
Page 1 of 25 

 

 

Mine Health and Safety Council 

 

 

 

 

Development of a South African Minimum Standard 

on Ground Vibration, Noise, Air-blast and Flyrock near 

Surface Structures to be Protected 

 

 

Milestone 6: Project Final Report 

 

 

F. Brovko, T. Kgarume, N. Singh, A. Milev, B. Wekesa, R. Durrheim, T. Lumbwe, 

T. Pandelany and M. Mwila 

 

 

 

 

 

 

Research agency: CSIR 

Project number:  SIM 14-09-01 Vibration Monitoring 

Date:   31/03/2016 

 



Page 2 of 25 

 

Table of Contents 

Table of Contents ............................................................................................................ 2 

1 LIST OF FIGURES ................................................................................................... 4 

2 ABBREVIATIONS AND NOMENCLATURE .............................................................. 4 

3 ACKNOWLEDGEMENTS ......................................................................................... 5 

4 EXECUTIVE SUMMARY .......................................................................................... 5 

5 PROJECT INTRODUCTION ..................................................................................... 8 

5.1 Project Aims .......................................................................................................... 8 

5.2 Project Hypothesis ................................................................................................ 8 

5.3 Project Methodology ........................................................................................... 10 

5.4 Project Milestones ............................................................................................... 11 

5.5 Champion Mines ................................................................................................. 11 

6 MILESTONE DELIVERABLES ............................................................................... 12 

6.1 MILESTONE 1: Project initiation ......................................................................... 12 

6.1.1 Results from Milestone 1 ............................................................................... 12 

6.1.2 Conclusions from Milestone 1 ........................................................................ 12 

6.2 MILESTONE 2: Interviews and questionnaires to establish current practice and 

experience ..................................................................................................................... 12 

6.2.1 Results from Milestone 2 ............................................................................... 12 

6.2.2 Conclusions from Milestone 2 ........................................................................ 13 

6.3 MILESTONE 3: Physical measurements at study sites: Peak Particle Velocities 

(PPV); Noise level (Decibels); Dust measurements; Flyrock and Vibrations effecting 

human body and wildlife. ............................................................................................... 13 

6.3.1 Results from Milestone 3 ............................................................................... 13 

6.3.2 Conclusions from Milestone 3 ........................................................................ 14 

6.4 MILESTONE 4: Joint interpretation of the results of the survey and the physical 

measurements, and verifying the results against the norms specified by the South 

African Bureau of Standards. ......................................................................................... 15 

6.4.1 Results from Milestone 4 ............................................................................... 15 

6.4.2 Conclusions from Milestone 4 ........................................................................ 16 

6.5 MILESTONE 5: Scoping of guidelines to ameliorate the effects of blasting on 

people, domestic and wild animals, dwellings, buildings and other civil structures ......... 18 

6.5.1 Results for Milestone 5: ................................................................................. 18 

Factors to consider for a Guideline to minimise open-pit blasting-related incidents ........ 18 

Mandatory compliance: .................................................................................................. 18 

Technical aspects for consideration when drafting the guideline: ................................... 18 



Page 3 of 25 

 

Eliminating the risk ........................................................................................................ 19 

Control the risk at source ............................................................................................... 20 

Minimise the risk at source ............................................................................................ 20 

Provide Protective Controls and Measures to mitigate remaining risk ............................ 20 

Monitor the risk .............................................................................................................. 21 

Flowchart 21 

6.5.2 Conclusions from Milestone 5 ........................................................................ 22 

Stakeholder relations: .................................................................................................... 22 

Mining operations and community establishments ......................................................... 22 

7 GENERAL CONCLUSIONS ................................................................................... 23 

8 RECOMMENDATIONS FOR FURTHER RESEARCH ............................................ 23 

9 RECOMMENDATIONS FOR IMPLEMENTATION FOR THE SECTOR .................. 23 

10 TECHNOLOGY TRANSFER OPTIONS .............................................................. 24 

11 CONCLUSIONS .................................................................................................. 24 

12 REFERENCES.................................................................................................... 24 

13 LIST OF APPENDICES ....................................................................................... 25 

13.1 Appendix A (Milestone 1): Project initiation. ........................................................ 25 

13.2 Appendix B (Milestone 2): Interviews and questionnaires to establish current 

practice and experience. ................................................................................................ 25 

13.3 Appendix C (Milestone 3): Physical measurements at study sites: Peak Particle 

Velocities (PPV); Noise level (Decibels); Dust measurements; Flyrock and Vibrations 

effecting human body and wildlife. ................................................................................. 25 

13.4 Appendix D (Milestone 4): Joint interpretation of the results of the survey and the 

physical measurements, and verifying the results against the norms specified by the 

South African Bureau of Standards. ............................................................................... 25 

13.5 Appendix E (Milestone 5): Scoping of guidelines to ameliorate the effects of 

blasting on people, domestic and wild animals, dwellings, buildings and other civil 

structures ....................................................................................................................... 25 

14 WEB PAGE ......................................................................................................... 25 

 



Page 4 of 25 

 

1 LIST OF FIGURES 

Figure 1 Safe levels of blasting vibration for houses using a combination of velocity and 

displacement USBM RI 8507 safe blasting levels (Siskind, 1980) ................................... 9 

Figure 2 Risk mitigation flowchart for open pit blasting operations ................................. 21 

 

2 ABBREVIATIONS AND NOMENCLATURE 

 Airblast: A transient change in air pressure arising from the detonation of an 

explosive that travels through the air at the local speed of sound. 

 BAA: Blast Analysis Africa 

 Bench: A narrow, strip of land cut into the side of an opencast / open-pit mine. 

 Burden: The shortest distance between the hole and the exposed bench face. 

 CWVP: Chest Wall Velocity Predictor 

 CGS: Council for Geosciences 

 CoP: Code of Practice 

 dB: Decibel 

 DMR: Department of Mineral Resources 

 MQA: Mining Qualifications Authority 

 MRAC: Mining Regulations Advisory Committee, 

 MHSC: Mine Health and Safety Council 

 MHSI: Mine Health and Safety Inspectorate 

 OSMRE: Office of Surface Mining Reclamation and Enforcement 

 Overpressure: Pressure caused by a shock wave over and above normal 

atmospheric pressure. 

 PPV: Peak Particle Velocities 

 SANS: South African National Standards 

 USBM: United States Bureau of Mines 
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4 EXECUTIVE SUMMARY 

Mining is a cornerstone of the South African economy and a source of employment and 

revenue. However, mining operations may have negative impacts on nearby 

communities and other natural resources. In opencast mining, explosives are used to 

break the rock and produces shock waves that shake the ground, and may cause 

damage to nearby dwellings, buildings, and structures. The explosions may also fling 

rock fragments into the air, posing a risk to life and property. Furthermore, the noise and 

dust produced by the blast may be a nuisance to people, domestic animals and wildlife. 

The major hazards associated with blasting are ground vibration, airblast, flyrock, noise 

and dust. In recent years the impact of blasting activities at opencast mines on nearby 

communities has given rise to numerous complaints to mine owners and the Mine Health 

and Safety Inspectorate. In order to mitigate the negative impacts of opencast mining, it 

is necessary to understand the interaction between explosives and rock, the propagation 

of shock waves through the earth and the air, and the effect of these waves on people, 

animals and structures. International and local guidelines governing blasting practice 

already exist. However they are not always applicable to the local conditions.  

 

In Milestone 1 (Appendix A), a start-up presentation was given to the MHSC and 

SIMRAC representatives. Following this presentation, three mines (different commodities 

and regions) were selected to participate in the study. These champion mines are 

surface mining operations and were selected from previous scanning of news media. All 

the identified mines are surrounded by communities or farmers who have expressed 

concern about the effects of blasting on their quality of life. The mining companies all 

welcomed the study and understood the importance of the study outcomes.  
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In Milestone 2 (Appendix B) an assessment of the challenges experienced by 

communities around surface mining with regards to nearby blasting operations was 

undertaken. In undertaking this task, the focus was on engaging with the communities as 

well as the technical staff of the mines. The mining staff interviews were completed 

successfully. The completion of the community interviews were negatively impacted by 

community protests as well as the request by the local leaders to be included in the 

process. The community survey results from the first community interviewed around the 

Platinum mine gave sufficient insight and provided a valuable baseline for the project to 

go ahead. The survey team conducted additional community surveys at the coal and gold 

mines to supplement obtained results and to aid in further fine tuning the process.  

 

The completed surveys indicated that some of the reported damage was not directly 

attributed to blasting. It was also evident that there are no clear guidelines on how mining 

can operate within established communities, or on how communities should interact with 

already established mines. 

 

In Milestone 3 (Appendix C) measurements of the ground motion caused by blasting 

were undertaken at the champion mines. The results recorded by the mines during the 

survey were compared to the results obtained by the survey team. It was found that the 

data recorded by the mines were in good agreement with the data recorded by the 

survey team. Therefore for statistical purposes the data sets accumulated by the mines 

over the past few months were used during analysis in the next Milestone.  

 

In Milestone 4 (Appendix D) the results of the survey and the physical measurement data 

accumulated by the mines over the past few months were verified against the norms 

currently used by the mines and those specified by the South African Bureau of 

Standards and the United States Bureau of Mines Standard (USBM). The South African 

standards for ground-borne vibration measurements exist as part of the South African 

National Standard (SANS) 4866:2011. However they are very broad and are not 

necessarily designed for opencast mining. It was found that most of the mines currently 

use the United States Bureau of Mines Standard (USBM) RI 8507 (Siskind, 1980) as a 

criterion for safety limits. This standard gives a good estimation of the safety limits in 

opencast mining. However it is not always applicable to the local conditions, e.g. when 

dwellings are constructed with inferior materials or are not built to withstand dynamic 

loading. 
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It was found that there is no standard monitoring practice. Practice varies between the 

mines, and, in some cases, the practice on a particular mine has changed with time and 

contractors. However, all blasting practitioners at the champion mines were familiar with 

international standards, particularly the safe level thresholds published by the US Bureau 

of Mines, especially Report of Investigations 8507 (Siskind et al., 1980), and these were 

used as criteria for blast design. The PPV data from the platinum and coal mines were 

compared with the trend line for US quarries and coal mines published in USBM RI8507 

and were found to be similar. The amplitude of the airblast was also plotted against 

scaled distance. However, the data did not produce the expected decay of amplitude with 

scaled distance. The explanation for the variation can probably be found in the various 

mechanisms that give rise to the airblast (the air pressure pulse, rock pressure pulse, gas 

venting pulse and stemming release pulse), coupled with the influences of weather and 

wind. 

 

Milestone 5 (Appendix E) is the final output of this project. It is a document that describes 

leading international and local practice for designing, executing and monitoring opencast 

blasts and dealing with nearby communities, and recommends practices, procedures and 

standards that take the South African situation into account. 

 

A host of blasting guidelines, standards, practices and procedures have been published 

by various international and local government agencies, explosives companies and 

professional societies.  

 

The output of this milestone is driven by guidance received from the MHSC. The email 

correspondences between the MHSC and the CSIR dated 10 March 2016 and 15 April 

2016 stated that this milestone will only provide (research based) outputs that will assist 

MRAC in drafting the final Guidelines to reduce the risk posed by open pit mines in line 

with the title of the project. They can be revised accordingly, and, if deemed necessary, 

issued as guidelines for the compilation of mandatory Codes of Practice by mines 

practising opencast blasting. 
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5 PROJECT INTRODUCTION 

5.1 Project Aims 

The expected outcomes of the project are as follows: 

 

1. Survey and assessment of the challenges experienced by communities that 

surround mines that conduct blasting operations, taking into account the following: 

1.1 Damage to infrastructure, 

1.2 Health and safety implications, and 

1.3 Impact on animals and wildlife. 

 

2. Guidelines with minimum standards that address the following issues: 

2.1 Pre-blasting survey of structures, 

2.2 Safe level blasting criteria, 

2.3 Ground vibration control – acceptable levels, mean particle velocity (mm/s), 

2.4 Air blast acceptable noise levels (Decibels), 

2.5 Flyrock control measures 

2.6 Dust measurements, 

2.7 Standards around pipelines, electricity pylons, dams and concrete structures, 

2.8 Drilling patterns, 

2.9 Type and amount of explosives that may be used, size of blast and timing of 

the round, 

2.10 Tolerable distances from buildings and other structures, 

2.11 Building standards to withstand future vibration exposure, and 

2.12 Protection of present structures to mitigate the effect of blasting vibration. 

 

 

5.2 Project Hypothesis 

International and local guidelines governing blasting practice already exist but they 

are however not always applicable to the local conditions. The most common 

practice currently used by the opencast mines in South Africa is the USBM (Siskind 

et al., 1980). The safe level blasting criterion for frequencies in the range 1 Hz to 

100 Hz, which covers the frequency range typically encountered in surface 

blasting, is shown in Figure 1. 
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Figure 1 Safe levels of blasting vibration for houses using a combination of velocity and 

displacement USBM RI 8507 safe blasting levels (Siskind, 1980) 

 

The “International Standards Mechanical vibration and shock — Vibration of fixed 

structures — Guidelines for the measurement of vibrations and evaluation of their 

effects on structures, First edition 4866:1990 (E)” was published in 1990. This 

standard was used as a base for the South African National Standard for 

mechanical vibrations. 

 

The “South African National Standard (SANS) 4866:2011. Mechanical vibration and 

shock — Vibration of fixed structures — Guidelines for the measurement of 

vibrations and evaluation of their effects on structures” was published in 2010. It is 

identical to the guideline ISO 4866:2010 published by the International 

Organization for Standardization in 2010, and adopted with their permission. 

 

The South African National Standard specifies measuring ranges for various 

vibration sources. However the norms for the different types of vibrations are very 

broadly stated and are not necessarily designed for opencast mining. There is a 
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need to develop an appropriate standard especially designed for the South African 

opencast mines based on the international criteria but modified for the local 

conditions. 

 

5.3 Project Methodology 

The following methodologies were implemented: 

 

1. Identify mines where surrounding communities have expressed concerns 

regarding the effect of blasting on the quality of life. 

 

2. Interview mine operators, technical specialists, the mining inspectorate and 

community members to establish current practice and experience with regard 

to: 

 Damage or nuisance caused by blasting, 

 Pre-blasting surveys of structures,  

 Blast design (e.g. type and amount of explosives, size of blast, timing of 

the round, drilling patterns),  

 Ground vibration control, 

 Air blast acceptable noise levels (Decibels), 

 Techniques to monitor and control flyrock,  

 Tolerable distances from buildings and other structures, 

 Current standards around pipelines, electricity pylons, dams and 

concrete structures, 

 Protection of present structures to mitigate the effect of blasting 

vibration, and  

 Building standards to withstand future vibration exposure 

 

3. Make physical measurements of: 

 Peak Particle Velocities (PPV), 

 Noise, 

 Vibrations affecting humans and wildlife, and 

 Dust. 
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4. Interpret the results of the surveys and the physical measurements, considering 

norms specified by the South African Bureau of Standards and similar agencies 

worldwide. 

 

5. Formulate guidelines to ameliorate the effects of mining blasts on people, animals, 

and built structures. 

 

5.4 Project Milestones 

 Milestone 1: Project initiation: Start-up presentation and Identification of 

study sites amongst the variety of opencast mining operation in South Africa 

(Appendix A); 

 Milestone 2: Interviews and questionnaires to establish current practice and 

experience (Appendix B); 

 Milestone 3: Physical measurements at study sites: Peak Particle Velocities 

(PPV); Noise level (Decibels); Dust measurements; Flyrock and Vibrations 

effecting human body and wildlife (Appendix C); 

 Milestone 4: Joint interpretation of the results of the survey and the physical 

measurements, and verifying the results against the norms specified by the 

South African Bureau of Standards (Appendix D); 

 Milestone 5: Scoping of guidelines to ameliorate the effects of blasting on 

people, domestic and wild animals, dwellings, buildings and other civil 

structures (Appendix E); 

 Milestone 6: Draft final report (submission); 

 Milestone 7: Final Report (approval). 

 

5.5 Champion Mines 

The names of the mines that participated in the study are deliberately withheld due 

to confidentiality requirements and will only be disclosed at the end of the project. 

The commodities and location of the mines are: 

 A platinum mine in the Limpopo Province;  

 A gold mine in Gauteng;  

 A coal mine in Mpumalanga; and  

 A coal mine in Limpopo (for the staff interviews only).  
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All of these mines are surface mining operations and were selected from previous 

scanning of news media. All the identified mines are surrounded by communities or 

farmers who have expressed concern about the effects of blasting on their quality 

of life. The mining companies all welcomed the study and understood the 

importance of the study outcomes. 

 
6 MILESTONE DELIVERABLES  

6.1 MILESTONE 1: Project initiation 

6.1.1 Results from Milestone 1 

Project initiation: 

 Start-up presentation (Appendix A), and  

 Identification of study sites  

6.1.2 Conclusions from Milestone 1 

The scope of the project was presented to SIMRAC and the MHSC. 

Following this presentation, the mines were selected for the study.  

 

6.2 MILESTONE 2: Interviews and questionnaires to establish current practice 

and experience 

Some key results and conclusions from Milestone 2 are presented below. Greater 

detail is provided in the milestone report (Appendix B).   

 

6.2.1 Results from Milestone 2 

All the residential buildings surveyed in the three study regions, that is, 

Limpopo, Mpumalanga and Gauteng were constructed of burnt clay bricks 

or concrete blocks. Masonry construction is the norm in South Africa and it 

is based on the recommendation of SANS10400. It is worth noting that 

masonry constructions have significant compressive strength and limited 

ability to accommodate tensile stress or horizontal loading. As a 

consequence if tensile stress or horizontal loading occurs the building is 

likely to crack. 

 

Generally in South Africa, there is no specific regulation pertaining to 

design and construction of buildings in mining areas. The mining houses 

have adopted limiting criteria published by the US Bureau of Mines and 

the US Office for surface Mining (OSM). The guidelines envisages building 
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structures be constructed in accordance with good building practices 

(norms and standards), which is not the case in all the study areas. It is 

also evident that there are no clear guidelines on how mining can operate 

within established communities, or on how communities should interact 

with already established mines.   

 

6.2.2 Conclusions from Milestone 2 

The following are general conclusions made from the observations and 

interviews:  

 From the participating mines, the USBM standard is the generally 

accepted standard used. 

 The number of new developments is constantly changing and thus 

makes it difficult to assess each new house being built. 

 The community surveys have shown that there are high levels of 

distrust between the communities and the mines. 

 The communities are generally unhappy with the standards as used by 

the mines and even though the mine standards meet the international 

regulatory codes of practice this does not meet the expectations of 

those who live in the communities. 

 The houses showed varying degrees of damage. However there were 

also varying degrees of build quality. It was difficult from a visual 

inspection to distinguish between the two. 

 There are high levels of anecdotal evidence and commentary of 

negative impacts from blasting and this must be managed urgently. 

 

6.3 MILESTONE 3: Physical measurements at study sites: Peak Particle 

Velocities (PPV); Noise level (Decibels); Dust measurements; Flyrock and 

Vibrations effecting human body and wildlife. 

Some key results and conclusions from Milestone 3 are presented below. Greater 

detail is provided in the milestone report (Appendix C). 

 

6.3.1 Results from Milestone 3 

Measurement of the ground motion caused by blasting at all three mines 

was successfully concluded. The data recorded at the 3 mine sites during 

the study by the Council for Geosciences (CGS) and Blast Analysis Africa 
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(BAA) were compared to the data recorded by the mines at the same time. 

The data points recorded by the survey team show a good correlation with 

the data recorded by the three mines. However, the PPV values obtained 

during the study fall within the lower dynamic range. Because the mines 

historic data fall in both the lower and upper PPV ranges, it is important to 

correlate the PPVs from the lower and the higher dynamic range. The 

platinum mine has higher historic PPV measurements compared to the 

gold and coal mines, and is thus used for the correlation between the 

lower and upper PPV ranges.  

 

To further increase confidence in the quality of the data sets recorded by 

the mine, two additional analyses have been undertaken. The first analysis 

was to test the consistency of the PPVs as recorded in all three directions, 

Longitudinal, Transverse and Vertical. Due to effects of heterogeneity and 

anisotropy, the PPVs in all three components are similar. The second 

analysis was to confirm that the trend of the data is similar to the trend of 

the USBM data that was used to set the safe limits for open cast mining 

(Siskind et al., 1980). The relationship between the PPVs recorded by the 

platinum mine and the scaled distance were analysed. The relationship 

was found to be similar to international studies.  

 

Thus, for statistical purposes, the historic data sets from the mines were 

used in further analyses in Milestone 4. 

 

6.3.2 Conclusions from Milestone 3 

The data recorded during the course of this study are in good agreement 

with the data recorded by the mine. Therefore for statistical purposes the 

data sets accumulated by the mine will be used in defining the guidelines. 

 

Currently most of the mines are using USBM RI 8507. This standard gives 

a good estimation for the safety limits in opencast mining. However they 

are not always applicable to the local conditions. 

 

The South African standards for ground borne vibration measurements 

exist as part of document South African National Standard (SANS) 
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4866:2011. However they are very broad and are not necessarily designed 

for opencast mining. 

 

Tests were performed at three different mines to quantify the pressure 

levels that humans are exposed to in the vicinity of the mines. The 

pressure data was only captured at the platinum mine, where two tests 

were performed. The calculated Chest Wall Velocity Predictor (CWVP) 

from the two tests at the platinum mine will produce a low probability of 

injury from the distance in which the measurements were taken. The 

probability of hair cell damage and eardrum rupture is very low. 

 

Dust fall-out data from three opencast mines has been analysed. Focus 

was placed on the dust monitoring at the communities surrounding the 

mining operations. The data was interpreted against the Air Quality Act, 

2004 in terms of the prescribed fall-out rate for residential areas. Generally 

the dust fall-out rates was within the prescribed limits but it was found that 

the limit was exceeded in some months. Also the required permitted 

frequency of exceeding dust fall-out rates was exceeded on a few 

occasions. 

 

6.4 MILESTONE 4: Joint interpretation of the results of the survey and the 

physical measurements, and verifying the results against the norms 

specified by the South African Bureau of Standards. 

Some key results and conclusions from Milestone 4 are presented below. Greater 

detail is provided in the milestone report (Appendix D). 

 

6.4.1 Results from Milestone 4 

It was found that there is no standard monitoring practice. Practice varies 

between the mines, and, in some cases, the practice on a particular mine 

has changed with time and contractors. It was found that there is no 

standard data analysis practice. Practice varies between the mines and 

blasting practitioners. Again, this was not surprising, as there are no local 

guidelines and standards. 
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PPV data from the platinum and coal mines were compared with the trend 

line for US quarries and coal mines published in USBM RI8507. This is the 

standard way to relate PPV to distance and charge/delay, the main factors 

that affect PPV. The trend lines of the data and the USBM RI8507 were 

similar. There is considerable scatter in the data. 

 

The amplitude of the airblast was also plotted against scaled distance. 

However, the data did not produce the expected decay of amplitude with 

scaled distance.  

 

A few instances were reported of flyrock beyond the pits at the platinum 

and gold mines, but were within the blast area. No flyrock was reported at 

the coal mine. 

 

Dust measurements were generally well within the prescribed limits, with a 

few exceptions from the gold and coal mines. It should be noted that one 

of the problems with the dust measurements, particularly around the gold 

and coal mine, is distinguishing between the dust produced by the blast, 

existing mine dumps and other mining operations e.g. loading, hauling and 

crushing. 

 

The community surveys have shown that there are high levels of distrust 

between the communities and the mines. 

 

6.4.2 Conclusions from Milestone 4 

Some of the main conclusions are summarised below: 

 

Physical measurements and standards 

 In the absence of any local guidelines, the USBM standard RI8507 

(Siskind et al., 1980) is generally used to assess whether ground 

vibrations exceed safe limits. Community members are generally 

unhappy with the standards used by the mines as damage and/or 

deterioration of buildings is notices, which many attribute to blasting.  

 The South African standards for ground-borne vibration 

measurements exist as part of the document South African National 
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Standard (SANS) 4866:2011. However, they only give specifications 

for monitoring, and do not provide safe limits. 

 Airblast was mostly below the 134 dB limit. However, the analysis of 

air pressure versus scaled distance was puzzling, as it did not show 

the expected fall-off with scaled distance. 

 Tests were performed to quantify the air pressure levels that humans 

are exposed to in the vicinity of the mines. The calculated Chest 

Wall Velocity Predictor (CWVP) from the two tests at the platinum 

mine in Limpopo indicated that there is a low probability that the 

overpressure associated with the blast will cause injury in nearby 

communities. The probability of hair cell damage and eardrum 

rupture is also very low. 

 

Impact of blasting on buildings in nearby communities 

 It was found that most of the buildings close to the three mines 

investigated were constructed of hollow concrete blocks with timber 

and iron sheet roofs. Homes are continuously being built or altered, 

which makes it difficult to assess each structure. 

 Many showed some degree of damage and deterioration. It was 

difficult from a visual inspection to distinguish between damage due 

to poor design, construction, soil conditions and blast-induced 

vibrations. Furthermore, vibrations could exacerbate damage 

originating from other causes. 

 

Perceptions of communities with respect to opencast mines 

 Most interviewees reported that they did not receive warnings of 

blasting activities and that they experience anxiety and fear due to 

the blasting. The procedures for lodging complaints were not clear to 

the community members and that they had little hope of recourse 

should they not receive a satisfactory response from the mine. 

 The community surveys show that there are high levels of distrust 

between the communities and the mines.  
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6.5 MILESTONE 5: Scoping of guidelines to ameliorate the effects of blasting on 

people, domestic and wild animals, dwellings, buildings and other civil 

structures 

Some key results and conclusions from Milestone 5 are presented below. Greater 

detail is provided in the milestone report (Appendix E). 

 

6.5.1 Results for Milestone 5: 

 

Factors to consider for a Guideline to minimise open-pit blasting-

related incidents 

Based on the feedback from the MHSC, the CSIR is not required to 

develop Guidelines but simply provide research outputs from all 

milestones to assist MRAC in the drafting of Guidelines for open-pit 

blasting operations to minimise blast induced damage. Some of the 

relevant factors are listed below. 

 

Mandatory compliance: 

 The Guideline document must adhere to the guideline template as 

set by the DMR and must cover the relevant legislations such as 

but not limited to the South African constitution, the Mine Health 

and Safety Act and the Mining Charter. 

 Section 9 of the Mine Health and Safety Act defines the sequence 

in which hazards should be dealt with in a Code of Practice (CoP). 

Therefore the Guideline document must also adhere to the hazard 

identification process as followed in a CoP.  

 

Technical aspects for consideration when drafting the guideline: 

Section 9.3.2 of Milestone 5 identifies the factors that must be considered 

as far as reasonably practicable in a CoP. To reiterate, these are: 

i. Eliminate the risk,  

ii. Control the risk at source,  

iii. Minimise the risk,  

iv. Provide personal protective equipment, and 

v. Monitor the risk.  

 



Page 19 of 25 

 

During the project it was realised that point iv above needed to be 

expanded, since the risks due to blasting also affect communities 

surrounding the mine. It is suggested that this point be renamed to 

“Protective Controls and Measures (PCM)” which involves but is not 

limited to only PPE for mine personnel. It also includes but it is not limited 

to the implementation of a proper warning system to notify and alert the 

surrounding communities of the impending activity. Therefore, the 

following technical aspects should be considered: 

i. Eliminate the risk,  

ii. Control the risk at source,  

iii. Minimise the risk,  

iv. Provide protective controls and measures (PCM), and 

v. Monitor the risk.  

 

The process above requires that the risk be completely eliminates as a 

first price. If the risk cannot be completely eliminated, then the next step is 

to control the risk at source. If the risk is still persistent attempts have to be 

made to minimise the risk and provide necessary Protective Controls and 

Measures to all affected. In addition, the monitoring of the risk and the 

effectiveness of the controls must be continuously undertaken until it can 

be proven that the risk has been eliminated. In lieu of the risks associated 

with open pit blasting and the process described above, the following is 

provided: 

 

Eliminating the risk  

The mining operation needs to determine the most appropriate way of rock 

breaking (blasting or non-blasting). As an example, if blasting is 

considered to be high risk, the mine should seek alternative methods of 

rock breaking such as mechanical ripping. Any method that will be 

deployed will have its own associated risks and costs. The mines will be 

required to undertake an assessment of what is most feasible. However, it 

is expected that in many cases blasting will prove to be the only viable 

method of removing most of the overburden ore.  
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Control the risk at source  

When blasting is deemed the only rock breaking technique, implying that 

the risk could not be eliminated, the following steps have to be 

implemented to control the blasting related risks at source: 

 Undertake a risk assessment to identify potential risks. For this 

project the focus was on the following risks: ground vibration, noise, 

airblast and flyrock. Milestone 5 describes these risks in detail.  

Note: For this section of the report, the controls from the literature as 

well as the current practices were tabulated against each of the 

identified risks and are presented in Milestone 5. 

 When trying to determine the upper bound, the following example 

should be considered as guidance: If structural damage occurs at 

20mm/s, however impact on humans and animals is at 50mm/s, then 

for design purposes the lower bound of 20mm/s should be 

considered.  

 

Minimise the risk at source  

When the blasting related risks cannot be well controlled at source, the 

process requires that the risk be minimised. Milestone 5 has tabulated 

examples of possible mitigating actions that could be taken to minimise the 

risk. 

 

Provide Protective Controls and Measures to mitigate remaining risk  

The process dictates that even though steps are taken to minimise the 

risk, that it is necessary to provide Protective Controls and Measures to 

further mitigate the risk: 

 There needs to be a proper warning system in place on the mine as 

well as in the surrounding communities to notify and alert every one 

of the impending activity. During the project, community members 

were vociferous for the need to have such audible alarms located in 

the communities and not just in the mine areas.  

 There needs to be increased awareness and education campaigns 

in communities surrounding the mines regarding blasting operations 

and the associated risks. 
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 The community should be assisted to implement measures to 

reduce the risk of damage to buildings by adopting suitable building 

practices. 

 Facilitate access to animal care services for the community in the 

event of animal trauma complaints.  

 

Monitor the risk  

It is imperative that all the identified risks and controls are strictly 

monitored using the best available technology. Complaints, pre-blast 

surveys, post-blast surveys, and remedial actions must be documented. 

Detailed monitoring technics are given in Milestone 5. 

 

Flowchart  

The following flowchart (Figure 2) is provided as a draft for the committee 

to consider as a visual tool to depict the processes to be followed in risk 

mitigation for open pit blasting operations explained in Milestone 5. 

 

 

Figure 2 Risk mitigation flowchart for open pit blasting operations 
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6.5.2 Conclusions from Milestone 5 

 

Stakeholder relations: 

 During this project, through community engagement, a strong 

common theme coming through was the need for improved relations 

between the mines and the surrounding communities.  

o Continual communication with nearby residents, communities 

and landowners is of utmost importance.  

o The community should be assisted to implement measures to 

reduce the risk of damage to buildings by adopting suitable 

building practices.  

o Blasting schedules should be communicated with communities 

to identify times that will minimise annoyance.  

o Adequate and effective warning of any blast must be given. 

o Any complaints should be dealt with fairly and speedily.  

 The role of the DMR in areas where there is high conflict should be 

more visible, to act as a mediator between the mines and the 

communities.  

 Ideally, pre-blast surveys should be made of all existing and new 

structures. The frequency of these surveys needs to be determined 

by the mine, based on its risk assessment and in consultation with 

the communities.  

 Similarly all post-blast surveys need to be shared with the 

communities.  

 Any flyrock incidents must be investigated and dealt with as matters 

of utmost importance and need to be shared with the communities. 

 There needs to be stronger regulation on building practices in and 

around mining areas. Further to this, there needs to be an education/ 

awareness campaign on the risks associated with using inferior 

building material during construction. This could be a joint initiative 

between local government and the mining companies.  

 

Mining operations and community establishments  

From our study, it was clear that there are two key areas that are impacted 

on by blasting operations. These are:  
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1. Human settlement encroach on existing mining operations 

2. Mining commences within human settlement areas.  

It can be postulated that the processes outlined in this document, if applied 

to either one of the 2 areas, will mitigate the risk adequately.  

 

7 GENERAL CONCLUSIONS 

 The project ended up being more challenging than initially anticipated because of 

the sensitivities around engaging with communities.  

 

 The need for this project became more apparent as the project advanced, and this 

was confirmed by interviews with community members. During the project, there 

were strikes at one of the mines related to the issues that this project is addressing. 

 

 It is evident that there are no clear guidelines on how mining can operate within 

established communities, or on how communities should interact with already 

established mines. 

 

8 RECOMMENDATIONS FOR FURTHER RESEARCH 

Further work is recommended in the following areas: 

 Alternative building material - converting waste rock to building materials.  

 Vibration monitoring investigations near opencast mining of commodities not 

included in this study e.g. quarries and other minerals mined in South Africa. 

 Investigation of building codes of practices for different buildings (eg. Cement, 

hollow blocks, mud huts). 

 Conducting a series of controlled experiments to measure the response of different 

building.  

 Conducting a series of controlled experiments to study the response of animal/ 

wildlife on sound and vibration.  

 

9 RECOMMENDATIONS FOR IMPLEMENTATION FOR THE SECTOR 

 It is recommended that pre-blasting surveys be undertaken regularly to assess the 

status of the structures to be protected; 

 Each mine should draft its own CoP which should be verified by the DMR. 

 Greater improvement of the mine – community communication; 
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10 TECHNOLOGY TRANSFER OPTIONS 

 Guidelines to be disseminated to opencast mines; 

 Guidelines to be incorporated into a post graduate blasting course;  

 DMR to publish guidelines and circulate to regional tripartite forums; 

 On approval of the guidelines, a flow chart will be drafted summarising the 

guidelines. 

 

11 CONCLUSIONS 

The guidelines and leading practices identified in this report should be reviewed by the 

Mining Regulations Advisory Committee (MRAC) and other interested and affected 

parties. They should be revised accordingly, and, if deemed necessary, issued as 

guidelines for the compilation of mandatory Codes of Practice by mines practising 

opencast blasting. 
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4 Overall Project Summary 

 

WHAT WAS PLANNED FOR THE 

QUARTER? 

WHAT WAS ACHIEVED? REASONS FOR 

DEVIATION 

1. Project initiation: 

 Identification of study sites 

(candidates include a platinum 

mine, coal mine, and a gold 

mine), 

 Start-up presentation. 

 Completed successfully No deviation 

2. Interviews and questionnaires to 

establish current practice and 

experience. These will address the 

following topics: 

 Pre-blasting surveys of 

structures, criteria for safe 

blasting, and ground vibration 

control. 

 Noise levels of air blasts, 

techniques to monitor flying 

rocks, and dust. 

 Type and amount of explosives 

that are used, the size of blasts 

and the timing of the rounds, 

drilling patterns. 

 Tolerable distances to buildings 

and other structures, building 

standards to withstand future 

vibration exposure, current 

standards for pipelines, 

electricity pylons, dams and 

concrete structures, and 

measures to protect structures 

to mitigate the effects of 

blasting vibration. 

 The mining staff interviews 

were completed successfully. 

 

 The community survey 

results from the Platinum 

Mine gave sufficient insight 

and provided a valuable 

baseline for the project to go 

ahead. 

 

 The survey team conducted 

additional community 

surveys at coal and gold 

mines during Milestone 3 to 

supplement obtained results 

and aid in further fine tuning 

the process.  

 

The completion of 

this milestone was 

negatively impacted 

on by the community 

protests as well as 

the request by the 

local leaders to be 

included in the 

process. A special 

request to the MHSC 

was drafted to 

request help from the 

DMR in particular, 

the Mpumalanga 

Region.  

3 Physical measurements at 

study sites: 

 Peak Particle Velocities (PPV) 

and Accelerations (PPA), 

 Noise level (Decibels), and 

 Vibrations effecting human 

body and wildlife 

 This task earlier to support 

the evaluation of damages at 

local communities. A 

measurement within wide 

frequency range has been 

conducted at the Limpopo 

Platinum Mine.  

Early start this 

milestone has to be 

completed by the end 

of January 2016 

4. Joint interpretation of the results 

of the survey and the physical 

measurements,  and verifying the 

results against the norms specified 

 This milestone started in 

together with Milestones 2 

and 3. At this stage the 

quality of the data is currently 

The Milestone is due 

at the end of 

February 2016 
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by the South African Bureau of 

Standards 

being verified and existing 

reports written by the mines 

are being received. 

5. Scoping of guidelines to 

ameliorate the effect of blasting on 

people, domestic and wild animals, 

dwellings, buildings and other civil 

structures. 

 This milestone will 

commence on January 2016 

Due by end of March 

2016 

6. Draft final report (submission)  This milestone will 

commence in January 2016 

Due by end of March 

2016 

7. Final report (approval)  Subject to MHSC  
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5 Executive Summary for Milestone 

 
The aim of Milestone 2 was to undertake an assessment of the challenges experienced 

by communities around surface mining with regards to nearby blasting operations. In 

undertaking this milestone, the focus was on engaging with the communities as well as 

the technical staff of the mines. Survey forms were developed and used in the 

assessment, since the initial engagements resulted in communities reporting on issues 

not relevant to the project. The survey questionnaire thus allowed for a more focused 

engagement. 

 

The completion of this milestone was negatively impacted on by the community protests 

as well as the request by the local leaders to be included in the process. A 

memorandum to the MHSC was sent requesting help from the Department of Mineral 

Resources (DMR) in the Mpumalanga Region.  

 

The completed surveys show that some of the reported damage is not directly 

attributable to blasting. However, this it is not a definitive conclusion.  

 

Note 

Originally the project was planned to start from December 2014. However the project file 

was misplaced by the MHSC after the project has been awarded to CSIR. It took several 

months to reproduced the file and recollect all necessary signatures. All the documents 

were finalised on the 19th of March 2015, which marked the start of the project. The 

CSIR is awaiting the addendum to the contract stating the revised dates.  
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6 Overall Project Aims and Objectives 

 

The expected outcomes of the project are as follows: 

 

1. Survey and assessment of the challenges experienced by communities that surround 

mines that conduct blasting operations, taking into account the following: 

1.1 Damage to infrastructure; 

1.2 Health and safety implications; and 

1.3 Impact on animals and wildlife. 

 

2. Guidelines with minimum standards that address the following issues: 

2.1 Pre-blasting survey of structures; 

2.2 Safe level blasting criteria; 

2.3 Ground vibration control – acceptable levels, mean particle velocity (mm/s); 

2.4 Air blast acceptable noise levels (Decibels); 

2.5 Fly rock control measures; 

2.6 Standards around pipelines, electricity pylons, dams and concrete structures; 

2.7 Drilling patterns; 

2.8 Type and amount of explosives that may be used, size of blast and timing of 

the round; 

2.9 Tolerable distances from buildings and other structures; 

2.10 Building standards to withstand future vibration exposure; and 

2.11 Protection of present structures to mitigate the effect of blasting vibration. 

 

 

 

 



Page 8 of 69 

 

7 Project Schedule and Gantt Chart 

 

Planned:    

Completed 

Approved Extension 

 

No. Milestone 04/ 
2015 

05/ 
201
5 

06/ 
2015 

07/ 
2015 

08/ 
2015 

09/ 
2015 

10/ 
2015 

11/ 
2015 

12/ 
2015 

01/ 
2016 

02/ 
2016 

03/ 
2016 

1 Project initiation 

 

            

2 Questionnaire surveys in the affected areas  

 

           

3 Physical measurements 

 

            

4 Integrated interpretation of the results of the survey 
and the physical measurements, and comparison with 
the norms specified by the South African Bureau of 
Standards and similar agencies worldwide. 

            

5 Scoping of guidelines to ameliorate the effects of 
blasting on people, domestic and wild animals, 
dwellings, buildings and other civil structures. 

            

6 Draft final report             

7 Final Report             
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8 Milestone Delivery 

 Introduction 8.1

In order to understand the blasting practices undertaken by surface mining operations in South 

Africa and to assess the effects of blasting on nearby communities, the CSIR interviewed mine 

blasting personnel and community members. The interviews were designed to provide the 

research team with objective assessments via two questionnaires, specifically designed for the 

mine personnel and community members. The two questionnaires are discussed below. 

 

a) The Technical Questionnaire 

The technical questionnaire was aimed at surface mining operations personnel to 

understand the current blast practices e.g. type and amount of explosives, size of blast, 

timing of the round, drilling patterns (see Appendix A). In this questionnaire all questions 

were open-ended qualitative questions and the answers were summarised. As per 

proposal, mining personnel from four mines spanning different commodities namely; 

Platinum, Gold and Coal were interviewed with the purpose of understanding their blasting 

practices across the different commodities. The mine personnel who were interviewed 

were blasting engineers, community liaison officers and environmental officers. 

The technical questionnaire (Appendix A) was aimed at mine personnel to understand the 

different blast practices currently in use: 

 Type and amount of explosives;  

 Size of blast;  

 Timing of the round; and 

 Drilling patterns.  

 

b) The Community Questionnaire 

The community questionnaire was aimed at community members located within close 

proximity to the mines, in order to assess their perceptions of damage or nuisance caused 

by blasting to individuals, their property, their domestic animals and wildlife in the area, as 

well as any mitigation actions such as pre-blasting surveys of structures, repairs, etc. (see 

Appendix B). Initial discussions set up showed that communities used this as a platform to 

bring all non-project related issues to the fore. Thus it was decided to use closed and 

open-ended qualitative and quantitative questions. This questionnaire, although very 

focused, also allowed for community members to express their opinions rather than just 

answer ‘leading questions’. Descriptive statistical analysis and thematic content analysis 

were used to interpret the questionnaire results. In addition, the houses of the interviewed 

individuals were photographed and inspected in detail by a structural engineer. The 
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checklist for physical measurements taken on the infrastructure (residential buildings) is 

attached, Appendix C. 

 

c) The effects of blasting on infrastructure  

This study focuses on residential buildings found within the vicinity of mining activities. 

The United Kingdom’s Building Research Establishment (BRE) Digest 251 (BRE, 1995) 

categorises damage as aesthetic, serviceability and stability. Aesthetic is concerned with 

the appearance of the structure. It affects the appearance and while it might be unsightly it 

has no effect on the structural integrity. Serviceability damage includes cracking and 

distortion which impair the day to day functioning or use of a building e.g. weather-

tightness or jamming of doors and windows. Stability is the case where there is an 

unacceptable risk that some part of the structure will collapse unless preventative action is 

taken. 

Further the BRE Digest 251 provides classification based on the ease of repair of visible 

damage to the structure. This form of classification appears in many other publications 

and it is the internationally accepted form of classification. It was established after results 

from many previous studies. The cracks are categorised and classified according to the 

width as the length is rarely of importance. 

Table 1 is an extract from BRE Digest 251 and applies only to brick or blockwork form of 

structures. It relates only to visible damage at a given time and not the causes or possible 

progression. Categories 0, 1 and 2 are taken to represent aesthetic damage, 3 and 4 

serviceability damage and category 5 stability damage. 

Table 1  Crack description categories 

Crack 
description 
categories 

Category 
(damage) 

Description of typical damage 

Aesthetic 0 Hairline cracks of less than 0.1 mm which are classified as negligible and no action required 

1 Fine cracks which can be treated easily using normal decoration. Damage generally 

restricted to internal wall finishes; cracks rarely visible in external brickwork. Typical crack 

widths up to 1 mm 

2 Cracks easily filled. Recurrent cracks can be masked by suitable linings. Cracks not 

necessary visible externally; some external repainting may be required to ensure weather-

tightness. Doors and windows may stick slightly and require easing and adjusting. Typical 

crack widths up to 5 mm. 

Serviceability 3 Cracks which require some opening up and can be patched by a mason. Repainting of 

external brickwork and possibly a small amount of brickwork to be replaced. Doors and 

windows sticking. Service pipes may fracture. Weather-tightness often impaired. Typical 

crack widths are 5 to 15 mm, or several of, say 3 mm. 

4 Extensive damage which requires breaking-out and replacing sections of walls, especially 

over doors and windows. Windows and door frames distorted, floor sloping noticeably. Some 

loss of bearing in beams. Service pipes disrupted. Typical crack widths are 15 to 25 mm, but 

also depends on number of cracks.  

Stability 5 Structural damage which requires a major repair work, involving partial or complete 

rebuilding. Beams lose bearing, walls lean badly and require shoring. Windows broken with 

distortion. Danger of instability. Typical crack widths are greater than 25 mm, but depends on 

number of cracks. 
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The majority of buildings in the areas visited are constructed using brick or concrete 

blocks with mortar joints. These materials possess significant compressive strength but 

their ability to accommodate tension is limited. As a consequence, if tensile stress 

develops cracking frequently occurs. It is essential to carry out a thorough survey, from 

which records of damage and distortion can assist to reasonably conclude the cause of 

damage. According to Rorke (2011), a thorough survey of cracks which are as a result of 

mining activities should record, with photographs and sketches the following information. 

 Location on the building; 

 Pattern (horizontal, vertical, straight diagonal, or stepped diagonal); 

 Length; 

 Width (uniform or tapered and direction, plaster, or entire wall); 

 Depth (through paint, plaster, or entire wall); 

 Age (clean crack indicates new; coated with paint or dirt indicates old); and 

 Moving crack or dormant crack. 

Such information or data is vital when it comes to predicting the causes of the cracks. 

Mine Subsidence Engineering Consultants (2007) states that the size of the building, the 

position in relation to the source of the blasting, type including quality of material and 

method of construction, foundation type (footing), founding soil type (clay gravel etc.), 

design and configuration of the buildings, age of the building, any alteration to the building 

(extensions, demolitions, recent decorations, etc.) and the presence of trees have effects 

on the nature of damage when a building is subjected to energy released when explosives 

react. 

 

The appearance of cracks in buildings can be used as a measure to identify and 

determine any distress (damage) within the fabric of the building. Often the cracking is of 

little consequences if it is established as aesthetic damage. A simple repair by filling or re-

painting is all that is required. However, a crack is also the first sign of a serious damage 

which may affect the serviceability or the stability of the building. Therefore surveying a 

building of cracks is a good measure of predicting the damage to the building 

(infrastructure) and possibly identifying the causes of the damage. “Surveying buildings is 

an art, verifying the cause of failures is a science” (Hollis 2000). 

 

There are several factors that may cause cracking in buildings. It could be a single or a 

combination of several factors, or one primary cause with several contributing factors. 

Broadly, causes of cracking can be divided into those associated with the structure itself 

and with the ground beneath the structure. 
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Causes associated with the structure include: 

 material shrinkage and creep; 

 corrosion or decay; 

 differential thermal movements in dissimilar materials; and 

 poor detail design or workmanship. 

It is rare for damage due to such causes to exceed or to deteriorate beyond category 2 in 

Table 1, except perhaps very locally in a building. 

Causes associated with the ground under the structure include: 

 ground subsidence and heaving clay soils; 

 unsuitable or poorly compacted in-fill soil under the slab; 

 sloping ground; 

 consolidation of poor ground or made-ground; 

 mining subsidence; 

 nearby excavations; 

 chemical attack on foundation concrete or erosion of fine soil particles due to water 

run-off or leaking pipes; and  

 differential settlement due to un-even loading on the structure arising from factors 

as extensions added to existing buildings or concentrations of load, for example 

under chimneys. 

Damage caused by ground movement under the structure fall within any of the categories 

as described in Table 1. Category 2 damages can result from either of the causes and are 

difficult to identify and determine the causes. If damage exceeds category 2 it is often 

much easier to identify the cause which is frequently associated with ground movement. 

In this study we focus on damages due to ground movement caused by mining activities. 

 

There are many publications on blasting vibrations, a good reference is Blast vibration 

monitoring and control, (Dowding, C.H, 1985). Additionally the author A J Rorke has 

published extensively on the effect of blasting in South Africa, a typical example is Impact 

of Evaluation of Blasting Vlakfontein Opencast Project. Blasting induces ground 

movements. The movements can either be vertical, horizontal displacement, tilt, curvature 

and a combination of the above. Below is the summary of the effects of various 

movements on buildings.  

 

Vertical subsidence: It has little or no effect on buildings or other surface structures where 

the subsidence occurs uniformly. However, the structure might be left at a lower level 

affecting drainage and other services. 
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Horizontal displacements: It occur in such a way that points on the surface generally move 

towards the centre of the subsidence trough. Where one part of a structure is moved 

differently relative to other parts, then the structure experiences tensile stretching or 

compressive squashing. Thus, differential horizontal movements give rise to strains but 

uniform horizontal movement of a surface structure would not normally have any adverse 

effect as the ground and structure move together. 

 

Differential horizontal movement give rise to ground strains. Convex or hogging curvature 

is accompanied by tensile strain and concave or sagging curvature is a companied by 

compressional strains. Both tensile and compressive strains can cause cracking in a 

building structure. In brick work and masonry construction, tensile strains are more difficult 

to accommodate than compression. The transfer of ground strains into the structure 

occurs through friction on the underside of the foundations and ground pressure on the 

sides of the foundation and its orientation to the subsidence trough. The transfer is also 

dependent upon the types of soil that are immediately below the foundation. It must be 

noted that buildings founded on rock experience higher transfer of strain than those 

founded on clay or sandy soils when subjected to the same level of strain. 

 

It has been observed that high levels of tensile strain causes stepped cracking in 

brickwork and masonry construction, cracking in plaster wall linings, pulled joints in 

plumbing and separation at joints in paving. High levels of compressive strain are 

characterised by crushing and spalling of faces in brickwork and masonry, closure of door 

and window openings, shear fractures, buckling of pipes, wall linings, floors, ceilings and 

external paving. Any further horizontal tensile strains will tend to increase the width of the 

existing cracks rather than develop new ones. 

 

Ground tilt: It does not generally lead to structural impact. Severe tilts, however, may 

cause serviceability problems, such as doors tending to close themselves, or drainage 

problems, resulting from changes in the slopes of roof gutters, wet area floors and 

external paved areas. 

 

Curvature: It results from differential tilting and it is one of the major causes of damage to 

buildings and structures. Normally, curvature is defined as the reciprocal of the radius of 

curvature but it can also be defined by a deflection ratio for a particular length of structure. 

The deflection ratio is maximum vertical displacement occurring between two points along 

a structure, expressed as a fraction of the horizontal distance between them. Within the 
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subsidence trough, convex or hogging curvature is accompanied by tensile strain and 

concave or sagging curvature is accompanied by compressive strain. Both tensile and 

compressive strains can cause cracking in a building structure but tensile strains are more 

difficult to accommodate since almost all components of a structure are weaker in tension 

than compression. In order to accommodate thermal expansion and other building 

movements brick work and masonry structures are built with vertical joints. 

 

In practice a combination of ground strain and curvature causes more damage to a 

building. When subsidence occurs, the foundation settles and deforms to match the 

subsided shape of the ground, the deformation being concentrated mainly at weak joints 

in the structure. Cracks are formed where the shear or tensile strength of structural 

elements is exceeded. Generally, the cracking patterns depend on: 

 the extent of the vertical displacement, 

 the length to height ration of the wall (slenderness ratio), 

 the stiffness of the building elements, and 

 shear strength and stiffness of the foundation 

In masonry and brickwork construction, the cracks generally follow the mortar joints 

vertically or diagonally in steps. Bending and shear cracks can also occur due to curvature 

and strain along a wall. Once the cracks have formed, further ground deformation and 

extensions is accommodated by extension or expansion of the cracks. It is worth noting 

that in sandy or clay soils, where ground strains are not fully transmitted into the structure, 

the extent of damage is mostly dictated by curvature rather than ground strain. 

 

d) Confidentiality and Locality 

The names of the mines that participated in the study are deliberately withheld due to 

confidentiality requirements and will only be disclosed at the end of the project. The 

commodities and location of the mines are: 

 A platinum mine in the Limpopo Province;  

 A gold mine in Gauteng;  

 A coal mine in Limpopo; and  

 A coal mine in Mpumalanga.  

 

All of these mines are surface mining operations and were selected from previous 

scanning of news media. All the identified mines are surrounded by communities or 

farmers who have expressed concern about the effects of blasting on their quality of life. 
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The mining companies all welcomed the study and understood the importance of the 

study outcomes.  

 

e) Challenges experienced 

Community interviews posed a huge challenge. Initial discussions showed that 

communities used this as a platform to bring all non-project related issues to the fore, 

such as problems caused by dust from mine dumps and mine haul trucks or employment 

issues/ opportunities for the community at the mines. Thus it was decided to use a 

questionnaire with closed and open-ended questions. Delays were experienced because 

of community protests, e.g. the September 2015 protests at the platinum mine in Limpopo.  

 

Additionally, access to communities had to be negotiated delicately with tribal community 

leaders and community forums. One coal mine was concerned about “causing 

unnecessary trouble” and unintended community expectations if they are directly involved 

in the community interviews. They have thus requested that we contact the Ward 

councillors directly to arrange for permission to undertake the community interviews. The 

research team thus requested the involvement and assistance of the MHSC with 

facilitating a meeting between the regional inspector of mines for this area, the Ward 

councillors and the project team from the CSIR, Appendix D. 

 

f) Completion of this milestone  

Staff interviews were undertaken at all four mines. The community survey was 

successfully undertaken at villages surrounding the platinum mine in Limpopo. The 

community survey results gave sufficient insight and provided a valuable baseline for the 

project to go ahead. The project team however, with permission from the MHSC, 

conducted additional community surveys during Milestone 3 at communities around the 

Mpumalanga coal mine and the Gauteng gold mine to supplement results and aid in 

further fine tuning the process. 

 

 Technical survey results 8.2

As per the proposal, due to limited funds and time only four mines were identified. Mining 

personnel from these mines spanning different commodities namely; platinum, gold, coal were 

interviewed with the purpose of understanding their blasting practices across the different 

commodities. The mine personnel such as blasting engineers, community liaison officers and 

environmental officers were interviewed in person. 
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It is important to note that the interviewers did not lead or correct any responses received. This 

was deliberately done so that any variances in understanding could be identified and 

highlighted. Table 1 and Table 2 show the results (answers quoted verbatim) from the technical 

questionnaire.  
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 Blasting Practices interview results  8.2.1

Table 2  Blasting practices survey results - answers are quoted verbatim based on the responses 

Questionnaire Categories Platinum mine in Limpopo  Gold mine in Gauteng  Coal mine in Mpumalanga Coal mine in Limpopo 

Standard/ Safe Blasting Criteria 

used and why  

 USBM standards because it has 

been adopted by the South African 

National Standards (SANS) 

committee. It is used throughout 

South Africa.  

 Peak particle acceleration and 

vibration the mine uses SANS. 

 Mine Health and Safety 

Act and the explosives 

regulations act 

 USBM, because there is no 

existing South African 

Standard.  

 Seismic monitoring station 

reports that the mine also 

follows the USBM standards.  

 The USBM standard is fit for 

purpose to a certain extent but 

the mine still get complaints 

about damages caused by 

blasting especially as mining is 

done closer to communities.  

 Notification of the mine personnel on blasting time. 

 Clearing of the pit before blasting commences. 

 Blasters to initiate the blast at a distance of more than 

500m from the blast blocks. 

Blasting design used by the 

mine  

 The blast design is dynamic and 

changes depending on the blast 

requirements.  

 The blast engineer created a 

special blast design program that 

enables them to determine the 

blast design and requirements for 

a specific block/ blast.  

 The mine has fragmentation 

curves and guidelines to adhere to.  

 Blast simulation is carried out 

before the blast to prevent human 

error. 

 The mine uses the 

blasting design 

program (Sasol blast 

design program) in 

order to determine the 

blast design for the 

required blast.  

 A detailed blasting 

report is given to the 

mine after every blast. 

 Charge mass per delay, varies 

from as low as 200kg to 

2000kg depending on the 

borehole diameter and depth. 

 Distance of communities from 

the blast is considered (the 

closest community is 1km 

away). 

 Delay period depends on timing 

(42 ms and 100ms delays are 

used) 

 Drill patterns, staged (thickness 

dependent). 

 Blast holes are covered. 

 Staggered pattern  

 Drill diameter of 115mm, 149mm and 171mm. 

 Charge mass per delay of 10kg on shallow benches 

and to 350kg of blend on high benches. 

 7.5m of burden spacing and 8.7m spacing on high 

benches 

 6.8m burden and 7.3m spacing on mid shallow 

benches. 

 6m burden and 6m spacing. 

 5m burden and 5m spacing. 

 5m burden and 6m spacing on shallow benches. 

 Depth of boreholes range from 2.5m to 17.5m. 

 Stemming lengths from 1m to 3m on high benches  

 All holes are stemmed 
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Questionnaire Categories Platinum mine in Limpopo  Gold mine in Gauteng  Coal mine in Mpumalanga Coal mine in Limpopo 

Do you undertake pre-blasting 

surveys? How do you undertake 

these surveys? What do you 

include in these surveys? 

 Post blast investigations are 

undertaken when there is a 

technical complaint from the 

community. 

 These surveys include 

photographs and investigations by 

the blast engineer.  

 Pre blasting house surveys not 

often done, because communities 

have become more hostile.  

 One survey was done when the 

mine started and samples were 

taken from the villages. 

 Yes, burden spacing 

according to depth, 

drillhole diameter and 

powder factor.  

 Every hole is surveyed 

with GPS. Design 

patterns designed by 

hand and used in blast 

design program.  

 A low powder factor is 

used.  

 Care is taken with 

stemming to control fly 

rock. 

 The mine is very old and the 

blasting engineer has not been 

able to locate the baseline 

house survey for the mine.   

 Positioning of the drillholes  

 Coordination and depth of boreholes  

 Actual depths of holes drilled  

 Geology of the blast block 

 Condition of the boreholes(wet or dry)  

 Front row burdens 

 Number of holes, size of the blast block and overall 

conditions   

What are your ground vibration 

controls for your mine 

(acceptable levels and mean 

particle velocities)? 

 Single hole, single row firing with 

electronic detonators that have no 

scatter on timing.  

 Noise levels should not exceed 

100dB (USBM standard). 

 PPV’s should be less than 8mm/s 

for poorly built structures and less 

that 21mm/s for well built 

structures and less that 50mm/s 

for power line poles and less that 

8mm/s for plant safety around 

mills. 

 Same as Mine Health 

and Safety Act and 

USBM limits 

 USBM standards  Vibration monitors are placed next to sensitive areas to 

measure vibrations and if vibrations are excessive, the 

designs are altered to reduce vibration  

 Acceptable levels are below 12.7mm/s 
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Questionnaire Categories Platinum mine in Limpopo  Gold mine in Gauteng  Coal mine in Mpumalanga Coal mine in Limpopo 

What are the acceptable air 

blast noise levels for your mine? 

 Less than 134 dB for the air blast.  Less than 128dB  USBM standard, less than 

130 dB 

 Acceptable air blast noise is below 134dB 

 

What fly rock control measures 

do you have in place at your 

mine? 

 The mine has a graph showing min 

and max stemming lengths. 

 Fly rock is controlled by optimising 

stemming columns using 19mm 

crushed aggregate. This aggregate 

forms interlocking systems that 

prevent blow outs in production 

holes that usually cause excessive 

fly rock. 

 Use stemming to 

prevent fly rock. They 

use a low powder 

factor (0.20 – 0.15 or 

lower) since the 

material being blasted 

is friable and 

weathered. 

 Stemming holes using drill 

chippings (varies between 6 – 

8m). Drill and blast engineer is 

highly involved with each blast 

 Stemming of all blast holes  

 Powder factor control 

 

How do you factor in immovable 

structures such as pipelines, 

electricity pylons, dams and 

concrete structures? 

 The mine does controlled blasting 

where they increase their 

stemming length and decrease the 

powder factor  

 Cover the blast with soft soil 

 Cover or remove electrical cables 

and pipes close to the blast 

 Care is taken to ensure 

the accuracy of drilling  

 Borehole stemming 

and very light powder 

factor  

 

 Mine does not have many 

immovable structures within 

their operations  

 When the mine blasts close to 

communities, they use 

electronic blasting to reduce 

the charge mass per delay 

 Special blast designs are used in areas of immovable 

structures to reduce vibration  and fly rock 

 Electronic blasts are preferable in these cases 

 

What are the tolerable distances 

from buildings and other 

structures? 

 100m depending on what the 

structure/ building is. If it is a 

redundant structure, it is destroyed 

in the blast or use a dozer  

 500m   500m   500m 

How do you protect present 

structures to mitigate the effects 

of blasting vibrations? 

 If a structure is less than 100m 

away, a risk assessment for 

controlled blasting is undertaken.  

 The powder factor is decreased or 

smaller sections are blasted 

 Do a blast simulation before hand 

 Single hole, single row firing with 

electronic blasting 

 Pay attention to PPV’s 

 Do two blasts instead 

of one large blast (split 

the blast into smaller 

blasts) 

 Place berms around the 

perimeter of the mine 

 Use of single hole firing using electronic detonators to 

reduce vibration 
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 Summary of Blasting Practices  8.2.2

During the interviews with the blasting personnel the following blasting practices 

were identified: 

 Standards/blasting criteria - Surface Mine Blasting. United States Bureau 

of Mines Standard (USBM), MHSC act and explosive regulation act.; 

 Blasting design – design by the blasting engineer using the fragmentation 

curves, charge mass and delay time varies from the distance to 

communities; 

 Pre-blasting survey – pre-blasting house survey taken by the blasting 

engineer; 

 Ground vibration controls - Surface Mine Blasting. United States Bureau 

of Mines Standard (USBM), MHSC act and explosive regulation act.; 

 Acceptable levels - Surface Mine Blasting. United States Bureau of Mines 

Standard (USBM), MHSC act and explosive regulation act.; 

 Fly rock control – calibration curves determine minimum and maximum 

steaming; 

 Protection of immovable structures – reducing the vibration by increasing 

the stemming, vary the firing time and number of holes; 

 Tolerable distances – vary from 100m to 500m; and 

 Protection of present structures – decrease the amount of blasting, 

blasting on smaller section. 
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 Mine Technical questionnaire - Community engagement and complaints  8.2.3

Table 3  Community engagement and complaints survey results - answers are quoted verbatim based on the responses 

Questionnaire Categories Platinum mine in Limpopo  Gold mine in Gauteng  Coal mine in Mpumalanga Coal mine in Limpopo 

How did you engage with 

communities before you 

got complaints? 

 The mine has a Community 

Engagement Department (CED) 

who liaise with the community and 

receive all complaints from the 

community. This department sends 

communications about blasting 

dates and times to the community.  

 The mine engages with the 

community through the Community 

Mining Forum who meet on a bi-

weekly basis.  

 Complaints are received from Ward 

councillors and are also received 

through incident reporting forms.   

 Have a company standard where 

complaints go to the community 

liaison officer. This office forwards 

the information to the relevant mine 

office. An investigation is 

undertaken to see if there were any 

derivations to the blasting plans  

 As part of the Mines Environment 

management system there is an annual 

I & AP meeting held for stakeholders 

around the mine area. 

 The mine is also active through the local 

Municipal Development Forum. The mine 

also has a complaints register where all 

complaints and concerns are logged. 

How do you engage with 

communities following 

complaints? 

 Communities lodge complaints at 

the CED office at the mine   

 Complaints are recorded and 

investigations are then initiated. 

Feedback is given to the 

complainant  

 A register of complaints is kept 

where complaints are logged. 

 Complaints go through the 

community liaison office 

 Each complaint is managed individually 

depending on the nature of the complaint. 

This usually includes contacting the 

complainant, clarifying the concern and 

the nature of the complaint, visiting the 

specific area where the mine is having a 

supposed impact and then determining if 

the complaint is valid. 

  This will be done through monitoring 

specifically if the complaint relates to 

vibration, noise or dust. 

 

What is the nature of the 

complaints you receive 

from the communities? 

 Damage to property (Houses are 

cracking, windows are 

cracking/breaking)  

 Ground vibrations, cutlery shaking, 

windows rattling  

 Dust. “bad for heath” 

 Effects to animals. “animals not 

falling pregnant” 

 Vary from dust, noise to damage to 

property 

 Damage to property. “broken 

windows, ceiling falling, walls 

cracking, taps broken, geyser 

bursts” 

 The complaints received can vary from 

nuisance dust, noise, vibration, nuisance 

smells. Social complaints regarding 

employment and local procurement are 

also issues that are dealt with. It should 

however be noted that the last official 

complaints regarding vibration was 

received pre 2007.   
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Questionnaire Categories Platinum mine in Limpopo  Gold mine in Gauteng  Coal mine in Mpumalanga Coal mine in Limpopo 

How soon after the blast do 

you receive complaints? 

 Anytime from 3 day to 1 week. 

There is a general perception that 

blasting causes damage 

 Only one vibration related 

complaint in the past year 

 Difficult to relate a complaint to a 

specific blast 

 Fairly soon after the blast (same 

day) 

 Currently no complaints are received after 

the blast. 

When did you first start 

getting complaints from 

communities? 

 When the mine opened  6 months to a year after the surface 

mining operations started 

 Cannot say  The mine has received complaints from 

the nearby communities since its inception 

in the 1980’s. 

What changes did you 

make after receiving 

complaints? Were there 

still complaints after 

making these changes? 

 If after an investigation it is found 

that there is evidence of blast 

damage, then the mine will fix the 

damage after which the blast 

engineer will analyse the data and 

make the necessary changes to 

prevent a recurrence of the 

damage. This could be timing, hole 

diameter changes etc.  

 Changes were made with regards 

to giving feedback to the 

complainants 

 Necessary changes to future blasts 

to avoid recurrence of the incidents  

 The blast design is changed if 

required 

 The mine is continuously striving to 

minimize the impact of blasting and 

vibration. Thus currently there are various 

techniques used to minimize the effect of 

blasting on the community. See section 1 

for a description. 

As your mine deepened, 

did you get more 

complaints or fewer 

complaints? 

 Should rephrase the question to 

“as time progressed” 

 In the last year there has been 

more complaints, the complaints 

should be decreasing but they are 

not 

 Less complaints   Receive more complaints when 

mining is shallower. When mining 

deepens vibration complaints were 

less.   

 The mines opencast pit is currently at a 

depth of 130m. The depth has been in this 

range for the last few years and it will not 

get deeper due to the coal seam. There 

have been fewer complaints over the last 

10 years related to vibration but one 

cannot directly link it to the fact that the 

mine has reached it maximum depth since 

blasting takes place on most benches. 
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 Summary of the Mines’ community engagement practices  8.2.4

During the interviews with the mine personnel and the community regarding their 

engagements the following was found: 

 Engagements before the complaints - Community Engagement 

Department (CED) who liaise with the community, community mining 

forum and local Municipality forum. 

 Rules of engagements – the complaints are lodged by CED, recorded and 

investigated immediately; feedback is given to the community, each 

complaint is treated individually. 

 Nature of the complaints – house damages, crack formation, noise and 

dust disturbances. 

 How soon after the blast the complaints are submitted? – from three days 

to one week but in many cases it is not specified.  

 How soon do the complaints arrive at the mine? – when the mine interacts 

with the community, since the mine has opened but in many cases much 

earlier.  

 What changes were made after the complaints and were they effective? – 

the mine fixes the damages and the blasting engineer revises the blasting 

pattern accordingly.  

 Is the number of complaints a function of depth? – there was no 

correlation found between the complaints and the depth of mining. 

 

 Milestone Results- Community Questionnaire at the Platinum Mine in Limpopo  8.3

At the Platinum mine in Limpopo, community members from the three villages were 

interviewed. These villages most frequently complained to the mines about blasting 

related issues and are situated closest to the mining operations. The villages interviewed 

closely surround the Platinum Mine (within approximately 1 km from the closest active pit) 

and is shown in Figure 1. The names of these villages have been withheld due to 

confidentiality requirements and will be disclosed at the end of the project.  

 

Figure 2 shows research team undertaking the surveys with the assistance of community 

representatives and mine staff.  
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Figure 1  Locality map of communities and mine operations in Limpopo 

 

 

 

 

Figure 2  Team members undertaking the survey 
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A total of seventeen households were assessed, with the demographics of the interviewed 

individuals illustrated in the pie charts in Figure 3. 

 

 

 

 

 

 

 

 

 

Figure 3  Demographics of the interviewees 

 The effects of blasting on individuals 8.3.1

When asked whether the community received a warning before a blast takes 

place, the majority of interviewees (94%) answered “NO” (Error! Reference 

ource not found.). Most interviewees would prefer a formal written notice on a 

board at the community entrance or a letter stating the blasting dates and times. 

The interviewees close to the active pits did indicate that sometimes they do hear 

mine sirens that go off before a blast; however, they do not consider the sirens as 

an adequate pre-blast warning system.  

 

 

Figure 4  Responses from interviewees about warnings before a blast 

 

The personal effects experienced by individuals because of blasting were 

assessed by questioning individuals about the impact of blasting on their senses.  

The pie chart in Figure 5 shows the results.  
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Figure 5  Responses from interviewees about personal effects experienced during 

blasting 

The interviewees were given the opportunity to list any “OTHER” effects they 

experience during blasting and these results were categorised into the following 

themes, illustrated in Figure 6:  

 Dust pollution;  

 Noise pollution;  

 Anxiety/fear;  

 Chest pains; and  

 Coughing. 

 

Figure 6  Responses from interviewees about other personal effects experienced 

by interviewees during the blast 

Figure 7 below shows the perceived impact of ground vibrations felt by the 

interviewee and correlated to intensity. Some interviewees reported the mirrors 

and other items fell off the walls during the blast and a minority noted that “their 

babies were woken up by the vibrations”. 
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Figure 7  Responses from interviewees about the intensity of ground vibrations 

To sum up this section, when blasting takes place, most individuals experience 

anxiety or fear (81%) and health effects (19%), Figure 8 below. Examples of some 

of the responses of anxiety experienced by the interviewees are “scary, I think 

the walls might fall on me”, “I run outside afraid the house might fall on me”, and 

“even the baby wakes up”. Examples of health effects experienced by the 

interviewees were, “coughing from the dust”, “air pollution” and “some people 

become weak because the water is also affected (SIC)”. 

 

 

Figure 8  Responses from interviewees about other negative effects they 

experience due to blasting 

 The effects of blasting on Domestic Animals  8.3.2

The purpose of the questions in this section was to determine the perceived 

effects of blasting on domestic animals owned by the interviewees. Just over half 
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(53%) of the interviewees owned domestic animals, namely cats and dogs. All 

the animal owners stated that during the blast their animals became scared and 

“run off” or “run wild”. After the blast the animals took variable periods of time to 

settle down. Figure 9 below shows the distribution of time the interviewees 

reported it takes their animals to calm down. 

 

 

Figure 9  The time taken for the animals to calm down after a blast 

Additionally, some of the owners (22%) stated that their animals were also 

negatively impacted by air and water pollution as a result of blasting. Some 

quotes from the interviewees are; “sickness of animals because of dust” and “sick 

from the dust” and “chemicals in the dust settle in the river”. 

 

As much as (73%) stated that during the blast, their livestock appeared scared or 

nervous, 9% stated that livestock suffered ill health and some interviewees 

however noticed no effects (18%) on their livestock, Figure 10. 

 

 

Figure 10  Perceived effects noticed by interviewees about their livestock 
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 The effects of blasting on wildlife  8.3.3

With regards to wildlife (animals and bird species), most interviewees were not 

aware of wild animals in the area and commented that there was no noticeable 

behavioural changes in any bird species. 

 

 Reporting of incidents to the mine  8.3.4

The interviewees report blast related damage (Figure 11) to their chiefs/headman 

(47%), to the Community Engagements Department (CED) of the mine (29%). 

However 18% of interviewees did not report their incidents at all and the following 

reasons were sited:  

 They are not familiar with the reporting procedures;  

 They are not aware of whom to contact; and/or 

 They do not know what constitutes blast related incident. 

 

 

Figure 11  Responses from interviewees about where they report incidents 

Those individuals who did report their perceived blast related incidents were 

mostly not satisfied with the responses they received from the mine (85%), with 

only 15% of the interviewees being satisfied. From the interviewees who were 

dissatisfied with the responses from the mine, 40% said that they resort to 

striking as a way of getting their complaints resolved. Some of the interviewees 

(30%) simply take their complaints back to their chief/headman, while others 

submit them back to the CED office. Only 10% of the interviewee took their 

dissatisfaction to lawyers (Figure 12). 
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Figure 12  Responses from interviewees about the recourse they have if they are 

not satisfied with responses they receive from the mine 
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 Effects of blasting on Infrastructure  8.3.5

The results from the interviews and physical survey of the existing buildings are 

summarised in Table 4. Some photograph examples are illustrated in 

Figure 13. 

 

 

Figure 13  Photographs illustrating some findings from the survey 
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Table 4: Results of the assessment on blasting damage on infrastructure 

Receptors 

(Structures) 
House No Design Configurations Description of damage Category Classification Possible Causes 

R
e
s
id

e
n

ti
a
l 
h

o
u

s
e
s

 

060128 

Strip foundation, clay soil 300 mm deep, size 
7.5 x 4 m, facing N → S, not plastered for a 
long time, no ring beam or lintel,  floor is 
compacted soil with screed topping, no 
interlocking of walls at corners, no brick force, 
timber roof with iron sheets. 

House completely collapsed 
progressive damage since 2007. 

5 

Stability 
 

 Ground movement – 
mining; 

 Foundation movement – 
clay soil and mining; 

 Poor workmanship, details 
and materials; 

050228 

Clay soil, strip foundation, about 400 mm deep, 
wall- concrete blocks with mortar and 3 m high,  
roof – timber and iron, No interlocking of walls 
at corners. 

Cracks at doors, windows, apron, 
along lintel, corners, floor and walls 
and they are progressive. They range 
from 3 to 30 mm widths and are 
diagonal, straight or diagonal 
stepped and some are tapered. 
Some cracks are old and are filled 
with plaster. Internal and external 
cracks and entire wall.  
Foundation sinking/settlement. 

5 

 Ground movement – 
mining; 

 Foundation movement – 
clay soil and mining; 

 Slab movement – clay 
poor compaction; 

 Poor workmanship, 
details and materials; 

 Consolidation of poor 
ground; 

050227 

Clay soil, strip foundation, about 300 mm deep, 
wall- concrete blocks with mortar and 3 m high,  
roof – timber and iron, No interlocking of walls 
at corners E → W. 

Cracks, progressive cracks on apron, 
floor slab, walls, corners windows, 
along and above lintel mostly vertical. 
However, diagonal cracks also 
present. Some repair works visible 
around windows. Internal and 
external cracks and entire wall. Width 
rage from 3 to 20 mm. 
Sinking floor – sagging by about 50 
mm. 

3 to 4 

Serviceability 

 Ground movement – 
mining; 

 Foundation movement – 
clay soil and mining; 

 Slab movement – clay 
poor compaction; 

 Foundation settlement – 
extra overburden; 

 Poor workmanship, 
details and materials; 

 Consolidation of poor 
ground; 

010195 House built 2000, shallow strip foundation. Cracks, service pipes broken, 
progressive, external and internal. 

 

 

3 to 4 

 Ground movement – 
mining; 

 Foundation movement – 
clay soil and mining; 

 Poor workmanship, 
details and materials; 

010213 
House built 2 years ago, strip foundation 300 
mm wide 200 mm thick and 700 mm deep.  

Cracks, progressive; 3 to 4 Ground movement – mining; 

010214 House built 2010, not sure of foundation. Cracks internally, progressive; 3 to 4 Ground movement – mining; 

060 

House built 1999, E → W, clay turf 500 mm 
deep, strip foundation, concrete blocks, 3700 
mm high walls, ting beam and lintels present, 
no interlocking of different walls flat timber and 
iron roof trees on the western part of the 
house, good building practices ,  

Cracks at windows and doors, 
progressive, vertical, tapered,  
diagonal, straight and stepped, old, 
external and internal surfaces, in 
some instance entire wall cracked, 
thickness 1 to 3 mm  

0 - 2 Aesthetic Ground movement – mining; 
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254 

Built 2014,  strip foundation, 3 brick layers 
deep, E → W, clay turf 500 mm deep, concrete 
block work, 3500 m high walls, no ring beam, 
lintel present at doors and windows, flat timber 
and iron sheet roof, extended, no trees, new 
plaster 

Cracks at door and windows, broken 
windows, dormant, 3 mm thick width, 
tapered, entire wall. 

0 to 2 Aesthetic Ground movement – mining; 

288 

Main house 10 years, extension 2 years, N → 
S, clay turf 500 mm deep strip footing , 
concrete block and mortar, 3400 m  high wall, 
lintel and door and windows, plastered and 
painted, interlocking walls, flat timber and iron 
sheet roof,   

Cracks at windows doors and garage 
door, broken windows cracked floor, 
progressive, 10 mm thick diagonal 
stepped, entire wall. 

3 to 4 Serviceability 

 Ground movement – 
mining; 

 Foundation movement – 
clay soil and mining; 

 

School 
Burnt clay brickwork, built 1989, good building 
practices adhered to 

No damage observed. N/A N/A 
 

060278 

Built 1985, sandy/gravel soil, deep foundation, 
E → W, concrete blockwork, 2700 m high, lintel 
at doors and windows, good building practices, 
flat timber and iron sheet roof 

Cracks in wall and loose roofing 
sheet, progressive, vertical entire wall 
facing east. 

0 to 2 

Aesthetic 
 

 Ground movement – 
mining; 

 Foundation movement – 
clay soil and mining; 

20B 

Built 1987, extended, strip footing 300 mm 
deep,  sandy/gravel, N → S, concrete 
blockwork, 2700 mm , plastered and painted, 
interlocking of walls,  lintel at doors and 
windows, flat roof timber and iron sheet roof, 
trees present. 

Cracked walls and at windows and 
doors, 0.1 mm (hair line cracks). 

0 to 2 

 Ground movement – 
mining; 

 Consolidation of poor 
ground; 

8B 

Built 6 years ago, strip footing 600 mm deep, 
repair work every year, N → S, sandy/clay less 
than 500 mmm deep, concrete hollow 
blockwork, 2700 mm high, plastered and 
painted walls with interlocking, lintel at door 
and windows, flat timber and iron sheet roof, 
trees/shrubs present. 

Cracks walls and windows and doors, 
progressive,  less than 3 mm width,  

0 to 2 

 Ground movement – 
mining; 

 Consolidation of poor 
ground; 

 

060238/07B 

Strip footing about 600 mm deep, sandy/clay, 
N → S direction, concrete hollow blockwork, 
2700 mm, plastered, painted and interlocking 
walls, lintel at doors and windows, flat timber 
and iron sheet roof, shrubs  

Cracked walls, windows and doors, 
progressive, 1 to 3 mm width, entire 
wall, old uniform, mostly vertical. 

0 to 2 

 Ground movement – 
mining; 

 Consolidation of poor 
ground; 

 

060121 

Built 1981, Strip footing about 600 mm deep, 
clay, E → W direction, concrete hollow 
blockwork, 2700 mm, plastered, painted and 
interlocking walls, lintel at doors and windows, 
flat timber and iron sheet roof, trees/shrubs 

Cracked floors, windows, walls and 
doors, entire walls, progressive, old 
vertical, diagonal straight and 
stepped, horizontal tapered, uniform, 
1 to 3 mm  

0 to 2 

 Ground movement – 
mining; 

 Consolidation of poor 
ground; 

010242 
Built  1998, sandy/clay, strip , E → W strip 
footing 500 mm deep, concrete block work, 
2700 mm high, flat timber and iron sheet roof. 

Cracked windows and door 
openings, walls, progressive, less 
than 3 mm width. 

0 to 2 

 Ground movement – 
mining; 

 Consolidation of poor 
ground; 
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 Summary of the effects of blasting on Infrastructure  8.3.6

 

The results in Table 4 are summarised below: 

 The majority of the buildings that were sampled were damaged apart from 

the school within the community which was constructed of burnt clay 

bricks and timber and iron sheet roof. 

 Cracks of various sizes and shape were observed. 

 The workmanship, materials, and construction details in most cases were 

not up to good building practices.  

 The founding soil stratum was mainly clay soil with some small areas 

having sandy and/or gravel. 

 Some cracks were visible from inside and outside and could extend 

through the damp proof course (dpc) and down into the foundation.  

 There were numerous cracks that were tapering and progressive. This is 

consistent with differential foundation movement, one of the reasons for 

differential foundation movements are founding soil stratum and ground 

movement. These require special attention on foundation design and 

regulation of mining activities to optimise blast energy and a reduction of 

blast vibration to achieve greater safety and stability of structures around 

the blast area.   

 

 Milestone Results- Community Questionnaire at the Gold mine in Gauteng 8.4

Three communities around the Gauteng Gold mine were interviewed by the research 

team. The communities interviewed are within close proximity of the active pit. One of the 

three communities is a modern residential complex that was built in 2008. Figure 14 

shows a Google Earth image of the locality map of the communities relative to the mining 

operations. The names of the communities have been withheld due to confidentiality 

requirements and will be disclosed at the end of the project.  
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Figure 14  Locality map of communities around the Gold mine in Gauteng 

A total of sixteen households were interviewed, with the demographics of the individuals 

illustrated in the pie charts below.  

 

Figure 15 Demographics of the interviewees 

 

 The effects of blasting on individuals  8.4.1

All the interviewees answered “NO” when asked whether they receive a warning 

before a blast takes place. The personal effects experienced by individuals due 

to blasting are summarised in the pie chart in Figure 16.   
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Figure 16  Responses from interviewees about personal effects experienced during 

blasting 

Under the “OTHER” category, some interviewees additionally experienced 

personal effects during blasting that can be summarised as below (presented in 

Figure 17):  

 Dust pollution;  

 Sinuses;  

 Psychological effect;  

 Smells; 

 Coughing; and 

 Difficult to breath. 

 

 

Figure 17  Responses from interviewees about other personal effects experienced 

by interviewees during the blast 
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The perceived impact of ground vibrations experienced by the interviewees and 

correlated to intensity is shown in the pie chart in Figure 18. 

 

Figure 18  Responses from interviewees about the intensity of ground vibrations 

The results show that a large proportion of interviewees perceived the impact of 

ground vibration as violent shakes. From our discussions with the interviewees, it 

should be noted that the perceived violent shake described by most interviewees 

is based on one large blast that occurred in 2013 that resulted in the community 

striking against the mine. The damage caused by this blast was investigated by 

the Department of Mineral Resources (DMR) and resulted in the mine having to 

fix some damaged property. 

 

When blasting takes place, most of the individuals experience anxiety or fear 

(69%), while 6% experience health effects and 25% experience no personal 

effects (Figure 19). 

 

 

Figure 19  Responses from interviewees about other negative effects they 

experience due to blasting 
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Examples of some of the responses of anxiety experienced by the interviewees 

are “it is scary, it feels like the house will fall”, “I run outside of unit”, and “I am 

shocked when it happens because I didn’t expected it”. An example of health 

effects experienced by the interviewees is, “noise and dust when wind blows this 

direction (SIC)”. The individuals who experienced no personal effects stated that 

it is because “they are not around when the blasting occurs”. One of the 

interviewees stated that they “used to work in a mining environment and thus are 

used to the ground vibration”. 

 

 The effects of blasting on domestic animals 8.4.2

A small number of the interviewees (31%) own domestic animals namely cats 

and dogs. The animal owners stated that during a blast their animals are scared 

and “run into the house” and “dogs buck and jump around”. The time taken for 

the animals to settle down after a blast occurs is variable and is shown in the 

Figure 20. 

 

Figure 20  The time taken for the animals to calm down after a blast 

Only 12% of the interviewees own livestock in the form of chickens. These 

interviewees do not notice any effects experienced by their chickens when 

blasting occurs.  

 

 The effects of blasting on wildlife 8.4.3

With regard to wildlife (animals and bird species), none of the interviewees were 

aware of wild animals in the area.  

 

To obtain addition information on the effects of wildlife, a telephonic interview 

was conducted with a former environmental/ disaster manager of a Game 
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Reserve. The distance from the game lodge to the closest active pit was 3.4 km. 

The interviewee resided in the game reserve for a couple of years. He reported 

that he did not notice any behavioural changes in the wildlife caused by blasting. 

Additionally, he did not notice any long term changes in their behaviour.  

 

In 2009, two strong tremors (~4.6 on Reichter scale) occurred along the 

Rietfontein fault that passes through the game reserve (one of these tremors 

occurred on 13 November 2009). The interviewee noted that the wildlife in the 

reserve was unaffected by these tremors.  

 

The wildlife in the reserve became accustomed to sound. The animals have been 

noted to graze close to boundary fences, even during peak traffic hours. 

Additionally, they were unaffected by the helicopter used by the reserve for 

animal counting, even when the helicopter hovered 15 m to 20 m above the 

ground.  They were only affected by the sound of gunshots when the animal that 

was shot at was left injured and squealed. If the animal was instantly killed by the 

gunshot, then the other animals were unaffected.  

 

 Reporting of incidents to the mine 8.4.4

With regards to reporting blast related damages (Figure 21), 6% of interviewees 

report damages to the Community Engagements Department (CED) at the mine, 

whilst 44% report damages to their local ward councillor and 25% report damage 

to their complex management (members in the residential complex). 25% of the 

interviewees do not report the damage because they are not sure who and where 

to report to. 

 

Figure 21  Responses from interviewees about where they report incidents 
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From the individuals who did report their perceived blast related incidents, 71% 

were not satisfied with the responses they received from the mine/ ward 

councillor/ complex management, with only 29% of the interviewees being 

satisfied. From the interviewees who were dissatisfied, 69% said that they have 

no other options for recourse. Other recourse taken by the interviewees included, 

protests or strikes (7%), taking the complaints back to the councillor (6%), 

community meetings (6%) and taking the complaints back to the mine’s CED 

office (Figure 22). 

 

Figure 22  Responses from interviewees about the recourse they have if they 

are not satisfied with responses they receive from the mine 

 The effects of blasting on Infrastructure 8.4.5

The results from the interviews and physical survey of the existing buildings are 

summarised in Table 5. Some photograph examples are illustrated in Figure 23. 

 

 

 Back to Councillor 
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Figure 23  Photographs illustrating some findings from the survey 
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Table 5  Results of the assessment on blasting damage on infrastructure 

Receptors 

(Structures) 

House No Design configurations Description of damage Category Classification Possible causes 

R
e
s
id

e
n

ti
a
l 
h

o
u

s
e
s

 

1 

Strip foundation, sand/clay  
Walling  - brick masonry, 150 mm thick, good 
building practices adhered to 
Roofing- Gable roof with timber and concrete tiles 
, good building practices adhered to 
Presence of trees nearby  

Vertical and horizontal cracks at 
windows, cracks on floors and  hair 
line cracks on the wall , < 5 mm 
wide 

3 to 4 Serviceability 

 Ground movement –  due to mining and 
material shrinkage & creep, thermal 
movements 

2 

Strip foundation, sand/clay soil 
Walling- Masonry bricks double leaf, lintel at doors 
and windows good building practices adhered to 
Roof – Gable roof with timber and concrete tiles 
good building practices adhered to 
No alterations or presences of trees  

Diagonal straight cracks at doors 
and windows, reported to be 
progressing  

Not categorised N/A 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground 

3 

Strip foundation, sand /clay  
Walling – clay bricks , good building  practices  
Roof – Gable with timber and clay tiles good 
building practices 
No alterations, trees 

Uniform, diagonal straight cracks at 
doors, 0.5 mm dia. Reported as 
progressing  0 to 2 

Aesthetic 
 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground 

4 

Strip foundation, sand/clay  
Walling – masonry clay bricks, lintels at doors and 
windows, good building practices 
Roofing – Hipped timber and concrete tiles, good 
building practices adhered to 
No alterations and trees within 5 m 
 

Diagonal straight cracks at door and 
windows, 0.5 mm thick and hairline 
cracks, appears to be dormant 
though the owners believes it is 
progressing 

0 to 2 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground 

5 

Strip footing, sand/clay soil 
Walling – masonry clay bricks, lintels at doors and 
windows good building practices 
Roofing – hipped timber and concrete tiles, good 
building practices adhered to 
No alterations but cracks are sealed with plaster.  

hair line cracks all over the house 
and diagonal straight cracks of 
about 0.5 mm at doors and window,  

0 to 2 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground 

6 

Strip footing, sand/clay with higher % of clay  
Walling- masonry clay bricks with lintels at doors 
and windows, good building practices adhered to  
Roof – Hipped and gable combined with timber 
and concrete tiles and good building practices 
adhered to 
No alterations, trees or recent decorations 

Cracks repaired (polyfiller) and 
displacement of roof tiles 

3 to 4 Serviceability 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground 

7 

Sandy clay, raft foundation 
RDP house 
Walling – Masonry concrete bricks, no ring beam 
or lintels at doors and windows good building 
practices adhered to 

Uniform vertical cracks at doors and 
through the entire wall, about 1 mm 
wide 0 to 2 

Aesthetic 
 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground  
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Roofing – gable and steel with insulation and 
concrete tiles 
Building altered and no recent decorations or 
trees 
 

8 

Mostly sandy with little clay, raft foundation 
Walling – masonry concrete bricks, lintel at doors 
and windows good building practices adhered to 
Roofing – gable end with steel and concrete tiles 
with insulation good building practices adhered to 
No alterations, recent decorations or trees 

Cracks at corners, main door and 
dividing wall about 1 mm thick 
though the wall  

0 to 2 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground  

9 

Mostly sandy, raft foundation,  
Walling – masonry concrete bricks no ring beam 
lintel at doors and windows and well plastered, 
good building practices adhered to 
Roof – gable end  with steel clay bricks with 
insulation,, good building practices adhered to 
No alterations or recent decorations and presence 
of shrubs nearby (6m away) 
 

Diagonal steeped cracks at 
entrance door, about 1 mm wide 
that goes through the entire wall 

0 to 2 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground  

10 

Strip foundation, a double storey building about 10 
m wide 
Walling – ring beam and lintels present and good 
building practices 
Roof – gable end with timber and concrete tiles 
No alterations decorations or trees 

Cracked floors, falling off wall tiles, 
sagging ground, underground 
drainage broken and cracks 
reported to be progressing 

3 to 4 

Serviceability 
 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground 

11 

Strip foundation, a double storey building about 10 
m wide 
Walling – ring beam and lintels present and good 
building practices 
Roof – gable end with timber and concrete tiles 
No alterations decorations or trees 

Cracked floor falling off tiles  

3 to 4 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground 

12 

Same as previous  Cracks on floor  and veranda, tiles 
falling off  

3 to 4 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground  

13 

Same as previous 
 

Cracked tiles, cracked concrete 
floor about 1 mm wide, vertical 
cracks along the wall, cracks at the 
door 

0 to 2 

Aesthetic 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground 

14 

Low rise building, No information on soil type and 
type of foundation 
Walling – masonry, lintel at doors and windows, 
good building practices 
Roof – Gable end, timber and clay bricks good 
building practices adhered to 
Extension of garage, and trees, cracks repaired  
Ground floor sagging at garage 

Cracks at entrance door and 
windows, crack at garage door,  

0 to 2 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground 
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15 

Low rise building, No information on soil type and 
type of foundation 
Walling – masonry, lintel at doors and windows, 
good building practices 
Roof – Gable end, timber and clay bricks good 
building practices adhered to 
No extension and trees 

Cracks around corners and, doors 
and windows about 1 mm wide, 
reported to be progressing 

0 to 2 Aesthetic 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground 

16 

Low rise building, No information on soil type and 
type of foundation 
Walling – masonry, lintel at doors and windows, 
good building practices 
Roof – Gable end, timber and clay bricks, good 
building practices adhered to 
No extension and trees, cracks repaired  

Sagging roof, horizontal cracks in 
the leaving room, cracked tiles on 
wall and roof, reported to be 
progressing 3 to 4 Serviceability 

 Ground movement –  due to mining 
activities unsuitable or poorly compacted 
in-fill beneath  slab or consolidation of 
poor ground 

17 No data No damage  None N/A  None 
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 Summary of the effects of blasting on Infrastructure  8.4.6

 

The results in Table 5 are summarised below: 

 18 randomly selected buildings were surveyed and they were mostly 

single storey structures and 2 were double storey. 

 The buildings were mainly residential and constructed of clay brick or 

concrete block masonry; foundations were mainly strip footing on 

sandy/clay soil; the roof were constructed of timber and concrete or clay 

tiles. 

 Most buildings had no ring beams. 

 Generally the construction adhered to good building practices. 

 Cracks were pronounced at door and window openings and also on floors 

and walls and included vertical, horizontal and diagonal (stepped and 

straight). 

 Other damages included falling tiles, sagging ground, broken 

underground damage and sagging roofs. 

 The cracks were mainly in category 3 to 4 that require breaking out and 

replacing sections. 

 The cracks were mainly attributed to ground movement due to mining 

activities and consolidation of poor ground.   

 

 Milestone Results- Community Questionnaire at the Coal mine in Mpumalanga 8.5

A community located adjacent to the Mpumalanga Coal mine was interviewed by the 

research team (Figure 24). The community is composed of two sections, modern 

residential dwellings and plots. The name of this community has been withheld due to 

confidentiality requirements and will be disclosed at the end of the project.  
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Figure 24  Locality map of households and mine operations in Mpumalanga 

 

A total of fifteen households were interviewed, with the demographics of the interviewed 

individuals are illustrated in the pie charts in Figure 25. 

 

Figure 25  Demographics of the interviewees 

 

Figure 26 below shows the research team presenting the research project at a meeting 

with the community members. 
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Figure 26  The research project being presented to the community members 

 

 The effects of blasting on individuals 8.5.1

When asked whether they receive a warning before a blast occurs, all of the 

interviewees answered “NO”. A summary of the personal effects experienced by 

individuals due to blasting are presented in the pie chart in Figure 27. 
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Figure 27  Responses from interviewees about personal effects experienced during 

blasting 

Under the “OTHER” category, some interviewees additionally experienced 

personal effects during blasting that can be summarised as below (shown in 

Figure 28):  

 Dust pollution;  

 Noise pollution;  

 Anxiety/ fear;  

 Intensity dependent; 

 Coughing; and 

 Coughing. 

 

 

Figure 28  Responses from interviewees about other personal effects experienced 

by interviewees during the blast 
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The perceived impact of ground vibration felt by interviewees and correlated to 

intensity is shown on the pie chart in Figure 29. 

 

 

Figure 29  Responses from interviewees about the intensity of ground vibrations 

 

Most of the interviewees reported that during blasting their houses vibrate, 

resulting in their windows rattling and cracking. One of the respondents also 

reported that the vibrations “cause the window putty to fall apart and loosen the 

glass”.  

 

Most of the interviewees reported that they are negatively affected by the mine 

blasts. Most of the interviewees (80%) experience anxiety/ fear when blasting 

occurs; whilst 13% experience health effects and 7% of the interviewees do not 

experience any personal effects (Figure 30). Examples of some of the 

interviewee responses categorised under anxiety are “scary feeling, I go outside 

of the house and even mirrors shake”, “scary feeling, baby cries, lots of dust from 

blast and if at home I close windows”. Examples of some of the responses 

categorised under health effects are; “sinuses, eyes” and “children have sinus 

problem and the smells block my nose”. 
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Figure 30  Responses from interviewees about other negative effects they 

experience due to blasting 

 

 The effects of blasting on domestic Animals 8.5.2

The majority of the interviewees (67%) owned domestic animals namely cats and 

dogs. The interviewees that were pet owners stated that their animals get scared 

and confused when blasting takes place.  For example some owners stated that 

“the dogs run off, sometimes they disappear for 3 days”. The time taken for the 

animals to settle down as reported by the interviewees is variable and is shown 

in the pie chart Figure 31 below.  

 

 

Figure 31  The time taken for the animals to calm down after a blast 
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the blast, their livestock appear scared (Figure 32). Interviewees stated that 

sometimes their animals don’t come back home as expected, while others state 

that their animals run around and scatter when the blast goes off. 22% of the 

interviewees noticed no effects on their livestock. 

 

 

Figure 32  Perceived effects noticed by interviewees about their livestock 

 

 The effects of blasting on wildlife 8.5.3

The interviewees were not aware of the behaviour of wildlife in the area. With 

regards the bird species, the few interviewees who noticed a change in their 

behaviour during blasting, noted that the birds fly away. Three members of the 

community are dove breeders and reported that some of their doves flew away 

and never came back home. 

 

 Reporting of incidents to the mine 8.5.4

Most of the interviewees (40%) do not know where to report the blast related 

damage. Of those who do report blast damage, 27% report damage to the Ward 

councillor, 20% report damage to the community committee and 13% report the 

damage to the mine CED office (Figure 33). 
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Figure 33  Responses from interviewees about where they report incidents 

All the interviewees who report incidents noted that they are not satisfied with the 

responses they received from the mine.  Of these dissatisfied interviewees, 56% 

of the interviewees have no other options for recourse, 22% of interviewees 

complained again to the Ward councillor, whilst 22% complain again to the mine’s 

CED office (Figure 34).  

 

 

Figure 34  Responses from interviewees about the recourse they have if they are 

not satisfied with responses they receive from the mine 
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 Effects of blasting on infrastructure 8.5.5

The results from the interviews and physical survey of the existing buildings are 

summarised in Table 6. Some photograph examples are illustrated in Figure 35. 

 

 

 

Figure 35  Photographs illustrating some findings from the survey 
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 Effects of blasting on infrastructure 8.5.6

 

Table 6  Results of the assessment on blasting damage on infrastructure  

Receptors 
(Structures) 

House No Design configurations Description of damage Category  classification Possible causes of damage 

R
e
s
id

e
n

ti
a
l 
h

o
u

s
e
s

 

1 Sand gravel, strip footing  
Walling – masonry clay bricks and 
plastered, lintels, and good building 
practices adhered to 
Roof – flat timber and iron sheet 
No decorations and trees 
 

Vertical cracks at windows and doors about 
3 mm wide, reported to be progressing 

0 to 2 Aesthetic 

 Material shrinkage & creep, thermal 
movements and exacerbated by mining 
activities. 

2 Sandy gravel, strip footing,  
Walling – masonry bricks and plaster, ring 
beam and lintel 
Rood – flat timber and iron sheet  
Addition of new room, No demolition, trees 
present 

Cracks all over and dropping ceiling, 
reported to be progressing 

Not categorised N/A 

 Material shrinkage & creep, thermal 
movements and exacerbated by mining 
activities. 

3 Sandy clay about 2 m deep, strip footing,  
Walling – masonry clay bricks, no ring beam 
or lintels  
Roof – hipped with timber and concrete 
tiles, good building practices adhered to.  
No alterations trees or decorations 

Cracked window panes, diagonal stepped 
cracks at doors and window openings 
ranging from 1 -  5 mm wide 

0 to 2 Aesthetic 

 Material shrinkage & creep, thermal 
movements and exacerbated by mining 
activities and heaving clay. 

4 Sandy clay, 2 m deep and the building was 
less than 500m from the mine 
Walling – masonry clay bricks, no ring beam 
or lintel 
Roof – hipped with timber and concrete tiles 
No alterations, demolition trees or 
decorations, the house was built in 19988 

Cracks on the floors and horizontal through 
the walls and at doors and windows > 10 
mm wide, reported to be progressing.  

3 to 4 

Serviceability 

 Ground movement – due to mining 
activities, heaving clay, consolidation of 
poor ground  and poor building practices 
(workmanship, details materials). 

5 Sandy clay about 2 m deep, strip footing 
Walling – masonry clay brick, ring beam and 
lintels good building practices adhered to 
Roof – hipped roof of timber and iron sheet 
Alteration in closing off the window, no 
demolition and trees are present < 5 m 
away from the building 

Uniform and tapered cracks in all directions 
at windows, doors corner and sliding door 
and reported to be progressing 

3 to 4 

 Ground movement – due to mining 
activities, heaving clay, consolidation of 
poor ground and poor building practices 
(workmanship, details materials). 

6 Sand clay about 2 m deep, strip footing,  
Walling – masonry clay brick, ring beam and 
lintel present, good building practices 
adhered to 
Roof – Hipped roof of timber and concrete 
tiles 

Horizontal and vertical cracks at doors and 
windows, cracked floors and ceiling 
dropping off, however all were < 1 mm  

0 to 2 Aesthetic 

 Attributed to old age and material 
shrinkage & creep, thermal movements 
and exacerbated by mining activities, 
heaving clay. 
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No alterations there were trees nearby 

7 Sandy clay and stone, 2 mm deep, strip 
footing 
Walling – masonry brick work, poor quality 
of materials and plaster no ring beam nor 
lintel 
Roof – hipped roof of timber and iron sheet, 
no alterations and trees 
 

Uniform and mostly vertical cracks at 
windows and doors ranging from 1 to 5 mm, 
reported to be progressing 

0 to 2 Aesthetic 

 Ground movement due to mining activities 
coupled with old age and material 
shrinkage & creep, thermal movements. 

8 Sandy / stone about 2 m deep, strip footing 
about 1500 m from the epicentre 
Walling – clay brick masonry, presence of 
ring beam and lintel could not be confirmed 
Roof – hipped roof of timber and concrete 
tiles, the ceiling is T&G timber, good 
building practices adhered to 
Extension of a room, and patching up crack 
with polyfiller, trees within 5 m radius 

Uniform and mostly vertical cracks ranging 
from 1 – 5 mm at corners , arches and on 
the floor, appear old although reported to be 
progressing 

3 to 4 

Serviceability 
 

 Ground movement – due to mining 
activities, consolidation of poor ground.   

9 Clay /sandy soil, raft foundation 
Wall – composite dry wall (Fibre cement 
board filled with mortar) and brick masonry, 
no ring beam or lintel 
Roof – flat timber roof with iron sheet, no 
alterations and trees within 5 m radius 
 

Vertical and uniform cracks ranging from 1 – 
5 mm in walls, also horizontal and diagonal 
cracks 

3 to 4 

 Vertical cracks due to composite 
construction related to material shrinkage 
& creep, thermal movements exacerbated 
by ground movement due to mining. 

10 Clay sand and stone, > 2 m deep, raft 
foundation 
Walling – masonry block work, poor quality 
materials, no ring beam or lintel 
Roof – flat timber roof with iron sheet, with 
poor workmanship 
No alterations, recent repairs of cracks with 
polyfiller and trees within 10 m radius 
 

Vertical cracks in walls and at doors, and 
diagonal stepped cracks windows, reported 
to be progressing 

3 to 4 

 Ground movement – due to mining 
activities, heaving clay, consolidation of 
poor ground  and poor building practices 
(workmanship, details materials). 

11 Sand clay soil, good foundation it is a 
double storey building,  
Wall – brick work with lintels at doors and 
windows 
Roof – gable end with timber and concrete 
tiles 
No alterations and trees within 10 m radius 

Cornice get out of position 

None N/A 

 None 

12 Sandy soil, strip foundation,  
Wall – masonry concrete blocks, good 
building practices adhered to, lintels at 
doors and windows with enough bearing 
Roof – flat roof with steel and iron sheet 
No alterations and trees more than 10 m 
away 

Uniform and mostly vertical cracks ranging 
from 1 – 5 mm wide at corners, no cracks at 
windows and doors, reported to be 
progressing 0 to 2 Aesthetic 

 Consistent with earth movement – due to 
mining activities. 
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13 Sandy clay soil, strip footing, about 1000m 
away from the mine 
Wall – masonry bricks, good building 
practices adhered to ring beam and lintel at 
doors and windows 
Roof – hipped timber and clay tiles 
No alterations and trees 

Cracked window panes and door frames 
separated from the wall. Floor and wall tiles 
cracked, plaster falling off the wall and roof 
tiles dislocated, reported to be progressing Not categorised 

N/A 
 

 Cracks consistent with vibrations - Ground 
movement – due to mining activities. 

14 Sandy clay with high content of clay, strip 
footing 
Wall – clay brick, good building practices 
however no ring beam nor lintel at doors 
and windows 
Roof – hipped timber roof with iron sheet 
No alterations  and trees 

Vertical cracks at doors and windows 
ranging from 1 – 5 mm, window panes are 
cracked, corner cracks and cracked 
boundary wall, one window with diagonal 
stepped crack, some cracks at doors filled 
with polyfiller, reported to be progressing 

Not categorised 

 Ground movement – due to mining 
activities. 
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 Summary of the effects of blasting on Infrastructure  8.5.7

 

The results in Table 6 are summarised below: 

 A total of 14 randomly selected residential buildings were surveyed. 

These were considered a representative sample to help understand 

generally the effects of blasting activities. 

 All the buildings were masonry construction of either clay bricks or 

concrete blocks. Although one structure was constructed of a composite 

of dry wall and masonry. The roofs were mainly constructed of timber and 

concrete tiles or iron sheet. The foundations were mostly strip footing in 

sandy clay soil. 

 The construction was generally good adhering to good building practices. 

Although most buildings lacked ring beams which are essential in areas 

with high mining activities. 

 The damages were mainly cracked walls and floors and at door and 

window openings and either vertical, horizontal and diagonal. Other 

damages included dropping ceiling and cracked window panes. 

 The cracks were distributed equally between aesthetic and serviceability 

categories.  

 The damages were attributed to material shrinkage and creep, thermal 

movements, ground movements due to mining activities, heaving clay 

consolidation of poor ground, poor maintenance all exacerbated by mining 

activities.   

 

9 Effects of blasting on Infrastructure - Discussion 

All the residential buildings surveyed in the three study regions, that is, Limpopo, 

Mpumalanga and Gauteng were constructed of burnt clay bricks or concrete blocks. 

Masonry construction is the norm in South Africa and it is based on the recommendation of 

SANS10400. It is worth noting that masonry constructions have significant compressive 

strength and limited ability to accommodate tensile stress or horizontal loading. As a 

consequence if tensile stress or horizontal loading occurs the building is likely to crack. 

 

It is essential to carry out a thorough survey, from which records of damage and distortion 

can assist to reasonably conclude the cause of damage. Such survey should include 

location of cracks on the building, pattern, width, age and progressing etc. with 

photographs and sketches. In addition, the size of the building, the position in relation to the 

source of the blasting, type including quality of material and method of construction, 
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foundation type (footing), founding soil type (clay gravel etc.), design and configuration of 

the buildings, age of the building, any alteration to the building (extensions, demolitions, 

recent decorations, etc.) and the presence of trees have effects on the nature of damage 

when a building is subjected to energy released by explosives. 

 

Based on this background information, the causes of damage (cracks) were investigated. 

The cracks were categorised in terms of aesthetic, serviceability and structural stability. 

The majority of the buildings surveyed were damaged. It is worth to note that a school 

within the community in Limpopo was not damaged and this was attributed to good building 

practices. The damage ranged from collapse to hairline cracks. These were attributed 

mainly to ground movements due to mining activities and poor detail design and 

workmanship. In addition ground movement due to unsuitable or poorly compacted in-fill 

beneath slab, consolidation of poor ground and heaving clay could not be ruled. Also 

damages due to material shrinkage and creep and thermal movement could not be ruled 

out. 

 

There is a need for special design standards and regulations on building construction 

around mining areas to optimise blast energy and reduction of blast vibration to achieve 

greater safety and stability of structures. The design and configuration of buildings and the 

materials of which they are built will determine the effects that soil consolidation due to 

shaking will have upon them and the extent to which they will be affected. For example 

masonry structures can be built with vertical joints at frequent intervals to accommodate 

some curvature and other movements without damage. Structures designed with 

foundations to allow for differential movement of the superstructure, constructed of flexible 

materials, with proper attention to the design of movement joints, suffer less than a rigid 

brick structure on concrete strip foundations. 

 

10 Effects of blasting on infrastructure – Conclusions and Recommendations  

The primary objective of this study was to identify and determine the extent and possible 

causes of damage to residential buildings in mining areas. It was established that most of 

the damaged buildings were constructed of masonry and not based on good building 

practices befitting mining areas. In such areas buildings must be designed and constructed 

of flexible materials that can accommodate movements. Generally in South Africa, there is 

no specific regulation pertaining to design and construction of buildings in mining areas. 

The mining houses have adopted limiting criteria published by the US Bureau of Mines and 

the US Office for surface Mining (OSM). The guidelines envisages building structures 

constructed in accordance with good building practices (norms and standards), which is not 
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the case in the study area. It is also evident that there are no clear guidelines on how 

mining can operate within established communities, or on how communities should interact 

with already established mines.   

A model for predicting PPV’s at a particular site can be established based on historical data 

and the scaled distance when plotted against the peak particle velocity and comparing the 

equation of the line plotted with the standard equation to obtain the site specific 

parameters. 

 

11 Milestone Conclusions 

The primary objective of this milestone was to assess the impact of surface blasting on 

building structures within close proximity from the blasting area. All building structures that 

were inspected by the team were mapped and characterised. These buildings were 

randomly selected. It was found that most of the buildings were constructed of hollow 

concrete blocks and timber and iron sheet roofs and were damaged.  

These are general conditions made from the observations:  

 From the participating mines, the USBM standard is the general accepted method 

used. 

 There were some discrepancies in the understanding of what was meant by “pre-

blasting surveys”. Some viewed this as an assessment of the drilled holes whilst 

others saw this as an assessment of existing infrastructure. 

 The number of new developments is constantly changing and thus makes it difficult 

to assess each new house being built. 

 The community surveys have shown that there are high levels of distrust between 

the communities and the mines. 

 The communities are generally unhappy with the standards as used by the mines 

and even though the mine standards meet the regulatory codes of practice this 

does not meet the expectations of those who live in the communities. 

 The houses showed varying degrees of damage. However there were also varying 

degrees of build quality. It was difficult from a visual inspection to distinguish 

between the two. 

 There are high levels of anecdotal evidence and commentary of negative impacts 

from blasting and this must be managed urgently. 

 

12 Milestone Recommendations 

The following recommendations made during the completion of this milestone are 

preliminary and should by no means be viewed as being conclusive. 
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 The study has shown that there are some linkages between the blasting and the 

damage seen in some of the structures that were assessed.  

 The above issues of distrust between the communities and the mines needs to be 

managed urgently, especially since the mines have indicated that “protest actions” 

are their main options to have their issues addressed. 

 The next step in the project is to verify the observational assessments with actual 

physical measurements utilising peak particle velocity detectors, high speed 

cameras, dust monitoring, and noise and vibration measurement tools. These 

measurements will not only focus on the infrastructure but also will target the impact 

on humans and animals. 

 A South African Blasting Standard that can be adopted by new mines that start 

operating around existing residential areas, that take into account the poor building 

practices that are common; and 

 A South African Building standard for houses/ structures that are developed around 

existing open cast mining operations. 

 

13 Next Milestone is physical measurements at study sites 

 

During the course of Milestone 3 the following measurements will take place at different 

sites: 

 Peak Particle Velocities (PPV) and Accelerations (PPA); 

 Vibrations affecting humans and wildlife; 

 Effect of the shock wave on human body by pressure; 

 Flyrock, hi-speed cameras; and 

 Dust. 
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15 Appendix A: Questionnaire designed for the mining personnel 
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16 Appendix B: Questionnaire designed for the community 
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17 Appendix C: Survey of the conditions of infrastructure for residential buildings 
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18 Appendix D: CSIR letter requesting assistance of the MHSC 
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4 Overall Project Summary 

Table 1 Project summary 

 

WHAT WAS PLANNED FOR THE 

QUARTER? 

WHAT WAS ACHIEVED? REASONS FOR 

DEVIATION 

1. Project initiation: 

 Identification of study sites 

(candidates include a platinum 

mine, coal mine, and a gold 

mine), 

 Start-up presentation. 

 Completed successfully No deviation 

2. Interviews and questionnaires to 

establish current practice and 

experience. These will address the 

following topics: 

 Pre-blasting surveys of 

structures, criteria for safe 

blasting, and ground vibration 

control. 

 Noise levels of air blasts, 

techniques to monitor flyrocks, 

and dust. 

 Type and amount of explosives 

that are used, the size of blasts 

and the timing of the rounds, 

drilling patterns. 

 Tolerable distances to buildings 

and other structures, building 

standards to withstand future 

vibration exposure, current 

standards for pipelines, 

electricity pylons, dams and 

concrete structures, and 

measures to protect structures 

to mitigate the effects of 

blasting vibration. 

 The mining staff interviews 
were completed 
successfully. 
 

 The community survey 
results gave sufficient 
insight and provided a 
valuable baseline for the 
project to go ahead. 

 

 The survey team conducted 

additional community 

surveys at coal and gold 

mines during Milestone 3 to 

supplement obtained 

results and aid in further 

fine tuning the process.  

 

The completion of 

this milestone was 

negatively impacted 

on by the community 

protests as well as 

the request by the 

local leaders to be 

included in the 

process. A special 

request to the MHSC 

was drafted to 

request help from the 

DMR, in particular in 

the Mpumalanga 

Region.  

3 Physical measurements at 

study sites: 

 Peak Particle Velocities (PPV), 

 Noise level (Decibels), and 

 Vibrations effecting human 

body and wildlife 

 This task earlier to support 
the evaluation of damages 
at local communities. A 
measurement within wide 
frequency range has been 
conducted at the Limpopo 
Platinum Mine.  

Milestone 3 started 

early and it was 

envisage to be 

completed on time. 

However, due to the 

large number of 

people and 

companies involved, 

such as contractors, 

different departments 
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of the mines and 

their subcontractors, 

collecting all data 

took more time than 

we expected. 

Therefore the 

delivery of Milestone 

3 was postponed for 

a month and 

delivered with 

Milestone 4. Verbal 

approval for this 

extension was given 

by Mr A Gumbie from 

MHSC. 

4. Joint interpretation of the results 

of the survey and the physical 

measurements,  and verifying the 

results against the norms specified 

by the South African Bureau of 

Standards 

 This milestone started in 

together with milestones 2 

and 3. At this stage the 

quality of the data is 

currently being verified and 

existing reports written by 

the mines are being 

received. 

The Milestone 4 and 

3 are interdependent, 

as Milestone 4 is 

interpretation of the 

data collected in 

Milestone 3. Both of 

them will be  

delivered at the end 

of February 2016 

5. Scoping of guidelines to 

ameliorate the effect of blasting on 

people, domestic and wild animals, 

dwellings, buildings and other civil 

structures. 

 This milestone will 

commence on January 

2016 

Due by end of March 

2016 

6. Draft final report (submission)  This milestone will 

commence in January 

2016 

Due by end of March 

2016 

7. Final report (approval)  Subject to MHSC  
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5 Executive Summary for Milestone 3 

Measurements of the ground motion caused by blasting at all three mines were successfully 

concluded. The reports for measurements done by the mines were also collected and 

analysed. The data recorded during the course of this study are in good agreement with the 

data recorded by the mine. Therefore for statistical purposes the data sets accumulated by 

the mine will be used in defining the guidelines. 

 

Currently most of the mines use United States Bureau of Mines Standard (USBM) RI 8507. 

This standard gives a good estimation for the safety limits in the open cast mining. However 

these are not always applicable for local conditions. The South African standards for ground 

born vibrations exist as part of the South African National Standard (SANS) 4866:2011. 

However they are very broad and are not necessarily designed for open cast mining. There 

is a need to develop an appropriate standard especially designed for the South African open 

cast mines based on the international criteria modified for the local conditions. 

 

6 Overall Project Aims and Objectives 

The expected outcomes of the project are as follows: 

1. Survey and assessment of the challenges experienced by communities that surround 

mines that conduct blasting operations, taking into account the following: 

1.1 Damage to infrastructure; 

1.2 Health and safety implications; and 

1.3 Impact on animals and wildlife. 

 

2. Guidelines with minimum standards that address the following issues: 

2.1 Pre-blasting survey of structures; 

2.2 Safe level blasting criteria; 

2.3 Ground vibration control – acceptable levels, mean particle velocity (mm/s); 

2.4 Air blast acceptable noise levels (Decibels); 

2.5 Flyrock control measures; 

2.6 Dust measurements; 

2.7 Standards around pipelines, electricity pylons, dams and concrete structures; 

2.8 Drilling patterns; 

2.9 Type and amount of explosives that may be used, size of blast and timing of 

the round; 

2.10 Tolerable distances from buildings and other structures; 

2.11 Building standards to withstand future vibration exposure; and 

2.12 Protection of present structures to mitigate the effect of blasting vibration.
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7 Project Schedule and Gantt Chart 

Table 2 Project Gantt Chart 

Planned:    

Completed 

Approved Extension 

No. Milestone 04/ 
2015 

05/ 
2015 

06/ 
2015 

07/ 
2015 

08/ 
2015 

09/ 
2015 

10/ 
2015 

11/ 
2015 

12/ 
2015 

01/ 
2016 

02/ 
2016 

03/ 
2016 

1 Project initiation 

 

            

2 Questionnaire surveys in the affected 
areas 

 

 

           

3 Physical measurements 

 

            

4 Integrated interpretation of the results 
of the survey and the physical 
measurements, and comparison with 
the norms specified by the South 
African Bureau of Standards and 
similar agencies worldwide. 

            

5 Scoping of guidelines to ameliorate the 
effects of blasting on people, domestic 
and wild animals, dwellings, buildings 
and other civil structures. 

            

6 Draft final report             

7 Final Report             
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8 Milestone Delivery 

8.1 Introduction 

Opencast mining is an efficient way to mine shallow ore bodies. In South Africa it is used 

to mine gold, platinum and coal, amongst other commodities. Explosives are used to 

break the rock and inevitably produce shock waves that shake the ground, which may 

cause damage to nearby dwellings, buildings, and structures such as pipelines, dams and 

electricity pylons. The explosions may also fling rock fragments into the air, posing a risk 

to life and property. Furthermore, the noise and dust produced by the blast may be a 

nuisance to people, domestic animals and wildlife.  

 

In order to mitigate the negative impacts of opencast mining, it is necessary to understand 

the interaction between explosives and rock, the propagation of shock waves through the 

earth and the air, and the effect of these waves on people, animals and structures. 

 

a) Standards currently used in South African open cast mining 

The first comprehensive study of the effects of blasting vibrations on structures was 

conducted by the United States Bureau of Mines (USBM) (Nicholls et al., 1971). The 

onset of plaster cracking was found to occur at a PPV of 50 mm/s, minor damage at 

100 mm/s, and major damage at 175 mm/s. Thus a limit of 2 in/sec (51 mm/s) was 

recommended as a limit not to be exceeded in order to preclude damage to 

residential buildings (i.e. less than 5% the probability of damage). It was noted that 

even lower levels of vibration could cause alarm and lead to complaints. The 50 

mm/s criterion was widely adopted, including in South Africa.  

 

The USBM continued to investigate the blast damage problem. The next major 

development was the recognition of the effect of frequency on damage to structures. 

Wavelength is inversely proportional to frequency. Thus, for a given particle velocity, 

a lower frequency will give rise to a greater displacement. The report “Structure 

Response and Damage Produced by Ground Vibration from Surface Mine Blasting, 

United States Bureau of Mines Standard RI 8507” was published in 1980 (Siskind et 

al., 1980). The safe level blasting criterion for frequencies in the range 1 Hz to 100 

Hz, which covers the frequency range typically encountered in surface blasting, is 

shown in Figure 1. The criterion combines velocity and displacement measures. At 

higher frequencies (>50 Hz) values below 2 in/s (50.8 mm/s) are deemed ‘safe’ (i.e. 

the likelihood of damage is small), while at 4 -12 Hz a level of 0.75 in/sec (19.1 

mm/s) is considered ‘safe’ for drywalls and 0.50 in/s (12.7 mm/s) for plaster or 

stucco. 
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Figure 1 Safe levels of blasting vibration for houses using a combination of velocity and 

displacement USBM RI 8507 Safe Blasting Levels (Siskind, 1980) 

 

The USBM RI 8507 criterion (Siskind et al., 1980) was slightly modified following a 

study conducted by the US Office of Surface Mining Reclamation and Enforcement 

(OSMRE). The “Blasting Guidance Manual” was published in 1987 (Rosenthal et al., 

1987). The OSMRE criterion reproduced from Dowding (1996) shows again that the 

criteria are a combination of ground displacement (which yields a slanting graph in 

log PPV – log frequency space in the ranges 1 - 3.5 Hz and 12 - 30 Hz) and PPV 

(which yields a flat graph in log PPV – log frequency space in the ranges 3.5 -12 Hz 

and 30 -100 Hz). 

 

The “International Standards Mechanical vibration and shock — Vibration of fixed 

structures — Guidelines for the measurement of vibrations and evaluation of their 

effects on structures, First edition 4866:1990 (E)” was published in 1990. This 
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standard was used as a base for the South African National Standard for 

mechanical vibrations.  

 

The “South African National Standard (SANS) 4866:2011. Mechanical vibration and 

shock — Vibration of fixed structures — Guidelines for the measurement of 

vibrations and evaluation of their effects on structures” was published in 2010. It is 

identical to guideline ISO 4866:2010 published by the International Organization for 

Standardization in 2010, and adopted with their permission. The South African 

National Standard 4866:2011 specifies measuring ranges for various vibration 

sources (Table 4). It recommends that blasting vibrations be measured in the 

frequency range 1 - 300 Hz, particle velocity range 0.2-100 mm/s. No definite 

criterion is given for the safe level of vibrations, although Footnote 2 of Table 4 

notes that “significant particle damage is linked to peak particle velocities of several 

hundred millimetres per second”. Section 12.4 of SANS 4866:2011 recommends 

consulting various international standards for guidance regarding maximum limits to 

ensure the safety of buildings. Thus there is a need to develop an appropriate 

standard especially designed for the South African opencast mines, based on the 

international criteria but modified for the local conditions. 

 

The South African National Standard specifies measuring ranges for various 

vibration sources (Table 4). The shown norms for the different types of vibrations 

are very broadly stated and are not necessarily designed for open cast mining. 

There is a need to develop an appropriate standard especially designed for the 

South African open cast mines based on the international criteria but modified for 

the local conditions. 

 

b) Recording Instrumentation and requirements 

The blasting vibration monitor translates its raw observations into a number of 

different measures of ground vibration. The one most accepted by civil and blasting 

engineers is the Peak Particle Velocity (PPV). This, as the name implies, is a 

measurement of maximum ground particle velocity. This quantity is measured in all 

three perpendicular axes of the seismograph's "geophones". 
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Table 3 Summary of the acceptable levels for mechanical vibrations (South African National 

Standard (SANS) 4866:2011 

 

 

PPV is a "vector" quantity (i.e. it has both a value and an associated direction). The 

Peak Vector Sum (PVS) is usually also quoted; it is simply the square root of the 

sum of the squares of the PPV values in all three vector directions measured by the 

geophones. PVS is a "scalar" quantity, i.e. one with only a value, which is always 

larger than the individual PPV vector values.  Scientific studies have shown that the 

PPV, of all the tested characterizations of ground movement (e.g. acceleration, 

displacement, or strain), correlates best with damage potential. All the standards are 

quoted in PPV values, not PVS or other measures of movement, although the 

"acceptable" values of PPV differ with the standard applied and with the frequency 

of the vibration components. 

 

The three axes (directions) of measurement, the longitudinal (or "radial", the vector 

connecting the seismograph transducer and source of vibration), transverse (the 

vector in the same plane as, but perpendicular to, the longitudinal) and vertical (up 

and down) vectors, are always measured and reported separately. One reason for 

this is that they have different degrees of importance in causing damage. Structures 

are built to withstand vertical forces. For that reason, vibrations along the vertical 
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vector are usually of lesser importance in causing damage, though not always 

benign. Vibrations in both the longitudinal and transverse directions have the 

potential for causing shear in the structure, which is a major contributor to damage 

effects. When in shear, various parts of the house move at different speeds or even 

in different directions, which can cause cosmetic cracking or even structural 

damage. Vibration standards generally do not directly take into account these 

differences in damage potential between vibration direction components. They 

simply specify the same limits for all three axes of measurement, (Svinkin, 2002). 

 

It is obvious that ground and structure vibrations should be measured properly. 

Therefore it is important to receive correct records. A contemporary transducer for 

velocity measurement is the portable assembly of a tri-axial pack of geophones with 

the frequency response from 1 Hz to 300 Hz. These transducers are convenient 

tools with many options for measurement of vertical, radial and transverse vibration 

components. 

  

In order to satisfy the vibration measurements requirements, two sets monitoring 

systems were used in this study. Both of them used tri-axial geophones as recording 

transducers. 

 

The first recording system was operated by Council for Geosiences in the very low 

frequencies measuring between 0.05 Hz to 100 Hz. The Trillium Compact 20s 

seismometer and the data logger are made by Nanometrics (Figure 2). The 

transducer is equipped with three spikes which makes it very efficient to install.  

 

 

Figure 2 Nanometrics, Trillium Compact 20s seismograph. 
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The second recording system operated by Blast Analysis Africa uses tri-axial 

geophones operating from lower to intermediate frequency range of 2 Hz to 400 Hz. 

It is complementary to the first set of instruments, and required to cover the entire 

frequency band required by South African National Standards (SANS) (Figure 3). 

 

 

Figure 3 Nomis Mini Supergraph 

c) Measuring the air waves generated by surface blasts 

Both of the described recording systems have capabilities to measure air-blasts 

within their measuring frequency bands and sound between 92 – 142 dB with linear 

resolution of 0.0025 milli-bars. 

 

d) Flyrock measurements 

Flyrock in open cast mine blasting usually means the unexpected projection of rock 

mass beyond the blast area. The blast area is an area in which the shock wave, 

flying material or gases from an explosive may cause injury to a person. There are 

numerous factors which determine the blast area, (Mishra and Rout, 2011):  

 Geology or material to be blasted,  

 Blast pattern, 

 Burden, depth, diameter and angle of hole,  

 Blasting experience of mining personnel, 

 Delay system, powder factor and pounds per delay,  

 Type and amount of explosive material, and 

 Type and amount of stemming. 
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The flyrock data processed in this study were acquired from the mines participating 

in the study. A visual inspection was used apart from the empirical equations used 

by the blasting engineer who designed the blasts. High-speed video (when possible) 

and normal video filming of the blasts were used. Figure 4 illustrate a high-speed 

camera used in the platinum mine in Limpopo to assess the ejection distances of the 

flyrock during a production blast. 

 

 

Figure 4 High-speed video camera used in the platinum mine in Limpopo. 

e) Dust measurements 

Fallout dust is monitored using the American Society for Testing and Materials 

method for collection and analysis of dust fall – ASTM D1739. A container (collector) 

of a standard size and shape which is prepared and sealed in a laboratory is placed 

at a specific site (where dust is to be monitored). The sampling is done over a period 

of 30 days. The Standard Test Method for Collection and Measurement of Dust fall 

(ASTM D1739-98, 2010) recommends that the chosen sampling site should be in an 

open area where there are no structures higher than 1 m and within a 20 m radius of 

the container. Furthermore, the container should be away from objects which could 

affect the settling of the dust (e.g. trees). The results of the fallout dust are reported 

in milligrams per square meter per day (mg/m2/day). 

 

The National Framework for Air Quality Management provides for the establishment 

of air quality standards required for the protection of human health and the 

environment through the South African National Standard (SANS) 1929:2011 titled, 

Ambient air quality – Limits for common pollutants. This project aims to access the 

effect of dust due to blasting on humans. The SANS 1929:2011 provides the 

acceptable limits for common pollutants in ambient air such as amongst others 

Sulphur Dioxide, Carbon Monoxide, particulate matter and, of interest to this project, 

dust deposition (SANS 1929:2011). The National Environmental Management: Air 

Quality Act, 2004 (Act No.39 of 2004), National Dust Control Regulations prescribes 
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the general measures for the control of dust in all areas. The dust fall out standard 

as given by the act prescribes the acceptable dust fall rates (Table 5). It is 

suggested that anyone who exceeds this standard submits a dust management plan 

to the air quality officer for approval. What should be contained in the management 

plan is also described in the act (Air Quality Act, 2004). 

 

In this study the measurements collected by the mines during the last several years 

were used. 

 

Table 4 Acceptable dust fall rates (Air Quality Act, 2004) 

 

 

 

 

 

 

 

f) Measuring vibrations affecting the human body 

The CSIR has been involved in a number of projects involving the effects of ground 

vibration on the human body. These vibrations are monitored by means of sensors 

which are attached on different parts of a dummy in a seated position. Figure 5 

illustrate the dummy, LS Torso and the recording system used in this study. The 

pressure transducer fitted to the Torso is a Chest Plate Pressure Sensor, Endevco 

8515C-50, K17434, 1kPa = 0.550 mV. The data acquisition system for the test 

series comprised of two Somat eDAQ Lite data acquisition units. Each unit 

consisted of a power controller, serial bus, a main processor and four signal 

conditioning and data acquisition boards. Each data acquisition board had four 

channels. 

 

Various methods have been developed to evaluate the exposure of humans to 

vibrations. These methods combine the principal factors indicating to which degree 

the vibration exposure will be acceptable. They provide guidelines on the possible 

effect on the human body categorized as: 

 Health, 

 Comfort, 

 Perception, and  

 Motion Sickness. 

 

Restriction areas 
Dust fall rate (D) 

(mg/m
2
/day) 

Permitted frequency of exceeding dust fall rate 

Residential area D < 600 Two within a year, not sequential months 

Non-residential area 600 < D < 1200 Two within a year, not sequential months 
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Figure 5 The LS Torso and the acquisition system used in this study 

 

The frequency ranges provided by the International Standard (ISO 2631-1: 1997 

(E)) are: 

 0.5 Hz to 80 Hz for Health, Comfort and Perception, and 

 0.1 Hz to 0.5 Hz for motion sickness. 

 

g) Measuring vibrations affecting domestic animals and wildlife 

Currently the effects of blasting on wildlife and domestic animals is poorly 

understood and studied. It is evident that there is a need for series of controlled 

experiments to be undertaken where sound and vibration level responses are more 

systematically studied in order to establish the associated animal/ wildlife behaviour. 

The general perception is that the vibration and sound limitations established for the 

human body could also be used to prevent negative effects to wildlife and domestic 

animals. Especially since the large diversity of the wildlife population and domestic 

animals makes it very difficult to compile a set of rules that are equally applicable for 

all species. 

 

There are numerous studies that investigate how animal and wildlife behaviour is 

affected by the different noises generated by the military exercises (Larkin et al., 

1996). Two major parameters generated during blasting may have a severe effect 

on wildlife, namely the vibrations (measured in PPVs) and airblast (measured in dB). 

The effect of noise (in this study the airblast), on wildlife is more common and is 

better described in the literature. During a military blast, a shock wave is generated 

with a pressure of sometimes more than 150 dB. This wave can affect the physical 

(acoustic) and biological principles of the wildlife, and can have traumatic, 

physiological, behavioural, and population-level effects of the wildlife (Larkin et al., 

1996). 
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However, a different study conducted by Rorke (2009) reports that there were no 

noticeable impacts on the animals caused by open cast mine blasting that took 

place close to a large animal feed project near Middelburg. Additionally, in this study 

during Milestone 2, a former environmental/disaster manager of a Game Reserve 

was interviewed to enquire about any changes in wildlife or domestic animals due to 

blasting (which occurred within 3km from the game reserve). The interviewee 

reported no noticeable behavioural changes in the wildlife caused by blasting. 

 

h) Observational sites 

Three open cast mines were chosen for this study. The names of the mines are 

withheld due to confidentiality agreement. The following names are used in this 

report: 

 A platinum mine in the Limpopo, 

 A gold mine in Gauteng, and  

 A coal mine in Mpumalanga. 

 

Each of these mines represents a different geological and mining environment. All of 

these mines are surface mining operations and were selected from previous 

scanning of news media. All the identified mines are surrounded by communities or 

farmers who have expressed concern about the effects of blasting on their quality of 

life. The mining companies all welcomed the study and understood the importance 

of the study outcomes. The results obtained in this study are presented in the 

sections that follow. 
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8.2 Milestone results - Platinum mine in Limpopo  

The recording instruments were placed in the closest village to the Platinum mine to 

monitor blast induced ground vibrations and air-blast from two blasts at two different pits. 

The positions of the seismographs relative to the blasts (Figure 6) are:  

 CSIR Position 1: House in the Village located 1131 m from the first blast and 

1391 m from the second blast, and 

 CSIR Position 2: A School in the village located 623 m from the first blast and 

892 m from the second blast. 

 

Figure 7 shows the recording instruments installed at the house. 

 

 

Figure 6 A Google Earth image showing stations CSIR 1 and CSIR 2 positioned in the nearby 

community 

 

Figure 7 Position of the recording instruments at the house in the village 
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8.2.1 Peak Particle Velocities recorded by the ultra-low frequency instrument   

The recording instruments were placed in the closest village to the Platinum mine 

to monitor blast induced ground vibrations and air-blast from two blasts at two 

different pits. 

 

Ground motion was measured in terms of the PPV along three axial components, 

east-west (E-W), north-south (N-S) and vertical (Z), aligned relative to true North. 

PPV is commonly used to characterize man-made seismic disturbances such as 

blasting. The frequency dependent criteria published by the United States Bureau 

of Mines (USBM) in the report “Report of Investigations 8507: Structure response 

and damage produced by ground vibration from surface mine blasting” by Siskind 

et al. (1980) has been adopted by industry in South Africa. The resultant PPV, 

calculated as the vector sum of the PPV measurements on all three components, 

obtained in these measurements will be plotted against the limits presented 

therein. 

 

The waveform data was analysed using SEISAN Earthquake Analysis Software. 

Instrument response files were generated using PDCC (Portable Data Collection 

Centre) version 3.8. As the energy moves through the medium, shear waves and 

surface waves are produced. The strongest waves as recorded at a distance are 

usually the slower propagating surface waves. These usually have the highest 

amplitude and a lower frequency than the first arriving compressional waves. 

 

After correcting for the instrument response, the PPV is read from the maximum 

amplitude while the power spectrum, which displays the frequency content of the 

blast as measured in a range defined by the instrument, is calculated from a time 

window containing a section of the recorded waveform. 

 

Results from the platinum mine in Limpopo are presented in Figure 8 below. The 

PPV is measured in mm/s. Figures 8 shows the waveforms of the ground motion 

resulting from the blast. The maximum amplitude readings and the extractions of 

the dominant frequencies are presented in Figure 9. For more details regarding 

the waveforms and spectrum see Appendix A. 

 

Table 6 summarises the results obtained from the measurements. 
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Figure 8 Waveforms recorded at CSIR 1 for blast 1 showing PPV readings in mm/s 

 

 

Figure 9 Frequency spectrum (bottom) extracted from the waveform (top) for station CSIR 1, 

blast 2. 
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Table 5 Results of the blast frequency and PPV measurements 

 CSIR 1 (ST6) CSIR 2 (ST1) 

 Blast 1 Blast 2 Blast 1 Blast 2 

PPV E-W (mm/s) 1.36 1.44 2.34 2.71 

PPV N-S (mm/s) 0.94 1.36 2.73 2.04 

PPV Z (mm/s) 0.78 0.92 2.20 2.15 

Vector Sum 
(mm/s) 

1.83 2.18 4.22 4.02 

Frequency (Hz) 35 30 35 30 

 

8.2.2 Peak Particle Velocities recorded by the low to intermediate frequency 

range instrument and air-wave measurements   

Based on work carried out by Siskind (1980), monitored air-blast amplitudes up to 

135 dB are safe, provided the monitoring instrument is sensitive to low 

frequencies (down to 1 Hz).  Persson (1994) has published the following 

estimates of damage thresholds based on empirical data. The following noise 

thresholds were presubscribed  

 120 dB - Threshold of pain for continuous sound 

 >130 dB - Resonant response of large surfaces (roofs, ceilings).  Complaints 

start. 

 134 dB - USBM recommended limit for human irritation 

 150 dB - Some windows break 

 170 dB - Most windows break 

 180 dB - Structural Damage 

 

The following results have been obtained in at the Platinum mine in Limpopo for 

CSIR Position 1, Table 7 and CSIR Position 2, Table 8.  

 

The Noise level generated by these blasts is just above the acceptable 

thresholds. The actual recordings for CSIR Position 1 are shown in Figure 10. 
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Table 6 Summary of the results obtained at Position 1 

Seismograph Serial No. 10700 

Seismic Trigger 1.016 mm/s 

Acoustic Trigger 125 dB 

Sampling Rate/s 1024 

Record Duration 20.0 sec 

Last Calibration date 14/08/2015 

Blast Event Number Date Time Vector Sum Acoustic 

1 004 20/11/2015 15:36 1.49mm/s 128.6 dB 

2 005 20/11/2015 15:38 1.97mm/s 127.1 dB 

 

 

Table 7 Summary of the results obtained at Position 2 

Seismograph Serial No. 20012 

Seismic Trigger 1.016 mm/s 

Acoustic Trigger 125 dB 

Sampling Rate/s 1024 

Record Duration 20.0 sec 

Last Calibration date 14/08/2015 

Blast Event Number Date Time Vector Sum Acoustic 

1 003 20/11/2015 15:36 4.25 mm/s 132.9 dB 

2 004 20/11/2015 15:38 3.8 mm/s 132.7 dB 

 

The results shown in Table 7 and Table 8 indicated that the ground vibration and 

air-blast levels recorded for the blasts at the Platinum mine in Limpopo on the 

20th November 2015 are within the maximum levels recommended by the USBM 

and so are unlikely to have caused any damage to the buildings situated near to 

the seismograph positions. 
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Figure 10 Waveforms recorded at CSIR Position 1 and the PPV value against the acceptable 

threshold for Blast 1 

 

8.2.3 Effect of vibrations to the human body 

The effect of vibrations on the human body was measured at the Platinum mine 

in Limpopo during a set of blast from the measurements in 9.2.1 and 9.2.2. Two 

blasts were captured during the experiment. The distances from the point of 

measurement to the blast were 768 m and 2954 m to Blast 1 and Blast 2 
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respectively. Positions of the blasts and the torso rig are shown in Figure 11. The 

torso rig is instrumented with the pressure sensor on the chest and tri-axial 

accelerometers (Figure 12). 

 

 

Figure 11 Position of the CSIR DUMMY with respect to the production blasts at the Platinum 

mine in Limpopo 

 

The non-auditory overpressure injury is assessed using the Chest Wall Velocity 

Predictor (CWVP) that is calculated from the measured pressure (Axelsson et al., 

1996). One of the parameters that needed to be specified was the atmospheric 

pressure. This was not measured at the test site each day of testing, so the 

atmospheric pressure was estimated to 880 kPa. Table 9 shows the outcome 

from the human response test. 

 

Blast 1 

Blast 2 
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Figure 12 Instrumentation set up at the Platinum mine in Limpopo 

 

Table 8 Human response test 

Body Region Criterion Outcome Injury level 

Non-auditory internal 

organs (Blast 1) 
Chest Wall Velocity Predictor 0.0026 m/s 

Low probability of 

injury 

Non-auditory internal 

organs (Blast 2) 
Chest Wall Velocity Predictor 0.0012 m/s 

Low probability of 

injury 

 

For the first blast, the pressure signals recorded by the Torso chest plate 

transducer is shown in Figure 13 and the chest wall velocity calculated using this 

signal, CWVP of 0.0026 m/s, is shown in Figure 14. For the second blast, the 

pressure signals recorded by the Torso chest plate transducer is shown in 

Figure 15 and the chest wall velocity calculated using this signal, CWVP of 

0.0012 m/s, is shown in Figure 16. 
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Figure 13 The Platinum mine in Limpopo Test 1 Chest Plate Pressure Measured 

 

 

Figure 14 The Platinum mine in Limpopo Test 1 Chest Wall Velocity Calculated 
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Figure 15 The Platinum mine in Limpopo Test 2 Chest Plate Pressure Measured 

 

 

Figure 16 The Platinum mine in Limpopo Test 2 Chest Wall Velocity Calculated 

The calculated CWVP from the two tests at the Platinum mine in Limpopo will 

produce a low probability of injury from the distance in which the measurements 

were taken. The probability of ear cell damage and eardrum rupture is very low. 
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Auditory injury assessment results 

The auditory overpressure injury is assessed using the hair cells damage as well 

as eardrum ruptures, since both injuries may result in different consequences 

(permanent effects vs. temporary effects). 

 

For the eardrum, many probability curves and threshold values are based on the 

original work of James et al., 1982, which is probably the most comprehensive 

study addressing eardrum rupture from exposure to a blast wave. A threshold for 

probability of damage to the ear is taken to be 35 kPa peak overpressure as a 

relatively conservative value. It represents a 50% probability of eardrum rupture. 

The 6 kPa peak overpressure level is recommended as threshold level for the 

hair cell damage by a blast wave.  

 

Blast 1 

The pressure signals recorded by the Torso chest plate transducer shown in 

Figure 13 indicated the measured pressure is 0.08 kPa, which is less than the 

injury threshold. 

 

Blast 2 

The pressure signals recorded by the Torso chest plate transducer shown in 

Figure 15 indicated the measured pressure is 0.04 kPa, which less than the injury 

threshold. 

 

 

8.2.4 Single unit dust measurements  

Figure 17 shows the locations of the dust monitoring sites around the mining 

operations. The dust monitoring results from 2015 at the Platinum mine in 

Limpopo are given in Figure 18. 

 

The GTS and the MORGAN sites are located within the residential restriction 

area (shown by the red dotted rectangle in Figure 18).  

 

At the Platinum mine in Limpopo only two monitoring sites are in the residential 

areas. The dust fall out rate for the year 2015 was well below the residential limit 

and not exceeding 200 mg/m2/day for the whole year. 
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Figure 17 Locations of dust monitoring buckets around the mining operations 

 

 

Figure 18 Dust fall out data from the Platinum mine in Limpopo for the year 2015. 

 

8.2.5 Flying rocks  

The flyrock were monitored using high-speed video camera. All measurements 

were done by the mine and reflected in their monitoring reports. The reports for 

the last two years have been examined. It was found that in the most of the cases 

the flyrock took place within the pit. However in some isolated cases there was 

flyrocks over the border of the mine. It caused a lot of unhappiness from the local 
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community and complaints were filed. Mitigation measures were out in place after 

the investigations.  

 

8.3 Milestone results - Gold mine in Gauteng  

Three NOMIS Seismographs were placed at an abandoned mine village about 600m from 

an ore blast at the gold mine in Gauteng to monitor blast induced ground vibrations and 

air-blast. A single blast was measured. The instruments were placed at two stations in 

close proximity to each other (approximately 8 m) in a yard of an abandoned mine house. 

Figure 19 shows the two stations, CSIR 1 and CSIR 2 positons. 

 

Position 1 was to the west of the house towards the blast. This seismograph (S/N 10771) 

geophone was placed in soft ground. At position 2, two seismographs were placed. These 

were in dry firm ground with good coupling. The one seismograph (S/N 10711) was set up 

using a sampling rate of 2048/sec and 10 bit resolution while the second newer 

seismograph (S/N 20012) was set up using a sampling rate of 4096/sec and 16 bit 

resolution. This was done to see the effect of using a higher sampling rate and resolution 

on the results. The positions of the monitoring instruments are shown in Figure 20. 

 

 

 

Figure 19 Google Earth image showing stations CSIR 1 and CSIR 2 positioned close to abandoned 

mine village.  
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Figure 20 Recording instruments placed next to the abandoned house 

8.3.1 Peak Particle Velocities recorded by the ultra-low frequency instrument  

Results from the Gold mine in Gauteng are presented in Table 10. For more 

details regarding the waveforms and spectrum see Appendix A. 

 

 

Table 9 Summary of the results obtained at the Gold mine in Gauteng in the ultra-low 

frequency range. 

 ST2 ST11 

PPV E-W (mm/s) 0.80 0.55 

PPV N-S (mm/s) 0.58 0.41 

PPV Z (mm/s) 0.31 0.27 

Vector Sum (mm/s) 1.04 0.74 

Frequency (Hz) 10 - 15 10 - 15 

 

 

8.3.2 Peak Particle Velocities recorded by the low to intermediate frequency 

range instrument and air-wave measurements   

Results from the gold mine in Gauteng recorder in the intermediate frequency 

range are presented below. Table 11 and 12 provide summaries of the results 

obtained by NOMIS system at position CSIR 1 and CSIR 2 respectively. For 

more details see Appendix B. 

 

The ground vibration and air-blast levels recorded for the blasts at the Gold mine 

in Gauteng on the 3rd December 2015 are within the maximum levels 

recommended by the USBM and so are unlikely to have caused any damage to 

the buildings situated near to the seismograph positions.  
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This was a small blast with a low powder factor of 0.1 kg/m3 producing PPVs of 

0.65 mm/s and airblast of 111 dB. However most of the blasts in this area have a 

powder factor between 0.2 and 0.5 kg/m3 which will result in PPVs in the order of 

4 – 7mm/s. Generally, in gold mines higher ground vibration very often results in 

higher airblast levels, in the order of 125-130 dB. 

 

Table 10 Summary of the PPV and Noise measured by the NOMIS system at position CSIR 1 

Seismograph Serial No. 10711 

Seismic Trigger 0.381 mm/s 

Acoustic Trigger 110 dB 

Sampling Rate/s 2048 @ 10 Bit resolution 

Record Duration 10.0 sec 

Last Calibration date 25/11/2015 

Blast Event Number Date Time Vector Sum Acoustic 

1 003 03/12/2015 12:13 0.66 mm/s 111.5 dB 

 

Table 11 Summary of the PPV and Noise measured by the NOMIS system at position CSIR 2 

Seismograph Serial No. 20012 

Seismic Trigger 0.508 mm/s 

Acoustic Trigger 110 dB 

Sampling Rate/s 4096 @ 16 Bit resolution 

Record Duration 10.0 sec 

Last Cal. date 14/08/2015 

Blast Event Number Date Time Vector Sum Acoustic 

1 007 03/12/2015 12:13 0.62 mm/s 111.3 dB 

 

8.3.3 Effect of vibrations to the human body   

The pressure and the acceleration generated by the blast were very low. There 

was no distinguishable difference between the noise level and the seismic and 

pressure waves generated by the blast. 

 

8.3.4 Single unit dust measurements  

The locations of the dust monitoring sites around the mining operations are 

shown in Figure 21. The mining rights of the gold mine are classified under non-

residential restriction areas (from the discussion with the Environmental 

practitioner at the mine) and thus has dust fallout limit of 1200 mg/m2/day. 
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However from the discussion, some monitoring sites have been placed near 

residential areas within the mining rights to monitor the dust levels. This means 

that even though the benchmark of the mine is 1200 mg/m2/day, mitigation 

measures are still taken if the dust fallout in the residential communities exceeds 

600 mg/m2/day.  

 

Because the project is focused on the effects of dust on the communities 

surrounding the mining operations, only data from the monitoring sites near 

communities are presented. Figure 22 and Figure 23 give dust monitoring results 

from the gold mine for the year 2014 and 2015, respectively. In the year 2014, 

the dust fallout limit was not exceeded in all the three communities. The data 

shows that in 2015, community 3 experienced dust levels greater than 600 

mg/m2/day in two sequential months. It should be noted that one of the problems 

with the dust measurements, particularly around the gold mine, is distinguishing 

between the dust produced by the blast, existing mine dumps and other mining 

operations e.g. loading, hauling and crushing. 

 

Figure 21 Locations of dust monitoring buckets around the mining operations. 

8.3.5 Flying rocks  

The flyrocks are monitored by the mine using video filming. A characteristic 

feature for this mine is the softness of the rocks around the ore body, thus small 

charges are used to blast the rock. The rock fragments generated by the blasting 

mostly travel up and down and seldom travel horizontally. It can be seen from the 

video recording that the flyrock does not travel beyond the pit. 
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Figure 22 Dust fall out data for year 2014 from the gold mine in Gauteng mine 

 

 

Figure 23 Dust fall out data for the year 2015 from the gold mine in Gauteng mine 
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8.4 Milestone results - Coal mine in Mpumalanga 

The recording instruments were placed at a house near the active pit. The house was the 

closest privately owned structure to the coal blast at the coal mine in Mpumalanga on the 

7th December 2015.  

 

Position 1 was across the road towards the blast site from the house. This seismograph 

(S/N 20012) was set up using a sampling rate of 4096/sec and 16 bit resolution. The 

seismograph at Position 2 (S/N 10711) was placed next to the perimeter wall of the 

house. This seismograph was set up using a sampling rate of 2048/sec and 10 bit 

resolution. Both seismographs geophones were spiked into solid ground for good 

coupling. Figure 24 shows the position of the blast and recording instruments. The layout 

of the instruments is shown in Figure 25.  

 

 

Figure 24 Picture illustrating the position of the recording configuration and position of the blast  

 

Figure 25 Instruments layout outside the nearest house to the blast 
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8.4.1 Peak Particle Velocities recorded by the ultra-low frequency instrument  

The frequency spectrum and the waveforms are shown in Appendix A. A 

summary of the results is shown in Table 13. 

 

Table 12 Results of the blast frequency and PPV measurements from the coal mine in 

Mpumalanga 

 ST6 ST11 

PPV E-W (mm/s) 0.81 1.78 

PPV N-S (mm/s) 1.69 2.18 

PPV Z (mm/s) 0.69 1.11 

Vector Sum (mm/s) 2.00 3.03 

Frequency (Hz) 40-50 45-50 

 

 

8.4.2 Peak Particle Velocities recorded by the low to intermediate frequency 

range instrument and air-wave measurements   

The recordings from intermediate range are shown in Appendix B. Summary of 

the results is given in Tables 14 and 15. 

 

Table 13 Summary of the PPV and Noise measured by the NOMIS system at Position 1 

Seismograph Serial No. 20012 

Seismic Trigger 0.508 mm/s 

Acoustic Trigger 120 dB 

Sampling Rate/s 4096 @ 16 Bit resolution 

Record Duration 10.0 sec 

Last Cal. date 14/08/2015 

Blast Event Number Date Time Vector Sum Acoustic 

1 010 07/12/2015 15:56 1.55 mm/s 123.4 dB 
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Table 14 Summary of the PPV and Noise measured by the NOMIS system at Position 2 

Seismograph Serial No. 10711 

Seismic Trigger 0.381 mm/s 

Acoustic Trigger 120 dB 

Sampling Rate/s 2048 @ 10 Bit resolution 

Record Duration 10.0 sec 

Last Cal. date 25/11/2015 

Blast Event Number Date Time Vector Sum Acoustic 

1 006 07/12/2015 15:56 1.99 mm/s 128.4 dB 

 

The ground vibration and air-blast levels recorded for the blasts fired by the coal 

mine in Mpumalanga on the 7th December 2015 are within the maximum levels 

recommended by the USBM and so are unlikely to have caused any damage to 

the buildings situated near to the seismograph positions. 

 

This was a coal blast with a low powder factor of 0.2 kg/m3 (producing PPVs of 

1.5 -1.9 mm/s) and therefore typical of a coal blast where the noise component is 

relatively high (airblast 120 to 125 dB). However the overburden blasts on a coal 

mine would produce a different result because a higher powder factor is 

implemented (from 0.5 to 0.8 kg/m3) in more solid conditions resulting in higher 

ground vibration levels. The typical PPVs recorded from the overburden blasts 

are in the order on 7 – 8 mm/s. The airblast levels for these blasts can be low in 

order of 120 – 125 dB, if the correct procedures are taken to reduce this noise, 

namely proper stemming in all blast holes. 

 

8.4.3 Single unit dust measurements  

The locations of the monitoring bucket sites around the mining operations are 

shown in Figure 26. The results from dust monitoring for the year 2014 and 2015 

are given in Figure 27 and Figure 28 respectively. 
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Figure 26 Locations of dust monitoring buckets around the mining operations 

 

Figure 27  Dust fall out data from the coal mine in Mpumalanga for the year 2014 

Dust monitoring sites 

are shown in red dots 
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Figure 28  Dust fall out data from the coal mine in Mpumalanga for the year 2015 

 

In 2014 (Figure 27), the data shows that in locations 3, 4, and 5, the dust fall out 

was within the residential limit as prescribed in Table 5. At locations 2 and 6, the 

limit was exceeded for two sequential months and three sequential months 

respectively.  In 2015 (Figure 28), the data shows that in locations 2, 3, 4 and 5, 

the dust fall out was within the residential limit as prescribed in Table 5. At 

Location 6 the limit was exceeded for seven months (with a maximum of four 

sequential months). This is in contravention of the Air Quality Act, 2004 which 

prescribes that the permitted frequency of exceeding dust fall rate for residential 

areas should be twice within a year, not in sequential months. It should be noted 

that one of the problems with the dust measurements is distinguishing between 

the dust produced by the blast and other mining operations e.g. loading, hauling 

and crushing. 

 

8.4.4 Flying rocks  

No flyrock was reported. 

 

9 Discussions 

Measurement of the ground motion caused by blasting at all three mines was successfully 

concluded. The reports for measurements done by the mines were also collected and 

analysed. The data recorded at the 3 mine sites during the study by the Council for 

Geosciences (CGS), Blast Analysis Africa (BAA) and the mines are shown on Figure 29.  
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Figure 29 PPVs recorded at all three mines by CGS, BAA and the mines as a function of frequency 

The data points recorded by CGS and BAA show a good correlation with the data 

recorded by the three mines. However, the PPV values obtained during the study fall 

within the lower dynamic range. Because the mines historic data fall in both the lower and 

upper PPV ranges, it is important to correlate the PPVs from the lower and the higher 

dynamic range. The platinum mine has higher historic PPV measurements compared to 

the gold and coal mines, and is thus used for the correlation between the lower and upper 

PPV ranges. Figure 30 shows a plot of the historic PPVs recorded by the platinum mine.  

 

 

Figure 30 Distribution of the PPVs at the platinum mine shown as a function of frequency 
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The PPVs in this data set vary from 0.54 to 66.88 mm/s. Despite the large dynamic range, 

this data plots in same the frequency domain (10 Hz to 90 Hz) as the data in Figure 29 

(where the PPVs values vary from 0.29 to 5.32 mm/s). Despite the similarity shown in the 

frequency range, both data sets have significantly different PPV values.  

 

To further increase confidence in the quality of the data sets recorded by the mine, two 

additional analyses have been undertaken. As above, the platinum mine has higher 

historic PPV measurements compared to the gold and coal mines, and is thus used for 

these further analyses. 

 

The first analysis was to test the consistency of the PPVs as recorded in all three 

directions (longitudinal, transverse and vertical). The PPVs recorded on the Longitudinal, 

Transverse and Vertical components for the platinum mine are plotted in Figure 31. 

Theoretically the highest PPVs are expected on the longitudinal component and the 

lowest on the transverse component. However, in reality, due to effects of heterogeneity 

and anisotropy, the PPVs in all three components are similar, shown in Figure 31 where 

all values are closely spaced.  

 

The second analysis was to confirm that the trend of the data is similar to the trend of the 

USBM data that was used to set the safe limits for open cast mining (Siskind et al., 1980). 

Figure 32 is a plot of the PPVs recorded by the platinum mine as a function of the 

normalised distance. The distance was normalised by the square root of charge per delay. 

The trend line published by USBM was superimposed and compared to the trend line 

obtained from the historic data from the mine. It is evident that the slopes of both trend 

lines are similar. The differences can be attributed to the different types of mines (coal vs 

platinum) and the scale of the mining operations. 

 

Thus, for statistical purposes, the historic data sets from the mines will be used in further 

analyses in Milestone 4. 
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Figure 31 Distribution of the PPVs recorded at the Vertical, Longitudinal and Transverse components 

 

 

 

Figure 32 Resultant PPVs measured by the platinum mine over a period of two years compared to the 

regression line given by USBM (Siskind et al., 1980) 
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10 Milestone Conclusions  

 The data recorded during the course of this study are in good agreement with the 

data recorded by the mine. Therefore for statistical purposes the data sets 

accumulated by the mine will be used in defining the guidelines. 

 

 Currently most of the mines are using United States Bureau of Mines Standard 

(USBM) RI 8507. This standard gives a good estimation for the safety limits in open 

cast mining. However there are not always applicable to the local conditions. 

 

 The South African standards for ground borne vibration measurements exist as part 

of document South African National Standard (SANS) 4866:2011. However they are 

very broad and are not necessarily designed for open cast mining. 

 

 Tests were performed at three different mines to quantify the pressure levels that 

humans are exposed to in the vicinity of the mines. The pressure data was only 

captured at the platinum mine in Limpopo, where two tests were performed. The 

calculated Chest Wall Velocity Predictor (CWVP) from the two tests at the platinum 

mine in Limpopo will produce a low probability of injury from the distance in which the 

measurements were taken. The probability of hair cell damage and eardrum rupture 

is very low. 

 

 Dust fall out data from three open cast mines has been analysed. Focus was placed 

on the dust monitoring at the communities surrounding the mining operations. The 

data was interpreted against the Air Quality Act, 2004 in terms of the prescribed fall 

out rate for residential areas. Generally the dust fall out rates was within the 

prescribed limits but it was found that the limit was exceeded in some months. Also 

the required permitted frequency of exceeding dust fall rate was exceeded on a few 

occasions. 

 

11 Milestone recommendations 

 There is a need to develop an appropriate standard especially designed for the South 

African open cast mines based on the international criteria modified for the local 

conditions. 

 The instrumentation used by the mine was validated by the readings taken by the 

CSIR. Further interpretation of the data from the mines from the past two years 

should thus be undertaken to assist with the development of the guidelines.  
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12 Next Milestone is joint interpretation of the results 

Milestone 4 delivery allows for the reviewing all the existing data (from Milestones 2, 3 and 

4) and will thus allow for a more substantial report on analysis of the data.  
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15 Appendix A: Wave forms and calculated spectra recorded at all experimental sites 

using the ultra-low frequency instrument. 

 

 

 

Figure 1A Waveforms recorded at CSIR 1 for blast 2 showing PPV  
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Figure 2A Waveforms recorded at CSIR 2 for blast 1 showing PPV readings  

 

 

 

Figure 3A Waveforms recorded at CSIR 2 for blast 2 showing PPV readings  

 

 

 

Figure 4A Frequency spectrum (bottom) extracted from the waveform (top) for station CSIR 2, blast 1 
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 Figure 5A Frequency spectrum (bottom) extracted from the waveform (top) for station CSIR 2, blast 1. 

 

 

 

 Figure 6A Frequency spectrum (bottom) extracted from the waveform (top) for station CSIR 2, blast 2. 

 

 



Page 50 of 61 

 

 

 

Figure 7A Waveforms recorded at CSIR 1 for the blast at the gold mine in Gauteng showing PPV 

readings  

 

 

 

Figure 8A Waveforms recorded at CSIR 2 for the blast at the gold mine in Gauteng showing PPV 

readings  
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Figure 9A Frequency spectrum (bottom) extracted from the waveform (top) for station CSIR 1 

 

 

 

Figure 10A Frequency spectrum (bottom) extracted from the waveform (top) for station CSIR 2 



Page 52 of 61 

 

 

 

 

Figure 11A Waveforms recorded at Position 1 for the blast at the coal mine in Mpumalanga showing 

PPV readings  

 

 

 

 

Figure 12A Waveforms recorded at Position 2 for the blast at the coal mine in Mpumalanga showing 

PPV readings  
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Figure 13A Frequency spectrum (bottom) extracted from the waveform (top) for Position 1 at the coal 

mine in Mpumalanga 

 

 

 

Figure 14A Frequency spectrum (bottom) extracted from the waveform (top) for Position 2 at the coal 

mine in Mpumalanga 
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16 Appendix B: Wave forms recorded at all experimental sites using the intermediate 

frequency instrument. 

 

 

Figure 1B Waveforms recorded at CSIR Position 1 and the PPV value against the acceptable threshold 

for Blast 2 
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Figure 2B Waveforms recorded at CSIR Position 2 and the PPV value against the acceptable threshold 

for Blast 1 
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Figure 3B Waveforms recorded at CSIR Position 2 and the PPV value against the acceptable threshold 

for Blast 2 
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Figure 4B Waveforms recorded at CSIR Position 1 and the PPV value against the acceptable threshold 



Page 58 of 61 

 

 

 

 

Figure 5B Waveforms recorded at CSIR Position 2 and the PPV value against the acceptable threshold 
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Figure 6B Waveforms recorded at CSIR Position 2.2 and the PPV value against the acceptable threshold 
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Figure 7B Waveforms recorded at CSIR Position 1 and the PPV value against the acceptable threshold 
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Figure 8B Waveforms recorded at CSIR Position 1 and the PPV value against the acceptable threshold 
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4 Overall Project Summary 

 

Table 1 Project summary 

 

WHAT WAS PLANNED FOR THE 

QUARTER? 

WHAT WAS ACHIEVED? REASONS FOR 

DEVIATION 

1. Project initiation: 

 Identification of study sites 

(candidates include a platinum 

mine, coal mine, and a gold 

mine), 

 Start-up presentation. 

 Completed successfully No deviation 

2. Interviews and questionnaires to 

establish current practice and 

experience. These will address the 

following topics: 

 Pre-blasting surveys of 

structures, criteria for safe 

blasting, and ground vibration 

control. 

 Noise levels of air blasts, 

techniques to monitor flyrocks, 

and dust. 

 Type and amount of explosives 

that are used, the size of blasts 

and the timing of the rounds, 

drilling patterns. 

 Tolerable distances to buildings 

and other structures, building 

standards to withstand future 

vibration exposure, current 

standards for pipelines, 

electricity pylons, dams and 

concrete structures, and 

measures to protect structures 

to mitigate the effects of 

blasting vibration. 

 The mining staff interviews 
were completed 
successfully. 
 

 The community survey 
results gave sufficient 
insight and provided a 
valuable baseline for the 
project to go ahead. 

 

 The survey team intends to 
conduct additional 
community surveys at coal 
and gold mines during 
milestone 3 to supplement 
obtained results and aid in 
further fine tuning the 
process.  

 

The completion of 

this milestone was 

negatively impacted 

on by the community 

protests as well as 

the request by the 

local leaders to be 

included in the 

process. A special 

request to the MHSC 

was drafted to 

request help from the 

DMR, in particular in 

the Mpumalanga 

Region.  

3 Physical measurements at 

study sites: 

 Peak Particle Velocities (PPV), 

 Noise level (Decibels), and 

 Vibrations effecting human 

body and wildlife 

 This task earlier to support 
the evaluation of damages 
at local communities. A 
measurement within wide 
frequency range has been 
conducted at the Limpopo 
Platinum Mine.  

Milestone 3 started 

early and it was 

envisage to be 

completed on time. 

However, due to the 

large number of 

people and 

companies involved, 
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such as contractors, 

different departments 

of the mines and 

their subcontractors, 

collecting all data 

took more time than 

we expected. 

Therefore the 

delivery of Milestone 

3 was postponed for 

a month and 

delivered with 

Milestone 4. Verbal 

approval for this 

extension was given 

by Mr A Gumbie from 

MHSC. 

4. Joint interpretation of the results 

of the survey and the physical 

measurements,  and verifying the 

results against the norms specified 

by the South African Bureau of 

Standards 

 This milestone started in 

together with milestones 2 

and 3. At this stage the 

quality of the data is 

currently being verified and 

existing reports written by 

the mines are being 

received. 

The Milestone 4 and 

3 are interdependent, 

as Milestone 4 is 

interpretation of the 

data collected in 

Milestone 2 and 3. 

Both of them will be  

delivered at the end 

of February 2016 

5. Scoping of guidelines to 

ameliorate the effect of blasting on 

people, domestic and wild animals, 

dwellings, buildings and other civil 

structures. 

This milestone will commence 

on January 2016 

Due by end of March 

2016 

6. Draft final report (submission) This milestone will commence 

in January 2016 

Due by end of March 

2016 

7. Final report (approval) Subject to MHSC  
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5 Executive Summary for Milestone 4 

The primary objective of this milestone is to assess the impact of surface blasting on 

structures in nearby communities such as houses and schools. It was found that most of 

the buildings were constructed of hollow concrete blocks with timber and iron sheet 

roofs. The survey indicated various degrees of damage; however most of the damage 

was attributed to substandard building performance and poor ground conditions rather 

than blasting. 

 

The data recorded during the course of this study are consistent with the data recorded 

by the consultants contracted by the mines and published data from mine sites 

worldwide. We therefore regard the data collected by the mine to be reliable. For 

statistical purposes the collected data sets from the mine will be used to define the 

guidelines. 

 

The South African standards for ground borne vibration measurements exist as part of 

the South African National Standard (SANS) 4866:2011. However they are very broad 

and are not necessarily designed for open cast mining. It was found that most of the 

mines currently use the United States Bureau of Mines Standard (USBM) RI 8507 as a 

criterion for safety limits. This standard gives a good estimation for the safety limits in 

the open cast mining. However it is not always applicable to the local conditions, e.g. 

when dwellings are constructed with inferior materials or are not built to withstand 

dynamic loading. 

The results from this study have highlighted the following: 

1. The current standards cater for well-constructed buildings and infrastructure. 

2. The areas investigated and where damage was reported was predominantly 

houses built with hollow concrete blocks with timber and iron sheet roofs. 

3. The build quality of the houses under review was never previously assessed. 

4. No major infrastructure such as pylons or dams were in the areas of 

investigation. 

5. The airblasts and the noise levels were within the specifications as set by the 

USBM. 

6. There is a clear need for enagagement with mining companies and mining 

communities as the relationships and levels of trust betweent the two were 

identified to be at a low. 

7. The standards for South African opencast operations needs to be developed 

that will factor in the local conditions as well as the socio-economic conditions 

facied by the communities nearby mining operations. 
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6 Overall Project Aims and Objectives 

The expected outcomes of the project are as follows: 

1. Survey and assessment of the challenges experienced by communities that 

surround mines that conduct blasting operations, taking into account the following: 

1.1 Damage to infrastructure, 

1.2 Health and safety implications, and 

1.3 Impact on animals and wildlife. 

 

2. Guidelines with minimum standards that address the following issues: 

2.1 Pre-blasting survey of structures, 

2.2 Safe level blasting criteria, 

2.3 Ground vibration control – acceptable levels, mean particle velocity (mm/s), 

2.4 Air blast acceptable noise levels (Decibels), 

2.5 Flyrock control measures 

2.6 Dust measurements, 

2.7 Standards around pipelines, electricity pylons, dams and concrete 

structures, 

2.8 Drilling patterns, 

2.9 Type and amount of explosives that may be used, size of blast and timing of 

the round, 

2.10 Tolerable distances from buildings and other structures, 

2.11 Building standards to withstand future vibration exposure, and 

2.12 Protection of present structures to mitigate the effect of blasting vibration. 

 

 



Page 8 of 36 

 

7 Project Schedule and Gantt Chart 

Table 2 Project Gantt Chart 

Planned:    

Completed 

Approved Extension 

No. Milestone 04/ 
2015 

05/ 
2015 

06/ 
2015 

07/ 
2015 

08/ 
2015 

09/ 
2015 

10/ 
2015 

11/ 
2015 

12/ 
2015 

01/ 
2016 

02/ 
2016 

03/ 
2016 

1 Project initiation             

2 Questionnaire surveys in the affected 
areas 

            

3 Physical measurements 

 

            

4 Integrated interpretation of the results 
of the survey and the physical 
measurements, and comparison with 
the norms specified by the South 
African Bureau of Standards and 
similar agencies worldwide. 

            

5 Scoping of guidelines to ameliorate the 
effects of blasting on people, domestic 
and wild animals, dwellings, buildings 
and other civil structures. 

            

6 Draft final report             

7 Final Report             
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8 Milestone Delivery 

8.1 Introduction 

Opencast mining is an efficient way to mine shallow ore bodies. In South Africa it is used 

predominantly in the extraction of platinum on the the Eatstern Limb of the Platinum belt in 

Limpopo, in Mpumalanga and more recently some gold mining in the Witwatersrand basin. 

Explosives are used to break the rock and inevitably produce shock waves that shake the 

ground, which may cause damage to nearby dwellings, buildings, and structures such as 

pipelines, dams and electricity pylons. The explosions may also fling rock fragments into 

the air, posing a risk to life and property. Furthermore, the noise and dust produced by the 

blast may be a nuisance to people, domestic animals and wildlife.  This project was to 

assess the severity of these risks posed by blasting operations. 

 

In order to mitigate the negative impacts of opencast mining, it is necessary to understand 

the interaction between explosives and the rock, the propagation of shock waves through 

the earth and the air, and the effect of these waves on people, animals and structures.  

 

The South African standards for ground borne vibration measurements exist as part of the 

South African National Standard (SANS) 4866:2011. However they are very broad and are 

not necessarily designed for open cast mining. It was found that most of the mines currently 

use the United States Bureau of Mines Standard (USBM) RI 8507 as a criterion for safety 

limits. This standard gives a good estimation for the safety limits in the open cast mining. 

However it is not always applicable to the local conditions, e.g. when dwellings are 

constructed with inferior materials or are not built to withstand dynamic loading. In this 

study, reference is made to both of these standards.  

 

In general the safe limits given by USBM were designed to protect one and two storey 

houses located close to active mining operations. However, some civil structures are more 

firmly built and can sustain higher PPVs. Additional prescription for safe vibration levels is 

given in Table 4. 

 

Table 3   Recommended ground vibration limits 
 

Structure Description Ground Vibration Limit (mm/s) 

National Roads/Tar Roads 150 

Electrical Lines (Pylons) 75 

Railway 150 

Transformers 25 

Water Wells 50 

Telecoms Tower 50 

Well built houses USBM Criteria or 25 mm/s 
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Poorly constructed houses 12.5 

Rural building – Mud houses 6 

8.2 Vibration and airblast data analysis 

The blasting practices, of the different mines in the study, were analysed during interviews 

with blasting personnel and discussed in the Milestone 2 report. as previously submitted 

and approved). 

 

The parameter most closely associated with / best predictor of damage to structures is the 

PPV. The actual damage occurs when we have differential movement of parts of the 

dwelling. In this scenario the important factor to be considered is the displacement. 

Displacement can be calculated from velocity taking into account the frequency of the 

signal. Equation 1 shows that lower frequencies lead to higher displacement and 

consequently to high damage. 

𝑈 =
𝑉

2𝜋𝑓
,                    [Equation 1] 

 

Where: 

U  is the displacement, 

V  is velocity, and 

f  is frequency. 

 

In most of the analyses the Resultant PPV is used. This is the vector sum of the 

longitudinal, transverse and the vertical components of the seismogram. Mathematically the 

Resultant PPV can be expressed as Equation 2: 

 

𝑅𝑒𝑠𝑢𝑙𝑡𝑎𝑛𝑡 𝑃𝑃𝑉 = √𝐿2 + 𝑇2 + 𝑉2,               [Equation 2] 

 

Where: 

L  is the longitudinal, 

T  is the transverse, and 

V  is the vertical component. 

 

This equation is used by NOMIS “Mini Supergraph” analysing software, commonly used 

by blast specialists. In their implementation the program reports the maximum PPV for 

each component. It also calculates the resultant PV at each sample and the largest value 

for the entire record is the resultant PPV.  
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Another parameter commonly used to analyse the PPV as a function of distance is the 

Scaled Distance. This can be written as follows: 

 

𝑆𝐷 = 𝐷/√𝐶ℎ𝑎𝑟𝑔𝑒/𝑑𝑒𝑙𝑎𝑦,                [Equation 3] 

 

Where: 

SD  is the scaled distance, and 

D  is the distance between the blast site and the recorder. 

For the Airblast a cub root of charge per delay was used. 

 

The PPVs are a function of the geology and mining geometry between the blast site and the 

recording station, amongst other factors. In many cases, for security reasons, the 

permanent recording stations are located within the boundary of the mine, which is much 

closer to the blast than the surrounding communities. These records are used to establish 

the parameters of the equation describing PPV as a function of scaled distance (a  and  b in 

Equation 4). Then, to determine whether the vibrations in the villages were likely to have 

exceeded safe limits, the PPV values were calculated using Equation 4: 

𝑃𝑃𝑉 = 𝑎 (
𝐷

√𝐸
)

−𝑏
,             [Equation 4] 

 

Where: 

PPV is the resultant vector of longitudinal, transverse and vertical component in 

mm/s, 

a is a point of intersection of the Log PPV axis and the trend line, 

D is the distance between the blast and the point of interest in m, 

E is the charge per delay in kg, and 

b is the attenuation coefficient. 

 

The airblast is another hazard of opencast mining. It is a pressure wave generated by the 

explosion that travels in the atmosphere at the speed of sound. At moderate levels the 

airblast can cause annoyance. However, above a safe level it can cause damage to the 

property, people and animals. The safe level prescribed by USBM is 134 dB, which is the 

value currently used by mines in South Africa. 

 

8.2.1 Platinum mine in Limpopo 

The PPVs of the resultant vector sum of the transverse, longitudinal and vertical 

components recorded at the platinum mine over the preceding two years were analysed as 
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a function of the scaled distance (Figure 1). The distance was scaled by the square root of 

the charge per delay. The data shows that the PPVs attenuate with scaled distance from 

the blast. The trend line published by USBM was superimposed and compared to the trend 

line obtained from the historic data from the mine. It is evident that the slopes of both trend 

lines are similar. The differences can be attributed to the different types of mines (coal vs 

platinum) and the scale of the mining operations. 

 

 

Figure 1 Resultant PPVs measured by the platinum mine in Limpopo over a period of two 

years compared to the regression line given by the USBM (Siskind et al., 1980) 

The PPVs recorded on the longitudinal, transverse and vertical components are plotted in 

Figure 2 to show the partition of seismic energy traveling between the components. 

Theoretically the highest PPVs are expected on the longitudinal component and the lowest 

on the transverse component. However, in reality, due to effects of heterogeneity and 

anisotropy, the PPVs in all three components are similar, shown in Figure 2 (where most of 

the values overlap).  
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Figure 2 Distribution of the PPVs recorded on the vertical, longitudinal and transverse 

components 

Figure 3 shows a plot of the resultant PPVs as a function of frequency. The frequency is 

calculated using the two zero crossings of the seismogram. It is evident that all values plot 

between 10 Hz and 90 Hz. There is little energy radiated below 10 Hz (the low and ultralow 

frequency band) where even small PPVs of the order of few mm/s could cause damage. 

 

 

Figure 3 Distribution of the PPVs as a function of the frequency 

Figure 4 shows the peak values of the airblasts as a function of scaled distance (distance 

scaled by cube root of charge per delay) recorded by the mine over the preceding two 

years. The red line represents the USBM 134 dB blasting limit. It is evident that some of the 

airblasts are slightly above this limit at the monitoring station, but when extrapolated to the 

villages, due to the distance away, these values were within the safe blasting limit.  

 

Figure 4 Peak airblast values measured by the platinum mine.  
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It is standard practice that the mine writes a blasting report after every blast. A summary of 

the results from the blasting reports of five of the highest PPVs (between 29 mm/s and 68 

mm/s) are presented in Table 5. Although the PPV values were high at the monitoring 

stations, they were within the USBM safety limits at the village when extrapolated using 

Equation 4. Most of the airblast readings were within the limit, except in one case (142 dB), 

where the airblast was slightly over the limit. In all reports no damage was anticipated to 

structures further than the placed monitors and no damage was reported after the blast. 

 

8.2.2 Gold mine in Gauteng  

The PPVs of the resultant vector sum of the transverse, longitudinal and vertical 

components recorded at the gold mine over the preceding several months (from July 2015 

to December 2015) were analysed as a function of the scaled distance (Figure 5). It should 

be noted that complete documentation for this mine was limited, due to changes in blasting 

contractors. Blasting information preceding this period did not have all the blasting 

information required to calculate the charge per delay required in Figure 5. 

 

The blasting contractors use a mobile station that is placed 300 m from each blast site, as 

opposed to permanent stations placed close to communities. Due to the constant distance 

of the monitor from the blast site, the data shows no trend in the PPVs attenuation with 

scaled distance. The scatter of PPV values in Figure 5 is due to the variations of the charge 

per delay. 

 

 

Figure 5 Resultant PPVs measured by the gold mine in Gauteng 
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Table 4 List of the PPVs exceeding the USBM safe limit and response by the platinum mine in Limpopo 

Date & 

Time 

Resultant 

PPV 

(mm/s) 

Airblast 

(dB) 
Mine response 

2014/12/23 

13:38:45 
66.88 142.0 

The PPV levels ranged between 3.175 and 57.78 mm/s. The Resultant PPV ranged between 4.784 and 66.88 mm/s. The frequencies of these 

recordings ranged between 13.47 and 34.13 Hz. The dominant frequencies ranged between 12.25 and 31.0 Hz. The airblast level recorded on 

the monitor ranged between 120.1 and to 142.0 dB. Airblast was recorded on three monitors and not all readings recorded were within the safe 

blasting criteria of 134 dB. Two monitors recorded readings above the set limit (distance from the nearest blast was 254 and 1325 m). The 

events recorded from the blasts at the monitor positions indicate that ground vibration and airblast were reasonable for the distance from the 

monitors. No damage was anticipated to structures further than the placed monitors and no damage was reported after the blast. 

 

2015/04/20 

15:36:37 
51.64 135.70 

The Resultant PPV ranged between 4.927 and 51.64 mm/s. The frequencies of this recording ranged between 14.22 and 42.67 Hz. The 

dominant frequencies ranged between 10.56 and 21.19 Hz. The airblast level recorded on the monitor ranged between 120.70 and 135.70 dB. 

Airblast was recorded on the two monitors and one measurement recorded was over the safe blasting criteria of 134 dB. The events recorded 

from the blasts at the monitor positions indicate that ground vibration and airblast were reasonable for the distance from the monitors. No 

damage was anticipated to structures further than the placed monitors and no damage was reported after the blast. 

 

2015/04/30 

15:47:21 
37.63 131.7 

The Resultant PPV ranged between 0.311 and 37.63 mm/s. The frequencies of this recording ranged between 14.22 and 36.57 Hz. The 

dominant frequencies ranged between 11.81 and 27.44 Hz. The airblast levels recorded on the monitors ranged between 120.0 and 131.7 dB. 

All levels recorded were within the safe blasting criteria of 134 dB. The events recorded from the blasts at the monitor positions indicated that all 

ground vibration and air blast were all in the set limits and no damage was anticipated to structures further than the placed monitors and no 

damage was reported after the blast. 

 

2015/07/03 

13:48:51 
35.41 134.8 

The Resultant PPV ranged between 4.074 and 35.41 mm/s. The frequencies of this recording ranged between 18.29 and 46.55 Hz. The 

dominant frequencies ranged between 15.88 and 50.06 Hz. The airblast was recorded on three monitors and not all levels recorded were within 

the safe blasting criteria of 134 dB. One monitor recorded a reading of 134.8 dB (distance from the blast was 631 m). The events recorded from 

the blasts at the monitor positions indicated that ground vibration and airblast were within reason for the distance from the monitors. No damage 

was anticipated to structures further than the placed monitors and no damage was reported after the blast. 

 

2015/06/01 

15:28:21 
29.35 125.7 

The Resultant PPV ranged between 2.067 and 29.35 mm/s. The frequencies of this recording ranged between 16.00 and 85.33 Hz. The 

dominant frequencies ranged between 13.69 and 61.63 Hz. The airblast levels recorded on the monitors ranged between 88.00 and 125.7 dB. 

All levels recorded were within the safe blasting criteria of 134 dB. The events recorded from the blasts at the monitor positions indicated that all 

ground vibration and air blast were within the set limits. No damage was anticipated to structures further than the placed monitors and no 

damage was reported after the blast. 
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Figure 6 shows a plot of the resultant PPVs as a function of frequency. Most values plot 

between 10 Hz and 100 Hz.  

 

Figure 6 Distribution of PPVs as a function of frequency from the gold mine 

Figure 7 shows the peak values of the airblasts recorded by the mine as a function of 

scaled distance (distance scaled by the cube root of charge per delay). It is evident that the 

values are within the USBM limits for airblasts.  

 

Figure 7 Peak airblast values measured at the gold mine. The red line represents the 134 dB 

airblast limit   
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monitoring reports from the period 2012 to 2014, since PPV monitoring reports were 

available for this period.  

 

Although the PPV values were high at the monitoring stations, they were within the USBM 

safety limit at the communities when extrapolated using Equation 4. The airblast values 

were mostly within the safety limit, at the monitoring stations. According to the reports, “no 

damage was anticipated to structures further than the placed monitors or indicated after the 

blast”. 

 

8.2.3 Coal mine in Mpumalanga 

The PPVs recorded at the coal mine were analysed as a function of the scaled distance. 

The distance was normalised by the square root of charge per delay. Figure 8 shows the 

PPVs and the trend line calculated from the data set. It is evident that the PPVs attenuate 

with the scaled distance. The trend line published by USBM (Siskind et al., 1980) was 

superimposed and compared to the trend line obtained from the mine data. Although both 

lines show attenuation with the distance, the slope of the trend line calculated from the 

mining data is much steeper, indicating higher attenuation with scaled distance. 

 

 

Figure 8 Resultant PPVs measured by the mine at the coal mine in Mpumalanga over a 

period of one year 
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Table 5 List of the PPVs exceeding the USBM safe limit at the monitoring station and the explanation by the gold mine in Gauteng 

Date & 

Time 

Resultant 

PPV (mm/s) 

Airblast 

(dB) 
Mine response 

01/11/2012 

11:56 
13.50 117.4 

The Resultant PPV levels ranged between 2.45 and 13.90 mm/s. The frequencies of these recordings ranged between 12.50 and 

26.90 Hz. All the airblast levels recorded were within the safe airblast criteria of 134 dB. In view of the results and analysis done, there 

was no reason for damage to be induced by the ground vibrations and / or the airblast. 01/11/2012 

11:56 
13.90 117.90 

26/03/2013 

14:14 
26.10 123.60 

The Resultant PPV levels ranged between 1.67 and 26.10 mm/s. The frequencies of these recordings ranged between 16.00 and 

85.30 Hz. The airblast levels recorded ranged between 111.50 and 123.60 dB and were within the safe airblast criteria of 134 dB. The 

ground vibration and airblast levels recorded at the monitoring points were within accepted norms and safe blasting criteria. The 

possibility of damage was unlikely. No damage was observed or reported after the blast.  

 

19/03/2014 

14:23 
68.90 123 

The Resultant PPV levels ranged between 12.30 and 68.90 mm/s. The frequencies of these recordings ranged between 21.30 and 

39.40 Hz. The airblast levels recorded ranged between 112.60 and 123.90 dB and were within the safe airblast criteria of 134 dB. The 

ground vibration levels recorded were within the set limits of the safe blasting criteria. No damage was observed or reported after the 

blast. 

 

02/04/2014 

13:15 
26.60 138 

The Resultant PPV levels ranged between 0.68 and 26.60 mm/s. The frequencies of these recordings ranged between 11.90 and 

85.30 Hz. The airblast levels recorded ranged between 121.60 and 138.30 dB and were mostly within the safe airblast criteria of 134 

dB, with the exception of 2 monitoring stations where the limit of 134dB was exceeded. No structures of public concern were in the 

direct vicinity of the blast. The possibility of damage to the sewage pipeline of concern was very low. No damage was observed or 

reported after the blast. 

 

02/04/2014 

13:15 
19.80 136 

03/04/2014 

13:28 
22.40 109.20 

The ground vibration and airblast levels recorded at the monitoring stations were within the accepted norms and safe blasting criteria. 

The possibility of damage was unlikely. No damage was observed or reported after the blast.  

11/04/2014 

12:13 
17.7 123.60 

11/04/2014 

12:13 
13.7 112.30 
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The PPVs recorded on the longitudinal, transverse and vertical components are plotted in 

Figure 9 to show the partition of seismic energy traveling between the components. As is 

the case with the Platinum mine, the PPVs in all three components are similar and most of 

the values overlap.  

 

Figure 9 Distribution of the PPVs recorded at the vertical, longitudinal and transverse 

components 

Figure 10 we have plotted the PPVs recorded at the coal mine at Mpumalanga a function of 

frequency. Most of the events plot between 9 Hz and 50 Hz, except a few events. It is 

important to note that the events that plot below 9 Hz (low frequency) have low PPVs 

ranging from 0.1 to 2 mm/s and are not likely to cause damage. 

 

Figure 10 Distribution of the PPVs as a function of frequency 

Figure 11 shows the peak values of the airblast recorded by the mine for a period of one 

year. It is evident that all the airblasts fall within safety limit.  
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Figure 11 Air Blast (dB) measured by the mine at the coal mine in Mpumalanga over period 

of one year 

At the coal mine, it is standard practice that the blasting company presents a blast 

monitoring report for the month.   

 

A sample of four high PPV values recorded by the mine and the resulting explanation for 

these high values are presented in Table 7. These values were obtained from blast 

monitoring reports. All the PPVs listed in Table 7 were in the USBM safety range. The peak 

airblast values were mostly within the limit. According to the blast monitoring reports, no 

damage was caused to any property as a result of the high PPV and / or airblast values.  
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Table 6 List of the PPVs exceeding the USBM safe limit and response by the coal mine in Mpumalanga 

Date & 

Time 

Resultant 

PPV (mm/s) 

Airblast 

(dB) 
Blasting Response 

10/04/2015 

12:21 
20.76 135 

The Resultant PPV levels for the month of April 2015 ranged between 0.08 and 20.76 mm/s. The frequency of these recordings 

ranged between 8.53 and 85.33 Hz. The airblast levels for the month ranged between 97.50 and 138.30 dB for this month. On the 10
th
 

April, the limit of 134dB was exceeded by 1 dB. No damage was caused by this event.  

 

20/08/2015 

16:26 
15.51 123 

The Resultant PPV levels ranged between 0.11 and 15.51 mm/s for August 2015. The frequency of these recordings ranged between 

10.24 and 85.33 Hz. The airblast levels recorded for the month were within the safe blast limit of 134 dB. There was no damage 

induced by the ground vibration and / or air blast recorded during the month. 

 

13/08/2015 

15:49 
14.63 119.7 

04/11/2015 

16:17 
13.11 115.4 

The Resultant PPV levels ranged between 0.18 and 13.54 mm/s for November 2015. The frequency of these recordings ranged 

between 3.85 Hz and 46.55 Hz. The airblast levels recorded for the month were mostly within the safe blast limit of 134 dB. There was 

no damage induced by the ground vibration and / or air blast recorded during the month. 24/11/2015 

14:52 
13.54 118.1 

22/12/2015 

17:24 
14.36 117 

The Resultant PPV levels ranged between 1.25 and 14.36 mm/s for December 2015. The frequency of these recordings ranged 

between 7.21 Hz and 51.20 Hz. The airblast levels recorded during this month were within the safe blast limit of 134 dB. There was no 

damage induced by the ground vibration and / or air blast recorded during the month. 
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8.3 Flying rocks 

Flyrock trajectories were monitored at the platinum mine using high-speed video camera. 

All measurements were undertaken by the mine and are reflected in their blast monitoring 

reports. Table 8 shows a summary of the results for a few strong events which were most 

likely to generate flying rocks over the past two years. Despite the high PPV values 

generated, flying rocks were only noticed on a few occasions. These flying rocks were 

limited within the pit area. 

 

In the coal and gold mines flyrocks are examined using normal video filming. For both 

mines, because of the geology of the ore-body and surrounding material, smaller charges 

are used to blast the rock. From reports, Flyrock was only detected once in the gold mine 

and no flyrock was reported at the coal mine (Table 8). The flyrock observed at the gold 

mine was limited to the pit area.  

 

Table 7 List of observed cases of flyrock all three mines  

Mine 
Date & 
Time 

PPVs Blast Monitoring report 

Platinum 
mine  

2014/12/23 
13:38:45 

66.88 
A small amount flyrock was noticed. 

2015/04/20 
15:36:37 

51.64 
A small amount flyrock was noticed and was only in the mining 
area. 

2015/04/30 
15:47:21 

37.63 
No flyrock was observed outside the pit area. 

2015/07/03 
13:48:51 

35.41 
A small amount flyrock was noticed. 

2015/06/01 
15:28:21 

29.35 
Flyrock was observed but mainly up and down and did not 
leave the pit area. 

2015/02/04 
18:00:58 

28.68 
A small amount flyrock was noticed. 

2015/03/11 
14:07:03 

28.18 
A small amount flyrock was noticed. 

01/11/2012 
11:56 

13.05 
No flyrock was reported. 

01/11/2012 
11:56 

13.09 
No flyrock was reported. 
 

26/03/2013 
14:14 

26.10 
No flyrock was reported. 

19/03/2014 
14:23 

68.90 
Flyrock was observed, but mainly up and down within the 
mining area. 

Gold 
mine  

02/04/2014 
13:15 

26.60 
Flyrock was observed, but mainly up and down within the 
mining area. 
 02/04/2014 

13:15 
19.80 

03/04/2014 
13:28 

22.40 
No flyrock was observed leaving the blast area. 

11/04/2014 
12:13 

17.7 
No fly rock was observed leaving the blast area. 
 

11/04/2014 
12:13 

13.7 

08/04/2015 
16:24 

20.76 
No fly rock was observed leaving the blast area. 
 

20/08/2015 15.51 
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16:26 

13/08/2015 
15:49 

14.63 

04/11/2015 
16:17 

13.11 
No fly rock was observed leaving the blast area. 
 

Coal 
Mine  

08/04/2015 
16:24 

20.76 
No fly rock was observed leaving the blast area. 

20/08/2015 
16:26 

15.51 
No fly rock was observed leaving the blast area. 

13/08/2015 
15:49 

14.63 

04/11/2015 
16:17 

13.11 
No fly rock was observed leaving the blast area. 

24/11/2015 
14:52 

13.54 

22/12/2015 
17:24 

14.36 
No fly rock was observed leaving the blast area. 

 

8.4 Measuring vibrations affecting the human body 

The effect of air pressure and vibrations on the human body was measured at all the mines 

in the study. A chest plate pressure sensor fitted to the Male Torso, the most widely used 

dummy in crash and blasting tests was used. The transducer model is Endevco 8515C-50, 

K17434, 1kPa = 0.550 mV. Greater details of the equipment used and the results obtained 

are presented in Milestone 3. 

 

The non-auditory overpressure injury is assessed using the Chest Wall Velocity Predictor 

(CWVP) that is calculated from the measured pressure (Axelsson et al., 1996). One of the 

parameters that needed to be specified was the atmospheric pressure. This was not 

measured at the test site each day of testing, so the atmospheric pressure was estimated to 

880 kPa. The chest wall velocity was calculated using this signal.  

 

For the platinum mine, the calculated CWVP of 0.0026 m/s from the first blast and 0.0012 

m/s from the second blast. The calculated CWVP from the two tests at the platinum mine in 

Limpopo were found to produce a low probability for injury from the distance in which the 

measurements were taken.  

 

For the eardrum, many probability curves and threshold values are based on the original 

work of James et al., 1982, which is probably the most comprehensive study addressing 

eardrum rupture from exposure to a blast wave. A threshold for probability of damage to the 

ear is taken to be 35 kPa peak overpressure (a relatively conservative value). It represents 

a 50% probability of eardrum rupture. The 6 kPa peak overpressure level is recommended 

as threshold level for the hair cell damage to blast wave. 
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The pressure signals recorded by the Torso chest plate transducer for the platinum mine  

for blast 1 was 0.08 kPa, and from the blast 2 was 0.04 kPa, which is less than the injury 

threshold. 

 

The pressure and the acceleration generated by the blast of the gold and coal mines were 

too low to trigger the pressure sensors on the LS Torso. There was no distinguishable 

difference between the noise level and the seismic and pressure waves generated by the 

blast. 

 

8.5 Effect of vibration on domestic animals and wildlife 

Milestone 2 presents the results from interviews at communities around the mining 

operations. With regards to domestic animals, most interviewees perceived that there 

domestic animals were negatively affected by blasting. The interviewees in the communities 

were however unable to comment on the effects of blasting on wildlife. The researchers 

thus additionally interviewed a former environmental/disaster manager of a Game Reserve 

to enquire about any changes in wildlife due to blasting (which occurred within 3km from the 

game reserve). This interviewee reported no noticeable behavioural changes in the wildlife 

caused by blasting. Additionally, a study conducted by Rorke (2009) reports that there were 

no noticeable impacts on the animals caused by open cast mine blasting that took place 

close to a large animal feed project near Middelburg.  

 

Currently the effects of blasting on wildlife and domestic animals is poorly understood and 

studied. It is evident that there is a need for series of controlled experiments to be 

undertaken where sound and vibration level responses are more systematically studied in 

order to establish the associated animal/ wildlife behaviour. The general perception is that 

the vibration and sound limitations established for the human body could also be used to 

prevent negative effects to wildlife and domestic animals. Especially since the large 

diversity of the wildlife population and domestic animals makes it very difficult to compile a 

set of rules that are equally applicable for all species. During this study the researchers 

were unable to physically measure the effects of blasting on animals and wildlife during the 

timeframe of this project.  

 

8.6 Dust measurements 

The method used for dust collection and the dust monitoring results from the three mines 

are described and discussed in detail in Milestone 3.  
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At the platinum mine in Limpopo the dust fall out rate for the year 2015 was well below the 

residential limit. At the gold and coal mines, the dust fall out limit was exceeded a few times 

(e.g. in 2015 at the gold mine, one community experienced dust levels greater than 600 

mg/m2/day in two sequential months).  

 

It should be noted that one of the problems with the dust measurements, particularly around 

the gold and coal mine, is distinguishing between the dust produced by the blast, existing 

mine dumps and other mining operations e.g. loading, hauling and crushing. 

 

8.7 Structural response of the dwellings – community questionnaire and damage 

survey summary 

A detailed description of the structural survey and the survey results is presented in 

Milestone 2 report. The primary objective was to identify and determine the extent and 

possible causes of damage to residential buildings in mining areas. The residential 

buildings surveyed in the three study regions were constructed of burnt clay bricks or 

concrete blocks. Masonry construction is the norm in South Africa and it is based on the 

recommendation of SANS10400. It is worth noting that masonry constructions have 

significant compressive strength and limited ability to accommodate tensile stress or 

horizontal loading. Consequently, the building is likely to crack if tensile stress or horizontal 

loading occurs. In such areas buildings must be designed and constructed of flexible 

materials that can accommodate movements.  

 

Generally in South Africa, there is no specific regulation pertaining to design and 

construction of buildings in mining areas. The mining houses have adopted limiting criteria 

published by the US Bureau of Mines and the US Office for surface Mining (OSM). The 

guidelines envisages building structures constructed in accordance with good building 

practices (norms and standards), which is not the case in the study area. It is also evident 

that there are no clear guidelines on how mining can operate within established 

communities, or on how communities should interact with already established mines.   

 

A model for predicting PPV’s at a particular site can be established based on historical data 

and the scaled distance when plotted against the peak particle velocity and comparing the 

equation of the line plotted with the standard equation to obtain the site specific parameters. 
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9 Milestone Discussion 

9.1 Context 

In recent years, the effect of opencast blasting on people, domestic and wild animals, 

dwellings, buildings and other civil structures has become a serious concern as it has led to 

numerous complaints by residents and landowners, protests, lawsuits, and even the closure 

of mining operations. 

The final objective (Milestone 5) of this project is to produce a guideline document that 

describes leading international and local practice for designing, executing and monitoring 

blasts and dealing with nearby communities, and proposes norms and standards that take 

the South African situation into account. After due consideration by the MHSC through its 

Mining Regulations Advisory Committee (MRAC), consultation with other interested and 

affected parties, and any necessary revision, the Department of Mineral Resources may 

issue mandatory guidelines for the compilation of Codes of Practice (CoP) relating to 

blasting. 

 

There were four main steps to achieve this objective:  

 Milestone 1: Identify suitable mines to conduct research and secure cooperation 

from mine management and local community structures. Four mines were 

identified that spanned a range of commodities and situations. A large platinum 

mine in Limpopo that borders on seven villages; a gold mine in a peri-urban 

setting in Gauteng; a coal mine in Limpopo that is close to a farming area; and a 

coal mine Mpumalanga that is near to a residential area. 

 Milestone 2: Establishment of current practice and experience through 

interviews with management and technical experts at the four opencast mines, 

interviews with residents in nearby communities, and surveys of the methods 

used to construct buildings in nearby communities and their state of repair. 

 Milestone 3: Measurement of ground vibration, airblast, noise, flyrock and dust 

at three mines. The research team made independent measurements of blasts at 

each mine. The purpose of this exercise was to document actual blasting and 

monitoring practice, and to validate the measurements of the same blasts made 

by the blasting consultants routinely contracted by the mines. This made it 

possible to analyse with insight and confidence the large data sets and numerous 

reports documenting hundreds of blasts over a period of several years. This was 

essential. There are so many factors that influence blast-related phenomena, that 

a statistical approach is necessary. 
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 Milestone 4 (this report): Joint interpretation of the outputs of Milestones 3 and 

4. In particular, blast design and monitoring practices and vibration and airblast 

levels were compared with local and international standards. 

 

10 Principal findings of Milestone 4 

10.1 Monitoring practice 

It was found that there is no standard monitoring practice. Practice varies between the 

mines, and, in some cases, the practice on a particular mine has changed with time and 

contractors. This was not surprising, as there are no local guidelines and standards for 

monitoring practice, apart from SANS 8666:2011 that merely specifies the frequency 

bandwidth and dynamic range of recording equipment. However, all blasting practitioners 

were familiar with international standards, particularly the safe level thresholds published by 

the US Bureau of Mines, especially Report of Investigations 8507 (Siskind et al., 1980), and 

these were used as criteria for blast design. 

 

Some mines have an array of stations that monitor vibrations in the ground and air. 

Recording is triggered by any ground vibration and/or airblast that exceed preset trigger 

levels. For example, the Limpopo platinum mine operates an array of 12 stations spread 

over the large mine property, with stations concentrated on the mine boundary closest to 

nearby villages. Thus the distances from a blast to the monitoring stations may vary from a 

few hundred meters to 6 km or more. A particular blast may only trigger the closest two or 

three stations. Trigger levels are set so that any blast that is likely to cause annoyance or 

damage to nearby communities will be recorded. 

 

Other mines only deploy a recorder when a blast is scheduled to take place. For example, 

the Gauteng gold mine deployed a single station 300 m from the blast. 

 

10.2 Monitoring equipment 

Many blast recorders are commercially available, along with data analysis software. The 

instrument records both the ground vibrations and the air pressure. The systems used by 

local blasting practitioners met, in most respects, the requirements of SANS 8666:1990. For 

example, one local practitioner makes use of the NOMIS Mini Supergraph. The frequency 

range of the seismograph is 2-400 Hz (1 Hz optional), while SANS 4866:2001 specifies 1-

300 Hz. However, field data showed little energy below 10 Hz, thus the lack of information 

at frequencies below 2 Hz is not critical. In all other respects, the specifications of the 

instrument surpasses SANS 4866:2011. 
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The blast is normally also filmed using a video recorder to determine the trajectory of any 

flyrock. 

 

10.3 Data analysis and interpretation practice 

It was found that there is no standard data analysis practice. Practice varies between the 

mines and blasting practitioners. Again, this was not surprising, as there are no local 

guidelines and standards. However, all blasting practitioners were familiar with international 

practice, especially Report of Investigations 8507 (Siskind et al., 1980), and these were 

used as criteria for blast design. 

 

Commercially available blast recorders, such as the NOMIS Mini Supergraph, are supplied 

with data analysis software. The software reports the ground motion and air pressure 

parameters necessary for routine analysis: 

 PPV for each component (longitudinal, transverse and vertical), along with 

an estimate of the frequency of the vibration derived from the zero-

crossings of the wave. 

 The vector sum (resultant) of each sample of the seismogram, and the 

resultant PPV, which is slightly larger than any of the individual PPVs. 

 The peak particle displacement and peak particle acceleration for each 

component. 

 The Fourier amplitude spectrum of each component is plotted. This 

displays the particle velocity as a function of discrete frequencies between 

2 Hz and 250 Hz. The dominant frequency is determined (i.e. the frequency 

with the highest amplitude signal). These results are plotted on a graph and 

compared with the USBM RI8507 and OSMRE safe level criteria, 

sometimes known as a ‘compliance plot’.  

 The peak particle acceleration and peak particle displacement for each 

component (longitudinal, transverse and vertical). 

 Airblast strength in dB. 

 

Blasting practitioners deliver reports in a variety of formats, governed by the contract with 

the mine.  

 

In some cases, a report is produced for every blast. Blast and station positions are shown 

on a Google Earth image; ground motion and airblast parameters are listed; seismograms 

and Fourier amplitude spectra are displayed, as well as a ’compliance plot’ of PPV against 
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frequency on the RI8507 and OMRE safe limits; any observations of flyrock are reported; 

and the measurements and observations are summarised and discussed; and the likelihood 

of any blast-related damage is assessed. Furthermore, the measurements are compared 

with data recorded in preceding months. 

 

In other cases, a monthly report is delivered in which the measurements are tabulated. 

 

10.4 Integration of vibration, airblast, flyrock and dust measurements and community 

surveys 

The PPV measurements provided by the platinum, gold and coal mines were plotted as a 

function of scaled distance. This is the standard way to relate PPV to distance and 

charge/delay, the main factors that affect PPV. In this way any outliers can be detected and 

investigated; the parameters of the empirical equation that relates PPV to scaled distance 

for a particular mine can be determined; and this equation is then used to predict the PPV 

at any other point. Also, measurements from any mine in the world can easily be compared.  

 

PPV data from the platinum and coal mines are plotted in Figure 12, and compared with the 

trend line for US quarries and coal mines published in RI8507 (converted from 

inches/second, feet and pounds to mm/s, metres and kilograms). The data from the gold 

mine is not plotted as it formed a ‘cloud’ rather than a linear trend. This is attributed to the 

fact that all measurements were made a distance of 300 m from the source, so the only 

contributor to variations in the scaled distance was the result of changes in the 

charge/delay. 

 

 

Figure 12. Ground vibration propagation for the platinum and coal opencast mines 
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The amplitude of the airblast was also plotted against scaled distance (following 

convention, scaled according to the cube rather than the square root of charge/delay). 

However, the data did not produce the expected decay of amplitude with scaled distance. 

The explanation for the variation can probably be found in the various mechanisms that 

give rise to the airblast (the air pressure pulse, rock pressure pulse, gas venting pulse and 

stemming release pulse), coupled with the influences of weather and wind.  

 

10.5 Limpopo platinum mine 

a) PPV 

 The PPV versus Scaled Distance regression line is similar to USBM RI8507 

(Figure 11). There is considerable scatter in the data. However, it is 

important to recall that the data is a compilation of blasts in four different 

pits. Furthermore, the blast positions range from the bottom of the pits 

(some of which are deeper than 100 m) to shallow benches. Thus there is a 

large variation in the travel paths between the energy sources and sensors. 

 Inspection of the seismograms in blast reports show that the typical 

duration of ground vibration is 1-2 seconds, usually with a strong onset, 

higher values of particle velocity in the middle of the envelope, and tapering 

off towards the end. This depends, of course, on the blast design: the 

number of holes/delay, and the number of delays. 

 Inspection of the dominant frequency of the ground vibrations (Figure 3) 

shows that all are above 10 Hz. According to the USBM RI8507 criterion, 

the threshold for damage for structures not built to be resistant to dynamic 

loading is 12 mm/s. It is obvious that there are many measurements above 

this level, and a few that even exceed 51 mm/s. It is important to realise 

that these measurements were recorded on stations located within a few 

hundred metres of the blast, considerably closer than any villages. In most 

cases the ground vibration predicted in the villages was well below the 

damage threshold. 

b) Airblast 

 The situation for the airblast is somewhat different. Inspection of the 

sonograms in the blast reports show that the typical duration of air wave is 

similar to the duration of the ground vibration, typically 1-2 seconds. 

However, there may be large differences in the character of the sonagram: 

some blasts produce a single, very strong pulse of short duration; while 

other blasts produce several high amplitude wave packages.  
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 An inspection of the air blast records over a period of several months 

showed many instances where the overpressure at the station exceeded 

the USBM safe limit of 134 dB. Many of these stations were far closer to 

the blast than the villages. However, the large deviations of airblast 

strength from the expected scaled distance relationship may it difficult to 

predict airblast levels with confidence. Thus it is likely that there are 

occasions when the airblast amplitude is large enough to cause dwellings 

to shudder and ornaments to rattle, causing annoyance and fear. 

c) Flyrock 

 A few instances were reported of flyrock beyond the pit, but within the mine 

boundary. It should be emphasised that there is zero tolerance for flyrock, 

as it can seriously injure or kill a person. 

d) Dust 

 Measurements were generally well within the prescribed limits.  

e) Community interviews and surveys of buildings 

 Dwellings showed damage and/or deterioration that ranged from ‘minor’ to 

‘moderate’. The survey indicated that the damages are mainly due to 

substandard materials and workmanship or poor ground conditions.  

 Some of the damage was attributed to vibrations generated by blasting. 

There are two possible mechanisms of damage: Firstly, when the PPVs are 

not only above the safety limits but also higher than the strength of the 

house. In this case, damage may develop suddenly. Secondly, when the 

house is subjected to repeated vibrational loading. In this case, even if the 

PPVs are within the safe limit, existing cracks may widen and new cracks 

may form. 

 The majority of interviewees reported that no warning is given prior to a 

blast. Many reported that they felt anxiety and fear, and some reported that 

objects such as mirrors had fallen off walls.  

 There appeared to be a lack of clarity on how to lodge a complaint, and a 

lack of recourse should they person be dissatisfied with the response of the 

mine. 

 

10.6 Gauteng gold mine 

a) PPV 

 The data from the gold mine is not plotted in Figure 11 as it forms a ‘cloud’ 

rather than a linear trend (Figure 5). This is attributed to the fact that all 

measurements were made a distance of 300 m from the source, so the only 
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contributor to variations in the scaled distance was the result of changes in 

the charge/delay. 

 Inspection of the dominant frequency of the ground vibrations (Figure 6) 

shows that all except four are above 10 Hz. The single reading reporting a 

dominant frequency of 0.5 Hz must be an error as this frequency is below 

the capability of the sensor. 

b) Airblast 

 As noted above, the airblast did not fall off with scaled distance, even over 

nearly one order of magnitude in scaled distance (Figure 7). However, all 

records of airblast were below the USBM limit of 134 dB.  

c) Flyrock 

 A few instances were reported of flyrock, but only within the blast area. 

d) Dust 

 Measurements were generally well within the prescribed limits, though 

some exceptions occurred. It must be noted that dust can arise from many 

activities other than blasting, such as loading, hauling and dumping of ore 

and overburden. 

e) Community surveys 

 The majority of interviewees reported that no warning is given prior to a 

blast and experienced the blasts as ‘violent shakes’, though it appears that 

this perception is dominated by a single incident that led to protests. 

 A survey found that most dwellings were well constructed. Cracks were 

mainly attributed to ground movement due to mining activities and 

consolidation of poor ground. 

 

10.7 Mpumalanga coal mine 

a) PPV 

 The PPV versus Scaled Distance regression line is steeper than the USBM 

RI8507 trend. However, it appears that the coal blasts produce 

substantially lower PPVs (<1 mm/s) than overburden blasts. Exclusion of 

these low PPV data will match the RI8507 trend better. 

 There is considerable scatter in the data and the variation in scaled 

distance is quite small (only one order of magnitude) as there was limited 

variation is the distance between the blasts and the stations and in the 

charge/delay. 

 The dominant frequency was greater than 9 Hz, apart from four blasts 

(Figure 10). Even so, the lowest reported dominant frequency was greater 
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than 6 Hz. This dominant frequency tends to be somewhat lower than the 

platinum mine, and is likely due to thicker soil cover and deeper weathered 

layer. 

b) Airblast 

 As noted above, the airblast did not fall off with scaled distance, even over 

nearly one order of magnitude in scaled distance (Figure 11).  

c) Flyrock 

 No flyrock was observed to leave the blast area. 

d) Dust 

 Measurements were generally well within the prescribed limits, though 

some exceptions occurred. It must be noted that dust can arise from many 

activities other than blasting, such as loading, hauling and dumping of 

overburden. 

e) Community interviews and surveys of buildings 

 The majority of interviewees reported that no warning is given prior to a 

blast and that their homes rattle and shake. 

 A survey found that most dwellings were well constructed. Damage and 

deterioration was to material shrinkage and creep, thermal movements, 

ground movements due to mining activities, heaving clay, consolidation of 

poor ground and poor maintenance, all exacerbated by mining activities. 

 

11 Milestone Conclusions 

The primary objective of this milestone was to assess the impact of surface 

blasting on people and structures near to opencast mines. The main conclusions 

are summarised below: 

 

Physical measurements and standards 

 Measurements of ground vibration and airblast are generally made by blast 

monitoring practitioners using commercially available equipment that is 

designed for this purpose.  

 The ground vibration and air blast data recorded at three mines (a platinum 

mine in Limpopo, a gold mine in Gauteng, and a coal mine in Mpumalanga) 

during the course of this study are in good agreement with the data 

recorded by the blast monitoring practitioners. Therefore, for statistical 

purposes, the large data sets accumulated by the mines will be used in 

defining the guidelines.  
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 In the absence of any local guidelines, the USBM standard RI8507 (Siskind 

et al., 1980) is generally used to assess whether ground vibrations exceed 

safe limits. Community members are generally unhappy with the standards 

used by the mines as damage and/or deterioration of buildings is notices, 

which many attribute to blasting.  

 The South African standards for ground-borne vibration measurements 

exist as part of document South African National Standard (SANS) 

4866:2011. However, they only give specifications for monitoring, and do 

not provide safe limits. 

 Airblast was mostly below the 134 dB limit. However, the analysis of air 

pressure versus scaled distance was puzzling, as it did not show the 

expected fall-off with scaled distance. 

 Dust fall out data from three opencast mines has been analysed. Focus 

was placed on the dust monitoring at the communities surrounding the 

mining operations. The data was interpreted against the Air Quality Act 

(2004) in terms of the prescribed fall out rate for residential areas. 

Generally the dust fall out rates was within the prescribed limits but it was 

found that the limit was exceeded in some months. Also the required 

permitted frequency of exceeding dust fall rate was exceeded on a few 

occasions. 

 Tests were performed to quantify the air pressure levels that humans are 

exposed to in the vicinity of the mines. The calculated Chest Wall Velocity 

Predictor (CWVP) from the two tests at the platinum mine in Limpopo 

indicated that there is a low probability that the  overpressure associated 

with the blast will cause injury in nearby communities. The probability of 

hair cell damage and eardrum rupture is also very low. 

 

Impact of blasting on buildings in nearby communities 

 It was found that most of the buildings close to the three mines investigated 

were constructed of hollow concrete blocks with timber and iron sheet 

roofs. Homes are continuously being built or altered, which makes it difficult 

to assess each structure. 

 Many showed some degree of damage and deterioration. It was difficult 

from a visual inspection to distinguish between damage due to poor design, 

construction, soil conditions and blast-induced vibrations. Furthermore, 

vibrations could exacerbate damage originating from other causes. 
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Perceptions of communities with respect to opencast mines 

 Most interviewees reported that they did not receive warning of blasting 

activities, that they experience anxiety and fear, procedures for lodging 

complaints were not clear, and that they had little hope of recourse should 

they not receive satisfaction. 

 The community surveys show that there are high levels of distrust between 

the communities and the mines.  

 

12 Milestone Recommendations 

There is a need to develop appropriate guidelines for blasting in South African opencast 

mines. These should be based on well-established international criteria, but take local 

conditions into account, principally the type of building found in typical communities near 

mines. 

 

13 Next Milestone  

The next milestone will focus on the scoping of guidelines to ameliorate the effect of 

blasting on people, domestic and wild animals, dwellings, buildings and other civil 

structures 
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4 Glossary 

 Airblast: A transient change in air pressure arising from the detonation of an 

explosive that travels through the air at the local speed of sound. 

 Bench: A narrow, strip of land cut into the side of an open-pit mine 

 Burden: The shortest distance between the hole and the exposed bench face. 

 Charge:  A quantity of explosive to be set off at one time 

 Detonator: There are three main types of detonators: electric, non-electric and 

electronic. Each of these three types has its own characteristics which make it 

suitable for use on various blasting projects. The blaster decides which system is 

most appropriate. 

 Delay: A method of blasting by which explosive charges are detonated in a given 

sequence with short time intervals 
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 Flyrock: Rock propelled beyond the blast area by the force of an explosion 

 Footing: A foundation unit constructed in brick work, masonry or concrete under 

the base of a wall or a column for the purpose of distributing the load over a large 

area that rests in solid ground and is wider than the structure supported. 

 Overpressure: Pressure caused by a shock wave over and above normal 

atmospheric pressure. 

 Powder factor: The amount of explosive required to dislodge and fragment one 

cubic meter of rock. It is measured in kg/m3. 

 Seismic waves: Elastic waves generated by blasts can be classified as either 

body or surface. Body waves travel primarily through the Earth’s interior, while 

Surface waves travel along the surface of the Earth. Body waves travel the fastest 

(up to 5 km/s) and arrive first at structures. Surface waves travel slower than body 

waves and arrive later. 

 Spacing: distance between two drill holes. 

 Spoil: In mining, overburden (also called waste or spoil) is the material that lies 

above an area that lends itself to economical exploitation, such as the rock, soil, 

and ecosystem that lies above a coal seam or ore body. 

 Stemming: Usually clean crushed stone or another inert material placed above 

the explosive in a blast hole. The stemming helps ensure that the energy released 

by the detonation stays within the confines of the blast hole and helps focus the 

energy horizontally. 

 Subdrilling: The distance drilled below the floor level to assure that the full face of 

the rock is capable of being removed to the desired excavation limits. 
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5 Overall Project Summary 

Table 1 Project summary 

 

WHAT WAS PLANNED FOR THE 

QUARTER? 

WHAT WAS ACHIEVED? REASONS FOR 

DEVIATION 

a) Project initiation: 

 Identification of study sites 

(candidates include a platinum 

mine, coal mine, and a gold 

mine), 

 Start-up presentation. 

 Completed successfully No deviation 

2. Interviews and questionnaires to 

establish current practice and 

experience. These will address the 

following topics: 

 Pre-blasting surveys of 

structures, criteria for safe 

blasting, and ground vibration 

control. 

 Noise levels of air blasts, 

techniques to monitor flyrocks, 

and dust. 

 Type and amount of explosives 

that are used, the size of blasts 

and the timing of the rounds, 

drilling patterns. 

 Tolerable distances to buildings 

and other structures, building 

standards to withstand future 

vibration exposure, current 

standards for pipelines, 

electricity pylons, dams and 

concrete structures, and 

measures to protect structures 

to mitigate the effects of 

blasting vibration. 

 The interviews with mining 
practitioners were 
completed successfully. 
 

 The community survey 
results gave sufficient 
insight and provided a 
valuable baseline for the 
project to go ahead. 

 

 The survey team conducted 

additional community 

surveys at coal and gold 

mines during Milestone 3 to 

supplement obtained 

results and aid in further 

fine tuning the process.  

 

The completion of 

this milestone was 

negatively impacted 

on by the community 

protests as well as 

the request by the 

local leaders to be 

included in the 

process. A special 

request to the MHSC 

was drafted to 

request help from the 

DMR, in particular in 

the Mpumalanga 

Region. In addition 

this study was 

updated with extra 

interviews taken 

during the 

Milestone 3 period. 

3 Physical measurements at 

study sites: 

 Peak Particle Velocities (PPV), 

 Noise level (Decibels), and 

 Vibrations effecting human 

body and wildlife 

This task started earlier to 
support the evaluation of 
damage at local communities.  
 
Measurements with a wide 
frequency range were 
conducted at the Limpopo 
Platinum Mine.  

Milestone 3 started 

early and it was 

envisage that it 

would be completed 

on time. However, 

due to the large 

number of people 

and companies 

involved, such as 
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contractors, different 

departments of the 

mines and their 

subcontractors, 

collecting all data 

took more time than 

we expected. 

Therefore the 

delivery of Milestone 

3 was delayed for a 

month and delivered 

with Milestone 4. 

Verbal approval for 

the extension due to 

the delay was given 

by Mr A Gumbie from 

MHSC. 

4. Joint interpretation of the results 

of the survey and the physical 

measurements,  and verifying the 

results against the norms specified 

by the South African Bureau of 

Standards 

Interpretation was carried out 

concurrently with data 

collection (milestones 2 and 3).  

 

Monitoring techniques used by 

consultants contracted by the 

mine were assessed. Data 

were analysed using standard 

techniques (e.g. scaled-

distance relationships) and 

found to be consistent with the 

long-term data collected by the 

mine and agencies such as the 

USBM. 

The Milestone 4 and 

3 are interdependent, 

as Milestone 4 is the 

interpretation of the 

data collected in 

Milestone 3. Both of 

were delivered at the 

end of February 

2016. The report was 

corrected following 

feedback from the 

reviewer and 

resubmitted on 22 

March 2016. 

5. Scoping of guidelines to 

ameliorate the effect of blasting on 

people, domestic and wild animals, 

dwellings, buildings and other civil 

structures. 

Work on this milestone 

commenced in January 2016. 

Draft guidelines based on 

international and local leading 

practice have been formulated. 

No deviation. 

Submitted to the 

MHSC on 31 March 

2016. Revised after 

MHSC Review. 

6. Draft final report (submission) This milestone will commence 

in January 2016 

No deviation. 

Submitted to the 

MHSC on 31 March 

2016 

7. Final report (approval) Subject to MHSC  
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6 Executive Summary for Milestone 5 

The output of this milestone is driven by guidance received from the MHSC. The email 

correspondences between the MHSC and the CSIR dated 10 March 2016 and 15 April 

2016 stated that this milestone will only provide (research based) outputs that will assist 

MRAC in drafting the final Guidelines to reduce the risk posed by open pit mines in line 

with the title of the project.   

 

The inputs towards the development of the Guidelines follow the process outlined in the 

Mine Health and Safety Act (Act 29 of 1996): 

1 Eliminate the risk. The necessity for blasting must first be established. In some 

cases, overburden may be stripped using mechanical methods rather than 

blasting. However, in most cases, blasting will be the only viable mining method.  

2 Control the risk at source. Proper blasting practice should be implemented to 

control ground shaking, air overpressure (airblast), noise, flyrock and dust. Safe 

limits should be prescribed and respected. 

3 Minimize the risk. This is done by reducing exposure and vulnerability of the 

assets exposed to the hazard viz. people, structures, domestic animals and 

wildlife. Adequate and effective warnings must be given of any blast. Exclusion 

zones should be defined and enforced. New structures should be built to withstand 

the prescribed limits without sustaining undue damage; while pre-existing 

structures should be reinforced to reduce blasting-related damage and/or any 

blasting-related damage repaired.  

4 Mitigate any remaining risk. Any complaints should be dealt with fairly and 

speedily. Compensation should be made for any losses suffered. Mining 

companies should consider providing training and support to local building 

contractors and artisans so that buildings in the vicinity of the opencast mine are 

designed and constructed so as to minimise the risk of blast-induced damage. 

Personal protective equipment could be provided e.g. hearing protection. 

5 Lastly, a programme to monitor the risk must be implemented. This includes the 

monitoring of the hazards, and a transparent system for conducting pre- and post-

blasting surveys of any ‘structures to be protected’, accompanied by appropriate 

and efficient mechanisms for compensating residents and owners for any losses 

and/or costs that might be incurred. 

 

A host of blasting Guidelines, standards, practices and procedures have been published 

by various international and local government agencies, explosives companies and 

professional societies. The following leading practices are identified: 



Page 10 of 88 

 Opencast blasts should be designed, initiated and monitored by competent 

persons. They must have been assessed and found competent against a skills 

programme recognised by the Mining Qualifications Authority (MQA). 

 The ground vibration safe limit criteria published by the US Office of Surface 

Mining Reclamation and Enforcement (OSMRE) in March 1987 are deemed to 

provide useful minimum criteria, as they take the effect of the frequency of ground 

vibration at the site of the ‘structure to be protected’ into account.  

o It is noted that many structures built in rural and peri-urban areas in South 

Africa are not designed to withstand dynamic loading. An even lower limit of 

6 mm/s may be necessary to prevent damage to exceptionally fragile 

structures, such as historic buildings or buildings made of mud brick. In the 

case of low cost fragile structures, it may be preferable to cover the costs of 

repair rather than place undue restrictions on blasting. 

o Limits for structures such as pylons and poles, dams, electrical transformers, 

roads, etc. should be set after consultation with the owner of the assets, 

such as Eskom and the National Roads Agency. Commonly used limits are 

listed in the guideline. 

 Flyrock must be stringently monitored and measures put into place to prevent the 

ejection of any flyrock beyond the limits of the pit and blast exclusion zone. 

 The airblast safety limit of 134 dB set by the US Bureau of Mines is deemed to be 

an appropriate minimum standard. It is noted that the level of airblast is affected by 

numerous factors, including the details of the blast (burden, stemming, etc) and 

meteorological factors (temperature gradient, cloud cover and wind), that must be 

taken into account. 

 Every blast that has the potential to cause annoyance or harm to the public should 

be monitored using instruments that record the time history of the ground vibration 

and airblast, allowing the duration, peak values and dominant frequencies to be 

measured. Flyrock should be monitored by video camera and post-blast site 

inspections. Dust fall out should be routinely monitored.  

o Details of each blast must be recorded e.g. location, number of holes, 

charge/hole, charge/delay, burden and stemming. 

o Measurements should be performed at multiple sites and at a range of 

distances owing to the large variability in the radiation of ground vibration 

and airwave energy.  
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o Measurements should be made close to any ‘structures that should be 

protected’ (e.g. residential areas, schools, pylons) so that levels of ground 

vibration and airblast at these sites can be reliably assessed. 

o Meteorological conditions should be recorded.  

 The records of each blast should be analysed, archived, and where necessary, 

investigated. 

o Measurements should be plotted against standard safety thresholds (e.g. 

OSMRE safe blasting criteria). 

o Measurements should be plotted on standard ‘scaled distance’ graphs that 

take variations in the charge weight per delay into account. 

o Any measurements that exceed safe limits, as well as any ‘near misses’, 

should be documented and investigated. These can serve as useful ‘leading 

indicators’. 

o Any incidents of damage to ‘structures that should be protected’ must be 

recorded and investigated. Measures must be implemented to prevent a 

recurrence. 

 Effective communication with residents of nearby communities and owners of 

structures that should be protected is deemed to be of utmost importance. 

o Adequate and effective warning must be given of any blast likely to cause 

annoyance. 

o Transparent, ‘friendly’ and efficient procedures must be implemented to 

perform pre-blast surveys of any structure that may be at risk; and post-blast 

surveys of any structure that might have been damaged by a blast. These 

procedures must include mechanisms for lodging and settling claims, and 

lodging appeals should the process be deemed unsatisfactory. 

o It is desirable that Guidelines for the building, retrofitting and repairing of 

structures are formulated so that the risk of damage due to blasting activity is 

minimised, and that training and support is provided to local building 

contractors and artisans. 
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7 Overall Project Aims and Objectives 

The expected outcomes of the project are as follows: 

1. Survey and assessment of the challenges experienced by communities that 

surround mines that conduct blasting operations, taking into account the following: 

1.1 Damage to infrastructure, 

1.2 Health and safety implications, and 

1.3 Impact on animals and wildlife. 

2. Guidelines with minimum standards that address the following issues: 

2.1 Pre-blasting survey of structures, 

2.2 Safe level blasting criteria, 

2.3 Ground vibration control – acceptable levels, mean particle velocity (mm/s), 

2.4 Air blast acceptable noise levels (Decibels), 

2.5 Flyrock control measures 

2.6 Dust measurements, 

2.7 Standards around pipelines, electricity pylons, dams and concrete 

structures, 

2.8 Drilling patterns, 

2.9 Type and amount of explosives that may be used, size of blast and timing of 

the round, 

2.10 Tolerable distances from buildings and other structures, 

2.11 Building standards to withstand future vibration exposure, and 

2.12 Protection of present structures to mitigate the effect of blasting vibration. 
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8 Project Schedule and Gantt Chart 

Table 2 Project Gantt Chart 

Planned:    

Completed 

Approved Extension 

No Milestone 04/ 
2015 

05/ 
2015 

06/ 
2015 

07/ 
2015 

08/ 
2015 

09/ 
2015 

10/ 
2015 

11/ 
2015 

12/ 
2015 

01/ 
2016 

02/ 
2016 

03/ 
2016 

1 Project initiation             

2 Questionnaire surveys in the affected areas 
            

3 Physical measurements 
 

 

           

4 

Integrated interpretation of the results of the 
survey and the physical measurements, and 
comparison with the norms specified by the 
South African Bureau of Standards and similar 
agencies worldwide. 

            

5 

Scoping of Guidelines to ameliorate the effects 
of blasting on people, domestic and wild 
animals, dwellings, buildings and other civil 
structures. 

            

6 Draft final report 
            

7 Final Report             
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9 Scoping of Guidelines for opencast blasting and monitoring 

The aim of this milestone was to provide inputs towards a development of a Guideline 

document to assist in mitigating the risk posed by open pit blasting to nearby communities. 

Feedback from the MHSC stated that the development of Guidelines was not necessary 

because it is the responsibility of the MHSC through MRAC to do this (Appendix A). This 

report thus provides background information for use by MRAC. Over and above – a 

detailed section containing factors to be considered is provided, that could be used by the 

committee when drafting the Guidelines. 

 

 Risks posed by opencast mining 9.1

Mining is a cornerstone of the South African economy and a major source of 

employment and revenue. However, mining operations may have negative impacts on 

nearby communities and other natural resources such as water and soil. In recent years, 

urban developments have encroached on existing mines and new mines have opened in 

inhabited areas. The impact of mining activities on nearby communities has given rise to 

numerous complaints to mine owners and the Mine Health and Safety Inspectorate, 

protest actions by community members and Non-Government Organisations, lawsuits, 

and even the suspension of mining activities.  

 

Opencast mining is an efficient way to mine shallow orebodies. In South Africa it is used 

to mine gold, platinum and coal, amongst other minerals (Figure 1). Explosives are used 

to break the rock and inevitably produce shock waves that shake the ground, which may 

cause damage to nearby dwellings, business premises and schools, as well as civil 

structures such as pipelines, dams and electricity pylons. The explosions may also fling 

rock fragments into the air, posing a risk to life and property if uncontrolled. Furthermore, 

the airblast, noise and dust produced by the blast may be a nuisance to people, 

domestic animals and wildlife. The airblast may even cause injury and damage, such as 

broken windows. This report seeks to provide inputs towards a development of 

Guidelines that address the issues arising from blasting activities in opencast mines. 
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Figure 1: Opencast platinum mine, Limpopo Province, South Africa  

 

 Case studies 9.2

In recent years, the effects of opencast blasting have led to disputes between mine 

owners, government agencies, NGOs and the public. The examples below give a sense 

of the complexity of the issues that are involved. 

 

Platinum mining in the Limpopo Province 

On 24 July 2007, over 100 residents of the Mohlohlo community sought a court 

injunction prohibiting a mining company from interfering with the residents’ land rights in 

an area where they were expanding their mining activities. On 26 March 2008 ActionAid, 

an international anti-poverty agency, released a report highlighting the negative impacts 

of mining operations (ActionAid, 2008). The company responded to ActionAid’s 

allegations by reaffirming their commitment as a responsible corporate citizen and 

stating that “the report is extremely one-sided and contains many inaccuracies and 

distortions” (Anglo Platinum, 2008). The company report noted that mining activities the 

world over are known to have significant positive and negative socio-economic impacts 

on adjacent communities as well as potential negative impacts on the environment, and 

provided details of the governance structures processes, management systems and 

reviews that they have implemented to ensure that the positive impacts are maximised 

and the negative impacts are minimised. In the Environmental Impact Assessment for 

the proposed mining expansion, it was noted that the extent of the impacts (i.e. blasting, 

vibrations, noise and, primarily, overburden disposal) will probably result in the relocation 

of two villages (Anglo Platinum, 2002). 

 

Following the ActionAid report, the South African Human Rights Commission 

investigated the impacts of mining activity in the region (SAHRC, 2008). The issues 

identified included access to water, sanitation and electricity, mine blasting and the 

removal of graves. It also noted problems with compensation, and expressed the view 
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that the disintegration of trust amongst affected communities was initiated and 

exacerbated through a perception that grievances raised within the community were not 

being addressed.  

 

Coal mining near the Hluhluwe-Imfolozi Park:  

It was reported in The Mercury (2014) that Ezemvelo KZN Wildlife had urged a coal 

mining company to revise their plans to mine close to the park boundary, strongly 

advising that the company “voluntarily retreats from the boundary of the park and that 

the environmental impact assessment process focuses on determining, through 

technical studies, what would constitute an appropriate buffer to ensure that the 

wilderness of Hluhluwe-Imfolozi is protected from the direct and indirect impacts of the 

proposed mining operation, such as noise, visual, dust, vibrations and fire”. 

 

Opencast gold mining in Mogale City Local Municipality:  

In January 2014 the South Gauteng High Court issued an order directing a gold mining 

company to cease mining operations pending compliance with a directive issued by the 

Minister of Mineral Resources, the Honourable Susan Shabangu, following a preliminary 

investigation by the Mine Health and Safety Inspectorate (SAnews, 2014). The Gauteng 

Premier, Nomvula Mokonyane, “called on all affected parties, more especially the 

residents of Kagiso, to refrain from violent acts and to respect the court order”. 

 

The investigation followed complaints lodged by residents of Kagiso Extension 1, 

especially the new residential development, Sinqobile Phase 3, related to the cracking of 

walls and shattering of windows. The damage was attributed to the proximity of the new 

mine to the residential area. The investigation found the following anomalies:  

(i) mining operations were taking place with 100 meters of a major power line, and 

(ii) the environmental impacts of opencast mining in close proximity to residential 

areas, and more particularly the public safety risks associated with tremors, 

percussion and fly rock resulting from site specific actions and activities were not 

provided for in the approved Environmental Management Programme. 

 

 Relevant South African legislation 9.3

 South African Constitution 9.3.1

Section 24 states: “Everyone has the right –  

a) To an environment that is not harmful to their health and well-being, and 

b) To have the environment protected, for the benefit of the present and 

future generations, through reasonable legislative and other measures 

that – 
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i. Prevent pollution and environmental degradation; 

ii. Promote conservation; and  

iii. Secure ecologically sustainable development and use of natural 

resource while promoting justifiable economic and social 

development.” 

 

 Mine Health and Safety Act  9.3.2

The Mine Health and Safety Act (Act 29 of 1996, MHSA) seeks to establish a 

culture of health and safety in the mining industry, and stipulates that owners 

and managers should take ‘reasonable measures’ to ensure that the working 

environment is healthy and safe when a mine is designed, constructed, 

equipped, operated and decommissioned. Section 11 of MHSA requires 

managers to identify hazards and assess risks, and to implement measures to 

eliminate, control and minimise the identified risks.  

 

Codes of Practice 

Section 9 of MHSA requires managers to prepare and implement Codes of 

Practice (CoP) on any matter affecting the health or safety of employees and 

other persons who may be directly affected by activities at the mine. The CoP 

must address how the significant risks identified in the risk assessment process 

must be dealt with, having regard to the requirement of sections 11(2) and (3) 

that, as far as reasonably practicable, attempts should 

i. first be made to eliminate the risk,  

ii. thereafter to control the risk at source,  

iii. thereafter to minimise the risk,  

iv. thereafter, insofar as the risk remains, to provide personal protective 

equipment, and 

v. to institute a programme to monitor the risk.  

 

In addition to the periodic review required by section 11(4) of the MHSA, the 

CoP should be reviewed and updated after every serious incident relating to the 

topic covered in the CoP, or if significant changes are introduced to procedures, 

mining and mining methods, plant or equipment and material. 

 

Guidelines 

The Chief Inspector may make the preparation and implementation of a CoP 

compulsory, and the CoP must comply with Guidelines, if any, issued by the 

Chief Inspector. Guidelines have been issued covering matters such as rockfall 
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and rockburst accidents, coal dust explosions, cyanide management, amongst 

many others.  

 

However, no Guideline governing opencast blasting has been issued. This 

study aims to help fill the gap by gathering the information that may be used by 

the Mine Health and Safety Council (MHSC) to convert into a Guideline. Only 

the Department of Mineral Resources (DMR) through the MHSC can issue a 

Guideline, as it is a legal document (A. Gumbie, Mine Health and Safety 

Council, pers. comm.). 

 

Regulations 

The Mine Health and Safety Act is supported by Regulations. The most recent 

amendment to the regulations relating to explosives was published in the 

Government Gazette on 10 July 2015. Regulation 4.16(2) is most pertinent to 

this study. It states that “no blasting operations may be carried out within a 

horizontal distance of 500 metres of any public building, public thoroughfare, 

railway line, power line, any place where people congregate or any other 

structure, which it may be necessary to protect in order to prevent significant 

risk, unless: 

(a) a risk assessment had identified a lesser safe distance and any 

restrictions and conditions to be complied with; 

(b) a copy of the risk assessment, restrictions and conditions contemplated, 

in paragraph (a) has been provided for approval to the Principal Inspector 

of Mines;  

(c) shot holes written permission has been granted by the Principal Inspector 

of Mines; and  

(d) any restrictions and conditions determined by the Principal Inspector of 

Mines are complied with.” 

 

 Mining Charter 9.3.3

In the context of the risks posed by opencast blasting, it is important to note that 

the Broad-based Socio-Economic Empowerment Charter for the South African 

Mining Industry was adopted in 2004 with the vision of “creating a globally 

competitive mining industry that offers real benefits to all South Africans”. 

Clause 4 deals with the mine community and rural development, and requires 

that stakeholders, in partnership with all spheres of government, undertake to 

“cooperate in the formulation of integrated development plans for communities 

where mining takes place”.  
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An amendment to the Charter, published in 2010, has yet to be made law. 

Nevertheless, it is worth noting the provisions relevant to opencast mining 

operations: 

 Clause 2.6, which deals with mine community development, states: “Mine 

communities form an integral part of mining development, there has to be 

meaningful contribution towards community development, both in terms of 

size and impact, in keeping with the principles of social license to 

operate”. Stakeholders must “invest in ethnographic community 

consultative and collaborative processes prior to the 

implementation/development of mining projects”.  

 Clause 2.8, which deals with sustainable development, seeks to improve 

the industries environmental management by “implementing systems that 

focus on continuous improvement to review, prevent, mitigate adverse 

environmental impact”.  

 

 Methodology 9.4

A Guideline does not give detailed technical instructions. Rather, a Guideline sets out 

good practice. As is the case with all other documents setting out accepted good 

practice, the application of inferior practices without justification could amount to 

negligence.  

 

It is expected that blasting engineers and associated professionals will have suitable 

theoretical and practical training, keep up with developments in the field, and be able to 

exercise sound engineering judgement and apply their knowledge and experience to 

each situation. 

 

It is intended that these Guidelines will be subjected to extensive review, revised 

accordingly, and then published and distributed to interested and affected parties. There 

is a vast literature pertaining to opencast blasting, health and safety. These Guidelines 

draw on: 

 Reference books, such as Open Pit Blast Design: analysis and optimisation, 

published by the Julius Kruttschnitt Mineral Research Centre at the University of 

Queensland; and Blast Vibration Monitoring and Control, by Charles H Dowding. 

 Handbooks, such as the Blasters’ Handbook, published by the International 

Society of Explosives Engineers; the Handbook on Surface Drilling and Blasting, 

published by Tamrock; and Explosives and Rock Blasting, published by the Atlas 

Powder Company.  
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 Proceedings of conferences, such as the International Symposium on Rock 

Fragmentation by Blasting (aka FRAGBLAST); and the EXPLO series of 

conferences on rock breaking, convened by the Australian Institute of Mining and 

Metallurgy. 

 Papers published in refereed scientific and professional journals, such as the 

Journal of the South African Institute of Mining and Metallurgy. 

 Dissertations and theses, particularly the MSc dissertation entitled Ground 

vibration parameters and induced structural damage of a residential building at an 

open-strip coal mine, by Chris Lear (University of the Witwatersrand, 1992). 

 Reports published by government agencies responsible for mine safety, 

such as the US Bureau of Mines and the US Office of Surface Mining and the 

Environment. 

 Reports by local blasting and international consultants, such as AJ Rorke and 

Blasting and Mining Consultants Ltd.; and Bridges Acoustics (Australia). 

 Discussions with blasting engineers practicing on gold, platinum and coal 

mines during the course of Mine Health & Safety Council project SIM140901. 

 Consultations with Mr Barry Prout, senior lecturer in the School of Mining 

Engineering at the University of the Witwatersrand, an expert in blasting practice 

and presenter of courses in opencast mining to undergraduate and postgraduate 

students and industry.  

 Guidelines, such as the 1,119 page Mining and Environmental Impact Guide, 

published by the Gauteng Department of Agriculture, Environment and 

Conservation, the Guideline: noise and vibration from blasting, published by the 

Queensland Department of Environment and Heritage Protection in January 2016; 

and the ISEE Field Practice Guidelines for Blasting Seismographs, published by 

the International Society of Explosives Engineers. 

 Mine Health and Safety Council reports and Guidelines such as Guidelines, 

Standards and Best Practice for Seismic Hazard Assessment and Rockburst Risk 

Management (SIM050302, Output 3, Durrheim et al., 2007); and the Pro Forma 

Code of Practice to Combat Rockfall Accidents in Surface and Open Pit Mines, 

published by the Department of Mineral Resources (DME, 2002). 

 Measurements and analysis by researchers at the CSIR in the course of Mine 

Health & Safety Council project SIM140901. 

 

 Causes of blast-related hazards and risks 9.5

A hazard is any phenomenon that can cause harm or loss. In the context of opencast 

blasting, the major hazards are ground shaking, air overpressure (airblast), noise (the 

part of the airblast that is audible), flyrock and dust (Figure 2). Hazard is normally 
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expressed probabilistically e.g. there is a 5% chance of the phenomenon (say ground 

vibration or air overpressure) exceeding a prescribed safe limit. 

 

Risk is a measure of the loss likely to be suffered: 

Risk = Hazard x Consequence 

The consequence depends on the exposure of people and/or assets, and the 

vulnerability, fragility and value of the assets (such as buildings) that are exposed to 

the hazard. Consequently, similar levels of risk may arise from a hazard with a low 

probability of occurrence but large consequence (e.g. a person being injured by flyrock) 

or a hazard with a high probability of occurrence but relatively small consequence (dust 

from an opencast blast). 

 

 

Figure 2: Principal hazards associated with surface blasting  

(Source: http://explosives.org/vibration-basics/types-of-waves/) 

 

Ground vibration levels, along with airblast, noise and flyrock, can be controlled by good 

blast design accompanied by careful monitoring, and by meeting with neighbours to 

explain what will be done to protect their property and safety.  

 

In order to control a hazard, it is important to understand the factors that give rise to 

them. Hazard phenomena are briefly described below; while measures to control, 

monitor and mitigate them are presented in subsequent sections of the Guideline. 

 

 Ground vibration 9.5.1

Ground vibrations are the inevitable results of confined explosions. The rock 

close to the borehole is crushed or fractured (typically in the zone within 30-

times the hole diameter), but a proportion of the energy is radiated as elastic 

energy in the form of compressional (P) and shear (S) waves. Any vibrational 
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energy that travels beyond the zone of rock breakage is wasted, only causing 

annoyance and damage.  

 

The class of seismic waves that distort the Earth’s surface most severely are 

known as ‘surface waves’, and are formed by the ‘trapping’ of P- and S-wave 

energy in near-surface layers. Surface waves have both compressional (and 

dilatational) components and vertical and horizontal components of shear. Their 

effect on buildings depends on the wavelength of the waves and the footprint 

and height of the buildings. The seismic wavelength, in turn, depends on:  

i. the mass of the charge, and  

ii. the seismic velocity of the rock, weathered material, alluvium or soil that 

comprises the near-surface layer of the Earth (say the uppermost 10-

30 m).  

 

Surface wave velocities (c) for near surface materials typically range from 200 

m/s (alluvium) to 2000 m/s (slightly weathered granite); while the frequencies (f) 

produced by a typical blast in an open cast mine range from 5-200 Hz. The 

wavelength ( = c/f) thus ranges from 1 m to 400 m. The potential to cause 

damage to buildings is greatest when the wavelength is of the same order as 

the footprint of the building (Figure 3). 

 

 

Figure 3: How ground vibrations damage buildings  

(a) How seismic waves distort structures (b) The effect of wavelength 

(Source: Tamrock, 1984, p. 166-167) 
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Blast-induced ground vibration can be measured using three different 

parameters: ground displacement (u), particle velocity (V) or acceleration (a). 

These parameters are related by the frequency (f) and : 

V = 2fu 

a = 2fV = 42f2u 

 Acceleration (a) is a measure of how quickly the point of interest 

changes velocity over a set period of time. This is usually expressed in 

millimetres per second (mm/s2) or as a multiple of gravitational 

acceleration (9.8 m/s2, or “g”). Acceleration on its own does not 

necessarily cause damage, but differential acceleration between objects 

or structures can create dynamic stresses and strains, causing damage. 

 Velocity (V) is a measure of how far the point of interest moves in a set 

period of time. It is usually expressed in millimetres per second (mm/s). 

Like acceleration, velocity on its own does not cause damage. A house, 

car or person can sustain high speeds without damage; we see this every 

time we fly in a passenger jet. 

 Displacement (u) is the distance that the point of interest moves from a 

certain reference point. This is usually expressed in millimetres (mm). 

Displacement alone does not cause damage; a house on the back of truck 

can be moved kilometres without being damaged. It is differential 

displacement (strain) that ultimately causes damage. 

 

The potential to cause damage to buildings is most closely correlated with the 

Peak Particle Velocity (PPV). People can detect ground motions with PPVs as 

low as 0.8 mm/s; buildings may experience cosmetic damage at PPVs of 

10 mm/s at frequencies of 10 Hz; while severe structural damage may occur 

when PPVs exceed 200 mm/s. Safe limits of ground vibration are discussed in 

sections 9.8 and 9.9. 

 

It is important to note that the particle velocity (V) is completely different to the 

wave velocity (c). Particle velocity (V) depends on the amount of energy 

released by the explosive and the distance from the blast. The particle velocity 

amplitude diminishes as the wave spreads out, as the energy is distributed over 

an ever-increasing wavefront. The wave velocity (c) depends on the type of 

wave (compressional, shear or surface wave) and the density, bulk and shear 

moduli of the rock or soil. 
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Empirical studies have established that PPV is related to the distance from the 

blast and the charge weight per delay (Atlas Powder Co, 1987, p. 334; ISEE 

Blasters’ Handbook, 1998, p. 601): 

PPV = K(D/W1/2)-m 

where  

PPV = peak particle velocity (usually expressed in mm/s), 

D  = distance from shot to point of measurement (usually expressed in m) 

W  = total weight of explosives per a minimum of 8 millisecond delay (kg) 

K, m = site factors. 

 

The parameter (D/W1/2) is known as the ‘scaled distance’. The site factors K and 

m are determined from a logarithmic plot of peak particle velocity versus scaled 

distance. The straight line that best fits the data has a negative slope, m, and an 

intercept K at a scaled distance of 1 (Figure 4). The data scatter is usually so 

great that it is only possible to get a good fit from a large number of tests. This 

is often not practical, so limit lines that encompass data from several sites are 

usually used for the design of blasts and/or the prediction of PPV at different 

distances from the blast. 

 

 

Figure 4: Peak Particle Velocity versus Scaled Distance  

(Source: Atlas Powder Co., 1987, p. 335) 

 

PPV = K(D/W1/2)-m 
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The duration, amplitude and frequency of ground vibration are governed by: 

 The mass and distribution of explosive that is detonated, 

 The delay time between the simultaneous ignition of groups of blast holes, 

 The number of groups of blast holes that are simultaneously detonated, 

 The properties of the rock in which the explosives are detonated, 

 The properties of rock through which the radiated seismic wave travels, 

 The properties of the rock and soil near and beneath the structure to be 

protected. 

 

Excessive ground vibration is caused by improperly designed blasts, excessive 

or (paradoxically, but very importantly) insufficient explosive charge weights, 

excessive confinement, or too short a time period between successive delays. 

Guidelines for the selection of blasting parameters are given in section 9.11. 

 

The methods used to record and analyse vibrations produced by earthquakes 

and mine blasts are similar, but there are important differences (Table 3). This 

means that the relationships and conclusions that are valid in earthquake 

engineering do not necessarily apply to mine blasting (JKMRC, 1996, p. 270).  

 

Table 3: Comparison of blast-induced and earthquake ground 

vibrations 

 
Typical 

opencast blast 

Damaging Earthquake 

(M>6) 

Frequency (Hz) 5 - 200 0.1 – 5 

Duration (sec) 0.5 - 5 10s of seconds to minutes 

Displacement (mm) 0.001 - 2 100s of mm 

Peak velocity (mm/s) 0.1 - 1000 Up to 1000 

Peak acceleration (m/s
2
) 0.01 - 100 Seldom > 10 

 

 Airblast and noise 9.5.2

Airblast, in the context of opencast mining and quarrying, is generally the 

superposition of a number of air pressure pulses produced by the explosion, 

both above and below the ambient atmospheric pressure. The wave travels at 

the local speed of sound. Noise is merely the audible part of the airblast (>20 

Hz), while the component at frequencies lower than 20 Hz is known as 

‘infrasound’ or ‘concussion’. At large distances from a blast, much of the energy 

may travel at sub-audible frequencies but cause windows and doors to rattle, 

which may surprise or alarm people.  
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The airblast (or overpressure) is normally expressed in changes in pressure, 

and expressed in decibels (dBL), where  

dBL = 20 log10 (P/Po), 

where Po is the reference pressure of 0.0002 microbar (or 2x10-5 N/m2 or 

20 Pa in SI units), and ‘L’ denotes a linear frequency response. This is an 

appropriate scale to use when the main hazard arises from energy that is 

carried at frequencies lower than the human range of hearing. 

 

Where the main concern is noise in the audible range, an ‘audio-weighted’ or 

‘A-weighted’ frequency response may be used, usually designated dB(A). A-

weighting is applied to instrument-measured sound levels in an effort to account 

for the relative loudness perceived by the human ear, as the ear is less 

sensitive to low audio frequencies (Dowding, 1985, pp. 107-109). It is employed 

by arithmetically adding a table of values, listed by octave or third-octave bands, 

to the measured sound pressure levels.  

 

An overpressure of 151 dBL may cause some windows to break, an 

overpressure of 171 dBL will cause most windows to break, while an 

overpressure of 181 dBL will cause severe damage to conventional structures 

(Tamrock, 1984, p. 161). Safe limits for airblast and noise are discussed in 

sections 9.8 and 9.9. 

 

The airblast wavefront expands hemi-spherically, the amplitude theoretically 

attenuating at 6dB per doubling of distance (JKMRC, 1996, p. 288). The 

propagation of the airblast has been studied by numerous investigators, and is 

generally reported with cube root rather than the square root scaled distances 

(Hodgson, 1985, p. 109). 

 

SPL = K(D/W1/3)-m 

Where SPL = sound pressure level (usually expressed in Pa,  

     dBL or dB(A)), 

 D  = distance from shot to point of measurement  

     (usually expressed in m) 

 W  = total weight of explosives per a minimum of 8 

     millisecond delay (kg) 

 K, m = site factors. 
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The airblast is reflected at ‘hard’ interfaces such as topography and buildings; 

and refracted when the speed of sound changes due to variations in 

temperature, humidity, wind speed and wind direction. Reflection and refraction 

can focus the airblast (Figure 5 and Figure 6). Rays are merely lines drawn 

perpendicular to the wavefront, but are useful in showing reflection and 

refraction of the waves, variations in amplitude (the denser the rays, the greater 

the amplitude) and the direction of particle motion (airwaves are compressional 

waves, and thus the particle motion is parallel to the ray). 

 

 

Figure 5: Effect of temperature inversion and wind on airblast 

propagation 

(Source: http://www.slideshare.net/James1er/ammonium-azf-explosion) 

 

Five components of the airblast are generally recognised (JKMRC, 1996, p. 

285-287). 

1. Air Pressure Pulse: movement of rock around the blast holes and any free 

faces (vertical or horizontal) will transfer seismic energy into the air. The 

only effective way to reduce it is to reduce the area of rock surface affected 

by the blast. 

2. Rock Pressure Pulse: elastic waves generated by the explosion are 

reflected at a free face without breaking the rock or permanently displacing 

it, and transmits some energy in the air. The vibrations in rock travel much 

faster than the speed of sound in air, thus this pulse is the first signal to 

reach the airblast transducer. It ceases when the free face begins to break 

up and move. The bench height and length of the explosive column has a 

strong influence on the frequency of the airblast. 

3. Gas Venting Pulse: caused by the escape of high velocity explosion gases 

through fractures in the rock. 

4. Stemming Release Pulse: produced by ejection of stemming of 

inadequate length or inferior quality.  
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5. Initiation System Pulse: especially uncovered detonating cord on the 

surface, which may produce a loud audible airblast. 

 

 

Figure 6: Effect of altitude temperature profiles on airblast propagation 

(Source: Atlas Powder Co., 1987, p. 367) 
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Secondary factors that affect the airblast and noise are: 

1. Terrain: this may have a mitigating effect when it acts as a barrier, but it 

can also reflect and focus the energy.  

2. Weather and wind: may also have a very marked effect on the strength of 

the airblast, as variations in the temperature and moisture in the air can 

trap and/or focus the energy (Figure 6 and Figure 5). 

 

 Flyrock 9.5.3

Flyrock, arguably the most dangerous hazard due to blasting, refers to rock 

fragments that are propelled beyond the blast area by the force of an explosion. 

Indisputable evidence for flyrock damage is a hole in the roof of a building and a 

rock on the floor. Flyrock occurs when the blast is improperly designed or 

loaded with explosives. Flyrock can also be caused or contributed to, by 

geological conditions (e.g. zones of weakness or voids) that cannot always be 

detected prior to the blast. Measures to control flyrock are discussed in Section 

9.11. 

 

 Dust 9.5.4

Most blasting-produced dust originates from new surfaces that are formed as 

the result of breakage and abrasion of the rock fragments and is distributed by 

the prevailing wind. There are many other sources of dust at an opencast mine, 

such as crushing, loading and transporting the ore and overburden, dumping 

and storing overburden, and tailings. 

 

 Sensitivity and tolerance of humans and animals to blasting-related hazards 9.6

 Thresholds of human perception 9.6.1

Ground vibration 

It is well known that humans can perceive ground vibration at levels as low as 

0.8 mm/s, far lower than the level of vibration that will damage even the most 

fragile structures (Figure 7). Daily life in a family home will produce perceptible 

vibrations, for example: walking = 0.8 mm/s, jumping = 7.1 mm/s, and slamming 

the door = 12.7 mm/s (JKMRC, 1996, p. 293). It is clear that the main reason for 

complaints of vibration is not usually structural or even cosmetic damage, but 

fear of damage and/or nuisance. Good public relations and explanations will 

help to reduce anxiety and reduce complaints. 
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Figure 7: Human response curves compared with potential damaging 

limits 

(After Chiappetta, 2000) 

Noise 

Noise is the part of the air pressure pulse that is audible. The definition of 

audibility is complex, as it depends on the frequency content of the pulse as 

well as the amplitude. Many studies of the human response to air pressure 

pulses use long duration, steady-state audible noise sources. This is not 

representative of mining airblasts, which are impulsive (a short duration), have a 

large infrasonic component (i.e. frequency too low to be heard), and are 

strongly influenced by weather conditions. Thus human sensitivity is extremely 

difficult to define because of the very variable audibility of any particular event.  

 

The threshold of human hearing at 1 kHz is a sound pressure level about 

20 Pa, or 0 dBL. This is similar to the noise made by a mosquito at a range of 

3 m. The ANSI-1969/ISO-1963 standard uses 6.5 dB SPL (sound pressure 

level) at 1 kHz as the threshold, with a 10 dB correction applied for older people 

(i.e. 16.5 dB). Normal conversation is in the range of 60-80 dBL, and average 

street traffic about 85 dBL (Dowding, 1985, p. 106). To give a local example of a 
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loud noise, a vuvuzela at a range of 1 m produces a sound pressure level of 

120 dBL (Swanepoel et al., 2010). Prolonged exposure to sound pressure 

levels above 85 dBL can cause damage to hearing. 

 

If the predominant frequency of the event is low (say 25 Hz), a pressure pulse 

of 115 dBL might be unnoticeable to most people; whereas if the predominant 

frequency is well into the range of human hearing (typically 20 Hz to 20 kHz for 

young people), a pulse of the same amplitude might be quite annoying. 

 

Airblast 

When airblast frequencies match the natural frequencies of structures, 

secondary vibrations may rattle windows and ornaments. This is possible at 120 

dBL. Airblast will tend to alarm and frighten people rather than interfere with 

speech, entertainment or sleep (JKMRC 1996, p. 293 and ISEE Blasters’ 

Handbook, 1998, p. 641-642). Familiarisation with the effects of blasting over a 

period of time may help people gain confidence that their houses are not being 

damaged, while people who feel that their early complaints have been ignored 

may become increasingly vociferous. 

 

Flyrock 

Human response to flyrock is generally extreme. Apart from any consideration 

of damage, it is the only blasting-related hazard that can cause serious injury 

and death. It is the ultimate adverse effect of blasting and must be avoided at all 

costs.  
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 Addressing public concerns 9.6.2

Communities 

At any location where the ground vibration or air overpressure is perceptible to 

human beings, there exists a possibility of complaint. This depends on a 

multiplicity of physical and human factors (OSMRE Blasting Guidance Manual, 

Rosenthal and Morlock, 1987, p. 35):  

 The perceptibility of the event to humans, 

 The frequency of occurrence (i.e. number of events per day or week), 

 The time of day, 

 The response of structures (such as a dwelling) to the event, 

 The structural condition of the property, 

 The degree of activity of the subject, 

 The state of health of the subject. 

 The state of mind of the subject, 

 The position and attitude of the subject (e.g. in bed, prone on a floor centre, 

sitting), 

 The local perception of the mining operation, 

 The history of local damage claim payments, and 

 The history of “good neighbour” payments or assistance, related to damage 

claims where liability was denied. 

 

In addition to the above factors, which all respond to objective human 

perceptions and genuine subjective human reactions, there is the underlying 

possibility of opportunism. Allegations of blast vibration damage are frequently 

made if a structure has suffered deterioration that could be costly to repair. 

Even technical evidence that blasting could not have caused the damage will 

fail to convince the complainant that blasting activity was not the cause of the 

damage. Rigorous adherence to regulations and standards, complete blasting 

records, and, above all, specific blast vibration measurement records will stand 

the conscientious blaster in good stead in such situations. If blasting is 

necessary, the first level of good practice is to avoid unnecessary problems. If 

residents and property owners have to fight for what they see as their rights, it 

will only make the situation worse.  

 

Concern for a person's home, particularly where they own it, could be reduced 

by a scheme of precautionary, compensatory and other measures that offer 

guaranteed remedies without undue argument or excuse. Examples are window 

cleaning and legally-binding condition surveys; the latter can help to achieve 
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'hassle-free' compensation or repair. An inherent difficulty in using pre-blast and 

damage surveys is the interpretation of changes in crack patterns. Cracks open 

and close with the seasonal changes of temperature, humidity and drainage, 

and numbers increase as buildings age. In order to establish that blasting was 

responsible for cracking, pre- and post-blast surveys would have to be carried 

out for each blast, and this is obviously impractical. 

 

Game reserves and wilderness 

Mining infrastructure and activities may have a great impact on the ‘sense of 

place’ and lead to vociferous opposition from nature conservation authorities, 

tourism and game lodge owners and operators, and the general public. The 

concerns extend far beyond the phenomena that are directly related to blasting, 

and include: ‘visual pollution’ (i.e. bright lights and the visibility of waste dumps), 

the consumption and pollution of water, road traffic, noise and dust. 

Consequently, these concerns need to be addressed holistically.  

 

 Sensitivity and response of animals 9.6.3

There is considerable evidence that domestic animals and wildlife are affected 

by noise and vibrations, both natural (e.g. thunderstorms, earthquakes) and 

man-made (e.g. fireworks, blasting). Animals may also be sensitive to 

frequencies and amplitudes that are imperceptible to humans. For example, 

elephants and cows can hear lower frequencies than humans, while dogs and 

cats can hear higher frequencies. Numerous studies have been conducted on 

the impact of noise (e.g. from low flying aircraft and military operations) on 

wildlife, livestock and domestic animals. Military activities may produce airblasts 

with pressures as high as 150 dBL. This may cause trauma and negatively 

affect the physiology and behaviour of animals. 

 

On the other hand, there is also abundant evidence that animals become 

habituated to non-threatening noises and vibrations. For example, animals in 

National Parks usually ignore motor vehicles; some mines have game reserves 

adjacent to mining operations (e.g. Venetia Limpopo Nature Reserve); and 

cattle are even found wandering within active opencast mines (Figure 8). Rorke 

(2009) reported that opencast blasting close to an animal feedlot near 

Middelburg did not cause any observed impacts on the animals.  

 

Beattie (2014) notes that the response of livestock to ground vibrations is not 

well documented locally and/or internationally, but speculates that the severity 
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of this response is in proportion to the surface area that any animal has in 

contact with the ground. Thus, a sheep would have a lower response than an 

elephant or a crocodile. Beattie (2014) reported witnessing that crocodiles had a 

very violent reaction to a vibration with a PPV only just above 1 mm/s, while a 

horse gave no reaction to a quarry blast that was 500 metres away.  

 

Only one of the four mines where measurements were carried out during the 

course of SIM140901 was located near a nature reserve, some 4 km away. A 

game ranger was interviewed, who reported that there had been no noticeable 

impact on wildlife as a result of blasting activities (see Milestone 2 report). 

 

Other aspects of mining may have negative impacts on domestic animals and 

wildlife. For example, dust may reduce the palatability of grazing and browsing, 

while traffic may injure or kill animals crossing roads. Thus the effect of mining 

operations on domestic animals, livestock and wildlife should be considered 

holistically. 

 

 

Figure 8: Cattle in an opencast platinum mine in Limpopo, South Africa  
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 Pre- and post-blasting surveys of structures to be protected 9.7

 Motivation 9.7.1

Ground vibrations may cause damage to buildings that ranges from the 

cosmetic, such as cracks in plaster and masonry, to the collapse of structural 

elements such as walls. However, similar damage may arise from the relative 

movement of elements of the structure due to slow movements of the ground 

(e.g. soil compaction, swelling), the effect of changes in temperature and 

humidity on the various materials that comprise the structure, or simply the 

deterioration of materials with time.  

 

Similarly, the airblast may cause minor damage to structures, such as cracks in 

the plaster, and, in extreme cases, crack or even shatter window panes.  

 

In order to assess and manage the risk posed by the contemplated mining 

activity, make provision for the protection of people and/or assets, and ensure 

good relations with the community, the mine owner or operator should 

determine the condition of nearby buildings or services (pipelines, cables, 

transmission lines, water reservoirs, water boreholes, etc.) prior to any blasting. 

Any pre-existing damage and other physical factors that could affect the impact 

of blasting should be documented.  

 

The process is akin to insuring personal assets against fire or theft, except: 

 the only risk covered is damage due to blasting,  

 risk is covered by a mining company rather than an insurance company, 

and  

 no premium is payable by the property owner. 

 

 Causes of damage to buildings 9.7.2

It has already been noted that humans are very sensitive to ground vibrations, 

and can perceive them at levels far lower than those capable of causing even 

cosmetic damage. Consequently, blasting may cause people to become aware 

of pre-existing cracks or other damage, and become convinced that the defects 

are due to blasting.  

 

There are numerous faults in design and workmanship that may give rise to 

defects. By way of example, a few are listed below (Atlas Powder Co., 1987, p. 

373-374, which is an extract from the periodical The Small Home, vol. 4, 1925): 

 Building a house on fill, 
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 Failure to make footings wide enough, 

 The width and depth of footings not made proportional to the load they 

carry, 

 Not enough cement used in the concrete, 

 Dirty sand or gravel used in the concrete, 

 Drainage water from roof not carried away from foundations, 

 Floor beam too light, 

 Floor beam not bridged, 

 Cross beams too light, 

 Poor material used in plaster, 

 Plaster applied too thinly, and 

 Subsoil drainage not carried away from walls. 

 

 Typical structures to be protected in South Africa 9.7.3

The South African situation differs significantly from countries such as the USA 

and Australia. Standards and practices suitable for developed countries cannot 

be unthinkingly applied to local conditions, which are often the result of poverty 

and lack of skills. These issues are complex, and cannot be remedied without 

engaging a broad range of stakeholders. 

 

Some dwellings, particularly in informal and peri-urban settlements, may be 

constructed or extended without proper town planning, approval of plans by 

qualified building inspectors, appropriate inspection of the quality of materials 

and workmanship, or adequate long-term maintenance. Structures are often 

built of unreinforced masonry using cement blocks, bricks made of fired clay or 

even sun-baked mud (Figure 9). Many structures are built of wooden poles and 

sheet metal. Wattle, daub and thatch dwellings are also common.  Many 

dwellings are not insured. 

 

It is desirable that Guidelines for the building, retrofitting and repairing of 

structures are formulated so that the risk of damage due to blasting activity is 

minimised, and that training and support is provided to local building contractors 

and artisans. Guidelines for protecting and building ‘blast-resistant’ dwellings 

are discussed in section 9.13. 
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Figure 9: Typical dwelling near the opencast platinum mine 

 

 Survey procedures 9.7.4

Leaders and members of the community should be informed well in advance of 

any intended blasting. It is important to inform the community that claims for 

compensation for any mining-related damage will only be considered if a pre-

blasting survey has been conducted, and that a new survey should be 

conducted if any alteration or extension is made to the building. 

 

To minimise or avoid any perception of ‘conflict of interest’, it is recommended 

that an independent consultant specialising in the field of blasting vibrations and 

their effects on structures be contracted to conduct the surveys, rather than an 

employee of the mine. If practical, the homeowner should accompany the 

person during the inspection so that they are made aware of the procedures 

and any defects that may be detected.  

 

In conducting a pre-blast survey on a building it is essential to document the 

location, length and width of any crack or other defect which may be visible on 

both the interior and exterior of the building. Various techniques may be used to 

carry out pre-blasting surveys, including: 

 Written notes, either in a descriptive text or on a pre-prepared form, 

 Photographic evidence of the major defects, or to support the descriptive 

text, 

 Recording the defects on video tape, audio cassette tape or sketch. 

 

The home owner should be given a copy of the report. 
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 Post-blasting surveys 9.7.5

Post-blasting surveys are required only in the event that a homeowner or 

resident makes a specific damage claim. The complaint should be lodged within 

a short but reasonable time after the blast that is alleged to have caused 

damage. Procedures to lodge, adjudicate and settle complaints must be well 

advertised and the process should be simple, transparent and fair. 

 

The post-blasting survey is based on the particular damage claim, and will 

serve simply to confirm or deny the validity of the damage claim. The damage 

that is the subject of the complaint should be inspected, documented, and 

photographed if necessary. A comparison should be made with the pre-blast 

survey report, and it should be possible to determine whether there were any 

structural and/or other conditions that might have led to the appearance of the 

defect independent of any blasting activity. Dust, paint, cobwebs and caulking 

materials in a crack indicate that it is old and probably existed before the blast. 

It is preferable that the post-blast survey is conducted by an independent 

specialist consultant, particularly if the findings of the post-blasting survey might 

be to deny the damage claim.  

 

Surveys of dwellings near to opencast coal, gold and platinum mines were 

conducted as part of Milestone 2 of this study. 

 

 International safe level criteria for blasting-related hazards 9.8

The effect of opencast blasting on structures and people has been exhaustively studied 

by many agencies. In this section we review the development of safe level criteria for 

hazards associated with opencast mining in order to place the proposed South African 

Guidelines in a historical context. 

 

 USA 9.8.1

USBM Bulletin 656 

The US Bureau of Mines began studies of damage associated with blasting in 

the 1930s, culminating in a ten-year empirical study. The findings were 

published as US Bureau of Mines Bulletin 656, entitled Blasting vibrations and 

their effects on structures (Nicholls et al., 1971). Several important conclusions 

were reached: 

 Millisecond delay blasting reduces vibration levels compared to 

instantaneous blasting (This must be taken in context. When USBM 656 

was written, the initiation systems were detonating cord with detonating 
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relays or electric delay detonators. Shock tubes were introduced into the 

market in 1967 and electronic delay detonators were introduced in the 

1990s. B. Prout, University of the Witwatersrand, personal 

communication, 2016);  

 Vibration levels of different blasts may be compared by using a ‘scaling 

distance’ , which is the distance divided by the square root of the 

maximum charge weight per delay; and  

 Geology, rock type and direction affect the vibration level within limits.  

 

Bulletin 656 recommended a PPV of 2 in/s (50.8 mm/s) as a safe blasting limit 

not to be exceeded to preclude damage to residential structures. It also 

suggested that lower limits be used to minimize complaints.  

 

Shortly after publication of this criterion it became apparent that 2 in/s 

(50.8 mm/s) was not a practical limit. Ground vibrations of this amplitude 

caused houses to rattle severely, raising fears of property damage, and many 

house owners attributed all cracks to the blast vibrations (Siskind et al., 1980). 

 

USBM RI 8507 

The next major study by the US Bureau of Mines was conducted in the 1970s. 

Measurements were made in 716 homes for 219 production blasts. The results 

were combined with nine previous studies, including the three analysed in 

Bureau of Mines Bulletin 656. The Report of Investigations 8507, entitled 

Structure response and damage produced by ground vibration from surface 

blasting (Siskind et al., 1980), found that the damage thresholds are a function 

of the frequencies of the vibration transmitted into the residences and the types 

of construction (e.g. drywall, plasterwall).The threshold of damage was defined 

as hair line cracks in plaster that could be observed from a distance of 1 m.  

 

Low-frequency vibrations that exist in soft foundation materials and/or result 

from long blast-to-building distances were problematic as they produced both 

structural resonances (4-12 Hz for whole structures, 10-25 Hz for midwalls) and 

excessive levels of displacement and strain. The recommended frequency-

dependent safe blasting limit is shown in Figure 10. The safe-level limits in the 

frequency range of 4-10 Hz are 19 mm/s for drywalls and 12.7 mm/s for plaster, 

3 to 4 times lower, respectively, than the Bulletin 656 criterion of 50.8 mm/s. 
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OSMRE 

The US Office of Surface Mining Reclamation and Enforcement (OSMRE) 

published the Blasting Guidance Manual in March 1987 (Rosenthal and 

Morlock, 1987). The OSMRE Guidelines essentially reiterate USBM RI 8507, 

but offer more flexibility with respect to performance standards and safe limits. 

The operator could either: 

 Monitor blasts with a seismograph and ensure that the PPV is below the 

prescribed safe limits for different distances from the blast site,  

 Limit explosive weight per 8 ms delay according to the distance and a 

published scaled distance factor, or  

 Monitor blasts with a seismograph capable of frequency analysis of the 

ground vibration and ensure that the PPV is below prescribed safe limits 

in different frequency bands. The safe limits are similar to those of USBM 

RI 8507 (Figure 10), but not identical (see Atlas Powder Co., 1987, p. 347; 

ISEE Blasters’ Handbook, 1998, p. 619).  

 

 

Figure 10: Safe levels of blasting vibration USBM RI 8507 Safe Blasting 

Levels 

(Source: Siskind et al., 1980; http://explosives.org/vibration-basics/limits) 

 

 International Organisation of Standardisation 9.8.2

The International Organization for Standardization (ISO) is a worldwide 

federation of national standards bodies (https://www.iso.org/). The work of 

preparing International Standards is normally carried out through technical 

committees. The ISO published Guidelines for the measurement of vibrations 

http://explosives.org/vibration-basics/limits
https://www.iso.org/
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and evaluation of their effects on fixed structures in 1990 and revised them in 

2010 (ISO, 1990 and 2010). These Guidelines (ISO 4866:1990 and 4866:2010) 

formed the basis for the South African National Standard for the measurements 

of mechanical vibrations, which are discussed in section 9.9.1 below.  

 

It must be emphasised that the standards provide Guidelines for measurement 

and not safe limits of vibration for structures. The user of the ISO guide is 

referred to safe limits published by authorities in France, Germany and Norway. 

 

 Australia 9.8.3

Health and safety is managed on a federal basis in Australia. Queensland is a 

state with a large mining industry and hosts the Julius Kruttschnitt Mineral 

Research Centre (JKMRC) at the University of Queensland. The Guideline: 

noise and vibration from blasting issued by the Queensland Department of 

Environment and Heritage Protection (EM2402, version 3.00, approved 22 

January 2016) is presented as an example of modern Australian standards 

(Table 4). It also stipulated that mines should not blast between sunset and 

sunrise. 

 

Table 4: Noise and vibration criteria for the mining industry in 

Queensland, Australia 

(QDEHP, 2016) 

 

 

 Standards around pipelines, electricity pylons, dams and concrete 9.8.4

structures 

Vibration limits have been published in the literature for different types of 

equipment and structures. Although these may differ slightly from application to 

application, the Guidelines by Bauer and Calder (1977) are based on empirical 

information (Table 5).  
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Table 5: Vibration amplitudes for structures and equipment other than 

buildings 

(Rorke, 2011; citing Bauer and Calder, 1977) 

 

 

 

The Australian Coal Association Research Programme (ACARP) project 

C14057 investigated methodologies for the assessment of the strength of 

infrastructure types and established limits for installations such as conveyors, 

power transmission towers, wooden poser poles, electrical substations, 

pipelines, bridges, public access roads and underground working (Richards and 

Moore, 2007 and 2008). Some of the conclusions are listed below: 

 Power transmission towers: Transgrid had commonly specified a limit of 

50 mm/s. The study showed that this was conservative and a higher limit 

of 100 mm/s was validated, subject to effective measurement and control. 

 Wooden power poles: Investigations showed that vibrations up to 

240 mm/s did not adversely affect the poles. 

 Electrical substations: The vibration limit is determined by the sensitivity 

of the trip switches in the substations, and the sensitivity of the switches 

varies considerably. 

 Conveyor structures: Tests were limited to 25 mm/s. It was found that 

no significant additional stresses were imparted to the structure. Based on 

conservative assumptions, it is predicted that the conveyor will remain 

within serviceability limits at ground vibrations of 50 mm/s. 

 

 South African safe level criteria for blasting-related hazards 9.9

 Ground vibration 9.9.1

At present there are no statutory limits laid down in South Africa law. The onus 

is placed on the mine owner to ensure that the blasting operations do not cause 

damage to private property. The mine owner, in turn, relies on advice from 

experts such as engineers employed by the major suppliers of explosives or 

independent consultants. 
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The South African Bureau of Standards adopted standard ISO4866 of the 

International Organization for Standardization (ISO). The first edition was 

published in 1990 (ISO4866:1990 = SANS4866:1990) and a second edition in 

2010 (ISO4866:2010 = SANS4866:2011). ISO4866 provide Guidelines for the 

measurement of vibrations and evaluation of their effects on fixed structures, 

not safe limits of vibration for structures. Section 12.4 of the ISO4866 Guideline 

refers users to safe limits published by authorities in France, Germany and 

Norway, noting that these limit values take building category, vibration category, 

and frequency range into account. It is also noted that the index used to 

measure damage potential is either a peak kinematic value of ground motion 

(usually PPV), or a peak spectral acceleration or displacement. Minimal risk for 

a named effect is usually taken as a 95% probability of no effect. 

 

The explosive manufacturers and suppliers in South Africa generally make 

recommendations based on the USBM RI 8507 limits (Figure 10). In order to 

simplify matters further, maximum PPVs at frequencies below 50 Hz are 

recommended for a variety of building types (Table 7) and maximum charge 

sizes (per delay) for a range of distances to ‘typical’ and ‘sensitive’ structures 

(Table 8) (Anthony Coutinho, Department of Mineral Resources, personal 

Communication, 2016). 

 

Table 6: Advised safe vibration levels below 50 Hz for South Africa 

 

ADVISED MAXIMUM LEVELS FOR PEAK PARTICLE VELOCITY BELOW 50 Hz 

Blasting situation 
Recommended 

maximum level (mm/s) 

Heavy reinforced concrete structures 120 

Property owned by the mine performing the blasting 

operations; minor plaster cracks are acceptable. 
84 

Private property in reasonable repair where public 

concern is not an important consideration 
25 

Private property if public concern is to be taken into 

account or if blasting is conducted on a regular and 

frequent basis. 

10 
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Table 7: Recommended charge size for different distances to the structure 

Distance to structure 
(m) 

Typical Structure 
Mass/delay (kg) 

Sensitive 
Structure 

Mass/delay (kg) 

10 2.5 0.1 

20 7 0.4 

30 13 0.9 

50 30 2.6 

80 60 7 

100 83 10 

160 150 27 

300 430 94 

500 930 260 

1000 2640 1041 

1500 4800 2341 

 

Vibration limits for civil and engineering structures such as power lines, roads, 

pipelines and conveyors are provided by Rorke (2011):  

 Eskom Power Lines: Eskom places a limit of 75 mm/s at its pylons. This 

is a conservative limit as the steel structure of each pylon and the 

concrete foundation blocks can both withstand significantly higher 

vibrations. 

 Public Roads: For public roads, such as the regional and national roads 

(e.g. R545, N4), the risk of desegregation of the road material will start to 

appear at vibration amplitudes of the vertical component above 150 mm/s. 

Thus vibration levels at these structures need to be kept below 150 mm/s. 

 Telkom Relay Tower: Structurally, towers will be able to withstand 

relatively high vibration at frequencies above 5 Hz. However, the 

electronic circuitry will be more sensitive, and a ground vibration limit of 

10 mm/s is applicable. 

 Pipelines (Water and Transnet): The limit at which pipelines will start to 

become damaged is high. Blasting near pressurized steel pipelines has 

taken place safely at PPV’s in excess of 50 mm/s in South Africa. Unless 

the pipelines are in very poor condition or made of old concrete/asbestos, 

a level of 50 mm/s is considered to be safe. Transnet prescribed a limit of 

25 mm/s on their pipeline that runs close to blasting operations along the 

N12 highway. 
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 Conveyors: A steel conveyor structure will withstand very high vibrations 

and the concrete plinths will remain undamaged by ground vibration up to 

200 mm/s. 

 

A similar compilation of vibration limits for civil and engineering structures such 

as power lines, roads, pipelines and conveyors is given in Table 8.  

Table 8: Vibration limits for civil infrastructure used in South Africa 

(Source: Blast Management & Consulting, 2015): 

 

 

 Airblast and noise 9.9.2

When considering the various limits and regulations, it is necessary to 

distinguish between the limits set for prolonged exposure (e.g. drilling 

operations) and brief exposure (blasting); whether the sound pressures are in 

the audible range (e.g. uncovered detonating cord) or largely below the audible 

range; or whether the limits are intended to prevent annoyance, or potential 

injury and damage. Direct noise from the blast is rarely a problem unless 

detonating cord is exposed. However, there is sometimes a problem with 

rattling and vibrations that take place as the building responds acoustically to 

the ground vibrations. As this process is not fully understood and there is such 

variation in structures, no limits have yet been set for acoustic response.  

 

South African regulations are summarized in the Gauteng Department of 

Agriculture, Environment and Conservation Mining and Environmental Impact 

Guide (GDAEC, 2008, section 9.18): The holder of the mining authorisation 

must comply with the following Regulations: 

 GN R992 promulgated in terms of the Minerals Act 50 of 1991. Regulation 

4.17.1 stipulates that “When the equivalent noise exposure (as defined in 
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the South African Bureau of Standards’ Code of Practice for the 

Measurement and Assessment of Occupational Noise for Hearing 

Conservation Purposes, SABS 083 as amended) in any place at, or in any 

mine works where persons may travel or work, exceeds 85 dB(A), the 

manager shall take the necessary steps to reduce the noise to below this 

level”.  

 In terms of Regulation 66 of the MPRDA Regulations GN R527, a holder 

of a permit or right in terms of the Act must comply with the provisions of 

the Mine Health and Safety Act 29 of 1996 as well as other applicable law 

regarding noise management and control. The assessment of impacts 

relating to noise pollution management and control, where appropriate 

must form part of the EIA report and EM Plan and EM Programme as the 

case may be. Section 34 of the National Environmental Management:  

 Air Quality Act 39 of 2004 provides that the Minister may prescribe 

essential national standards for the control of noise or for determining a 

definition of noise and the maximum noise levels. The provincial and local 

government spheres are bound by any prescribed national standards. 

 

To avoid potential problems, it is clearly preferable to blast at the noisier times 

of the day. Limits have been set for unreasonable nuisance from the very short-

term audible noise at 94-98 dB(A). South African Guidelines for airblast are 

given in Table 9 and Table 10. 

 

Table 9: South African Guidelines for airblast 

Decibels Effect 

100 Barely noticeable 

110 Readily acceptable 

120 
Currently accepted by South African authorities as being an 
reasonable level for public concern (Not more than 10 % of 

measurement should exceed this value) 

134 
Currently accepted by South African authorities that damage will not 
occur below this level (No measurement should exceed this value 

outside of the mine boundaries) 

164 Window break 

176 Plaster cracks 

180 Structural damage 
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Table 10: Airblast Guidelines used in South Africa 

(Source: Blast Management & Consulting, 2015): 

 

 

 Dust 9.9.3

South African regulations are summarized in the Gauteng Department of 

Agriculture, Environment and Conservation Mining and Environmental Impact 

Guide (GDAEC, 2008, section 19.7): Dust is almost inevitable from all forms of 

mining and forms one of the most visible, invasive, irritating and potentially 

harmful forms of pollution. Dust containing toxic metals such as arsenic, 

antimony, cadmium, chromium, cobalt, lead, manganese, mercury, nickel, 

selenium, vanadium, zinc and their compounds are particularly hazardous. Dust 

in surface environments represents a health risk with respect to radiation, dust-

borne diseases, respiratory diseases silicosis and asbestosis, and has a high 

nuisance impact, lowering the quality of life in surrounding communities. Dust 

retards vegetation growth and reduces the palatability to animals.  

 

The National Framework for Air Quality Management provides for the 

establishment of air quality standards required for the protection of human 

health and the environment through the South African National Standard 

(SANS) 1929:2011 entitled Ambient air quality – Limits for common pollutants. 

The National Environmental Management: Air Quality Act, 2004 (Act No.39 of 

2004) prescribes the general measures for the control of dust in all areas. The 

dust fall-out standard as given by the act prescribes the acceptable dust fall 

rates. The acceptable rates are summarised in Table 11. 

 

It is suggested that anyone who exceeds this standard submits a dust 

management plan to the air quality officer for approval. The information that 

should be contained in this dust management plan is described in the act (Air 

Quality Act, 2004). 
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Table 11: Acceptable dust fall rates (Air Quality Act, 2004) 

 

 

 

 

 

 

 

 

 Flyrock 9.9.4

No acceptable levels of flyrock have been suggested, other than to avoid it 

altogether outside the mine site. If the assessment of the danger zone suggests 

it may extend beyond the site boundary, then a controlled space must be 

created, where the public are either excluded or protected and so not 

endangered by the blast. 

 

 General opencast mining procedures to mitigate blast-related hazards 9.10

The main elements of an opencast mining operation are illustrated in Figure 11. Correct 

design of the blast, preparation of the blasting area, and adherence to drilling and 

blasting standards and procedures will ensure that safety hazards are reduced.  

 

Blast design 

Proper blast design is the single most important tool to prevent blasting problems. A 

blasting engineer optimises the balance between rock properties, explosive energy 

distribution and explosive energy confinement. There are software codes to assist the 

blaster in designing a safe and effective blast. Factors to be considered include burden, 

hole spacing, hole diameter, stemming, sub-drilling, initiation system and type of 

explosive used would match the characteristics of rock formation. Particular care must 

be taken when the hole depths varies in a block due to an uneven floor or when blasting 

a ramp, etc. 

 

The members of the blasting team must be competent. The team will typically include 

practitioners on the mine, as well as consultants and contractors (as was the case at all 

the mines interviewed). It is expected that blasting engineers and associated 

professionals will have suitable theoretical and practical training (e.g. blasting 

certificates), keep up with developments in the field, and be able to exercise sound 

engineering judgement and apply their knowledge and experience to each situation. 

 

Restriction areas Dust fall rate (D) 

(mg/m
2
/day) 

Permitted frequency of exceeding 
dust fall rate 

Residential area D < 600 Two within a year, not sequential 
months 

Non-residential area 600 < D < 1200 Two within a year, not sequential 
months 
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Preparation of the blasting face 

 The top of the bench should be cleared of all large rocks and material. Not be 

more than 200 mm of loose material should be permitted to remain on the bench. 

Large boulders/rocks should be removed, or secondary blasting should be done 

and cleared before marking drill hole positions.  

 The face area or side should be made safe and all large loose boulders or rocks 

must be removed to reduce the risk of flyrock.  

 The crest of the toe of the face should be cleared and should not be more than 

10% of the burden of loose material should remain at the toe. The cleared area 

should be sufficient to allow proper casting/movement of the material to be blasted 

to prevent choking of the blast and possible creation of flyrock and excessive 

vibrations.  

 

Drilling 

The importance of drilling correctly is to maximise the explosive energy used in the shot 

hole. Critical factors are length, direction of the shot holes, collar and toe burdens as well 

as spacing between rows.  

 

Factors for consideration when drilling 

 The drill site must be prepared as per the relevant mine standard and CoP in line 

with the Mine Health and Safety Act requirements.   

 Adequate recording of drill hole length, density and orientation needs to be done 

and checked against the original blast design. Any deviations need to be recorded, 

reported and corrected.  

 

Blasting 

 Particular care is necessary with a first blast at an opencast mine as it may give 

rise to abnormally high overpressure and vibration because there is no free face to 

give relief to the forces produced.  

 Problems may occur at any time in the life of the working because of faults in the 

strata and other forms of heterogeneity; water logged ground; blasting in tight 

corners; blasting near to made ground (e.g. landfill); excessive burden; and 

manufacturers' tolerances/errors in explosives or detonators or operator's errors 

resulting in simultaneous detonation of more than one charge/hole/deck. Problems 

with “detonator scatter", which is the norm in pyrotechnical detonators used with 

shock tubes, is solved by using electronic delay detonators. 
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Figure 11: Typical opencast mining geometry and drilling procedures 

(http://archive.leg.state.mn.us/docs/2015/other/150681/PFEISref_1/Dyno%20Nobel%2020

10.pdf) 
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 Control of ground vibration, airblast, noise, flyrock and dust 9.11

 Ground vibration 9.11.1

The design of a blasting pattern is an optimisation exercise involving many 

factors. The position of the blast is governed by the geometry of the ore body, 

and hence there is generally little that can be done about the distance between 

the blast and the structure to be protected. Thus the primary control factors are 

the charge weight per hole and the maximum charge weight per delay (or 

maximum instantaneous charge, MIC).  

 

Charge weight per hole and per delay 

The fundamental control available to the blaster is based on the simple 

relationship between vibration, charge weight and distance. All other things 

being equal, reducing the charge weight, or increasing the distance, or both, 

results in a smaller ground vibration.  

PPV = K(D/W1/2)-m 

Where  PPV = peak particle velocity (usually expressed in mm/s), 

  D  = distance from shot to point of measurement (usually  

      expressed in m) 

  W  = total weight of explosives per a minimum of 8 millisecond 

         delay (kg) 

  K, m = site factors. 

 

The length of the hole depends on the bench height and sub-drill distance; the 

charge weight per hole will depend on the density of the explosive, and the 

diameter and length of the hole (taking stemming, decking and subdrill lengths 

into account); while the diameter of each hole will influence the hole spacing 

and number, and naturally the drilling costs.  

 

Very generally speaking, a certain quantity of explosives is required to break a 

given volume of rock. In order to reduce vibrations it might seem desirable to 

drill numerous small diameter holes and detonate them with appropriate delays, 

rather than a few larger diameter holes. However, this can lead to an increase 

in the cost and duration of drilling (Figure 12) and increase the duration of the 

blast itself. Obviously, this is an optimisation exercise. 
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Figure 12: Cost and duration of a fixed volume blasting project based on 

vibration limit 

(Source: Case Study: Selection of Blasting Limits for Quarries and Civil 

Construction Projects, Orica Limited Group, Document reference 200281) 

 

A common misconception is that vibration levels can by reduced by lowering the 

powder factor (i.e. the amount of explosive used to break a given volume of 

rock, say a cubic metre). In fact, using a low powder factor may have exactly 

the opposite effect and cause higher vibration levels. This is because there is 

not enough energy to break and move the rock and so more energy finds its 

way into the surrounding rock mass. For minimal vibration levels it is critical that 

the correct amount of explosives is used for the type of rock being blasted. 

 

Sub-drill length 

Effective sub-drill should be the minimum for which good blasting results are 

obtained, which is generally about 0.2-0.5 times the burden. If more than this is 

used, the additional charge produces energy that mainly manifests itself as 

ground vibrations, but also may cause excessive damage to the collar region of 

the next blast, resulting in blocked holes. 

 

Number of holes per delay 

It might seem desirable to reduce vibrations by detonating holes singly or in 

small groups. However, this will increase the duration of the blast and often lead 

to an increase in complaints (Atlas Powder Co, 1987, p. 351). 
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Confinement and breakage 

A properly designed blast will give lower ground vibration per mass of explosive 

than one that is poorly designed. For a given mass of explosive that is 

detonated, a certain fixed amount of energy is released. If that energy is used in 

breaking rock into fragments, there is less “waste energy” available at the end 

of the reaction to go into the ground as excess vibration. A badly designed 

blast, where good breakage is not obtained, will generally produce higher levels 

of ground vibration. This fact must also be remembered when specifically high 

confinement blasts are being designed (e.g. pre-splitting), because in these 

cases any “site specific” attenuation formula that has been developed may not 

apply. In fact, when developing such attenuation formulae for any particular 

mine site, it is normal to divide data into groups: “overburden”, “coal” and 

“overburden pre-split”, etc. Separate formulae would have to be developed for 

each category.  

 

Signature hole analysis 

Signature hole analysis involves analysing the resultant vibration of firing a 

single charge hole in a rock mass. Computer software then models the effect of 

superimposing numerous ‘signature’ traces (as in a production blast) and 

recommends the best initiation timing to be used such that vibration amplitudes 

are minimised and frequencies are in the non-damaging zone.  

 

Coupling of ground vibration and airblast 

Highly confined blasts will tend to produce relative high ground vibrations and 

low airblast. On the other hand, unconfined blasts will cause relatively low levels 

of ground vibration but high air overpressures, with high frequencies, audible 

over long distances. 

 

Practical measures to control vibration (Atlas Powder Co, 1987, p. 349-

351):  

 Reduce the charge mass per delay by: 

o Decking (i.e. separate the charges in a hole with stemming or an air 

cushion; care must be taken not to reduce the powder factor), 

o Drilling smaller holes, 

o Reducing the bench height, and 

o Ensuring separate charge initiation (delays >8 milliseconds). 

 Select delay intervals such that any blast hole in the second or 

subsequent row can break out easily. If the delay between the effective 
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rows is too short, the burden on one row will still be essentially in place 

when the blast holes along the next row fire. These later firing blast holes 

will not have an effective free face into which to move. The resulting 

effective burden will cause relatively high vibration levels. 

 It is preferable to initiate blasts from a free end rather than in the middle. 

This lengthens the blast duration and reduces the explosive energy 

dissipated in any given time interval. Once the faces have been 

established blasts are initiated from the free face. Some blasts have two 

free faces. 

 Use in-hole detonators for the initiation of blast holes so that longer delays 

can be used between blast holes without introducing cut-off problems. 

Longer delays will reduce the reinforcing effect of individual pressure 

pulses in the rock and increase the total duration of the blast, therefore 

contributing to lower ground vibrations. (This advice was given prior to the 

advent of electronic delay detonators). 

 Reduce the confinement of explosives (but take care not to cause flyrock): 

o Reduce burden and spacing (optimal burden and spacing), 

o Remove buffer material, 

o Reduce stemming and subdrill length, and 

o Ensure adequate free faces to break into. 

 Where possible, progress the blast away from the structure(s) to be 

protected. 

 

The importance of these factors are summarised in Table 12. 

 

 Airblast, noise and flyrock 9.11.2

The design of a blasting pattern to control airblast, noise and flyrock is an 

optimisation exercise involving many factors (just like measures to control 

ground vibration). Flyrock and airblast are closely related and proper techniques 

to control flyrock will greatly assist in reducing airblast problems. By 

knowledgeable placement of the explosive in relationship to the face, the collar 

and to the known zones of weakness, flyrock can be effectively controlled. Use 

of the good practice described below should reduce both the severity and 

frequency of airblast and flyrock mishaps. The main factors governing airblast 

and flyrock control are discussed below and summarised in Table 13. 
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Table 12: Ground vibration control  

(Adapted from Atlas Powder Co, 1987, p. 350) 

Variables within the control of blasting 

practitioners 
Influence on  

Ground Vibration 

 High Moderate Low 

1. Charge mass per delay X   

2. Delay interval X   

3. Detonator accuracy X   

4. Burden and Spacing  X  

5. Stemming (Length)   X 

6. Stemming (Type)   X 

7. Charge length and diameter   X 

8. Angle of shot holes   X 

9. Direction of initiation  X  

10. Charge mass per blast   X 

11. Charge depth   X 

12. Bare detonating cord vs. covered cord  X  

Variables not within the control of blasting 

practitioners 

   

1. General surface terrain  X  

2. Type and depth of overburden  X  

3. Wind and weather factors   X 

 

Minimise the overpressure levels at source: 

 Avoid using surface detonating cord, or, if there is no alternative, cover it 

adequately. 

 Avoid using plaster blasting (i.e. mud blast or lay-on charges). While this 

is not prohibited by the Health & Safety Executive (HSE), it is discouraged 

due to the unacceptable risk of flyrock. Secondary blasting has now 

largely been replaced by mechanical rock breaking. 

 Reduce the surface area subject to heave. (This can only be done by 

reducing the size of the blast.) 

 Reduce the degree of surface heave by minimising the total charge and 

using a low charge weight per delay 

 Use an appropriate sequence of detonation and consider the orientation 

of the working face in relation to sensitive areas. If the direction of blast 

initiation is away from or at right angles to, rather than towards a sensitive 
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location, then reductions of 10-15 dB and 6 dB, respectively, may be 

possible. 

 Avoid gas venting through local rock weaknesses (also a cause of flyrock) 

by accurate drilling and placement, and regular face surveys, ensuring 

that the trace velocity between holes is significantly less than the speed of 

sound, i.e. the delay between holes is more than 8 ms/m; this will avoid 

air-blasts from individual holes reinforcing each other.  

 Avoid resonance with floors of nearby buildings by using delays of less 

than 25-40 ms. Resonance can increase the acoustic response (shaking 

and rattling). 

 

Burden 

Generally, it is considered that a burden dimension less than 25 times the 

diameter of explosive charge can result in long flyrock distances, while 

excessively large burdens can cause violence in the collar zone.  

 

Stemming material 

Flyrock and airblast is the most important reason for providing adequate 

stemming in surface mines. Correct stemming length and material can assist 

fragmentation by containing the high pressure gases. Violent venting from the 

collar of a blast hole is like a gun barrel discharge causing airblast, noise and 

flyrock. Increasing the length of stemming reduces these effects but can result 

in poor breaking in the region of the collar. With correct stemming material the 

stemming length can be reduced, thus placing more explosives in the collar 

region without increasing airblast and noise.  

 Some materials are much better than others at retaining gases in the blast 

hole. Water, mud and drill cuttings are easily ejected, their resistance to 

ejection being almost entirely dependent on their inertia and mass. On the 

other hand, under the effect of the impulsive gas pressure, dry angular 

material tends to form a compaction arch, which locks into the wall of the 

blast hole, increasing its resistance to ejection.  

 Stemming material should be dense angular crushed rock with particle 

sizes about one twelfth of the blast hole diameter. Fragments larger than 

30 mm are not recommended as they can damage detonator lead wires or 

shock tubing. 
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Weather 

Avoid blasting in undesirable conditions, which include: 

 Significant temperature inversions, 

 Moderate to strong winds towards sensitive areas, 

 Foggy, hazy or smoky conditions with little or no wind, 

 Still cloudy days with a low cloud ceiling, 

 Periods when the surface temperature is falling in the middle of the day, 

 Periods when strong winds accompany the passage of a cold front, 

 Before mid-morning or after sunset on clear calm days.  

 Areas in which levels are enhanced will generally be down-wind and the 

increase in level about 5 dB.  

 Overpressure waves can be channelled towards small focal zones in 

advance of warm fronts and behind cold fronts. Although these 

phenomena generally occur adjacent to steep temperature gradients, 

wind shear tends to be the more important factor. These small focal zones 

exist for about 10% of the time at distances of 3-4 km from the site of the 

blast and can be in any direction relative to the wind. The overpressure 

increases can be as high as 15 dB. 

 

Mat or spoil cover 

Where blasting must take place and it is difficult to ensure proper burden and 

stemming relationships, then blasting mats or spoil cover may be used to 

control flyrock (Figure 13). This is generally only practised during construction 

blasting. 

 

Buffer zones 

Despite all these precautions, the risk of flyrock may not be entirely avoided and 

buffer zones between the active face and sensitive areas will often remain 

necessary. 
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(a) 

 

 

 

(b) 

 

 

Figure 13: Use of backfilling and blasting mats to prevent flyrock 

(Source: Tamrock, 1984, p. 173) 
 

 

Table 13: Airblast control  

(Adapted from Atlas Powder Co, 1987, p. 370) 

Variables within the control of blasting 

practitioners 

Influence on 
Air Overpressure 

High Moderate Low 

1. Charge mass per delay X   

2. Delay interval X   

3. Burden and Spacing X   

4. Stemming (Length) X   

5. Stemming (Type)  X  

6. Charge length and diameter   X 

7. Angle of shot holes   X 

8. Direction of initiation X   

9. Charge mass per blast   X 

10. Charge depth X   

11. Bare detonating cord vs. covered cord X   

12. Electric versus nonelectric detonators   X 

Variables outside the control of blasting 

practitioners 
   

1. General surface terrain  X  

2. Type and depth of overburden X   

3. Wind and weather factors X   

See also; TN Little, ‘Flyrock risk’. 2007, Proc. Explo2007, p. 35-43. 
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Possible factors to reduce airblast and flyrock 

 Burden between blast rows: 25 to 35 times the hole diameter 

 Spacing between blast holes: 1 to 1.5 times the burden 

 Bench heights: 2 to 4.5 times the burden 

 Sub-drill: 0.2 to 0.5 times the burden 

 Stemming length: 0.7 to 1.0 times the burden 

 Stemming material: 1/12 times the blast hole diameter to a max of 30 mm. 

 

 Dust 9.11.3

No practical measures have been developed to control or minimise the dust 

generated by blasting apart from taking cognisance of the wind conditions and 

firing blasts in conditions that minimise the impact on neighbours (JKMRC, 

1996). Wetting the surface is futile as most dust originates from new surfaces 

that are formed as the result of breakage and abrasion of the rock fragments.  

 

 Measurement of ground vibration, airblast, noise, flyrock and dust 9.12

 Why measure?  9.12.1

“What gets measured gets done” is a precept that applies as much to the 

management of opencast blasting as to any other mining activity. Monitoring 

can be carried out for a number of reasons such as:  

i. Problem recognition and diagnosis,  

ii. Documentation,  

iii. Control or compliance monitoring, and  

iv. Prediction of future levels.  

 

In the context of this Guideline, the latter two are the most significant and shall 

now be considered further. Monitoring should be carried out to ensure that safe 

limits have been complied with. This means there should be a comprehensive 

monitoring strategy in place, which monitors at specified locations and 

occasions. Ideally, all blasts should be monitored at the nearest property as a 

minimum, although this is still rarely achieved. 

 

 What to measure?  9.12.2

The Guideline: noise and vibration from blasting issued by the Queensland 

Department of Environment and Heritage Protection (EM2402, version 3.00, 

approved 22 January 2016) provides a succinct summary of parameters to be 
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measured to ensure compliance with airblast overpressure and ground vibration 

requirements. These are: 

1. Details of the measurement instrumentation and measurement procedure, 

2. Location of recording instrument and date and time of record, 

3. Location of the blast within the quarry or mine (including which bench 

level), 

4. Maximum instantaneous charge (MIC) in kilograms (kg), 

5. Airblast overpressure level, dB (linear) peak, 

6. Peak particle velocity (mm/s), 

7. Meteorological conditions (including temperature, relative humidity, 

temperature gradient, cloud cover, wind speed and direction) 

8. Distance from the blast location to any noise-affected buildings or 

structures, or the boundary of any noise-sensitive place. Noise-sensitive 

places means any of the following:  

a. a dwelling,  

b. a library or an educational institution, including a school, college or 

university,  

c. childcare centre or kindergarten,  

d. a hospital, surgery or other medical institution,  

e. commercial and retail activity,  

f. a protected area, or an area identified under a conservation plan as 

a critical habitat or an area of major interest,  

g. a marine park,  

h. a park or garden that is open to the public (whether or not on 

payment of an amount) for use other than for sport or organised 

entertainment. 

9. Records must be kept of the results of all airblast overpressure and 

ground vibration levels and other information required to be recorded in 

conjunction with such monitoring for a period of at least five years. 

 

The burden of the front row of holes is an important parameter to prevent flyrock 

and airblast, and thus should also be recorded (B. Prout, University of the 

Witwatersrand, personal communication, 2016). 
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 Where to measure?  9.12.3

Permanent stations 

It is envisaged most opencast mines will establish a permanent array of 

monitoring stations surrounding the mining operations, including stations near 

sections of the mine boundary that are closest to communities.  

 

Records from these stations can be used to: 

 Provide evidence of compliance with safe limits. 

 Determine the relationship between the observed amplitudes of ground 

motion (PPV) and airblast (dB) with the source parameters (e.g. maximum 

instantaneous charge). The local parameters of the empirical relationships 

(such as PPV versus Scaled Distance and Airblast Overpressure versus 

Scaled Distance) can be used to assess blast design and predict likely 

impacts.  

 

Any significant deviations from the norm should be investigated. 

 

Outdoor measurement at noise-sensitive locations 

The Guideline: noise and vibration from blasting issued by the Queensland 

Department of Environment and Heritage Protection (EM2402, version 3.00, 

approved 22 January 2016) provides guidelines for making measurements on 

noise-sensitive sites (see 9.12.2):  

 Outdoor measurements of airblast overpressure should be made at: 

o a location exposed to the direction of blasting; and 

o a distance of at least 4 m from any noise-affected building or 

structure, or within the boundary of a noise-sensitive place; and 

o between 1.2 m and 1.5 m from the ground. 

 Outdoor measurement of ground vibration at 

o a distance of not less than the longest dimension of the foundations 

of a noise-affected building or structure away from such a building 

or structure; and  

o be positioned between that building or structure and the blasting 

site.  

The ground-borne vibration transducer (or array) used in the measurement 

must be attached to a mass of at least 30 kg to ensure good coupling with the 

ground where the blast site and the measurement site cannot be shown to be 

on the same underlying strata. The mass must be buried so that its uppermost 

surface is level with the ground surface. 
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Where access to a noise-affected property for monitoring purposes is not 

feasible, measurements may be undertaken at the appropriate property 

boundary and the results extrapolated to reflect the impacts of noise and/or 

vibration at the receptor premises. 

 

Indoor measurements 

Some operators and authorities take measurements inside buildings, 

particularly following a complaint, because ground vibrations can be amplified 

by the buildings by a factor of three. Measurement inside a building can also 

help to engender good relations with the occupants. However, this can be 

fraught with difficulty as the question then arises, 'where in the building should 

the monitoring take place?’ with a large number of rooms and locations 

possible. It is impractical to monitor inside a house on a permanent basis. It 

may be possible to monitor a few "test blasts" with a number of recorders in 

different locations, and produce transfer functions from outside to different 

locations inside, after which the function could be applied to external readings to 

determine the probable value at an internal location. However, this is a complex 

and time consuming exercise and will probably only be carried out in extreme 

circumstances. 

 

 How should compliance be assessed? 9.12.4

As so many imperfectly known variables affect blasting phenomena, a statistical 

approach to safe limits (e.g. 95% of measured ground vibrations should not 

exceed 10 mm/s) is usually preferred to a deterministic approach (e.g. no 

ground vibration should ever exceed 10 mm/s). However, a statistical approach 

could be manipulated. To give an example, the more blasts that are included in 

the analysis, the higher the number of blasts which form the 5% that can 

exceed the limit while meeting the criteria. 

 

To illustrate the complexity of the issues to be considered when formulating 

monitoring procedures, we take the definition of the set of blasts that will be 

used to calculate the statistics. 

 Ideally, a statistical analysis should include all blasts, thus requiring all 

blasts to be monitored. The problem then arises that compliance or 

otherwise cannot be established until operations have ceased.  

 One option is to include all blasts ‘up to the present’ to ensure ongoing 

compliance. Other options would be to take a running window’ (e.g. a 
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period of 3 months), or to consider blasts in certain areas or benches of 

the site.  

 There is also the question of whether to include blasts which have been 

monitored but not produced vibration levels high enough to give a 

recording (i.e. close to zero). Again the intuitive answer is that they should 

be included in the statistics, but this again can give opportunity to ‘allow’ 

high vibration levels.  

 

Whichever method is chosen, it is clear that agreement must be reached before 

the commencement of blasting on a particular site. One solution to this problem 

would be to agree that a blast should never be designed to exceed the 95% 

safe PPV level. This would avoid the situation where, if compliance has so far 

been high (i.e. more than 95%), a blast could be designed to exceed the 95% 

safe PPV level, and yet still be in compliance because 95% of the blasts still 

remain below that level. This could be checked in the blast design records and 

would ensure that there was no manipulation of the results to allow 'big' blasts. 

 

 Monitoring equipment  9.12.5

A wide range of monitoring equipment designed for monitoring ground vibration 

and overpressure produced by blasting is commercially available. Video 

cameras are usually used to monitor flyrock. Synchronisation with the blast is 

not necessary as blast monitors have trigger levels set for ground vibration and 

overpressure, and they also have facility for pre-trigger memory, so that no 

signal is lost. 

 

 Specifications for ground vibration monitoring 9.12.6

The South African National Standard (SANS 4866:2011, based on ISO 

4866:2010) specifies measuring ranges for various vibration sources (Table 14). 

It recommends that instruments used for monitoring ground-borne blast 

vibrations must be capable of measurement over the range 0.2 mm/s to 

100 mm/s over the frequency range of 1 Hz to 300 Hz.  
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Table 14: South African standards for measuring mechanical vibrations 

(South African National Standard (SANS) 4866:2011) 

 

 

The Guideline: noise and vibration from blasting issued by the Queensland 

Department of Environment and Heritage Protection (EM2402, version 3.00, 

approved 22 January 2016) differs slightly from SANS 4866:2011, 

recommending that ground vibration instrumentation used for compliance 

monitoring must be capable of measurement over the range 0.1 mm/s to 

300 mm/s with an accuracy of not less than 5% and have a flat frequency 

response to within 5% over the frequency range of 4.5 Hz to 250 Hz. 

 

Field Practice Guidelines for Blasting Seismographs, published by the 

International Society of Explosives Engineers (ISEE, 2015), is the industry 

standard for the correct monitoring of blast vibrations. It can be downloaded at 

https://www.isee.org/digital-downloads/290-isee-field-practice-guidelines-for-

blasting-seismographs-2015.  

The following issues require special attention: 

 Coupling of vibration sensors: If transducers are placed on the ground 

alongside the building being monitored, the recorded vibrations can be 

significantly affected by surface or near-surface features which may have 

a localised effect. At high levels of vibration which occur at certain 

https://www.isee.org/digital-downloads/290-isee-field-practice-guidelines-for-blasting-seismographs-2015
https://www.isee.org/digital-downloads/290-isee-field-practice-guidelines-for-blasting-seismographs-2015
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frequencies, it is also possible for transducers to leave the ground. In 

principle, this can be addressed by driving a stiff steel rod into the ground 

through the loose surface layer and attaching the transducer to it, but 

good coupling is often difficult to achieve. Alternatively, the transducer can 

be fixed to a rigid surface plate such as a well-bedded paving slab. Some 

equipment manufacturers suggest placing the transducer on a hard 

surface with a small sandbag on top of it. However, even if good coupling 

is achieved, the nature of the ground under the hard surface is unknown, 

and it might be very broken and affect the vibrations. Better coupling can 

be achieved if the transducers are buried in a density-matching box, but 

this is only practicable for permanent monitoring stations. 

 Calibration of vibration sensors: The detectors commonly used to 

measure ground vibrations are either geophones (velocity transducers) or 

accelerometers. The vibrations produced by mining operations generally 

occur over the frequency range of 2-200 Hz and thus the detectors should 

be capable of accurately monitoring vibrations across this range. 

Geophones require regular re-calibration over a period of time and if 

shaken violently. Geophones should be calibrated annually at least. 

 Orientation of vibration sensors:  

o Some sensors are sensitive to orientation; a vertical 2 Hz geophone 

cannot be used as a horizontal sensor and vice-versa.  

o In a permanent array, sensors are usually orientated with respect to 

geographic north; while for a temporary measurement, the radial 

component is pointed towards the blast.  

o The three axes (directions) of measurement, the longitudinal (or 

"radial", the vector connecting the seismograph transducer and 

source of vibration), transverse (the vector in the same plane as, but 

perpendicular to, the longitudinal) and vertical (up and down) 

vectors, are always measured and reported separately. One reason 

for this is that they have different degrees of importance in causing 

damage. Structures are built to withstand vertical forces. For that 

reason, vibrations along the vertical vector are usually of lesser 

importance in causing damage, though not always benign. 

Vibrations in both the longitudinal and transverse directions have 

the potential for causing shear in the structure, which is a major 

contributor to damage effects. When in shear, various parts of the 

house move at different speeds or even in different directions, which 

can cause cosmetic cracking or even structural damage.  
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o Vibration standards generally do not take these differences in 

damage potential between vibration direction components into 

account, but simply specify a single limit that applies to all three 

axes of measurement. 

 Parameter(s) to measure 

o PPV is a "vector" quantity (i.e. it has both a value and an 

associated direction).  

o The Peak Vector Sum (PVS) is usually also quoted; it is simply 

the square root of the sum of the squares of the PPV values in all 

three vector directions measured by the geophones. PVS is a 

"scalar" quantity, i.e. one with only a value, which is always larger 

than the individual PPV vector values.   

o Scientific studies have shown that the PPV, of all the tested 

characterizations of ground movement (e.g. acceleration, 

displacement, or strain), correlates best with damage potential.  

o All the standards are quoted in PPV values, not PVS or other 

measures of movement, although the "acceptable" values of PPV 

differ with the standard applied and with the frequency of the 

vibration components. 

 

It is important that ground and structure vibrations should be measured properly 

to ensure the receipt of correct records. A contemporary transducer for velocity 

measurement is a tri-axial pack of geophones with the frequency response from 

1-300 Hz. 

 

 Airblast 9.12.7

The Guideline: noise and vibration from blasting issued by the Queensland 

Department of Environment and Heritage Protection (EM2402, version 3.00, 

approved 22 January 2016) recommended that blasting noise must only be 

measured using noise measurement equipment having a lower limiting 

frequency of 2 Hz (-3dB response point of the measurement system) and a 

detector onset time of not greater than 100 s. 

 

 Flyrock  9.12.8

Flyrock in open cast mine blasting usually means the unexpected projection of 

rock mass beyond the blast area. Information about flyrock may be obtained 

using video records, reports from mine personnel, and the community. It is 

recommended that any roads between the pit and nearby communities be 
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surveyed before and after a blast so that evidence of flyrock can easily be 

found. 

 

 Dust measurements 9.12.9

In South Africa the American Society for Testing and Materials method for 

collection and analysis of dust fall (ASTM D1739) is generally applied. A plastic 

bucket with a 175 mm wide mouth is used to collect the fallout dust at each 

sampling site. The bucket is placed at a height of about 2 metres to reduce 

input of dust from nearby disturbances. The bucket is filled with approximately 

5 l of water and an algaecide solution added to it. The buckets are left for 

30 days +/-10% as set by the ASTM D1739 Methodology. After the sampling 

period ends, the buckets are sealed to prevent contamination and removed. 

The surface area of the bucket is measured, and the amount of dust is 

calculated to obtain a square meter (m2) value. The concentration of fallout dust 

is reported as milligram per square meter per day (mg/m2/day) by dividing the 

mass of the dried dust with the surface area value, and then divided by the 

number of days. 

 

 Building standards to withstand future vibration exposure 9.13

 General principles 9.13.1

When the vibration frequency closely matches a natural or fundamental 

frequency of a structure or structural component, the structure or component 

will tend to respond more vigorously and the incoming ground vibrations are 

amplified in the upper portion of the structure. Alternatively, if the ground 

vibration frequency does not match the natural frequency, very little seismic 

energy transfers into the structure, and there will be little, if any, response. The 

general types of response within a structure caused by external vibrations are: 

 Foundation Structure Response, which is equal to the incoming ground 

vibrations. 

 Whole-Structure Response, which is greater than the Foundation 

Structure Response because the foundation is ‘fixed’ while the above 

ground structure is free to move, generally responds to frequencies of 4-

12 Hz. Differential motions between the upper and lower corners cause 

racking responses (Figure 14). 

 Mid-Wall Response, or motions within individual panels or components 

of the above ground part of the building, normally out of plane with walls, 

is generally responsive to frequencies of 12-20 Hz. Mid-wall responses 

are typically responsible for window rattling, picture tilting, etc. 
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Figure 14: Response of a building to ground vibration 

(Source: http://explosives.org/vibration-basics/structure-response/) 
 

 Categorisation of damage to residential buildings due to mining activities 9.13.2

Mine blasting vibrations can cause damage to residential buildings. The 

damage can be categorised as aesthetic, serviceability or stability damage: 

 Aesthetic damage is concerned with the appearance of the building. It 

affects the appearance and while it might be unsightly it has no effect on 

the structural integrity.  

 Serviceability damage includes cracking and distortion which impair the 

day to day functioning or use of a building e.g. weather-tightness or 

jamming of doors and windows.  

 Stability damage is the case where there is an unacceptable risk that 

some part of the structure will collapse unless preventative action is taken. 

 

 Ground movement and damage caused by mine blasting  9.13.3

Dynamic loading 

Blasting induces ground movements which are modelled as dynamic loading in 

structural design. The movements can either be vertical or horizontal 

displacement, tilt, curvature and combination of the above. There are many text 

books on ground movements and the damage caused thereof.  

 

Generally, cracks are formed where the shear or tensile strength of structural 

elements is exceeded (Figure 15). The cracking patterns depend on: 

 the extent of the vertical displacement, 

 the length to height ration of the wall (slenderness ratio), 

 the structural capacity of the building elements, and 

 shear strength and stiffness of the foundation 
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Figure 15: Typical damage to walls due to an earthquake 

(Source: H. Uzoegbo, University of the Witwatersrand, 2015) 
 

In masonry and brickwork, the cracks due to shear or tensile stress generally 

follow the mortar joints either vertically or diagonally in steps. Bending cracks 

can also occur due to curvature and strain along a wall. Once the cracks have 

formed, further ground deformations and extensions will be consumed in 

extending or expanding the cracks. In sandy or clay soils, where ground strains 

are not fully transmitted into the structure, the extent of damage is mostly 

dictated by curvature rather than ground strain. 

 

The damage due to dynamic ground motion in typical South Africa residential 

areas located near gold mines in the North West Province is shown in Figure 16 

and Figure 17. The damage was caused by a M5.3 earthquake that occurred 

near Stilfontein on 9 March 2005 and a M5.5 earthquake that occurred near 

Orkney on 5 August 2014, respectively. The frequency of vibration was likely 

somewhat lower and PPV somewhat greater than that which would be 

generated by opencast mine blasting. Nevertheless, these events give an idea 

of the performance of typical construction materials and methods, and the types 

of damage that can be expected. 
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Figure 16: Damage to dwellings in Stilfontein due to the M5.3 earthquake 

of 9 March August 2005  

 

As part of the investigation into the risks posed by large seismic events in gold 

mining districts (Durrheim et al., 2006), the construction of low cost housing in 

the region was investigated (Figure 18). It was found that the dwellings were 

built of unreinforced masonry, which would likely not perform well if subjected to 

dynamic loading. 
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Figure 17: Damage to dwellings in Khumo township near Orkney due to 

the M5.5 earthquake of 5 August 2014 

(Source: H. Uzoegbo, University of the Witwatersrand, 2015) 

 

 

   

Figure 18: Construction of RDP homes in Kanana Ext 13 near Klerksdorp 
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 Case study: induced structural damage of a residential building at 9.13.4

Middelburg open-strip coal mine 

Lear (1992) studied the propagation characteristics and effects of blast-induced 

ground vibrations upon a double-storey residential structure at Middelburg 

opencast coal mine. The residence, considered typical of South African brick 

and mortar construction methods, was subjected to progressively more intense 

blast vibrations as the pit highwall advanced towards the house. Pre- and post-

blast surveys of crack development on interior superstructure walls and 

masonry were conducted. Changes in crack width were measured.  

 

Geological boreholes indicated an overburden thickness of 20-25 m above the 

2U coal seam. Soft weathered material extends from the surface to a depth of 

4-6 m; with zones of weathering extending to 15 m. 

 

The external cavity walls of the house were carried on unreinforced concrete 

strip foundations of varying width. Interior walls were carried on an unreinforced 

100 mm thick concrete slab. External walls were horizontally reinforced with 

single 6 mm diameter mild steel rod every four brick courses up to at least four 

courses above door and window lintel. Exterior walls were built of face bricks 

while interior walls were built of stock brick and covered with one coast of sand 

and cement plaster. Overall the house was of sound construction although the 

design and layout could be regarded as poor with little evidence of professional 

input. 

 

Ground motion was measured both inside and outside the house with 1 Hz 

seismometers and a frequency range of 1-100 Hz. Blasts were typically of 1 s 

duration with maximum PPVs of 100 mm/s. Thirty-four blasts were observed. 

The maximum charge weight per delay was 1204 kg, while distances varied 

from 75-1110 m. The propagation relationships relating PPV to explosive 

charge weights and blast distance were derived for the mine and compared to 

published results. Dynamic response properties calculated from the structural 

resonances gave a damping ratio of 8% and a natural frequency of 10 Hz for 

the superstructure. Structural amplifications of 1.5-2.5 times the ground motion 

were measured. 

 

Crack measurements showed that changes in crack widths were no greater as 

a result of blasting than occurring to environmental factors. Damage 

observations associated with blast motions were classified in terms of severity, 
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confirming that PPV was the best indicator of potential damage. The application 

of probabilistic techniques showed that this type of structure has a damage 

threshold of about 9 mm/s. 

 

 Structural design requirements for dynamic loading 9.13.5

There are well established principles and knowledge to ensure that structures 

are designed and constructed to be aesthetic, serviceable and have adequate 

strength and stability. In South Africa there is no specific building regulation 

pertaining to design and construction of buildings in mining areas or zones with 

elevated earthquake hazard. It must be noted that in the past, because of the 

general absence of earthquake activity in South Africa, dynamic loading has 

seldom been considered in the design of low rise buildings, and no serious 

overall losses have, in fact, been sustained. 

 

However, the National Building Regulations and design code SANS 10400:1990 

“The Application of the National Building Regulations” provides for design and 

construction procedures to meet the general performance requirements. In 

general, it should be demonstrated on a factual and technical basis that can be 

substantiated and verified by means of tests, calculations performed in terms of 

appropriate design codes of practice, or from first principles that the 

construction system, materials, element or components satisfy the performance 

requirements (SAICE, 2000: 1-1).  

 

The general performance requirements as envisaged in the National Building 

Regulations of South Africa shall be complied with by: 

a. adhering to the requirements of all the prescriptive regulations; and  

b. satisfying all functional regulations by: 

i. Adopting building solutions that comply with the requirements of the 

relevant part of SANS 10400; or 

ii. Reliably demonstrating, or predicting with certainty, to the 

satisfaction of the appropriate local authority, that an adopted 

building solution has an equivalent or superior performance to a 

solution that complies with the requirements of the relevant part of 

SANS 10400. 

 

The regulation further requires that a competent person prepares and submits 

to the local authority a rational design or rational assessment where compliance 

with the above requirements is necessary. The competent person is also 
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required to inspect and certify upon completion the construction, erection or 

installation thereof. 

 

There are many text books and design codes of practice on the structural 

design of buildings that can be adopted to demonstrate compliance with the 

regulation.  For example, the following standards and design codes provide 

recommendations and requirements for design of structures in different building 

materials: 

 SANS 10100-1: “The structural use of concrete part 1: design”. 

 SANS 10163-1: “The structural use of Timber Part 1: Limit-states design”.  

 SANS 10164: “The structural use of masonry Part 1 and 2: Unreinforced 

masonry walling and Structural design and requirements for reinforced 

and pre-stressed masonry”.  

 SANS 10161 is for the design of foundations for buildings. SANS 10161 

Section 5.3.3 provides for the design of foundations to allow for differential 

movements. Such movements can be due to earthquake or induced 

seismic forces such as earth movement due to mining activities. In such 

areas where earthquakes or induced seismicity is liable to be 

encountered, the designer must: 

o Give consideration to the probable magnitude of such activity and 

the use to which the building is to be put, 

o Then design the foundations of such a building to resist either in full 

or in part the forces likely to be encountered as a result of such 

earthquakes or induced seismicity.  

 

SANS10161 – defines dynamic loading as time dependent and either acts for a 

small interval of time or quickly changes in magnitude or direction. Earthquake 

forces, machinery vibrations and blast loadings are identified as typical 

examples of dynamic forces. Further, SANS 10161 section 5.3.2 recommends 

that where dynamic loading conditions are likely to be encountered, it is the 

responsibility of the designer to have a person who is experienced in dynamic 

loading prepare a report detailing the loadings to be encountered and the type 

and form of foundation necessary to withstand such loading.  

 

Generally, the most common method to design for dynamic loads such as 

earthquake-resistant structures is to design for mild earthquakes of expected 

common occurrence in the elastic range or in the inelastic range with less or no 
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permanent deformations. Ductility is then provided for maximum expected 

intensity of earthquakes. 

 

For the structure to withstand the effects of vibration, the natural frequency of 

vibrations of the structure or structural member shall be kept above values set 

as limiting criteria which depend on the building and the source of the vibration. 

If the natural frequency of vibrations of the structure is lower than the limiting 

value, a more refined analysis of the dynamic response of the structure, 

including the consideration of damping, shall be performed.  

 

 Recommendations 9.13.6

In order to mitigate the risk of damage due to dynamic loading associated with 

mine blasting, the following measures should be considered. 

 

Design 

The regulation requires that a competent person prepares and submits to the 

local authority a rational design or rational assessment. This must be 

substantiated and verified by means of calculations performed in terms of 

appropriate design codes of practice, or from first principles that the 

construction system, materials, elements or components satisfy the structural 

performance requirements. The competent person is also required to inspect 

and certify upon completion the construction, erection or installation thereof. 

 

Where blasting (dynamic loading) conditions are likely to be encountered and 

the actions are likely to cause significant acceleration of the structure, dynamic 

analysis of the system should be performed. A report detailing the loadings to 

be encountered and the type and form of foundation necessary to withstand 

such loading must be prepared by the responsible party. 

 

If it is established that blasting actions do not cause significant acceleration of 

the structure, as stated in the relevant design code, the effects of acceleration 

must be included implicitly in the static equivalent characteristic values for the 

actions or explicitly by applying dynamic magnification factors to the 

characteristic static loads. 

 

Where applicable, structures must be designed with foundations that allow for 

differential movement (raft foundations) of the superstructure; constructed of 

flexible materials (timber), with proper attention to the design of movement 
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joints. Such structures suffer less damage than a rigid brick structure on 

concrete strip foundations. 

 

Building materials and construction methods  

Building structures constructed of masonry must have vertical joints at frequent 

intervals to accommodate some curvature and other movements without 

damage (SANS 10164 part 1 & 2). 

 

It should be noted that these standards are not normally applied anywhere in 

South Africa, and that it is probably unrealistic to expect them to be 

implemented by builders in peri-urban and rural areas without support from 

government and/or mining companies. 

 

10 Factors to consider for a Guideline to minimise open-pit blasting-related incidents 

Based on the feedback from the MHSC, the CSIR is not required to develop Guidelines but 

simply provide research outputs from all milestones to assist MRAC in the drafting of 

Guidelines for open-pit blasting operations to minimise blast induced damage. The following 

sections provide a summary of some of the relevant factors that should be considered when 

drafting a Guideline for open-pit blasting operations to minimise blast induced damage.  

 

 Mandatory compliance: 10.1

1. The Guideline document must adhere to the guideline template as set by the DMR 

and must cover the relevant legislations as described in the preceding sections in 

this report such as Section 9.3 which covers as a minimum but not limited to the 

following: South African constitution (section 9.3.1), the Mine Health and Safety 

Act (section 9.3.2) and the Mining Charter (section 9.2.3).  

 

2. Section 9 of the Mine Health and Safety Act defines the sequence in which 

hazards should be dealt with in a Code of Practice (CoP). Therefore the Guideline 

document must also adhere to the hazard identification process as followed in the 

CoP.  
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 Technical aspects for consideration when drafting the guideline: 10.2

Section 9.3.2 of this document identifies the factors that must be considered as far as 

reasonably practicable in the CoP. To reiterate, these are: 

i. Eliminate the risk,  

ii. Control the risk at source,  

iii. Minimise the risk,  

iv. Provide personal protective equipment (PPE), and 

v. Monitor the risk.  

 

During the project it was realised that point iv above needed to be expanded, since the 

risks due to blasting also affect communities surrounding the mine. It is suggested that 

this point be renamed to “Protective Controls and Measures (PCM)” which involves but is 

not limited to only PPE for mine personnel. It also includes but it is not limited to the 

implementation of a proper warning system to notify and alert the surrounding 

communities of the impending activity. Therefore, the following technical aspects should 

be considered: 

i. Eliminate the risk,  

ii. Control the risk at source,  

iii. Minimise the risk,  

iv. Provide protective controls and measures (PCM), and 

v. Monitor the risk.  

 

The process above requires that the risk be completely eliminates as a first price. If the 

risk cannot be completely eliminated, then the next step is to control the risk at source. If 

the risk is still persistent attempts have to be made to minimise the risk and provide 

necessary Protective Controls and Measures to all affected. In addition, the monitoring of 

the risk and the effectiveness of the controls must be continuously undertaken until it can 

be proven that the risk has been eliminated. In lieu of the risks associated with open pit 

blasting and the process described above, the following is provided: 

  

 Eliminating the risk  10.2.1

The mining operation needs to determine the most appropriate way of rock 

breaking (blasting or non-blasting). As an example, if blasting is considered to 

be high risk, the mine should seek alternative methods of rock breaking such as 

mechanical ripping. Any method that will be deployed will have its own 

associated risks and costs. The mines will be required to undertake an 

assessment of what is most feasible. However, it is expected that in many 



Page 78 of 88 

cases blasting will prove to be the only viable method of removing most of the 

overburden ore.  

 

 Control the risk at source  10.2.2

When blasting is deemed the only rock breaking technique, implying that the 

risk could not be eliminated, the following steps have to be implemented to 

control the blasting related risks at source: 

 Undertake a risk assessment to identify potential risks. For this project the 

focus was on the following risks: ground vibration, noise, airblast, flyrock 

and dust. Section 9.5 (in this document) describes these risks in detail.  

Note: For this section of the report, the controls from the literature as well 

as the current practices will be tabulated against each of the identified 

risks for this project. Furthermore the project required research into the 

impact of these risks on humans, animals and structures. 

 When trying to determine the upper bound, the following example should 

be considered as guidance: If structural damage occurs at 20mm/s, 

however impact on humans and animals is at 50mm/s, then for design 

purposes the lower bound of 20mm/s should be considered.  

  

a. Risk focus area 1 – Ground vibration  

(Taken from Sections 9.5.1, 9.6.1, 9.9.1, 9.11.1, 9.12.6) 

Table 15: Ground vibration standards and observations 

Impact Standard Observations 
Probability of 

damage/ injury 

Humans 

12.7 mm/s 
(equivalent to 

slamming of a car 
door) 

Measured 2.6mm/s 
and 1.2mm/s 

Low 
James et al., 1982 and 

(ISO 2631-1: 1997 
(E)) 

Animals - Wildlife None 
No noticeable impact 

reported 

Low 
(Anecdotal – 

Krugersdorp game 
reserve) 

Animals - Domestic None 
No tangible or 

recorded evidence 

Unknown 
(Only anecdotal 
feedback during 

interviews) 

Structures – Homes 
(well-constructed) 

25mm/s 

PGM-12mm/s (ave), 
Coal <1mm/s (ave), 

Gold <15mm/s (ave). 
NOTE – Some PPVs 

(<12%) exceeded 
25mm/s. 

Low for all 3 
commodities 

Structures – Homes 
(poorly constructed) 

12.5mm/s 
Likely - for  and 
PGM and Gold 

Low for coal 

Structures – Homes 
(mud houses) 

6mm/s Likely 

Structures-Others 
(Pylons, Road, etc.) 

50-150mm/s 
Low – for all 3 
commodities 

Blasts with PPV’s greater than the safe limit were investigated in detail (Refer to Milestone 2) 
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b. Risk focus area 2 – Noise  

(Taken from Sections 9.5.2, 9.6.1, 9.9.2, 9.11.2, 9.12.7)  

Table 16: Noise standards and observations 

Impact Standard Observations 
Probability of 

damage/ injury 

Humans 
134 dB (USBM 
recommended) 

Ave for all mines below 
134 dB with some 

readings exceeding 
the limit. 

Low 
 

There is no standard set for noise. The numbers range from 94-98dB, but needs to be further 
researched. Further work is required to interrogate the relationship between distance and noise 
levels (Refer to conclusions in Milestone 4). For this part of the study the values associated with 
airblast was used. 

Animals - Wildlife None 
No noticeable impact 

reported 

Low 
(Anecdotal – 

Krugersdorp game 
reserve) 

Animals - Domestic None 
No tangible or 

recorded evidence 

Unknown 
(Only anecdotal 
feedback during 

interviews) 

Structures – Homes 
(well-constructed) 

134 dB (USBM 
recommended) 

Ave for all mines below 
134 dB with some 

readings exceeding 
the limit. 

Low for all 3 
mines 

 

Structures – Homes 
(poorly constructed) 

Structures – Homes 
(mud houses) 

Structures-Others 
(Pylons, Road, etc.) 
Further work is required to interrogate the relationship between distance, noise levels and damage 

 

c. Risk focus area 3 – Airblast  

(Taken from Sections 9.5.2, 9.6.1, 9.9.2, 9.11.2, 9.12.7)   

Table 17: Airblast standards and observations 

Impact Standard Observations 
Probability of 

damage/ injury 

Humans 
134 dB (USBM 
recommended) 

Ave for all mines below 
134 dB with some 

readings exceeding 
the limit. 

Low 
 

Further work is required to interrogate the relationship between distance and noise levels (Refer to 
conclusions in Milestone 4) 

Animals - Wildlife None 
No noticeable impact 

reported 

Low 
(Anecdotal – 

Krugersdorp game 
reserve) 

Animals - Domestic None 
No tangible or 

recorded evidence 

Unknown 
(Only anecdotal 
feedback during 

interviews) 

Structures – Homes 
(well-constructed) 

134 dB (USBM 
recommended) 

Ave for all mines below 
134 dB with some 

readings exceeding 
the limit. 

Low for all 3 
mines 

 

Structures – Homes 
(poorly constructed) 

Structures – Homes 
(mud houses) 

Structures-Others 
(Pylons, Road, etc.) 
Further work is required to interrogate the relationship between distance, noise levels and damage 
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d. Risk focus area 4 – Flyrock  

(Taken from Sections 9.5.3, 9.6.1, 9.9.4, 9.11.2, 9.12.8)   

Table 18: Flyrock standards and observations 

Impact Standard Observations Probability of 
damage/ injury 

Humans Zero Tolerance 
Flyrock only reported 

within the pit area. 

Low for all 3 

mines 

 

Animals - Wildlife 
Zero Tolerance 

 

Flyrock only reported 

within the pit area. 

Low for all 3 

mines 
 

Animals - Domestic 

Structures – Homes 

(well-constructed) 

Zero Tolerance 

 

Flyrock only reported 

within the pit area. 

Low for all 3 

mines 

 

Structures – Homes 

(poorly constructed) 

Structures – Homes 

(mud houses) 

Structures-Others 

(Pylons, Road, etc.) 

 

e. Risk focus area 5 – Dust  

(Taken from Sections 9.5.4, 9.6.1, 9.9.3, 9.11.3, 9.12.9) 

Table 19: Dust standards and observations 

Impact Standard Observations 
Probability of 

damage/ injury 

Humans 

Residential Area 
– Dust fall rate 

< 600 mg/m
2
/day 

 
Non-residential 
Area – Dust fall 

rate 
< 1200 mg/m

2
/day 

Ave for all mines well 
within prescribed 
limits. In Gold and 

Coal some exceptions. 

Low for PGM, 
Likely for Coal 

and Gold 
 

Animals - Wildlife 
Residential Area 
– Dust fall rate 

< 600 mg/m
2
/day 

 
Non-residential 
Area – Dust fall 

rate 
< 1200 mg/m

2
/day  

Ave for all mines well 
within prescribed 
limits. In Gold and 

Coal some exceptions. 

Low for PGM, 
Likely for Coal 

and Gold 
 Animals - Domestic 

Structures – 
Homes (well-
constructed) Residential Area 

– Dust fall rate 
< 600 mg/m

2
/day 

 
Non-residential 
Area – Dust fall 

rate 
< 1200 mg/m

2
/day 

Ave for all mines well 
within prescribed 
limits. In Gold and 

Coal some exceptions. 

Low for PGM, 
Likely for Coal 

and Gold 
 

Structures – 
Homes (poorly 
constructed) 

Structures – 
Homes (mud 

houses) 

Structures-Others 
(Pylons, Road, 

etc.) 
Note that dust can arise from many mining activities other than blasting, e.g. loading, hauling and 
dumping. Additionally other factors may cause dust to be liberated. 
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 Minimise the risk at source  10.2.3

When the blasting related risks cannot be well controlled at source, the process 

requires that the risk be minimised. Tabulated below are some examples (taken 

from relevant sections in the document) of possible mitigating actions that could 

be taken to minimise the risks. It must be noted that these examples are not 

fully exhaustive and are taken from mine practices.   

 

Table 20: Current practices in minimising the risk 

Risk Focus Area Current practices in minimising the risk 

Ground Vibration 
(Section 9.10.1) 

Reduce the blast size 

Properly design the blast 

Model the blast first using computer software 

Increase delays between blast holes 

Reduce charge mass per delay by either decking or drilling 

smaller holes or reducing the bench height or using electronic 

blasting or ensuring separate charge initiation  

Ensure no blasting takes place within 500m from structures 

Reduce confinement of explosives (without causing flyrock and 

excessive airblast) 

Table 13 in this report summarises the influence of these factors and blasting variables on ground vibration. 

Noise 
(Section 9.10.2) 

Blast at noisier times of the day so that blasting noise is not 

explicit 

Reduce the size of the blast 

Airblast 
(Section 9.10.2) 

Reduce the size of the blast 

Avoid using surface detonation cord/ or cover it adequately 

Use adequate stemming length and material 

Reduce resonance of nearby buildings (increases acoustic 

response) by using delays of less than 25-40 ms 

Lower charge mass per delay 

Consider delaying blasting in undesirable weather conditions, 

e.g. Still cloudy days with a low cloud ceiling 

Place berms around the mine perimeter to act as a “wind 

break” 

Table 14 in this report summarises the influence of these factors and blasting variables on airblast. 

Flyrock 
(Section 9.10.2) 

Reduce the size of the blast 

Use adequate stemming length and material  

Use mechanical rock breaking for secondary breaking 

Place berms around the mine perimeter to act as a barrier 

Use blasting mats or spoil cover to reduce flyrock 

Place buffer zones between active face and sensitive areas 

Table 14 in this report summarises the influence of these factors and blasting variables on flyrock. 

Dust (Section 9.10.3) Avoid blasting/ reduce blast size in weather conditions of 

moderate to strong winds towards sensitive areas. 

 

 Provide Protective Controls and Measures  10.2.4

The process dictates that even though steps are taken to minimise the risk, that 

it is necessary to provide Protective Controls and Measures to further mitigate 

the risk: 
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 There needs to be a proper warning system in place on mine as well as in 

the surrounding communities to notify and alert every one of the 

impending activity. During the project, community members were 

vociferous for the need to have such audible alarms located in the 

communities and not just in the mine areas.  

 There needs to be increased awareness and education campaign in 

communities surrounding the mines regarding blasting operations and the 

associated risks. 

 The community should be assisted to implement measures to reduce the 

risk of damage to buildings by adopting suitable building practices. 

 Facilitate access to animal care services for the community in the event of 

animal trauma complaints.  

 

 Monitor the risk  10.2.5

It is imperative that all the identified risks and controls are strictly monitored 

using the best available technology. Complaints, pre-blast surveys, post-blast 

surveys, and remedial actions must be documented. 

 

Table 21: Risk monitoring techniques  

Risk Focus Area Monitoring 

Ground Vibration  If practicable, permanent monitoring stations should be 

deployed within the mine boundaries, and especially 

near to (or even in) affected communities. 

Measurements should be analysed promptly, the 

reasons for any deviations from safe limits promptly 

investigated, and the results reported at management 

meetings. 

To avoid any suspicion of bias or manipulation, ensure 

community engagement on results. 

Table 13 in this report summarises the influence of these factors and blasting variables on 

ground vibration. 

Noise Blasting noise must only be measured using noise 

measurement equipment having a lower limiting 

frequency of 2 Hz (-3dB response point of the 

measurement system) and a detector onset time of not 

greater than 100 s. 

Airblast (Section 9.11.2) Blasting noise must only be measured using noise 

measurement equipment having a lower limiting 

frequency of 2 Hz (-3dB response point of the 

measurement system) and a detector onset time of not 

greater than 100 s. 

Flyrock (Section 9.11.2) Information about flyrock should be obtained using 

video records, reports from mine personnel and the 

community and must be investigated immediately. 

Ensure community engagement on findings and 

mitigating actions. 
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Table 14 in this report summarises the influence of these factors and blasting variables on 

flyrock and airblast. 

Dust (Section 9.11.3) Use the American Society for Testing and Materials 

method for collection and analysis of dust fall (ASTM 

D1739) – place dust buckets at sensitive areas.  

 

11 Stakeholder relations: 

 During this project through community engagement, a strong common theme coming 

through was the need for improved relations between the mines and the surrounding 

communities.  

o Continual communication with nearby residents, communities and landowners is of 

utmost importance.  

o The community should be assisted to implement measures to reduce the risk of 

damage to buildings by adopting suitable building practices.  

o Blasting schedules should be communicated with communities to identify times 

that will minimise annoyance.  

o Adequate and effective warning of any blast must be given. 

o The community should be assisted to implement measures to reduce the risk of 

damage to buildings by adopting suitable building practices. 

o Any complaints should be dealt with fairly and speedily.  

 The role of the DMR in areas where there is high conflict should be more visible to act 

as a mediator between the mines and the communities.  

 Ideally, pre-blast surveys should be made of all existing and new structures. The 

frequency of these surveys needs to be determined by the mine based on its risk 

assessment and in consultation with the communities.  

 Similarly all post-blast surveys need to be shared with the communities.  

 Any flyrock incidents must be investigated and dealt with as matters of utmost 

importance and need to be shared with the communities. 

 There needs to be stronger regulation on building practices in and around mining 

areas. Further to this, there needs to be an education/ awareness campaign on the 

risks associated with using inferior building material during construction. This could be 

a joint initiative between local government and the mining companies.  

 

12 Mining operations and community establishments  

From our study, it was clear that there are two key areas that are impacted on by blasting 

operations. These are:  

1. Human settlement encroach on existing mining operations 

2. Mining commences within human settlement areas.  
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It can be postulated that the processes outlined in this document, if applied to either one of 

the 2 areas, will mitigate the risk adequately.  

 

13 Flowchart  

The following flowchart (Figure 19) is provided as a draft for the committee to consider as a 

visual tool to depict the processes to be followed in risk mitigation for open pit blasting 

operations as explained in Section 10 of this document. The process requires that the risk 

be completely eliminates as a first price. If the risk cannot be completely eliminated, then 

the next step is to control the risk at source. If the risk is still persistent attempts should be 

made to minimise the risk, whilst providing necessary protective equipment to all affected 

and monitoring the risk. In addition, the monitoring of the risk and the effectiveness of the 

controls must be continuously undertaken until it can be proven that the risk has been 

eliminated. 

 

 

Figure 19: Risk mitigation flowchart for open pit blasting operations
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