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1. Introduction
Ground vibrations and fly rock are some of the safety hazards that can result during quarry
blasting. Midmar Crushers intends to blast within a 500m radius from structures. This
document aims to address hazards associated with the planned blasting through analysis of
current blast designs and recommendations to mitigate the risks associated with this exercise.

2. Blast Parameters
The Table below lists the blast parameters provided by the client.
Table 1: Blast Parameters.

Parameters
Explosive type
Average in-hole density (g/cm3)
Stemming Length (m)
Stemming Type
Average Hole Depth (m)
Hole Diameter (mm)
Burden (m)
Spacing (m)
Initiation System
Booster size (g)

Ramp
INNOVEX TM
100
1.21
2.2
Aggregates
10.5
89
2.3
2.7
EDD’s - Electronics
400

3. Ground Vibration Predictions
BME’s Blastmap IIITM software was used predict Vibration levels at structures within an 870m
radius of planned blat sites. The software uses the following equation:

Where C is the forecast peak amplitude or peak particle velocity (mm/s), R is the distance (m)
between the blast and the point of concern and W is the charge mass (kg) detonated per
delay. This model is also relatively conservative as the site specific constant are not known.
Table 2 below shows the predicted ground vibration levels at each of the structures. Although
there are no formalized limits to vibration in many countries, the US Bureau of Mines limits
are commonly applied in South Africa. In general, at lower frequencies, the ground vibration
should not exceed 12.7 mm/s at houses of lesser proper construction and 25mm/s at
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buildings of proper construction. The table below shows that the predicted PPV’s were within
acceptable limits.
Table 2: Shows the predicted PPV’s at the surrounding structures.

Structure

Distance from blast site (m)

CRECHE

870

Predicted PPV
(mm/s)
1.0

COMMUNITY HALL

750

1.0

FARMHOUSE

480

2.0

3.1 Recommendations to Reduce blast Induced ground Vibrations and Airblast
Risk
The following measures will have to be put in place to ensure that blast vibrations and airblast
risk is reduced:
1. The simplest and most effective way is to reduce the charge mass fired per delay (instant
in time). Timing simulation software should be used for checking the hole firing sequence for
each blast. By making sure that the blast timing is correctly designed, ground vibration
amplitudes can usually be kept below damaging levels at surrounding properties. An
electronic initiation system should be used for blasting in vibration sensitive areas due to the
high detonator accuracy required, to ensure that single hole firing is achieved to keep
vibrations low. In cases where the measures above are not sufficient, hole diameters need to
be reduced and/or deck charging will have to be applied.
2. Eliminate the use of detonating cord on surface. Detonating cord fires as an unconfined
explosive charge and generates very high airblast amplitudes.
3. Eliminate the use of unconfined charges such as lay-on charges or shaped charges for
secondary blasting.
4. Confine charges as much as possible. In normal production holes, a stemming length of at
least 20 - 25 hole diameters or more should be applied. A good quality stemming material,
such as crushed aggregate sized 10% of the hole diameter should be used.
5. Postpone blasts when atmospheric conditions are unfavorable. Examples are high wind
velocities from the blast towards the buildings of concern, thick or low cloud cover or when
ground temperatures are falling.
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4. Fly Rock Prediction
4.1 Scaled depth of Burial
The scale depth of burial prediction model was used for the fly rock predictions. The Scaled
depth of burial (SDOB) of an explosive charge when increased, results in the velocity of
projection of ejected rock fragments to decrease, the range of projected rock fragments also
decreases so does the probability of flyrock.
SDOB is calculated by the following equation:
=

.

+( .

× × )
×( × × )

.

Where:
SDOB = Scaled depth of burial in m/kg1/3
T = Stemming length in m.
d = Hole diameter in mm.
m = Contributing charge length factor. The contributing charge length factor "m" has a
maximum value of 8 for hole diameters of less than
, and a maximum value of 10 for
borehole diameters ≥
. We used the maximum of 8 for this exercise.
= average in hole density of explosive - g/cm³ (1.22)
The computed Scaled depth of burial at the quarry using the parameters provided for blasting
equates to 1,4. From figure 1 below, a SDOB of between 0.92 – 1.4 will result in:
1. Insignificant flyrock and noise
2. Good fragmentation
3. Moderate vibration and airblast
4. Good heave delivering maximum mound.

Figure 1: Scaled depth of Burial (SDOB) – Metric Units.
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4.2 Estimating Fly rock range
The estimated fly rock range can be calculated using the following equation:

.=

×

− .

×

Where:
Range. = flyrock range in m.
SDOB = Scaled depth of burial in
d = Hole diameter in mm (89).

.

/

The calculated fly rock range is thus:

1/3

(1.4).
. = 11 × 1.4−2.167 × 890.667 =104.883m.

It should be stressed that Flyrock is not well understood as the science to model flyrock is not
well advanced. It is therefore crucial that the blaster must:
- Be conservative in estimating the blast clearance radius
- Be vigilant with regard to charge length and final stemming length of each hole in the blast
- Monitor every blast by means of a high resolution camera and analyze flyrock from different
blast configurations.

5. Causes of blast generated Fly rock
The general areas that are the main causes of fly rock and their associated scale of risk is
indicated below.
1. Major Risk: Under-burdened holes along free faces (Figure 2). This risk is clearly directional
and is most serious on the open face side of the blocks being blasted.
2. High Risk: Stemming lengths that are too short, and low quality stemming material that
may have insufficient shear strength. These two variables are part of an effective blast design.
3. Moderate Risk: Over-confinement caused by insufficient row relief or out of sequence
firing; to be controlled using appropriate timing designs, initiation system and accurate
drilling.
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Figure 2: Shows an underburdened hole due to face shape.

5.2 Recommendations to reduce Fly rock Risk
The following measures will have to be put in place to ensure that flyrock risk is reduced:
1. Provide adequate stemming in each blast-hole as follows:
- Use screened aggregates sized approximately 10% of the hole diameter.
- A final stemming length that is not less than 25 hole diameters for holes deeper than 4.5m.
50% column length for holes shorter than 4m. This recommendations are done on a maximum
13.5m hole depth.
- All blast holes charging operations will need supervision to prevent the occurrence of overcharged holes. This means that each hole will need to be measured before charging for hole
depth and after charging and gassing of emulsion charged for final stemming length
verification. Excess product should be sucked out of over charged holes.
2. Blasting of shorter holes or secondary blasting in the quarry creates a higher chance of fly
rock because the holes tend to be under-stemmed. Therefore, special diligence will be
needed to ensure the stemming measures outlined above are applied.
3. It is of the utmost importance to ensure that face holes are not under burdened. Laser
profiling should be conducted before drilling any face commences. The data gathered from
the face profiling can be used to ensure that the front row of holes are appropriately
burdened and within blast design specifications thus reducing fly rock risk.
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6. Appendix
Appendix 1: Timing design.

Appendix 2: PPV predictions.
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Appendix 3: Aerial picture showing the approximate location of the blast and the distances to the
surrounding structures of concern as provided by the client.

Appendix 4: Shows a comprehensive aerial map of the planned mining area.
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