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Abstract:

The development of a reliable and effective system for bla facilities requires an appropriate
selection of an absorber activation device, properties and discharge rates of an absorpnon agent Cand s dcha arge mechanism. These fealures
are directly related o the expected detonation and the geometry of the facility. An underground shock wave absorber parameters and a plan of
ihelr location in 3 tunnel shall b6 selected so a6 fo ansure minimization of an adverse blast impact at any location and at any time. This paper
outlines the meihodo\ogvca\ aspects that relate the design of a blast energy absorber with the localization of blast energy in underground
aperinga. i conisr firdings fram sevaral mperiments simed at e selaction of aicnal design persmeters for wich an abartr. Firsky, the
phpor presents siructural Spociications and tho prolimnary results of bench 16sing of 4 bash snorgy bsorber that was. based on’ suc
parameters.

Assessment of Blast Threats in Underground Openings

‘The destructive effects of shock waves on people exposed to an explosion of a bare charge in a tunnel can be divided into two categories: ) direct
impact of overpressure; ii) secondary effect of a blast wave related to the impact of a human body propelled by the blast. There are standards for
assessing impact on humans at various levels of overpressure, but these do not address the secondary impacts. Table 1 shows that the limit
lethality level is between 190 and 400 kPa, while an effective protective system s obtained, when the overpressure can be reduced to 13-16 kPa.

Table 1: Assessment of threat fo humans under various blast overpressure levels

Source Excess Pressure, kP
190 .76 |55 24 I3 83.59
Lethal | Lethal Lethal 10% Lethal | Nolethal
bop | oUicome |outcome | ovicome | probabilly | outcome | outcome
orserious | orserious | of injury | orserious | or serious
5154.45
injury injuryof  [ofears | injuries are [injury
earsand | andlungs | lesslikely
lungs
According | 400 120 3 35 B 0
fo the
Probabilty | Probabily | Probabilty | Probability | Probabilty | Probabilty
estimates
ofinjury~ | of injury ~ | ofinjury~ | of injury~ | ofinjury ~ | of injury
of Russian
100% 75% 50% 35% 5% 0%
specialists

Considering the upper and lower limits of blast overpressure values in underground openings, Figure 2 shows three zones that define the
cansequences on people in the vicinity of an explosion.
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Fig. 1. Overpressure dependence on the distance from blast site in an underground opening with a cross section of 16 m*, and different charge
weights. | -safe zone, Il - zone of injuries of different levels, ~ Iil - zone of lethal outcome.

Main Design Parameters of a Blast Energy Absorber
The blast energy absorber effectiveness is defined by the damping properties of the mist and its quick action. The main tasks to be tackled when

producing a design is to select mist properties, determine mist formation time, and the properties of an absorber activation device, discharge
mechanism and other characteristics of such an absorber (Fig. 2).
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Structural Specification of the Proposed Absorber

The Mining Insfifute of Georgia and the Center for Infrastructure Profection and Physical Security, University of Florida, have
developed a new blast energy absorber concept for underground openings. The proposed absorber contains:
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Fig. 3. Circuit plan of activation of an absorber. 1 - pressure sensor, 2 — detector block with transmitter, 3 — absorber control block with receiver,
~ initiator of pyrotechnic device

The detector block contains a sensor, a microprocessor equipped with blast detection software, and a transceiver that transmits an encoded
signal at the frequency of 868.35 MHz. The absorber control block has a transceiver that receives the signal at the same frequency of 868.35
MHz, a microprocessor, and a fail safe decoder that produces the activation signal for the operation of the blast absorber .

Tests of the wireless system were performed in the laboratory and under explosion conditions in the underground experimental base of the Mining
Institute. Over 60 cycles of testing, including 17 experimental blasts, were conducted

The tests have yielded the following results:
- The time span between the moment of receiving a signal by the sensor and the moment of activation of a start signal was 640 microsecond;
- The minimum overpressure for signal generation was 12 kPa;

The distance between a transmitter and a receiver in a direct tunnel was at least 150m, or 50m in a tunnel with a 90° bend.
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Fig. 4. (1) Blast overpressures and (2) peak pressures in the hydro-system of an absorber while testing a pyrotechnical system model
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