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ABSTRACT 

 The blasting process remains a potential source of numerous environmental and safety 

accidents. The majority of these accidents were contributed to the flyrock and lack of blast 

area security. A field-scale investigation related to flyrock accident was conducted in an 

andesite quarry where rocks up to 50 cm in diameter were propelled almost 300 m from the 

center of blasting field causing extensive damages to the surrounding objects. The study 

revealed that accident occurred due to the existence of andesite alteration in one section of 

the blast field. The existence of this alteration caused a sliding of rock masses along the 

subsistent joint planes and thereby reduced burden for the second row of blastholes. 

Alterations involved small area of andesite masses that were not detected by previous 

geological exploration or visually observed prior to initiation of blastholes. The result of this 

filed investigation should have a positive impact on hazard awareness, prevention and safe 

blasting practices in mining and construction industries. 

 

INTRODUCTION  

The main purpose of blasting operations in mining and civil engineering projects is the rock 

fragmentation. This process provides appropriate material granulation that will be suitable for 

excavation and transportation. The blasting process, however, remains a potential source of 

numerous environmental and safety accidents. Even though the mining industry has improved 

its environmental and safety record, there are still reports indicating blasting-related accidents 

involving both people and various objects. For instance, the Mine Safety and Health 

Administration (MSHA, 2006) reports a total of 168 blasting related injuries in the United 

States from 1994 through 2005. A total of 107 injuries occurred in surface coal, metal and 

non-metal mining, while 61 injuries were reported for underground mining. Analysis 

conducted by Verakis and Lobb (2007) shows that in surface mining 39 accidents were 

directly attributed to lack of blast area security, 32 to flyrock, 15 to premature blast, nine to 

misfires, one to disposing and seven to miscellaneous blasting-related accidents. It can be 

noted that almost 70% of all injuries is directly contributing to the flyrock and lack of blast 

area security. Study conducted by Lu et al. (2000) indicates that almost 27% of demolition 

accidents in China were contributed to flyrock, while Adhikari (1999) reports that 20% of 

accidents that were related to flyrock occurred in mines in India. Blast area is the area in 

which shock wave, flying material, or gases from an explosion may cause injury to humans 

and damage to various objects. The flyrock is defined as the rock propelled beyond the blast 

area by the force of an explosion (IME, 2007). When these rock fragments are thrown beyond 

the allowable limits they result in human injuries, fatalities and structure damages. These 
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rocks can travel distances of more than 600 m at speeds of almost 650 km h−1 (Verakis and 

Lobb 2007). 

 

DISCUSSION  

The field investigation after the accident revealed the existence of the overhangs with two 

explosive cartridges in the stemming zone at the end of blasting section II (Fig. 4). At the 

muckpile of blasted rocks at section II, a significant number of fragments with a high degree 

of andesite alteration were found (Fig. 5). On the bench slope of the same blasting section, 

the relic of fresh andesite in altered andesite mass was observed (Fig. 6). Figure 7 shows 

unaltered andesite within alteration zone where the angle between horizontal line and the 

fracture filled by altered material is 45°. Based on the previous field observation, the model 

of blasting section II was created (Fig. 8. and 9). Analyzing the model and the maximum 

flyrock throw distance, it was concluded that the major contributing factor to the accident 

was the existence of andesite alteration in blasting section II. The existence of this alteration 

caused a sliding of rock masses along the subsistent joint planes and thereby reduced burden 

for the second row of blastholes. Since the blastholes were loaded with the amount of 

explosives for designed value of burden, an excessive release of explosives’ energy during 

blasting process resulted in flyrock from the bench slope. Aditionally, unloaded muckpile 

from previous blasting operation increased the resistance on the bottom of the blastholes and 

thereby forced high-pressure gases to extend upwards. Contributing factor to flyrock 

occurrence was also the congruence of the joint angle at the contact between unaltered and 

altered andesite and drilling angle, which enabled easier sliding of part of the rock masses by 

the existing fracture planes. One of the factors that influenced the increase of throw distance 

was the angle of 45 degrees between the horizontal line and the fracture filled with altered 

material. It is well-known from the trajectory analysis that the throw will reach the maximum 

value when the launch angle is 45°. The accident investigation should result in the 

identification of the cause followed by the appropriate response or correction in procedure. It 

is very important that the surface rock is inspected for faults and planes before hole charging. 

Previous excavations can give significant information about the rock structure. Base 

information (e.g., consolidation, voids) regarding the rock structure and properties of the 

material to be blasted can be routinely obtained from drill hole logs and must be considered 

prior to hole loading. Best-in-class safety performance can be achieved when regular 

geologic hazard or exception mapping occurs by trained foremen and/or mine geologists. 

Incorporating geologic variability can be routine by including exception mapping into the 

periodic stripping plan.  

 

Most mining operations plan sequencing and stripping on a weekly to a monthly basis 

accuracy accomplished at each location. The operator also can provide the on-the-spot 

assessment of situations that result in drill downtime, or unusual performance of the system at 

the given location. In such an arrangement, the machine location, changes in geology, 

unusual rock strata features and machine defects could all be documented at the same setting. 

The Aquila Mining Systems (AMS) have developed a production monitoring system, a 

material recognition system and a guidance system for vertical and inclined drilling. The 

production monitoring system provides the operator with immediate information on drilling 

productivity and performance, while the material recognition system is equipped with 

vibration sensors and pattern recognition software to determine the hole geology while 

drilling. Guidance systems for vertical and inclined drilling enable the operator to position the 

blast hole with a high accuracy. In order to prevent hole overloading, it is necessary to load 

holes as designed using the correct charge weight. Additionally, a blast ratio should be 
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ensured sufficiently high to eliminate the possibility of excessive charging and holes have to 

be monitored to check the rise of the powder. In the case of reduced burden, more 

intermediate stemming should be applied. The efficiency of stemming will mostly depend 

upon its length (Kricak et al., 1996). In general, the stemming length should be not less than 

25 times the blast hole diameter (Sheridan, 2002). Konya and Walter (1990) recommend a 

stemming length of 0.7 times the burden. If there are fractured rocks in the collar zone of the 

hole, they must be removed before hole initiation in order to prevent cratering. Probability of 

flyrock occurrence can also be reduced by hole initiation from the bottom rather than from 

the top. The issue of blast area security can be successfully addressed by providing 

appropriate training and education of personnel involved in blasting operations to apply the 

best safety practices, as well as government regulations. Furthermore, blast area must be 

inspected to determine distances to nearby structures, roads, public places and due 

consideration must be taken in determining the degree of protection necessary. It is of 

primary importance to clear all employees from the blast area, guards should be posted at the 

entrance to all access roads leading to the blast area and blaster should communicate to the 

foreman about the impending blast. The blaster must go outside the blast area or stay inside a 

blasting shelter and after receiving the feedback from the foreman and guards, blast signal 

needs to be sounded. Furthermore, ample warning shall be given before blasts are fired and 

all persons shall be cleared and removed from the blast area unless suitable blasting shelters 

are provided to protect persons endangered by concussion or flyrock from blasting. 

Effectively training the workforce in hazard recognition and avoidance and the safe use of 

explosives is an essential activity in reducing accidents. 

 

CONCLUSION 

 The historical trend over the last decade is a general decrease in the number of 

environmental and safety accidents from the blasting operations. Even though these accidents 

for all types of mining operations have declined, they continue to occur and cause human 

injuries and damages to surrounding structures. Case study discussed in this study revealed 

that the accident is caused by discontinuity in the geology and rock structure. The existence 

of andesite alteration in blasting section caused a sliding of rock masses along the subsistent 

joint planes and thereby reduced the burden of the blastholes. During the blasting operations 

in rock masses where discontinuities in the geology and rock structure exist, it is very 

important to properly adjust blasting pattern, type and amount of explosives to be used, apply 

adequate stemming material and provide an appropriate stemming length and burden. Detail 

geological exploration, using the advance systems for monitoring of drilling parameters is of 

primary interest in order to gather accurate information about the rock properties. Training 

and education of personnel involved in blasting operations play a critical role in preventing 

environmental and safety accidents and should be focused on: codes and standards, 

workplace responsibility, assessing and developing accident prevention strategies, developing 

workplace safety procedures, implementing work practices that meet specified legislation and 

standards, identifying strategies for monitoring and updating safety information and effective 

safety communications.  
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