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Abstract

Seisblast-Promax is a new-generation software that enhances surface blasting through seismic wave
analysis. Developed with academic collaboration, it integrates classical blast design with real-time
sismograph data and seismic modeling tools. Its most distinctive feature is the Q-Factor-based vibration
modeling, enabling high-resolution vibration control, slope stability monitoring, and regulatory
compliance. Unique delay optimization algorithms, such as seismic energy damping, ensure minimal
environmental impact while maintaining fragmentation quality. The software outperforms traditional
burden-relief methods, as confirmed by field tests involving over 300 blast holes. Seisblast-Promax also
supports proprietary electronic delay schemes and integrates advanced mapping and reporting features,
establishing a new benchmark in controlled blasting.
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1. INTRODUCTION

Blasting remains the primary method for rock fragmentation in mining and construction, yet it
poses challenges, especially near sensitive areas such as residential zones or geothermal sites.
Blast-induced vibrations can threaten infrastructure, slope stability, and regulatory compliance [1].
Traditional approaches typically attempt to minimize explosive quantities or rely on empirical
delay rules, which often prove insufficient in close-proximity blasting environments. Seisblast-
Promax was developed in response to these limitations [2]. It is the first software to integrate
classical blast design modules with seismic wave analysis, providing an intelligent and adaptable
system. Its core innovation lies in the application of a Seismic Quality Factor (Q-Factor) model
that allows precise vibration predictions by accounting for geological variations. Moreover, the
software incorporates a computational delay optimization algorithm based on seismic energy
damping. This technique uses destructive interference of seismic signals to minimize overall
vibration intensity at target locations. In this study, we present the application of Seisblast-Promax
in a real-world blasting scenario, emphasizing the system’s unique capabilities compared to
conventional burden-relief and non-electric delay methods. Key performance metrics include peak
vibration velocity (PVS), dominant frequency, and waveform duration across multiple distances
from the blast source. The study highlights the software's effectiveness in reducing vibration
impacts without compromising fragmentation performance.

2. EXPERIMENTAL

The experimental blasting study was conducted in a quarry located in the Canakkale-Lapseki
region of Tiirkiye, where sensitive structures lie within 50 meters of operational zones. A pilot
hole and three group blasts were conducted under controlled conditions. All holes were 102 mm
in diameter and 5.5 m deep, using 23 kg of explosive. While Groups 1 and 2 utilized electronic
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detonators, Group 3 employed non-electric delay systems. Group 1 utilized Seisblast-Promax's
energy damping algorithm to calculate inter-hole delays that would minimize the cumulative
vibration energy via destructive interference. Group 2 used standard burden-relief delays provided
by commercial blast design software. Group 3 followed fixed delays of 25 ms between holes and
42 ms between rows. Each blast group included 100 holes. Seismographs were placed at four
distances (9 m, 26 m, 45 m, 67 m) along a fixed line to measure peak vibration velocities (PVS)
and dominant frequencies. The pilot hole's seismic waveform, recorded at 67 meters, was used as
the input signal for Group 1 delay optimization. The Seisblast-Promax software computed ideal
delays iteratively by superimposing time-shifted waveforms and selecting the configuration
yielding the lowest combined energy output. Figure 1 illustrates the principle behind the damping
algorithm, where sequential signals cancel each other out due to phase differences. This strategy
was applied progressively, integrating each hole’s delay to dampen the overall signal. Figure 2
shows three-component seismic data at 60 meters for all three blasting methods, with Group 1
clearly exhibiting lower amplitudes. Table 1 summarizes the vibration and frequency values
recorded at each sensor point.

Sequential Blasting Signals with Damping Effects
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Figure 1. Representative sequential blasting signals with damping effects. The pilot signal (blue) is

sequentially dampened by the signals from the second hole (red) and third hole (green), resulting in the
final combined signal (black dashed line)
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Seismograph 12269 Three-Component Data at 60m from Blasts
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Figure 2. Seismograph 12269 three-component data at 60m from blasts

Table 1. Vibration and frequency values recorded at varying distances for three different blasting groups

Setsmograph  Group Scale  PVS Dominant
Distance (mm/'s) Frequency

(m) (Hz)
1st Group 9 216.9 11
12270 2nd Group 12 2902 23
3rd Group 12 292 5 34
1st Group 26 76.1 30
micro 2nd Group 27 63.1 37
3rd Group 27 B36 36
1st Group 45 231 24
14465 2nd Group 43 221 26
3rd Group 42 40.5 22
1st Group 67 4.7 12
12269 2nd Group 62 11.5 g
3rd Group 60 146 18
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3. RESULTS AND DISCUSSION

The effectiveness of the Seisblast-Promax energy damping algorithm was validated through
comparative analysis of the recorded seismic data. Group 1, optimized via Seisblast-Promax,
consistently yielded lower PVS values at all measured distances compared to both the burden-
relief method (Group 2) and conventional delays (Group 3). At 67 meters, Group 1 recorded a
PVS of 4.7 mm/s with a dominant frequency of 12 Hz. This was markedly lower than Group 2
(11.5 mm/s, 39 Hz) and Group 3 (14.6 mm/s, 18 Hz), as presented in Table 1. This result
underscores the efficiency of Seisblast-Promax in minimizing structural vibration risk without
sacrificing fragmentation effectiveness. Figure 2 shows that although Group 1’s signals lasted
longer, their amplitude was significantly reduced in all three axes. The use of the pilot signal
recorded at the critical distance (67 m) as a baseline for delay calculation was instrumental in this
success. It confirms that site-specific signal modeling is essential for accurate delay optimization.
Furthermore, Seisblast-Promax provides a user-friendly platform for integrating geological data,
sismograph inputs, and blasting geometry, enabling engineers to iteratively test delay sequences
before actual field application. Unlike traditional software that relies solely on geometrical
assumptions, Seisblast-Promax integrates real-time vibration prediction with customizable delay
schemes. Figure 1 demonstrates the principle of cumulative damping via destructive interference,
a concept rarely implemented in commercial blast design tools. This feature sets Seisblast-Promax
apart as a comprehensive, scientifically grounded tool in modern blasting operations.

4. CONCLUSION

This study demonstrated the superior performance of Seisblast-Promax in reducing blast-induced
vibrations through advanced seismic modeling and delay optimization. The results confirm that
the energy damping method used in Group 1 significantly lowered peak vibration values compared
to conventional and burden-relief-based blasting strategies. At 67 meters, the vibration levels
achieved with Seisblast-Promax were less than half of those observed in other methods,
showcasing its potential for use in sensitive environments. The integration of site-specific seismic
signals, vibration mapping, and dynamic delay sequencing marks a transformative step in modern
blast design. Seisblast-Promax offers a scalable and field-validated solution for operations that
demand both efficiency and environmental responsibility.
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