV (mm/s) Charge  

(kg) 
Radiale 

distance D(m) Trans. Vert. Long. Max. 

1 8-Jun-22 1.789 0.922 1.734 1.789 34.90 544 

2 8-Jun-22 1.119 1.056 1.23 1.23 27.60 544 

3 9-Jun-22 1.986 0.883 1.986 1.986 41.2 643 

4 13-Jun-22 0.883 0.528 1.08 1.08 43.3 778 

5 21-Jun-22 1.474 0.883 1.395 1.474 23.2 461 

6 24-Jun-22 1.237 0.828 1.19 1.237 33.6 721 

7 27-Jun-22 2.877 1.655 2.246 2.877 30.9 452 

8 5-Jul-22 1.143 0.67 1.017 1.143 36.8 666 

9 8-Jul-22 1.23 0.875 1.088 1.23 44.8 775 

10 9-Jul-22 1.111 0.709 0.938 1.111 49.9 885 

11 12-Jul-22 1.277 0.804 0.843 1.277 51.6 886 

12 14-Jul-22 1.427 0.954 0.906 1.427 40.20 664 

13 15-Jul-22 1.687 0.899 0.985 1.687 40.1 664 

14 15-Jul-22 1.513 0.757 0.922 1.513 39.7 664 

15 18-Jul-22 1.064 0.599 1.159 1.159 52 886 

16 21-Jul-22 0.962 0.465 1.001 1.001 53 885 

17 22-Jul-22 1.151 0.552 1.072 1.151 52 885 

18 7-Aug-22 1.813 1.198 1.324 1.813 30.50 434 

19 2-Sep-22 3.76 1.521 1.671 3.76 32.30 451 

20 14-Sep-22 2.79 1.758 3.318 3.318 32.40 419 

21 28-Oct-22 2.885 1.135 2.16 2.885 30.00 433 

22 30-Oct-22 1.198 0.552 1.009 1.198 29.90 434 
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transverse, vertical, and longitudinal components of the measured PPV is used to 
predict the PPV equation. 

Figure 7 shows the linear regression curves based on the four PPV equations. 
The coefficient of determination (R²) ranges from 0.60 to 0.68, which is compara-
ble to values reported in similar studies [15] [17]-[20]. The site constants k and n, 
deduced from the linear regression equations, are provided in Table 3. For the 
Duvall & Fogelson equation, also known as the USBM equation or Chapot’s law, 
the n value of 1.74 is slightly lower than the theoretical value of 1.8. For the Am-
braseys-Hendron equation, also known as the surface wave law, the n value of 1.44 
is higher than the theoretical value of 1.2. 

 

 

Figure 7. Logarithmic plot of Peak Particle Velocity (PPV) as a function of scaled distances D
Q

α

β

 
 
 

. (a) Duvall 

& Fogelson [9]; (b) Langefors and Kihlstrom [10]; (c) Ambraseys and Hendron [11]; (d) Bureau of Indian 
Standards [12]. 

 
Table 4 presents recent comparative results of PPV predicting equations based 

on the general PPV prediction equation by Davies [21]-[23]: 

PPV a bkQ D−=  

Given that the geological study of the Yaramoko mine is dominated by granit-
oid, including quartz rocks [6], the site constants k, a, and b of 4762, 0.869, and 
1.737, respectively deduced from the Duvall & Fogelson equation in the present 
study align closely with the values of 4690, 0.9, and 1.69 for similar rock types in  
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Table 3. Summary of constants by type of equation. 

Equation k n R2 Reference 

1
2

PPV

n

Dk
Q

−
 
 =   
 

 4762 1.7371 0.651 [9] 

1
3

PPV

n

Dk
Q

−
 
 =   
 

 2889 1.4403 0.609 [11] 

2
3

1
2

PPV

n

Dk
Q

−
 
 =   
 

 2232 3.3289 0.671 [10] 

2
3

PPV

n

Dk
Q

−
 
 =   
 

 6328 2.0697 0.676 [12] 

 
Table 4. Comparative results of PPV equations. 

Reference Equation R2 

Present work 

0.869 1.737PPV 4762Q D−=  0.651 

0.8 1.44PPV 2889Q D−=  0.609 
1664 2.219PPV 2232Q D−=  0.671 

1.38 2.07PPV 6328Q D−=  0.676 

Rodriguez et al. [8] 0.9 1.69PPV 4690Q D−=  0.883 

Hammed et al. [24] 

0.595 1.19PPV 3467Q D−=  

1.0 

0.73 1.46PPV 3631Q D−=  
0.69 1.38PPV 3631Q D−=  
0.865 1.73PPV 6310Q D−=  

0.8 1.6PPV 4169Q D−=  

 
Spain [8]. In the work by Hammed et al. [24], conducted at quarry sites in Ni-

geria, the equations in Table 4 derived from the Duvall & Fogelson PPV predic-
tion model were deduced from data in a logarithmic plot of Peak Particle Velocity 
against scaled distance datasets. Although the specific rock types at the quarry 
sites were not mentioned, the equation with site constants k, a, and b of 4169, 0.8, 
and 1.6, respectively, are consistent with the values noted above. As the values of 
the site constants reflect both the quality of the shot and the transmission of vi-
brations through the rock mass, we conclude that these factors explain the differ-
ences between the present results and those obtained in Spain. 

3.2. Damage Tracking 

Figure 8 presents the results showing the average number of cracks per type of 
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construction material, primarily influenced by blasting impacts. Degradation data 
were collected over a 12-month period (June 2022 to June 2023) from 213 resi-
dential houses and three (3) witness houses, as previously mentioned in section 
2.4. The degradation criteria were established with the assistance of an approved 
architectural firm in Burkina Faso. A total of four visits were made to the residen-
tial houses to assess any physical degradation, while the three witness houses were 
monitored daily. 

Comparing the evolution of the curves in Figure 8 with those in Figure 6, along 
with their descriptions, it becomes evident that blasting vibrations significantly 
affect the physical integrity of houses. The extent of degradation depends on the 
types of materials used for construction. In the context of the Bagassi area, and 
based on the characteristics of the curves in Figure 8(b), houses constructed with 
laterite blocks are the most vulnerable to blasting vibrations, followed by houses 
made from cinder blocks. In contrast, houses made from banco are more resistant, 
although this material is more susceptible to weather conditions. 

 

 
Figure 8. Average number of cracks per material type: (a) residential houses; (b) witness houses. 

 
The differences in the curve evolution for residential houses (Figure 8(a)) com-

pared to witness houses (Figure 8(b)) can mainly be attributed to the intensity of 
blasting vibrations experienced by each. The residential houses, which are of the 
same type as the witness houses of type F2, are all located within a 2 km radius of 
the mine site and are therefore subject to the same climatic conditions. However, 
since the witness houses are situated inside the mine site, they are more exposed 
to blasting vibrations compared to the residential houses located outside the mine. 
The lower number of cracks in the residential houses (Figure 8(a)) compared to 
the higher number in the witness houses (Figure 8(b)) can be explained by the 
fact that residential houses are exposed to fewer external factors apart from cli-
matic conditions, which can be considered normal for the region. Meanwhile, the 
witness houses, in addition to climatic hazards, are subjected to external shocks of 
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vibrations from the blasting operations conducted as part of the mining activities. 
In terms of the age of the buildings, the witness houses were newer than the 

residential ones, which were between 1 and 3 years old. Consequently, at the start 
of the monitoring period, the residential houses were already showing cracks, 
whereas the witness houses could be considered in the initial stages of degrada-
tion. The higher number of cracks observed in the witness houses one year later, 
compared to the residential houses, provides evidence of the effects of blasting 
vibrations on buildings. 

The above results regarding the physical degradation of houses due to blasting 
vibrations are consistent with the compressive strength analyses carried out on 
the three types of bricks (laterite block, cinder block, and banco) used for con-
struction. The results revealed that the most resistant of the three types of bricks 
is banco, with 75% of the analyzed samples having a compressive strength higher 
than 3.2 MPa, which is the minimum required compressive strength for building 
bricks (class 40) according to standard NFP 14-301. The least resistant bricks are 
laterite blocks, which are extracted locally from a quarry in the village of Bagassi. 
Their calculated compressive strength ranges from 0.8 to 1.8 MPa, with an average 
of 1.3 MPa. As for the cinder blocks, they exhibit an average compressive strength 
of 1.9 MPa. Neither the laterite block bricks nor the cinder block bricks meet the 
minimum required compressive strength. 

3.3. Determination of Blasting Parameters Avoiding Crack 

Figure 9 shows the relationship between PPV and the progression of crack for-
mation. The witness houses previously described are used for this study, with con-
struction completed in mid-May 2022. In the case of the cinder-block witness 
house, the first intermediate crack appeared on June 16, 2022, following a blast  

 

 
Figure 9. Crack appearance as a function of seismic waves. 
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with a recorded PPV of 3.02 mm/s. From that point on, the average PPV value 
was 1.98 mm/s. Over time, the intermediate crack grew in length and severity, 
leading to the first structural crack in the block by the 8th month of monitoring. 

For the laterite block witness house, with 69 blasts exhibiting a PPV greater than 
1 mm/s and an average of 2.14 mm/s, the highest PPV recorded before the ap-
pearance of a crack was 4.89 mm/s. Similarly, for the banco witness house, with 
231 blasts showing a PPV greater than 1 mm/s and an average of 2.30 mm/s, the 
highest PPV before a crack appeared was 7.31 mm/s. These results indicate three 
reference PPV values associated with the appearance of the first intermediate 
crack in the witness houses: 3.02 mm/s for the cinder-block house, 4.89 mm/s for 
the laterite block house, and 7.31 mm/s for the banco house. The average PPV 
values during the blasts were 1.98 mm/s, 2.14 mm/s, and 2.3 mm/s, respectively. 

Based on these findings, it can be concluded that a PPV of 2 mm/s or less for 
dwellings near mines, resulting from vibrations caused by blasting, would mini-
mize the likelihood of cracks in the buildings. This conclusion aligns with the re-
quirements of the Republic of Ghana’s standard, which limits the PPV to no more 
than 2 mm/s at the level of neighboring communities to ensure their physical and 
social safety during blasting operations [25]. 

To determine the blasting parameters, specifically the charge (Q) and the verti-
cal distance from the blasting center to its projection on the ground (h) (see Fig-
ure 5), that respect the threshold value of 2 mm/s for a given horizontal distance, 
d, representing the location of the houses) (see Figure 5), the values of the PPV 
prediction equation as a function of the charge (Q) and the vertical distance (h) 
are presented in Table 5 & Table 6. The shaded cells correspond to the values of  

 
Table 5. Estimated values of PPV a bkQ D−=  with 2 2D d h= +  as a function of charge 
(Q) and blasting vertical distance (h) for the values of 4762k = , 0.869a = , 1.737b = , 
and 220 md = . 

h (m) 
Q (kg) 

10 20 30 40 50 60 70 

300 1.21 2.20 3.14 4.03 4.89 5.73 6.55 

325 1.10 2.01 2.86 3.67 4.45 5.22 5.97 

350 1.00 1.84 2.61 3.35 4.07 4.77 5.45 

375 0.92 1.68 2.39 3.07 3.73 4.37 4.99 

400 0.85 1.54 2.20 2.82 3.43 4.01 4.59 

425 0.78 1.42 2.02 2.60 3.16 3.70 4.23 

450 0.72 1.31 1.87 2.40 2.92 3.42 3.91 

475 0.67 1.22 1.73 2.22 2.70 3.16 3.62 

500 0.62 1.13 1.61 2.07 2.51 2.94 3.36 

525 0.58 1.05 1.50 1.92 2.33 2.74 3.13 
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Continued 

550 0.54 0.98 1.40 1.79 2.18 2.55 2.92 

575 0.50 0.92 1.31 1.68 2.04 2.39 2.73 

600 0.47 0.86 1.23 1.57 1.91 2.24 2.56 

625 0.44 0.81 1.15 1.48 1.79 2.10 2.40 

650 0.42 0.76 1.08 1.39 1.69 1.98 2.26 

675 0.39 0.72 1.02 1.31 1.59 1.86 2.13 

700 0.37 0.68 0.96 1.24 1.50 1.76 2.01 

725 0.35 0.64 0.91 1.17 1.42 1.66 1.90 

750 0.33 0.61 0.86 1.11 1.35 1.58 1.80 

775 0.32 0.58 0.82 1.05 1.28 1.50 1.71 

800 0.30 0.55 0.78 1.00 1.21 1.42 1.63 

825 0.29 0.52 0.74 0.95 1.15 1.35 1.55 

850 0.27 0.50 0.71 0.91 1.10 1.29 1.47 

 
Table 6. Estimated values of PPV a bkQ D−=  with 2 2D d h= +  as a function of charge 
(Q) and blasting vertical distance (h) for the values of 4762k = , 0.869a = , 1.737b =  
and 500 md = . 

h (m) 
Q (kg) 

10 20 30 40 50 60 70 

200 0.63 1.16 1.65 2.12 2.57 3.01 3.44 

225 0.62 1.12 1.60 2.05 2.49 2.92 3.34 

250 0.59 1.09 1.55 1.98 2.41 2.82 3.23 

300 0.55 1.01 1.44 1.84 2.24 2.62 3.00 

325 0.53 0.97 1.38 1.77 2.15 2.52 2.88 

350 0.51 0.93 1.33 1.70 2.07 2.42 2.77 

375 0.49 0.90 1.27 1.64 1.98 2.33 2.66 

400 0.47 0.86 1.22 1.57 1.90 2.23 2.55 

425 0.45 0.82 1.17 1.50 1.82 2.14 2.44 

450 0.43 0.79 1.12 1.44 1.75 2.05 2.34 

475 0.41 0.75 1.07 1.38 1.67 1.96 2.24 

500 0.40 0.72 1.03 1.32 1.60 1.88 2.15 

525 0.38 0.69 0.98 1.26 1.53 1.80 2.05 

550 0.36 0.66 0.94 1.21 1.47 1.72 1.97 

575 0.35 0.63 0.90 1.16 1.41 1.65 1.88 

600 0.33 0.61 0.86 1.11 1.35 1.58 1.81 
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Q and h that result in PPV values greater than 2 mm/s. Using this data, it becomes 
possible to conduct blasting operations with minimal impact on nearby homes. 
For example, for a charge weight between 40 and 60 kg, vertical distances (h) of 
more than 600 m and 500 m are recommended when the houses are located 220 
m (the distance of the witness houses in this study) and 500 m (the standard dis-
tance to maintain in Burkina Faso), respectively. 

4. Conclusion 

The aim of this study was to determine the site constants in order to define the 
experimental law of Peak Particle Velocity (PPV) related to the propagation of 
vibrations caused by rock blasting at the Yaramoko mine. Additionally, it sought 
to identify the maximum PPV value that minimizes the impact of vibrations on 
houses near the mine. Based on previous research, various empirical PPV predic-
tion equations were established, which could also be applied to mining sites with 
a predominance of granitoid rocks, as is the case for mines in Burkina Faso. It has 
also been established that during blasting operations, it is possible to minimize the 
appearance of cracks in nearby buildings by adjusting the blasting parameters to 
ensure that the PPV does not exceed 2 mm/s. This study was conducted in an 
underground mine setting. Expanding this research to other similar mines and 
open-pit mines will help consolidate data related to predicting particle velocity 
induced by blasting in the context of Burkina Faso. 
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