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Digitalizace ve statni banské spravé — samoobsluzny portal pro oblast nakladani
s vybuSninami
Ing. Miroslav Barbugin, Cesky batisky tfad v Praze

Ptednaska popisuje samoobsluzny portal statni banské spravy, ktery slouzi odborné vetejnosti
k podani riznych zadosti, mimo jiné i v oblasti nakladani s vybuSninami. Timto zptGsobem lze
podat napt. zddost o povoleni trhacich nebo ohiostrojnych praci, zadost o vydani osvédceni
nebo opravnéni pro zachazeni s pyrotechnickymi vyrobky nebo pro nakladani s vybusninami.
Rovnéz skrz tento portal 1ze podat i Zadosti vztahujici se k obchodu s vybusninami.

The lecture describes the self-service portal of the state mining authority, which serves
the professional public to submit various requests, including in the area of explosives handling.
In this way, for example, an application for a permit for blasting or fireworks, an application
for a certificate or authorization for handling pyrotechnic products or handling explosives can
be submitted. Applications related to the trade in explosives can also be submitted through this
portal.

V ramci samoobsluzného portalu statni banské spravy, lze podat rizné zadosti spojené napf.
s povolovanim hornické ¢innosti nebo Cinnosti provadénou hornickym zptisobem, zadosti
o vydani rtiznych opravnéni nebo osvédceni, dale Zadosti vztahujici se k uloZznym mistim
tézebnich odpadu.

Samostatnou skupinou formulaii na samoobsluzném portalu statni banské spravy jsou zadosti
nebo hlaseni spojené s nakladanim s vybusninami a zachazeni s pyrotechnickymi vyrobky:

a) zadost o vydani opravnéni pyrotechnika, stielmistra nebo technického vedouciho
odstrelu,

b) Zadost o ziskdni osvéd€eni o odborné zpusobilosti pro zachazeni s pyrotechnickymi
vyrobky kategorie P2 nebo T2 a F4,

¢) zadost o povoleni nabyvani nebo ptedavani vybusnin,

d) Zadost o povoleni vyvozu nebo dovozu vybusnin,

e) zadost o povoleni tranzitu vybusnin,

f) zadost o povoleni trhacich praci,

g) hlaseni o provedené trhaci praci,

h) pololetni hlaSeni k povoleni pro nabyvani, pfedavéani, dovoz, vyvoz a tranzit vybus$nin,

i) Zzadost o povoleni ohnostrojnych praci.

Zpusoby odeslani Zadosti nebo hlasSeni:

a) datovou schrankou,
b) elektronicky uznatelnym podpisem,
¢) e-mailem a naslednym potvrzenim dle spravniho fadu.

Vyhody formulditi na samoobsluZném portalu statni banské spravy

a) vyplnéné formuléfe jsou odesilany ptimo do e-podatelny ptisluSného organu statni
baniské spravy (OBU nebo CBU),

b) predvypliiované udaje, napi. podle IC organizace, UN ¢&isla vybusniny, ...,

¢) moznost vloZeni ptiloh, napt. povinnych nélezitosti zadosti,

d) kontrola vloZenych tdajl pfed odesldnim — povinné polozky,

e) sleva na spravnim poplatku pfi vyuziti elektronického formulate.



Odkaz na portal statni banské spravy:

https://verejnost.cbusbs.cz/web/portal/formulare
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AUSTIN POWDER odpovédné k zivotnimu prostredi
Autori: Ing. Pavel Filak, Ph.D., Ing. Roman Vala, MBA
Abstrakt:
Radikalni, ale neviditelna zména designu nasich rozbusek

Austin Detonator je tradi¢nim vyrobcem pfesnych a spolehlivych inicianich
systému uz vice nez 70 let.

V minulosti byly téZké kovy neoddélitelnou soucasti vyroby rozbusek. Austin
Detonator investoval €as i prostfedky do vyzkumu a vyvoje nahrad téZzkych kovu a tym
v Austin Detonator vyvinul nékteré bezolovnaté komponenty. Nyni jiZ Austin Detonator
vyrabi nové, ekologicky zodpovédné rozbusky.

Abychom ochranili naSe zaméstnance, pouzivame v nasich vyrobnich prostorech
nejmodernéjsi automatizované stroje a bezpe€nostni opatfeni. Taktéz chranime Zivotni
prostfedi minimalizovanim spotfeby zdrojl, vyuzZivanim sofistikovanych systém
vymény Cisté vody a implementaci programu recyklace a opétovného pouziti.

Zalezi ndm na bezped&nosti rodin, které Ziji a pracuji ve mésté Vsetin (CR), kde
se nas vyrobni zavod nachazi a také na krasném prirodnim prostfedi v okoli mésta.

V nadchazejicich letech planujeme dalSi investice do vyzkumu a vyvoje, protoze
chceme pokracovat v nasi cesté k trvalé udrzitelnosti a vyvijet ekologicky zodpovédné
rozbusky, které jsou v souladu s evropskymi pravidly, jako jsou napf. smérnice REACH,
RoHS, CLP a Green Deal.

Pro spole¢nost Austin Powder je environmentalni a socialni zodpovédnost
v popfedi zajmu, protoZe se snazime stat nejlepSim vyrobcem vybusnin, jak to definuji
vize a hodnoty nasi spoleCnosti a také nasSi zakaznici.

VSechno to stoji znaéné prostiredky a také ¢as a energii, ale véfime, Ze jsme na
spravné cesté.

Klicova slova: ekologicky zodpovédna rozbuska, udrzitelnost, bezolovnaty produkt

AUSTIN POWDER environmentally responsible
Authors: Ing. Pavel Filak, Ph.D., Ing. Roman Vala, MBA
Abstract:
A radical but invisible redesign in our detonators
Austin Detonator has been a traditional producer of accurate and reliable
initiating systems for over 70 years. Historically, heavy metals have been an integral

part of manufacturing detonators. Austin Powder has invested time and resources in
the R&D of heavy metals substitutions and the team at Austin Detonator have

23



developed some lead-free products and components and are now manufacturing new,
environmentally responsible detonators in Europe.

To protect our people, our facility has cutting-edge automation and safety
measures in our production facilities. We also protect the environment by minimizing
resource consumption, using sophisticated clean water exchange systems and
implementing recycling/reuse programs. We care about the safety of the families that
live and work in the town of Vsetin (CZECH REP.), where the facility is located, and
the beautiful natural surroundings of the community.

We plan to make further investments in R&D in upcoming years as we continue
our sustainability journey and develop environmentally responsible detonator products
that comply with European rules such as REACH, RoHS, CLP, and Green Deal
directives.

For Austin Powder, environmental and social responsibility will be at the
forefront as we strive to be the best explosives manufacturer, as defined by our family,
our communities, and our customers for generations to come. It cost a lot of money
and energy but our way is right, we believe.

Key words: environmentally responsible detonator, sustainability, lead-free product

Uvod

Jak bylo feCeno vySe, spoleCnost Austin Detonator je dlouholetym vyrobcem
rozbusek pro civilni pouziti v t€Zebnim a dopravné-stavebnim odvétvi. Snazime se
nase rozbusky vyrabét velmi kvalitné a posledni dobou se do tohoto procesu stale
dliraznéji promita i citlivy pfistup k Zivotnimu a pracovnimu prostfedi. Uvédomujeme
si, Ze ekologicky pFistup se vyplati, a to zejména kvali nasim zaméstnancim i nasim
potomkim. PozdéjSi nasledky znecisténého zZivotniho prostfedi uz nic nezachrani.
NaSe spole¢nost v minulosti vynalozila nemalé naklady na sanaci zatéze z let
minulych, ztohoto ddvodu je tfeba jednat okamzité¢ a neustale. Proto jsme
které by splfiovaly stanovené pfisné limity ze strany EU. Samoziejmé jsme necekali
na vydani téchto smérnic a sami jsme zodpovédné zacali feSit ekologicky dopad nasich
rozbusek na jejich uZivatele, na lidi, ktefi je vyrabéji, prosté na Zivotni prostfedi
komplexné. Museli jsme pfenastavit i nase mysleni a z hrozby jsme vytvofili pfilezitost.

Jsme Austin a neni nam to jedno

Vétsina lidi v nasem odvétvi nas vnima jako evropského a jednoho ze
sveétovych lidrd ve vyvoji a vyrobé rozbusek. To je sice pozitivni, ale my chceme jesté
vic. Chceme, aby nas lidi z nasi branze vnimali jako zodpovédného partnera, jehoz
rozbusky byly, jsou a budou kvalitni i nadale, i po substituci slozi zelenymi nahradami.
V kazdém pfipadé chceme byt pfipraveni, az vstoupi v platnost jednotliva nafizeni EU
(REACH, RoHS, CLP, Green Deal — viz vysvétlivky v zavéru ¢lanku). Stoji nas to
ohromné prostfedky a nemalo vynalozené energie, ale véfime, Ze nasi snahu uzivatelé
a zakaznici pochopi a budou ji vnimat pozitivné.
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Jak to délame

V prubéhu vyvoje ,ekologickych“ rozbusek jsme museli mnohokrat pfistoupit ke
zménam vyrobnich procedur, k nes€etnym modifikacim jednotlivych produktl a ke
zménam v baleni i distribu¢nim procesu.

Nas vyrobni proces je sofistikovany, vyuzivame v maximalni mife vSechny
metody prevence vzniku Skodlivych latek a znecisténi, pouzivame uzaviené systémy
eliminujici emise a vyuzivame racionalni : -
vodni hospodarstvi s Cisténim pfes
neutralizaCni stanici. Nas patentovany
proces dokaze odstranit i stopova
mnozstvi vybusnych latek — tento proces
je popsan v referen¢nim dokumentu BAT
(best available techniques). Nasi
prioritou je pouzivani recyklovatelnych
materiald ve vSech procesech. Odpady,
vzniklé v prabéhu vyroby, se snazime
vyuzivat sekundarné (jako pfiklad Ize |
uveést pouziti odpadniho plastu, vzniklého
pfi vyrobé Shock Tube, k vyrobé WPC
segmentl, pouzivanych pro vyrobu teras

k bazénim). Obr. 1: Raciondlini vodni hospoddrstvi

Obr. 2 a 3: VyuZiti odpadniho plastu na vyrobu WPC segment(

Radikalni fez, ktery nejde vidét
UZ na pocatku hledani nahrad tradiCnich a léty praxe osvédCenych, avSak
toxickych latek (zejména slouceniny Pb a Cré*) bylo jasné, Ze tato cesta bude velmi
nakladnym béhem na dlouhou trat. AvSak byla a stale jesté je to obrovska vyzva pro
nas vyvojovy tym. Tento tym dokazal vramci plnéni ukoll projektu GREEN
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EXPLOSIVES najit nahrady, které zaruCuji vysokou pfesnost ¢asovani a rovnéz i
spolehlivost v8ech typu rozbuSek. Substituce slozi v utrobach rozbusek je zcela
zasadni zména, kterou v8ak nelze rozpoznat na jejich vzhledu. Proto se k zakaznikim
a uzivatelim musi dostat informace o ,zelené rozbuSce“ cestou marketingu.

Co jsme uz dokazali

Dokazali jsme se uspéSné vypofadat s nahradou zazehové sloze RSV
(roznétna sloz vyslehova) za RSV-EKO a s nahradou zpozdovacich slozi pro kratce
Casujici rozbusky (do 1000ms). Dfive pouzivana sloz RSV obsahovala minium (oxid
olovnato oloviCity, Pb3Oa4) a zirkonium, pojivem byl viton B. V EKO verzi je minium
nahrazeno oxidem bismutitym (Bi2Os). V pfipadé zpozdovacich slozZi jsme vyvinuli
sloze MS25 EKO a MS50 EKO, kde je ferrosilikochrom nahrazen ferrosilikozirkoniem
a minium oxidem bismutitym.

99.4 Néhrada roznétné sloze RSV-EKO /RSV 100
100 ‘
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Obr. 4: Substituce zaZehovych sloZi RSV-EKO/RSV (%)

Jak bylo zminéno vySe, substituce slozi je dlouhodoby ukol a tak stale
intenzivné pracujeme na nahradach v pfipadé déleCasujicich slozi (sloze BAK pro
rozbusky DED a DEP a napf. sloz LP 5000). V pfipadé BAKovych slozi a i sloze
LP5000 je nejvétsSim problémem pfitomnost sledovaného chromu Crb* v chromanu
barnatém. A pravé nahradit chroman, ktery je kliCovy pro dosazeni nominalniho
C¢asovani u dlouhych zpozdéni, je opravdu velky ofiSek. Prave ten ilustruje, ze pavodni

Substituce zpoZdovaci sloZze EKO/ ne EKO do roku 2026
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Obr. 5: Substituce zpoZdovacich sloZi (%)
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slozeni zpozdovacich slozi nebylo jen tak ledabyle navrzeno, ale mélo své
opodstatnéni. Tento ukol nahrady chromanu v déleCasujicich slozi spéje konecné ke
zdarnému konci a tak koncem roku 2023 bychom méli zpozdovaci sloz v uvedenych
rozbuskach bez tézkych kovu a to pfi zachovani jejich pfesnosti.

DalSim z ukold, na kterém velmi intenzivné pracujeme, je nahrada azidu
olovnatého v primarni naplni rozbusek. | ten plni roli svétové rozSifené traskaviny, jejiz
vyroba je i pfes jeho pomérné znac&nou citlivost k vnéjSim podnétim dobfe zvladnuta.
V oblasti tfraskavin jsme si jiz ostatné pfipsali uspéch v podobé nahrazeni obavaného
tricinatu olovnatého, ktery je znam pro svou extrémni citlivost k elektrostatickému
vyboiji. Jeho vyroba byla v AD jiz ukon€ena a jeho EKO nahrada je jiz zavedena do
sériové vyroby.

Rovnéz nas tym vyzkumu a vyvoje pokracuje v uspé€sné substituci sloucenin
olova v pilulich elektrickych rozbuSek. Nalézt odpovidajici nahradu za pikraminan
olovnaty nebyl snadny ukol, nicméné podafilo se a dnes Austin Detonator dokaze
vyrabét pilule prosté tézkych kova.

Neelektricky systém Shock*Star

Jak uz bylo FfeCeno, problém substituce slouCenin olova byl vyfeSen u
prenosovych sloZi a u zpozdovacich slozi kratce ¢asujicich rozbusek do 1000 ms (viz
tabulku nize). Na nahradach u déle€asujicich rozbusek intenzivné pracujeme.

Hledani nahrady azidu olovnatého v primarni naplni se tyka i neelektrickych
rozbusek, ovSem jak bylo feCeno vySe, intenzivné na tom pracujeme a jsme na dobré
cesté. | tak se miZzeme pochlubit tim, Ze jsme sniZili pfitomnost olova 0 91% v pfepoctu
na 1 rozbusku!

Typ Interval (ms) ‘ Stupen # Zpozdéni (ms)
MS 25 0-20 0- 500
50 21-30 550 - 1 000
Typ Interval (ms) Stupen # ‘ Zpozdéni (ms)
TS 25 0 25
50 1-10 100 -1 000
100, 200 11- 20 1100 -2 000
500 25- 90 2 500 -9 000

Tab. 1: Rozbusky Shock*Star MS a TS, Uspésnd substituce Pb zelené
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Elektrické rozbusky

Podobné jako u neelektrickych rozbusek, i zde mame vyfeSeny nahrady slozi
do 1000 ms a rovnéz i substituci sloucenin olova v pilulovych slozich. Primarova Cast
rozbusky je i zde nedofeSenym problémem, nicméné koncem roku 2023 budou mit
nékteré typy déleCasujicich elektrickych rozbusek primarni napln jiz bez pritomnosti
tézkych kovu. Stejné tak budou tyto déleCasujici rozbusky DED a DEP na konci roku
2023 zbaveny chromanu barnatého, obsahujicino sledovany Cré+. V ptipadé rozbusek
DED pocitame s koncem roku 2023, v pfipadé rozbusek DEP s rokem 2024.

Typ Interval (ms) Stupen # Lpozdeéni (ms)
Rock®Star 25, 50 0 —30 | 0 — 1000

Type Interval (ms) Delay # Delay (ms)
Time"Star 25, 50 D-30 0 - 1000

250,500 12 - 36 1000 - 8000

Tab. 2: Stupné Rock*Star a Time*Star, Uspésnd substituce Pb zelené

Rock*Star(DEM): obsah olova v 1 rozbusce
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Obr. 6: Rock*Star - redukce obsahu Pb v jedné rozbusce
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1 . “
Time*Star(DED): obsah Pb+Cr%*v 1 rozbusce
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Obr. 7: Time*Star - redukce obsahu Pb+Cr®* v jedné rozbusce

Elektronicky systém E*STAR

Austin se vydal cestou pIné podpory elektronického iniciacniho systému, ktery
ma celosvétové obrovsky potencial.

Elektronickou rozbusku E*STAR, jejiz nominalni zpozdéni je zajiSténo
elektronickym modulem, uz neni tfeba zvlast predstavovat. Jen pro poradek — zde jsou
hlavni benefity:

- nastavitelné flexibilni zpozdéni 1 -20 000 ms s krokem 1 ms
- pFesnost ¢asovani 0,01%

- absolutni bezpectnost

- jednoducha logistika ve skladu

- rozbuska v souladu s RoHS

Vzhledem ktomu, Ze tato rozbuSka neobsahuje Zadné zazZehové a ani
zpozdovaci sloze, tak se jedna o témér Cistou ekologickou rozbusku. Samoziejmé je i
zde primarni naplii s azidem olovnatym, nicméné na zakladé uspésnych vysledk
vyvoje koncem roku 2023 garantujeme primarni naplii v této rozbusce jiz bez
pfitomnosti tézkych kova.

DalSim benefitem, zejména i pro naSe zaméstnance je, ze jsme odstranili olovo
z vyrobniho procesu elektronckych rozbuSek — bezolovnaté pajeni, bezolovntaé
tiSténé spoje, bezolovnata pilule a bezolovnaty elektronicky modul (EM 3.0).

Za ucelem produkce elektronickych rozbusek jsme vroce 2021 realizovali
vystavbu nové budovy s moderni robotickou linkou, ktera potfebuje pro svou obsluhu
vyrazné méné pracovnikl, pfiemz jsou parametry rozbusek komplexné testovany.

Dulezitym benefitem nového objektu je komfortni bezprasné pracovni prostfedi.
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E*STAR: obsah Pb v 1 rozbusce
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Obr. 8: E*STAR - redukce obsahu Pb+Cr® v jedné rozbusce

Ekonomické pozadi a cile Austin Detonator

Jak bylo vySe nékolikrat zminéno, cely dlouhotrvajici proces vyvoje slozi bez
pouziti t&éZkych (resp. sledovanych) kovu je velmi nakladny. Nejen finan¢né, ale stoji
to hodné materialovych i lidskych sil. Napfiklad jen za poslednich 20 let bylo v AD
spusténo 13 vyvojovych projektu vedoucich k nalezeni ,zelenych® slozZi. Na téchto
projektech se podilela vétSina vyvojovych manazert/designéru. Bylo nutné investovat
pres 10 mil. EUR do novych technologii, staveb, patentovanych postupu a 2 mil. EUR
na vyzkum a vyvoj. DalSi investice vice nez 5 mil. EUR budou nasledovat v nejblizSich
letech.

Austin dosahl nespornych uspéchu ve vyvoji a implementaci slozi zbavenych
sledovanych kovu a tak muZzeme hrdé oznamit strategicky cil, Ze naSe E*STAR a OSD
rozbusky budou mezi prvnimi, které ke konci roku 2023 jiz tyto kovy nebudou
obsahovat. Postupné pak budou nasledovat vSechny elektrické a neelektrické
rozbusky.

Zaver

V poslednich letech jsme investovali znaéné prostiredky do vyvoje
pyrotechnickych slozi bez sledovanych kovti a rovnéz i do vyvoje elektronického
iniciaéniho systému E*STAR. Proinvestovali jsme, resp. jesté budeme
investovat 17 mil. eur do vyvoje ,,zelenych“ slozi.

Ekologicky €ista rozbuska je jednou z nasich nejvysSich priorit a my
vSichni v AD citime, ze to ma smysl. Mame radost, ze se mensimi €i vétSimi
kriicky posouvame vpied a ze Vas mizeme ¢as od ¢asu informovat o nasich
uspésich na tomto poli.
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Narizeni zminéna v textu:

REACH

REGULATION (EC) No 1907/2006 OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 18 December 2006 concerning the Registration, Evaluation,
Authorisation and Restriction of Chemicals (REACH), establishing a European
Chemicals Agency, amending Directive 1999/45/EC and repealing Council Regulation
(EEC) No 793/93 and Commission Regulation (EC) No 1488/94 as well as Council
Directive 76/769/EEC and Commission Directives 91/155/EEC, 93/67/EEC,
93/105/EC and 2000/21/EC

CLP

Regulation (EC) No 1272/2008 of the European Parliament and of the Council of
16 December 2008 on classification, labelling and packaging of substances and
mixtures, amending and repealing Directives 67/548/EEC and 1999/45/EC, and
amending Regulation (EC) No 1907/2006.

ROHS

DIRECTIVE 2011/65/EU OF THE EUROPEAN PARLIAMENT AND OF THE
COUNCIL of 8 June 2011 on the restriction of the use of certain hazardous substances
in electrical and electronic equipment.

GREEN DEAL

The European Green Deal is a set of policy initiatives by the European Commission
with the overarching aim of making Europe climate neutral in 2050. An impact
assessed plan will also be presented to increase the EU's greenhouse gas emission
reductions target for 2030 to at least 50% and towards 55% compared to 1990.
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Autor: Ing. Patricie Chmelafrova, doc. Ing. Milos$ Ferjencik, Ph.D.

Jak upravit legislativu, ktera ma pfedchazet vybuchim dusi¢nanu
amonného?

How to adapt legislation to prevent ammonium nitrate explosions?

Abstrakt

Za poslednich sto let doSlo k mnoha nehodam, pfi kterych detonoval dusi¢nan amonny. Jednou
z poslednich byl napf. vybuch v pfistavu v Bejrdtu v roce 2020. Tyto nehody s mensimi ¢i vétSimi
nasledky mély mnoho spolecného, pfedevsim to, Ze jejich pric¢iny nebyly doposud jasné popsany a
vysvétleny. Ani za posledni desitky let s obecnym zlepSenim bezpecnosti prace a proces(i nedoslo
ke snizeni po¢tu nehod s dusic(nanem amonnym na akceptovatelné minimum. Jednim z problému
mulzZe byt i legislativa, kterd by méla takovym nehoddm predchazet. Pfi jejim podrobnéjsim
zkoumani Ize najit nesourodost mezi jednotlivymi nafizenimi nejen z dlivodu, Ze neni zaloZzend na
prakaznych testech prechodu dusi¢nanu amonného do detonace. Jediné, co bylo doposud
potvrzeno s jistotou je fakt, Ze nehodam, pti kterych doSlo k detonaci dusiénanu amonného,
pfedchdzel pozdr. Z tohoto tvrzeni vychazi stanovisko, Ze poZarni bezpecnost je kli¢ k prevenci
vybuch( dusiénanu amonného. Souhrnem prednasky je nastin doporuceni, o které by se nasledna
legislativa prevence nehod s dusichanem meéla opirat, dokud nebudou znamy novéjsi poznatky
ohledné pfechodu dusi¢nanu amonného k detonaci.

Abstract

Over the last hundred years, there have been many accidents involving the detonation of
ammonium nitrate. For example, one of the most recent was the explosion in the port of Beirut in
2020. These accidents with minor or major consequences had many things in common, mainly that
their causes have not been clearly described and explained so far. Even with general improvements
in workplace and process safety over the past decades, the number of ammonium nitrate accidents
has not been reduced to an acceptable minimum. One of the problems may be the legislation that
should prevent such accidents. When examining it in more detail, inconsistencies can be found
between the various regulations, not least because it is not based on conclusive tests of the
transition of ammonium nitrate to detonation. The only thing that has been confirmed with
certainty so far is the fact that accidents involving ammonium nitrate detonation were preceded by
fire. From this assertion, the opinion is that fire safety is the key to preventing ammonium nitrate
explosions. The lecture summary outlines the recommendations that should underpin subsequent
legislation for preventing nitrate accidents until more recent knowledge of the transition of
ammonium nitrate to detonation is known.
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Uvod do historie vybuch(l dusi¢nanu amonného

Dusi¢nan amonny NH4NQOs, dale jen AN (Ammonium Nitrate) je bild krystalickd latka rozpustna ve
vodé. Jde z néj velmi snadno pfipravit levné a komeréné vyuzivané trhaviny. AN jako jedna ze slozek
smésnych trhavin je velmi silné hygroskopicky, absorbuje rychle vzdusnou vlhkost a spékd se.
Obecné se dusi¢nan amonny déli dle pouziti na AN pro hnojiva nebo pro vyrobu vybusin. Pro vyrobu
tzv. FGAN (Fertilizer Grade AN) se pouZziva granulovany AN s vysokou hustotou, porézni granulovany
AN s nizkou hustotou je obecné povazovan za technicky dusi¢nan amonny TGAN (Technical Grade
AN) nebo vybusny dusi¢nan amonny, ktery se pouziva pfi vyrobé vybusnin. Chemicky jsou vsak tyto
granule totozné; rozdil je v tom, Ze se do FGAN pridavaji mala mnozstvi povlakd a stabilizatord, aby
se zabranilo spékani a degradaci a TGAN je poréznéjsi. [1]

V historii doSlo k mnoha nehoddm s AN, ktery byl transportovan nebo skladovan ve formé jak FGAN,
tak i TGAN. VétsSinu téchto nehod spojuje fakt, Ze detonaci AN pfedchdazel nezvladnuty pozar v okoli.
Takové katastrofy zplisobené rozsahlymi detonacemi dusi¢nanu amonného vyvolanymi béhem
pozaru jsou dobfe znamé. V nasledujici tabulce jsou popsany jen nékteré priklady nehod, kdy doslo
k rozsahlejSim detonacim AN se zavaznymi ndsledky na okoli a ztrdtami na lidskych Zivotech. Mimo
to doslo i k nehodam s ANFO (Ammonium Nitrate Fuel Qil) neboli DAP (dusi¢nan amonny + palivo).

Tabulka 1: Seznam vybranych nehod z minulosti, kdy doslo k explozi materidlu s AN.

Datum Misto Zarizeni Uddavana pricina
Kriewald,
26.7.1921 Némecko Vlakovy vagéon | Uvolnéni ztvrdlého AN pomoci trhavin [2]
(dnes Polsko)
21.9. 1921 Qppau, Sklad Pouziti trhavm na uvolne'nl smesi AN se
Némecko siranem amonnym [3]
Texas City, Y -
16.4. 1947 USA Lodé Pozar [4]
28.7.1947 | Brest, Francie Lod’ Pozar [5]
27.12.1961 | Norton, USA Sklad Pozar [5]
T v
30.8.1972 aroom, Kamion Pozar [4]
Australie
Toul .
21.9.2001 oulouse, Sklad Neznamé [4][5]
Francie
9.3.2004 | Q2arracas, Kamion Pozar [5]
Spanélsko
24.5.2004 Mihailest, Kamion Pozar [7]
Rumunsko
17.4.2013 West, USA Sklad Pozar [8]
Charleville, . v
5.9.2014 Australie Kamion Pozar [4][5]
12.8.2015 | Tianjin, Cina Sklad Pozar [4]
Bei vs
4.8.2020 eirut, Sklad Pozar [9]
Libanon
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Vybuchy pevného materialu obsahujici AN patfi mezi zavainé prliimyslové havarie. Tabulka 1 uvadi
pouze vybrané nehody s explozemi AN, ke kterym doslo v poslednich sto letech. K uvedenym
detonacim AN doslo jak pfi prepraveé, tak béhem skladovani. Mezi nej¢astéjsi priciny se fadi pravé
pozdr, ktery vétSiné nehod predchazel. Mezi vybrané nehody také patfi udalosti, kdy byl material
obsahujici AN odstfelovan trhavinami. Od této manipulace se jiz upustilo. Za dosud nezjisténych
pric¢in detonoval AN v Toulouse v roce 2001, mezi mozné teoretické pficiny se fadi nekompatibilni
material i teroristicky utok.

Soucasna klasifikace a legislativa dusi¢nanu amonného

Pfedchozi tabulka uvadi ptiklady uddlosti, kdy doslo k vybuchu materidlu obsahujiciho AN. Podle
doporuceni OSN pro prepravu nebezpecénych véci [11] je AN klasifikovan jako oxidacni Cinidlo ttidy
5.1 a déli se dale dle UN cisel: 1942 (AN s obsahem do 0,2 % hotlavych latek), 2067 (hnojivo na bazi
AN) a 3375 (emulze, gel nebo suspenze). Pfi hledani pfi¢in nehod s detonaci AN jsou zajimavé
nehody, kdy detonujici material mél praveé tyto klasifikace AN. Pfiklady z minulosti ukazaly, Ze ackoliv
je samotny AN klasifikovan pouze jako oxidacni Cinidlo, je schopny hromadného vybuchu.

To, ze by AN mohl ve vétsich objemech detonovat vedlo v klasifikaci nebezpecnych materialt dle
OSN ve Tridé 1 Vybusnin k definici Divize 1.5: ,Velmi necitlivé latky, u kterych hrozi nebezpeci
hromadného vybuchu. Tato divize slucuje latky, u kterych hrozi nebezpeci hromadného vybuchu,
ale které jsou tak necitlivé, Ze pravdépodobnost iniciace nebo pfechodu z hofeni do detonace za
normalnich podminek je velmi nizkda. [11] Testy vytvorené k rozhodnuti, zda je latka dostatecné
necitlivd na to, aby mohla byt klasifikovana jako Divize 1.5, jsou popsany v OSN manualu pro
testovani v ¢asti Test series 5.15, kde jsou uvedeny i pfiklady vysledk( testu. [12] Patfi mezi né shock
test pro stanoveni citlivosti latky na silny mechanicky podnét, teplotni testy pro stanoveni
schopnosti prechodu z deflagrace do detonace a test na stanoveni, zda latka ve vétSim mnozstvi
vybuchne, pokud je vystavena ohni. Je nutné si uvédomit, Ze do této divize se fadi latky dle testovani
na svou necitlivost. Pokud je tedy dany materidl citlivéjsi, znamena to pouze to, Ze se dle manualu
OSN neklasifikuje jako latka s nebezpecim hromadného vybuchu, ale vysledky testovani dale
nehovofi o vybusnosti a dalsi klasifikaci daného materidlu obsahujici AN.

V Evropské legislativé plati aktudlné smérnice Evropského parlamentu Seveso lll, kterd dusi¢nan
amonny klasifikuje do 4 tfid s uvedenymi limitnimi mnoZstvimi pro zafazeni objektd do skupin:

e 5000/10000 tun: hnojiva schopna samovolnému rozkladu dle zkousky , Trough test“ OSN;

e 1250/5000 tun: jakost pro hnojiva, obsah AN vice neZ 24,5 % nebo 15,75 % u smési AN a
siran amonny;

e 350/2500 tun: technicky AN + vodné roztoky AN nad 80% koncentraci;

e 10/50 tun: material , off-spec” (blize neurceny), vyfazeny material a hnojiva, ktera neprojdou
zkouskou vybusnosti. [13]

Seveso Il rozlisuje tedy hnojiva s AN schopnd samovolného rozkladu dle zkousky , Trough test”,
ktera je popsana v OSN manualu v ¢asti lll. Tato zkouska slouzi k prokazani, zda hnojivo obsahujici
AN je schopné samovolného exotermického rozkladu ¢i nikoliv a klasifikuje tato hnojiva s AN do
transportni tfidy 9 (rdzné nebezpecné latky a predméty). Diskutabilni ovsem je, Ze Trough testem
projdou smési s uréitym podilem AN a schloridy, které by dle klasifikace nemély podléhat
samovolnému rozkladu. Toto tvrzeni ale velmi téZzko koresponduje s tvrzenim autor(i odbornych
¢lankd, Ze chloridy urychluji samovolny rozklad a prechod do detonace AN i pfesto, Ze zde jsou
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uvedeny smési hnojiv a ne Cistého AN. Dle napt. [14] ma AN sklon k samovolnému rozkladu zvIasté
v nékterych sloZzenych anorganickych hnojivech typu NPK (dusik, fosfor, draslik), zejména hnojivech
obsahujicich chlor. Ta se mohou samovolné zahfivat a iniciovat formu doutnani zndmou jako ,cigar-
burning”.

Pro porovnani Ize uvést legislativu zahrnujici AN platnou v USA. Téma ukotveni prevence vybuch(
AN v americkych zakonech pfitdhlo pozornost predevsim po vybuchu skladu ve Westu v Texasu
v roce 2013. Ve Spojenych statech je kontrola bezpecnosti na pracovistich rozdélena. Federdlni
agentura OSHA je pfimo zodpovédnd za bezpecnost a ochranu zdravi na pracovisti na celostatni
urovni. Mistni subjekty (staty, okresy a mésta) vSak mohou uzakonit a prosadit stavebni a pozarni
predpisy. Dle [8]:,,ve Westu v dobé zminéné nehody neexistoval zadny stavebni ani pozarni predpis
tykajici se AN. Otazkou je, jestli by pozarni pfedpis nehodé ve Westu zabranil, nebot pochopeni rizik
AN a pfijeti vhodnych bezpecénostnich opatieni vyZzaduje znacné odborné znalosti a nelze je o¢ekdvat
od utredni moci mensiho mésta. Zaroven specifickym dokumentem, o ktery se americké zdkony
opiraly pfi kontrole bezpecnostnich rizik AN, byla norma NFPA 400, kterd je svym obsahem
nedostatecnad pro tyto Ucely.” Po nehodé ve Westu byla vyddna nova verze NFPA 400, ktera ale stale
neobsahuje naleZitosti pro snizeni rizika detonace AN. Norma NFPA napfiklad nevyZaduje, aby byly
zasobniky vyrobeny z nehoflavych materialQ, také nema pozadavky na instalaci pozarnich systému
¢i alarmu. [8] To je v pfimém protikladu s faktem, Ze vétsiné nehod zahrnujicich detonaci materidlu
s AN predchazel pozar, stejné jako tomu bylo i v pfipadé nehody ve Westu.

Cilem predchoziho shrnuti nebylo kritizovat a bagatelizovat zakony a nafizeni, které se v soucasné
dobé vazou k prevenci vybuchli AN, ale poukdazat na problematiku nekonzistentnosti takovych
nafizeni a absenci pevnych a jasnych faktd, ze kterych by takova natizeni mély vychazet. Vétsina
prevence se soustiedi na omezeni tzv. konfiguraci AN, tedy ovlivnitelnych parametr( jako je obsah
AN v material( ¢i obsah dusiku, pfitomnost a mnozZstvi pfidanych latek a kontaminantd, pfitomnost
a sila utésnéni AN a tvar ¢i primér objemu materidlu. Problém ovSem je, Ze doposud nebylo
provedeno Uspésné testovani detonace AN za takovych podminek, abychom byli schopni fict, Ze za
urc¢itého nastaveni konfiguraci ¢i parametra k detonaci AN béhem skladovani ¢i prepravé nedojde.
Legislativa prevence AN vybuchU obecné nevychazi ze znalosti otestovaného a popsaného zplsobu,
jakym AN prechazi do detonace. Proto je na misté diskuze, zda tento pfistup k prevenci nehod s AN
neprehodnotit, a vychazet pfi tvorbé nafizeni vztahujici se k AN z jinych a vice znamych faktu.

Parametry ovliviujici detonaci AN

Prokdzanymi pfimésemi, které urychluji rozklad AN a mohou tak stat v pozadi pfic¢in nékterych
nehod, jsou organické uhlikaté latky slouzici jako palivo pro oxidaéni schopnosti AN. Toho se vyuziva
k vyrobé trhavin ANFO, takova smés poté dosahuje i lepsich detonacnich parametr(i nez samotny
AN. [16] V dobé cca pred druhou svétovou valkou se k zamezeni spékani AN pouzival voskovy povlak
v obsahu kolem 0,8-1 %. Vosk je ale organicka latka, a tak kombinace paliva a oxida¢niho Cinidla
vedla k nechténym oxidaénim reakcim. Nebezpedi této reakce vysla najevo napfiklad i v roce 1947,
kdy explodovaly lodé GrandCamp a HighFlyer, které prevazely voskem potazeny AN. Nasledné
vyrobci presli na povlaky s organickym obsahem pod 0,2 %, coz se povazuje za limit, pod kterym
nedochdzi k oxidacnim reakcim. [8][9] Slouceniny s organickym uhlikem je tedy tfeba oddélit od
skladovaného i prevazeného AN tak, aby béhem kontaktu s nim pfi pozaru nedoslo k dalSim
oxida¢nim reakcim. Toto doporuceni se objevuje i v legislativé napfiklad v britském natizeni HSE.
[17]
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Dalsimi komponenty negativné ovliviujici rozklad AN jsou chloridy. [18] Chloridy v pfimési v AN
zvysuji teplotu rozkladu zdroven urychluji samoohtfev a urychluji narust celkového tlaku.
Destabiliza¢ni u¢inek na AN maji také nékteré kovy: Cr, Fe, Al a Cu sniZuji teplotu rozkladu, a urychluji
rozklad tim, Ze smés okyseluji a tim destabilizuji AN. [19] Specidlnim pfipadem je utvoreni komplexu
aminu médi TACN pfi kontaktu médi a AN za zvySené teploty, kdy tato sloucenina je nestabilni a
citlivd na ndaraz tfeni a teplo. Bylo dokazano, Ze v pfitomnosti TACN a silného utésnéni je mozné
spustit detonaci AN. TACN by tedy mohl byt v nékterych pripadech soucasti pfic¢in nehod s detonaci
AN, zvlasté pokud mohlo dojit k jeho utésnéni napf. zateCenim roztaveného AN do uzavieného
prostoru. [20] U jinych nehod napf. u nehody s AN v Bejritu v roce 2020, se naopak diskutuje o
pfitomnosti chloru z morské vody jako o jedné z moZnych pficin detonace AN. U dalSich nehod se
mimo jiné diskutuje o prispévku mozné pritomnosti paliva k detonaci AN a k nehodé.

Jednoznacné popsané mechanismy prechodu do detonace vcetné pfrispivajicich pfi¢in ale Zadna
z nehod uvedenych jako pfiklady v Tabulce 1 nemd. Kontaminanty, jakymi jsou kovy, halogenidy a
palivo jsou vSechno jen latky, u kterych je prokdzano, Zze pozitivné ovliviuji tepelny rozklad AN a
detonaci, ovSsem jejich konkrétni role sehrana v nehodach zndmych z minulosti nebyla nikdy
uspokojivé popsana.

Problematika testovani AN

Testovanim detonace AN ve vétsim méfitku se zabyvalo vice praci, velmi ¢asto citovand prace [21]
pochazi jiz z60. let, kdy vreakci na nékolik nehod s AN v USA provedli védci mnoho testu
s granulovanym (prillovanym) a drcenym AN a smési s palivy na stanoveni detonovatelnosti AN.
Vysledky téchto testl jsou takové, Ze se podafilo ohném iniciovat AN smichany s palivem, ale
samotny AN v ohni béhem testl nedetonoval ani za vysokého tlaku (tisice kPa). Detonace plynu,
napr. stechiometrického mnozstvi smési acetylenu a kysliku taktéz neiniciovala detonaci AN.
Autorlim se ale podafilo spustit detonaci v horkém AN (260 °C) pfi narazu projektilu ze zbrané. [21]
Toto zjisténi potvrzuje ndrust citlivosti roztaveného AN, ktery se jevi jako dalsi mozny pfispévatel
pad jednoho z pytld s AN z hromady ¢i proud hasici vody dopadajici do louZze roztaveného AN na
zemi. [9]

Testovani vybusnosti AN ve vétSich vzorcich jako jsou ndloZze AN nad 1 kg, nejlépe vSak od 1t a vyse
pro simulovani nehod s prevazenym ¢i skladovanym vétSim mnozZstvi AN se jevi jako problémové.
Prekazkou neni jen cena vétsiho mnozstvi materialu, ale predevsim legislativa a zajisténi prostor pro
testovani takového mnozstvi materidlu, u kterého se ocekdva detonace. Vétsinou se latky a smési
nepodrobuji testovani rizik v rozsahu, v jakém budou pfipravovany a skladovany. Takova latka mGze
napfiklad projit testy v Test series 1 v manualu OSN [12] (testy na stanoveni, zda je dand latka
vybusnd), ale presto mUize byt schopna detonace v mnoZstvi vétSim, neZ je mnozZstvi pozadované
pro toto testovani v manualu OSN. Zatimco maly vzorek dané latky Ize povazovat za bezpecny, ve
vétSim mnozstvi mize byt takova latka schopnd detonace kvuli napf. neschopnosti vzorku o vétsim
objemu ucinné odvadét teplo. TakZe i presto, Ze nejlepsim zplsobem, jak urcit, zda je jedna tuna
materidlu schopna detonace, je otestovat tuto jednu tunu materidlu na detonaci, tento pfistup neni
prakticky, ekonomicky ani bezpecény. Proto v posledni dobé neprobéhlo a zatim ani neprobiha zadné
testovani AN ve vétSim méritku a snaha autorl se spiSe soustfedi na testovani AN v malych
méritkach s Umyslem vysledky poté extrapolovat na vétSi mnoZstvi materidlu. Otazkou je pouze
relevantnost takovych vysledk(. [16]
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Smutnou pravdou tedy je, Ze se doposud nepodaftilo nasimulovat UspéSnou detonaci AN za stejnych
podminek, béhem kterych doslo k detonaci AN pfi nehodach z minulosti. | kdyZz vSem nehodam
uvedenych v Tabulce 1 pfedchazel nezvladnuty pozar, nepodafilo se stale testovdanim AN iniciovat
k detonaci pfi kontaktu s ohném. Faktem zUstavd, Ze stdle neni znam presny popis a zplisob
pfechodu AN do detonace, a legislativa zalozena na konfiguracich vySe popsanych parametr(
nemuze tedy spolehlivé a dostatecné predchazet dalSim nehodam s vybuchy AN.

Pozarni bezpelnost jako cesta k prevenci vybucht AN

Uvedené priklady nehod v Tabulce 1 Ize pomysiné rozdélit do skupin, ke kterym se vazou nékteré z
jejich moznych pficin. Prvni skupinou jsou nehody, kdy detonaci AN predchazela detonace
pramyslové trhaviny ¢i jiné komeréni vybusiny. Takovymi nehodami byly naptiklad detonace AN
v Oppau nebo v Kriewaldu v roce 1921. Po téchto zkusenostech bylo upusténo od uzivani trhavin
k odstrelovani ztvrdlého AN. Druhou skupinu tvofi detonace AN, na kterych se, jak se domnivame,
podilely organické pfimési. Od 50. let se proto zacalo omezovat pridavani vosku a jinych organickych
latek na dpravu AN pouze do obsahu 0,2 %, kdy nedochazi k nechténym oxida¢nim reakcim.
Dlvodem této zmeény byly pravé pozary a detonace AN, ktery byl takto povrchové upraven nejéasté;i
voskem. Pfiklad nehody je detonace AN na lodich GrandCamp a HighFlyer v roce 1947. Posledni
skupinu nehod predstavuji detonace AN s nizkym obsahem organickych pfimési, jimz predchazel
nekontrolovatelny pozar. At uz pozar vznikl jakkoliv, v takovych pfipadech doslo pfi kontaktu AN
s ohném s ¢asovym odstupem k jeho detonaci.

Je tedy paradoxem, Ze se stoupajici bezpecnosti prace a vyroby AN, nehody s detonaci dusi¢nanu
pfi skladovani a prepravé doposud pretrvavaji. Jak bylo receno vyse, legislativa a bezpecnostni
natizeni tim padem nejsou dostatecnd, kdyz se nepodafilo snizit pocet nehod s detonaci AN ani za
poslednich 20 let.

Jak bylo uvedeno dfive, vétsiné detonaci AN predchazel nekontrolovany poZar. Podstata nebezpeci
spociva v tom, Ze ve skladovacich nebo dopravnich zatizenich maze vypuknout nekontrolovany
pozdr, zpUsobit detonaci skladovaného AN a vést k rozsdhlym Skodam a ztrdtdm na Zivotech.
Vzhledem k tomu lze feSeni snadno odvodit. Hlavnim pozadavkem na bezpecné skladovani musi byt
pouziti nehoflavych materialQ ve skladovacim zafizeni a v jeho blizkosti nesmi byt skladovan zadny
hoflavy nebo vybusny material. Pro zajisSténi bezpe¢né manipulace je tfeba témto pozarlim zabranit
nasledujicimi opatrenimi:

e Skladovani veskerého AN v budovdch s nehoflavou konstrukci. To zahrnuje omezeni
pouzivani hotlavych material( zasobnik( nebo prepdazek skladovaci mistnosti napf. dreva ci
plastu.

e (Oddéleni AN od jinych skladovanych ¢i prevazienych hoflavych materidll, tak, aby nebyly
umistény ve stejné budové nebo ve stejném vozidle. To se tyka zejména pfistavnich skladu
a logistickych spolec¢nosti, ktera nakladaji s AN a s dalSimi rGznymi materialy.

e Zavedeni automatického pozdarniho sprinklerového systému.

e Instalace pozarniho poplachového systému monitorovaného hasi¢skou stanici. Vozidla
prevazejici AN vybavit automatickou detekci poZaru a signalizaci pozarnich poplachl. Pouziti
ucinného haseni a vybavit je navic automatickym hasicim systémem v motorovém prostoru.

e Omezeni vyskytl jimek, odtokovych kandll a jinych prvki, kde by se mohl shromazdovat
roztaveny AN a kde by mohlo dojit k jeho utésnéni.
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Zavedeni protipoZarni ochrany (automatické sprinklery apod.) neni pfijatelnou ndhradou za pouZiti
nevhodného stavebniho materidlu nebo smésnych materidll, které by nemély byt skladovany
spolec¢né. [15][5]

Samotna prevence pozdaru u skladovaného ci pfevazeného AN pomoci nafizeni ohledné konstrukce
a vybaveni skladu neni jedinym dalezitym prvkem prevence pro zabranéni nechténych vybuch( AN.
Pro efektivnost je dllezité, aby informace o tom, Ze AN mUZe detonovat, pokud se vyskytne v ohni,
byla pfeddna vsem, ktefi s AN nakladaji jako napf. fidi¢i kamionu prevazejici AN Ci pracovnici skladu,
kde se AN nachadzi. Pro tyto pracovniky je informace zasadni z toho pohledu, Zze mohou zabranit
nasledkim ztratach na Zivotech, pokud k explozi AN dojde. Mohou zachrdnit nejen svij Zivot, ale i
zZivot ostatnich lidi nachazejici se v okoli diky v€asné evakuaci. Napf. vroce 2004 v Mihailesti
v Rumunsku exploze prevazeného AN zabila 20 lidi, a to jen kvili tomu, Ze se okolo hoficiho kamionu
pfed vybuchem shromazdili televizni reportéfi a ostatni fidici projizdéjici kolem. V takovém pfipadé,
pokud by fidi¢ védél, Ze AN je schopny v ohni detonovat, mohl by se zaslouZit o evakuaci lidi z okoli.

Nedilnou soucasti povédomi o tom, Ze AN muZe v ohni detonovat, je i spravny vycvik a Skoleni
hasi¢l. Ti by v prvni fadé méli mit informaci o nebezpeci vybuchu AN béhem pozaru, a sami se tak
nevystavovat nebezpeci, Ze dojde k explozi, pokud zrovna budou v blizkosti AN hasit poZar. Zaroven
by také zamezili ostatnim lidem k pfistupu k poZdru, ve kterém se nachdzi AN. DlleZitd je tedy mimo
zminéné podminky prevence vybuchl AN v ohni i pfipravenost a kvalifikace hasic¢t zasahujicich u
pozaru s AN. Pfedchozi body opatreni je tedy vhodné dale doplnit o nasledujici:

e Provedeni skoleni hasi¢li ohledné povédomi o nebezpedi vybuchu AN v ohni. Pfipravenost
na evakuaci lidi z okoli.

e Zabranéni pristupu ostatnim lidem k poZzaru AN.

e Doruceni kompletni informace o nebezpeci detonace AN béhem pozaru vsem pracovnikim,
ktefi s AN nakladaji nebo se v jeho blizkosti pracovné vyskytuji.

Zaveér

V prabéhu poslednich sto let doslo k mnoha nehoddm s AN, na jejichz zakladé jsou po svété k
dispozici rGzné a rozsahlé bezpecnostni pokyny reagujici na tyto udalosti. Katastrofické nehody
v nedavné dobé, jako napf. vybuch v Bejrutu, vsak zdlraznuji potfebu dislednéjsich bezpecnostnich
postupl v celém dodavatelském retézci AN.

Ze je legislativa v mnoha ptipadech nekonzistentni a nedostateénd, vychazi z nejasnych vysledkd,
které doposud testovani AN prineslo. Efekt urcitého utésnéni, kontaktu s palivem ¢i jinymi latkami
na detonaci vétSiho mnozstvi AN byl prokazan, ale neni upfesnéné, zda to jsou jiz vSsechny okolnosti,
které nepfiznivé plsobi na rozklad AN a jakou mérou stoji za prechodem do detonace.

Pro snizeni ¢etnosti nehod, kdy dojde k detonaci AN béhem pozaru, by méla byt nastavena a
dodrZovana bezpecnostni nafizeni se zamérenim na odstranéni hlavnich mechanism(, které v
minulosti pfispély k nehodam. Aktudlné by se nafizeni méla vztahovat k prevenci vzniku poZaru,
dokud nebude prechod AN do detonace lépe popsan a otestovan. Na zakladé dalsiho testovani,
které by pfineslo konkrétnéjsi vysledky by se i legislativni nafizeni mohla zpfesnit a doplnit.
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Prostfedky a metody trhaci techniky se neustale vyvijeji a zejména v poslednich
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Uvod

Pokrok nezastavis! Toto ,klisé“ se tyka vSeho, tedy i trhacich praci. V posledni dobé
pfinesl nastup novych technologii vyrazné uleheni nasi prace zejména z pohledu
pfipravy, planovani, analyzy a také vyhodnoceni provedenych odstfelt. Odstrely Ize
planovat na realistickém 3D modelu, v poli pak plan pfenést prostfednictvim
pfesnych GPS jednotek, porovnat plan a realné vrtné schéma, a nasledné vyuzit
poznatky pfi tvorbé nejvhodnéjSiho Casovani. Opétovné vypracovani 3D modelu po
odstfelu nam dava moznost optimalizovat nasledné odstfely — zatrhy, stabilita stény
atd. Stejné tak muizeme analyzovat fragmentaci rozvalu.  Nékolik moznosti
z hlediska hardwaru i softwaru jsou pfedstaveny v tomto ¢lanku.

Pripravné prace

K zamérfeni odstielu se jiz nejbéznéji vyuzivaji totalni stanice, které na rozdil od
klasickych teodolitli, kde se odecitaly hodnoty z laté, samy vyhodnocuji a ukladaji
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soufadnice jednotlivych méfenych bodl na zakladé zjisténi vlastni polohy od fixniho
zamérného bodu. Tyto stanice jsou schopny méfit jednotlivé body samostatné anebo
ve skupinach, ¢imz je mozné vytvofit linii bodl, ktera napf. zaznamena profil volné
stény. Jako pfiklad muzeme uvést totalni stanici Topcon OS 105 s vnitfnim
programem Easy Quarry, ktera uklada soufadnice do datového souboru vhodného
pro nasledné zpracovani softwarem Quarry.

Totalni stanice Topcon OS 105

V softwaru Quarry 6 nebo Quarry X je mozné ze ziskanych soufadnic vytvofit vrtné
schéma. V misté zaméfenych bodlu Ize promitnout vrty s jejich uvaZovanymi
parametry a ihned znazornit fez daného vrtu. Parametry vrtu Ize pak ménit tak, aby
vyhovoval potfebam pfipravovaného odstrelu. V Quarry X lze pfipravit i ¢asovani
odstrelu.
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Odstrel v lomu Cachtice (SK), 3. etéz v softwaru Quarry 6

41



Alternativnim zplsobem zaméfeni stény, ktery je vyuzZivan napfiklad v USA, je tzv.
3D fotogrammetrie vyuZzivajici snimkd z Dronu. Pomoci specializovaného programu
jsou snimky sestaveny ve 3D model. Pokud jsou snimky navic opatieny referencnimi
body zaméfenymi v soufadnicich GPS, je mozné 3D model umistit pfesné na mapu,
zkombinovat se zamérou planovanych vrtd pomoci totalni stanice, pfFipadné
zamérou provedenou pomoci GPS jednotky. Nasledny postup je identicky
s postupem v programu Quarry, kdy jsou sklony vrti a dalSi parametry upravovany
v jednotlivych fezech tak, aby odpovidaly pozadavkim na provadénou trhaci praci.
Pouze je vyuZit software, ktery zvlada pouziti 3D modelu.

At jiz je metoda tvorby vrtného deniku jakakoli, vystupem ze vSech programu jsou
informace pro vrtare, podle kterych jsou vrty na misté planovaného odstrelu vytyCeny
a vrtar poté provede jejich vyvrtani.

Nebavi vas vytyCovat vrtaftim vrty nebo se vam stava, Ze zaslete vrtné schéma
vrtaflm a vysledné vrty nejsou tam, kde by mély byt? Vystupem z dneSnich
programu muze byt vrtné schéma s pfesné danymi soufadnicemi vrtu. Toto schéma
je mozno ,nahrat® do vrtaci soupravy, ktera je opatfena GPS jednotkou a vrtaci
souprava pak pfesné navadi vrtafe na planované misto vrtu. A domnénka, Ze
pfesnost GPS neni dostate¢na je mylna. Dnes uz se dostdvame na presnost
jednotek cm.

| pfes vSechny vymozenosti dnednich modernich vrtacich souprav se mize stat, ze
vrtani neni vzdy optimalni — vrty jsou na jinych mistech, geologické podminky
zpusobily zménu jejich uklonu, pfipadné nejsou vyvrtany vuabec. Tyto faktory mohou
nepfiznivé ovlivnit vysledek trhacich praci pfedevSim v tom pfipadé, ze se jedna o
problémovou lokalitu, v niZz je potfeba omezovat seismické ucinky z trhacich praci,
nebo hlidat kusovitost rozpojeného materialu na patficné urovni. Je tedy nezbytné
znat pfesné i podminky pfed samotnym nabijenim a na jejich zakladé upravovat
parametry odstfelu. Zameéra vrti pfed nabijenim je samoziejmosti. Opét je mozné
vyuzit totalni stanice, nebo GPS jednotky, jako je napf. EMLID GPS, pokud se jedna
0 misto, které je Spatné dostupné nebo neni mozné se vhodné postavit pfed sténu.
Systém EMLID funguje na principu propojeni dvou jednotek, kdy jedna je jako
stacionarni stanice, ktera vysila zpfesnujici koordinaty do mobilni jednotky, jenz je
vyuzivana budto pro zaznamenani soufadnic vrtu, nebo ¢ehokoli jiného potfebného.
Takto zpfesnéné soufadnice jsou s odchylkou desetin centimetru. Tohoto systému je
mozno vyuzit i k prvotni zamére vytyCenych vrtl, a to ze stejnych duvodu, které jiz
byly popsany. V takovém pfipadé neziskame profil stény, stim je vS8ak mozné si
poradit pomoci dronu a fotogrammetrie.
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Méreni pozice vrti pomoci GPS jednotky EMLID v lomu Hradiste (SK)

Pozice vrtd jsme ziskali, ale co jejich sklon a prubéh? Boretracking, neboli
inklinometrie neni novym pojmem, avSak technologie pro ziskani pfesnych méfeni
opét pokrocila. S vyuzitim aktualniho technického FfeSeni, napf. Pulsar Borehole
Probe, je mozné ziskat pfesny prumét vrtu, vlozit jej napf. do programu Quarry a
zZjistit, jak se pohnul zabér a zda je potfeba upravit nabijeci plan.

Optimalizace trhacich praci

VesSkera ziskana data pfi projektovani odstfelu je mozno vyuzit pro analyzu a
optimalizaci odstfelu. Na to jiz existuje nékolik specialnich softward. Jednim takovym
je Paradigm, pomoci néhoz |ze u pfipravovaného odstfelu pfedpovédét, jaky vliv ma
zména parametru odstfelu na vyslednou fragmentaci, rozlet a problémy v zabéru
prvni fady. Také je mozné upravit ¢asovani tak, aby odpovidalo pozadavkim
povoleni TP, nebo jej optimalizovat do té miry, aby doSlo k co nejvétSimu snizeni
seismickych uc€inki z TP pfipadné nejoptimalnéjSi fragmentaci. Diky pfesné
zameérfenym soufadnicim vyvrtd neni nutné vyuzivat fixnich ¢asl zpozdéni mezi
vyvrty, ale byt vice flexibilni a vyuzit pfesné ty €asy v ms/m, které zaruci ten

Vv s
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Analyza minimalniho zabéru na datech z totalni stanice, odstfel Cachtice (SK), 3.
etaz

Pokud analyzujeme a upravujeme parametry odstfelll pro co nejlepSi vysledek,
nastava situace, kdy limity stanovené konvencCnimi pyrotechnickymi rozbuSkami
prestavaji stacit. Uvedme si pfiklad: idealni ¢asovani pro danou horninu, s ohledem
na nejlepsi fragmentaci, je ureno z modelace na 2,6 ms/m a rozteCe mezi vrty se
podle pfesnych soufadnic zaméfenych GPS pohybuji v rozmezi od 2,75 do 3,3 m.
Pfi takovychto parametrech by nepfineslo nejlepsi vysledek pouzit fixni Casovani 9
ms mezi vrty. Proto je potfeba zvolit alternativu, ktera je schopna pfesného ¢asovani
dosahnout, tedy pouzit elektronické rozbusky (E*STAR). S pfesnosti Casovani
elektronickych rozbusek je mozné dosahnout predikovanych hodnot z modelace,
nebo se jim co nejvice priblizit. Stejné je to pro specialni ¢asovani pfi omezovani
seismickych uc&inkd trhacich praci. Zde je naprosto nezbytné, aby naloze byly
iniciovany v pfesny Cas, aby doSlo k vzajemné interferenci jednotlivych seismickych
vin a tedy ke snizeni kone¢né viny na misté méfeni. Tohoto nelze dosahnout jinak
nez s vyuzitim elektronické rozbusky.

Zavér
Kazdy model je pouze tak presny, jako jsou informace do néj viozené. Tedy

informace ziskané v pfipravné fazi. Proto je nutné vyuzivat co nejpfesnéjsi mérici
prostfedky.
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Analyza po dostrelu na 3D modelu, kde je simulovana ptvodni sténa, vrty i ukazan
profil rozvalu (USA)

VyuZziti modernich technologii, at' jsou to drony, 2D/3D profilovani, fotogrammetrie
nebo vyuziti optimalizanich softwar(, v sobé nese jistou vyzvu, ale také pfinasi vice
informaci a davaji nam vétsi pfehled o tom, jak opravdova situace vypada. Na tomto

vvvvvvvvvv

Je pravda, Zze nové moderni technologie néco stoji, ale svét se posouva timto
smérem a my nesmime zUstat pozadu!

Zdroje

Vlastni fotografie a snimky obrazovek z program( vlastnénych spole¢nostmi Austin
Detonator a Austin Powder Slovakia
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Elektronicka rozbuska E*STAR GO

Ing. Vojtech Kala, Ph.D.
Ing. Maciej Kosowski, Ph.D.

Abstrakt

Elektronicky systém E*STAR GO je novym pfiristkem do rodiny E*STAR od firmy
Austin Detonator. E¥STAR GO je vstupnim systémem do svéta E*STAR a cili na co nejsnadné;si
pouziti. Systém ma jen ty vlastnosti, které pro zakladni pouziti elektronickych rozbusek pottebujete
a usnadnuje tak uzivatelim prfechod z jinych typti rozbusek na rozbusky elektronické. E¥*STAR

GO cili na pouziti v lomech a ve stavebnictvi. E¥XSTAR GO, GO Ahead!

Electronic system E*STAR GO is a new addition to the E*STAR family produced by
Austin Detonator. EXSTAR GO is the entry system into the world of E*STAR and aims to be as
easy to use as possible. The system has only the features you need for the basic use of electronic
detonators, making it easier for users to switch from other types of detonators to electronic
detonators. E¥XSTAR GO was designed for use at quarries and construction. E¥XSTAR GO, GO

Ahead!

Klicova slova: elektronickad rozbuska, E*STAR, E*STAR GO
Keywords: Electronic detonator, E*STAR, E*STAR GO

1. Piehled inicia¢nich systémiu

Lidstvo jiz od doby, kdy zacalo primyslové vyuzivat vybusné materialy, hleda bezpe¢nou

a efektivni metodu jejich iniciace. Pribéhem casu jsme prosli dlouhou cestu od prvnich

E+STAR
GO—¥
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primitivnich knotl az po elektrické a neelektrické rozbusky a nakonec jsme se dostali k
elektronickym rozbuskam. Kazda iterace pfinesla do primyslového pouziti vybusnin né&jaké
vylepSeni a novinky. Kdyz se elektrické rozbusky staly béznym primyslovym nastrojem, ziskali
jsme moznost bezpecného a piedvidatelného iniciovani materialti z velké vzdalenosti bez nutnosti
pritomnosti ¢lovéka v ohrozeném prostoru. Nejvétsi nevyhodou elektrického systému je jeho
omezena odolnost proti nechténé iniciaci z ciziho zdroje elektrické energie. Na druhé strané tento
systém umoznoval provadét kontrolu kontinuity a spravnosti pfipojeni roznétné sit€¢ na zakladé

mefeni elektrického odporu rozbusek propojenych v sérii.

Ptiblizn€ v roce 1967 se na trhu objevil neelektricky systém iniciace, ktery od té doby
uspesné vytlacoval elektrické systémy z trhu (kromé nékterych specializovanych pouziti, jako je
pouziti vybusnin v prostorach ohrozenych vybuchem metanu nebo uhelného prachu) [5]. Systém
iniciace s pouzitim neelektrickych rozbusek predstavoval vyznamnou odolnost proti iniciaci cizim
zdrojem energie a rozSifoval mozné varianty ¢asovani. Neobsahoval moznost pfimého ovéieni z
mista odpaleni a uzivatelim zlstala pouze vizudlni kontrola povrchové sité. V tomto piipadé

nebylo mozné hodnotit stav rozbusek ve vrtu.

Nejnovejsim zplsobem iniciace prumyslovych vybusnin je iniciace pomoci elektronickych
rozbusek. Tento systém ma mnoho vyhod oproti pfedchozim systémlim a zaroven eliminuje jejich
nevyhody. Na piikladu rozbusek série E*STAR, které vyrabi spole¢nost Austin Detonator s.r.0.
(¢len konsorcia Austin Powder), 1ze konstatovat, ze jsou odolné viici elektromagnetickému poli a
cizim impulstim elektrické energie. Tento systém také umoziuje plnou diagnostiku roznétné sité a
jednotlivych rozbusek [2], coz vyrazné zvySuje bezpe€nost pii vykonu trhacich praci a snizuje

pravdépodobnost chyb. Tyto elektronické rozbusky pfinasi vyhodu snadného ovladani,

E+STAR
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spolehlivéjsi iniciaci a sniZeni rizika nehod, coZ znamend, Ze jsou pro primyslové pouZiti

vhodné;jsi, nez tradi¢ni zplisoby iniciace.

2. Popis systému E*STAR GO

Systém E*STAR GO predstavuje moderni alternativu k tradi¢nim neelektrickym systémiim
iniciace trhavin, ktery nabizi vyhody spojené s pouzitim elektronickych rozbuSek a zéaroven
eliminuje nevyhody neelektrickych systémi. Hlavnim cilem systému E*STAR GO je zlepsit
uzivatelskou piivétivost a usnadnit ¢innosti pii trhacich, pracich v lomech a stavebnich pracich,
béhem kterych se Casto pouZivaji té¢zké matrace, které minimalizuji riziko rozletu rozpojené
horniny. E¥*STAR GO umoziuje neustalou kontrolu sit¢ a jednotlivych rozbusek béhem pokladani
matrace a pokud dojde k pieruseni vodi¢l nebo odpojeni konektoru Logger okamzité upozorni

uzivatele zvukovym a vizudlnim alarmem.

Proces programovani systému je velmi jednoduchy a vyzaduje pouze znalost zakladnich
parametrl, jako je zpozdéni jednotlivych pocind v jednom vrtu, zpozdéni mezi vrty v fad¢ a

zpozdéni mezi fadami.

E+STAR
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Obrazek 1. Grafické vysvétleni pojmu tykajicich se ¢asovani.
Architektura systému byla navrZena tak, aby proces programovani probihal automaticky po

zadani dat a vyzadoval minimalni zasah uzivatele do zatizeni. Technické parametry systému jsou

uvedeny v tabulce nize:

Tabulka 1. Technické parametry systému E*STAR GO

Hlavni technické vlastnosti systému E*STAR GO

Maximalni pocet rozbusSek pro jeden odstiel: 400 [-]
Maximalni pocet rozbusek v jedné fadé: 100 [-]
Maximalni zpozdéni posledni rozbusky v jednom odstielu: 3000 [ms]
Maximalni pocet po¢inti v jednom vrtu: 2 [-]

Protoze cilovou skupinou jsou soucasni uzivatelé neelektrickych systémti, byly do systému
E*STAR GO integrovany stejné Casy zpozdeéni, které vyrobce Austin Powder pouziva pii vyrobé

neelektrickych rozbusek.

E+STAR
GO—

49



Tabulka 2. Casovani rozbusek v systému E*STAR GO

MoZnosti ¢asovani rozbusek v systému E*STAR GO

Mezi pociny 0 25 50 [ms]
Mezi vrty 0 9 17 25 42 67 100 167 [ms]
Mezi fadami 9 17 25 42 67 84 100 { 142 | 167 | 200 | [ms]

Zakladnim prvkem E*STAR GO je elektronické rozbuska v médéné dutince o délce 9,1 -

1072 [m] a priméru 7,5 1073 [m], obsahujici 7,2 - 10™* [kg] pentritu jako sekundarni napli.

Odolnost rozbusky proti vodnimu tlaku je 3 - 10° [Pa] po dobu 48 hodin. Elektronickym srdcem

rozbusky je modul EIM, ktery ma dva separatni obvody [2,3]. Prvni slouzi ke komunikaci s

programovacim zafizenim ,,Logger a druhy modul slouZi k samotné iniciaci. Diky EIMu je

zajiSténa maximalni bezpe¢nost prace s rozbuskou a moznost nechténé iniciace je zcela vyloucena.

EIM také zajiStuje pfesné Casovani rozbusky s ptesnosti 0,01% nominalniho zpozdéni [2,3].

Rozbuska je vybavena dvouzilovym vodi¢em s Zeleznym jadrem o priméru 6 - 10™* [m], ktery je

potazen izola¢ni vrstvou z polypropylenu. Vodic je zakoncen specialnim konektorem umoziujicim

jeho spolehlivé pfipojeni k odpalovacimu vedeni i v prostiedi s vysokou vlhkosti a znecisténim.

Konektor byl navrzen tak, aby obsahoval co nejmensi mnozstvi plastu s cilem minimalizovat vliv

na piirodni prostiedi, pfi¢emz zachovava vynikajici uzivatelské a pevnostni vlastnosti.
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Obréazek 3. Rozbuska E*STAR GO na civce a smycce

Elektronicka zafizeni ur¢ena pro praci se systémem jsou nedilnou soucésti celého E*STAR
GO systému. Po hardwarové a softwarové strance byla tato zafizeni kompletné navrzena

spole¢nosti Austin Detonator s.r.0., ktery sidli ve Vsetiné v Zlinském kraji.

Prvni zafizeni, které je soucasti systému, se nazyva E*STAR LOGGER GO. Slouzi k
programovani a ovéfovani spravného fungovani a pfipojeni rozbusek. Logger je vybaven
Loggeru je zptisob programovani nazyvany "Log by Walking", ktery bude pfedstaven v samostatné
kapitole. Druhym zafizenim je E*STAR BLASTER GO, coz je elektronicka roznétnice, ktera
umoznuje bezdratovou komunikaci s Loggerem. Diky tomu neni nutné fyzicky propojovat obé
zafizeni pomoci kabelu, aby bylo mozné prenaset data, tykajici se naprogramovanych rozbusek.
Vyuziti bezdratové technologie pienosu dat urychluje cely proces a eliminuje pravdépodobnost

poskozeni komunikacnich portt.
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3. Metoda programovani "Log by Walking"

"Log by Walking" je zjednoduSend metoda programovani, kterd spoc¢iva v postupném
ptipojovani dalSich rozbusek k odpalovacimu vedeni a pfechazeni od vrtu k vrtu. Sttelmistr (TVO)
ma na rameni specialné navrzenou tasku, do které umistuje "Bus Line" a Logger. Jeden konec
kabelu je pfipojen k Loggeru a druhy volné vychazi z tasky. Stfelmistr (TVO) prochéazi podél fady
vrth a piipojuje k "Bus Linu" dal$i rozbusky, které jsou v Loggeru programovany v pozadi. Kazdé
piipojeni rozbusky je signalizovano zvukovym signdlem, a proto ma jistotu, ze kazda ptipojend
rozbuska byla naprogramovana. Pokud Logger zjisti jakoukoliv anomalii, spusti odlisny zvukovy
signal, ktery upozorni programujici osobu na anomalii u nékterého z parametrti. Po dokonceni
programovani celé fady nasleduje ovéteni a ihned se ptistoupi k programovani dalsi fady. Diky

tomuto piistupu je nutnost pfimého pouzivani Loggeru omezena na minimum.

Obrazek 4. Taska E*STAR GO
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Z davodu, ze tento systém je uréen pro nové uzivatele, byl zpisob Skoleni zcela
pfepracovan a modernizovan. Skoleni zaméfené na praci se systémem E*STAR GO zahrnuje velké
mnoZstvi animaci ukazujicich prehledné a srozumitelné realné situace v poli. Skolend osoba je
postupné seznamena s pracovnim postupem pomoci jednoduchych animaci, na kterych mize

krom¢ situace v poli sledovat také aktudlni obrazovku Loggeru nebo roznétnice.

4. Shrnuti

Pestoze je verejnost Casto negativné naladéna vici tézebnimu pramyslu, tézba surovin pro
mineralni, stavebni a energetické odvétvi bude v nejblizsich letech rist, aby uspokojila poptavku,
kterd je generovana rostouci populaci [4]. V této souvislosti neni bez vyznamu také rust
celosvétového zivotniho standardu, ktery prirozené vede k vyssi spotieb¢ zbozi, coz znamena, ze
v pristich letech se piedpokladad neustaly globalni nartist spotfeby vybuSnin a s tim souvisejici
spotfebou rozbuSek. Pozorovanym trendem je, ze té€zebni spolecnosti piechédzeji ze starSich
systémil iniciace trhavin na elektronické rozbusky[ 1], avSak ne vSichni zédkaznici jsou schopni nebo
maji moZnost vyuzit veskery potencial slozitych systémi. Castym diivodem setrvani u starsi
technologie je také obava z komplikovanych feseni, které kromé vySkoleného persondlu vyzaduji
také vyS$i financni naklady. Pravé na tyto zédkazniky sméfuje spolecnost Austin Powder sviyj
nejnovejsi produkt E¥*STAR GO, ktery mize byt krokem vpied pfi zlepSovani bezpecnosti a
efektivnosti malych a stiednich podnika provadéjicich trhaci prace. Diky jednoduchému pouziti a

promyslenému systému umozni mnoha firmam udélat prvni krok smérem k elektronickym

rozbuskam a diky tomu budou moci t€zit z nejmodernéjsich technologickych pokrokii.

E+STAR
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Abstrakt

Jednim z trendi ke zlepSeni Zivotniho prostfedi a feSeni problému v prelidnénych mistech je
vystavba mélce ulozenych podzemnich staveb. Nejde jen o klasické tunely, ale i podchody,
kolektory, prostory pro podzemni vedeni silovych a telekomunikacnich kabell atd. Vystavba téchto
staveb je provazena fadou problémt, které se fesi jak v projektové fazi, tak i pii vystavbe.

Stavba podzemniho objektu je mimo jiné doprovazena antropogenni seismicitou z riznych zdroji.
Velmi casto je razba podzemniho dila realizovana za pomoci trhacich praci, které vyvolavaji
nejvétsi vibraéni uéinky. Jestlize referenéni hodnoty uvedené v norméach (napi. CSN 73 0040 a STN
73 0036) nejsou piekroceny, poSkozeni staveb ve smyslu omezeni uzite€nosti neni o¢ekavano. Pro
hodnocenou lokalitu byvaji specifikovany mezni a kritické hodnoty pro ptipadna poskozeni objektl
v zavislosti na geologickych podminkach a technickém stavu stavebnich objekt. Strukturné-
geologicka situace uzemi ma zasadni vliv na velikost vyvolanych vibraci. Kromé toho je ale nutno
vzit do uvahy dalsi pfi¢iny potencialnich problému - zde je nezbytné posuzovat tfi problémové
okruhy: vliv vibraci na podzemni dila, na povrchovou zastavbu a na vnimani obyvatelstva.

Analyza vibraci a téZ modelovani ucinkl vibraci, a to nejen v podzemnim stavitelstvi, vyzaduje
fadu vstupnich parametri. V ¢lanku jsou shrnuty nejvyznamnéjsi zdroje informaci a k nim stru¢ny
komentat, s jakou ptfesnosti je mozno je definovat.

Abstract

One of the trends to improve the environment and solve problems in overcrowded places is the
construction of shallow underground structures. It is not only about classic tunnels, but also
underpasses, collectors, structures for underground power and telecommunication cables, etc. The
construction of all these structures is accompanied by a number of problems that are solved both in
the design phase and during construction.

The construction of an underground facility is accompanied, among other things, by anthropogenic
seismicity from various sources. Excavation of an underground work is very often carried out using
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blasting, which causes the greatest vibrational effects. If the reference values specified in the
standards (e.g. CSN 73 0040 and STN 73 0036) are not exceeded, damage to buildings in the sense
of limiting usefulness is not expected. Threshold and critical values for possible damage to objects
are usually specified for the evaluated location, depending on the geological conditions and the
technical condition of the building objects. The structural-geological situation of the territory has a
fundamental influence on the values of the induced vibrations. In addition, however, it is necessary
to take into account other causes of potential problems - here it is necessary to assess three problem
areas: the influence of vibrations on underground works, on surface construction and on the
perception of the population.

Vibration analysis and also modelling the effects of vibrations, not only in underground
construction, requires a number of input parameters. The paper summarizes the most important
sources of information and provides a brief commentary on how precisely they can be defined.

Uvod

Na otazku ,,Co vSe patii do zivotniho prostredi?‘ uvadi Zakon ¢. 17/1992 Ceské republiky: ,,VSe, co
vytvari pfirozené podminky existence organismu véetné Cloveka a je predpokladem jejich dalSiho
vyvoje. Jeho slozkami jsou zejména ovzdu$i, voda, horniny, ptida, organismy, ekosystémy a
energie.” (Zakon ¢. 17/1992 Sb.) Ke zmirnéni negativnich vlivli na Zivotni prostiedi, tedy i cloveka,
je zpracovana tfada vyzkumnych i souhrnnych zprav a je podporovano velké mnozstvi rtizné
zamétenych projekti.

Jednim z trend ke zlepSeni Zivotniho prostfedi a feSeni problému v prelidnénych mistech je
vystavba mélce ulozenych podzemnich staveb. Nejde jen o klasické tunely, ale i podchody,
kolektory, prostory pro podzemni vedeni silovych a telekomunikacnich kabell atd. Vystavba téchto
staveb je provazena fadou problémd, které se fesi jak v projektové fazi, tak i pii vystavbé (napf.
Rozsypal, 2001, Klepsatel et al., 2005, Towhaka, 2008, Vojtasik, 2018, Kalab, 2021, Pandula et al.,
2022). Stavba podzemniho objektu je mimo jiné doprovazena antropogenni seismicitou z riznych
zdroju. Velmi cCasto je razba podzemniho dila realizovana za pomoci trhacich praci, které vyvolavaji
nejvetsi vibradni ucinky.

Z geotechnického hlediska mlzeme na vibrace pohlizet jako na druh zatiZeni. Jde o vliv na
konstrukei, ktery zplisobuje zménu stavu napjatosti, zménu stavu pietvoreni nebo zménu tvaru a
polohy konstrukce, ptfipadné i zménu pouze jednoho z téchto projevl (napt. Petiik, HrubeSova,
2012, 2014, Kalab, Stemon, 2017). Obecné lze uvést, ze vibrace fadime mezi mimotadnd zatiZeni
(tato zpravidla plsobi jen velmi kratce a jejich vyskyt je béhem Zzivotnosti konstrukce vyjimecny),
obvykle se setkdvame se zatizenimi stalymi nebo proménnymi. Zatizeni stavebnich konstrukei se
hodnoti Eurokédy: CSN EN 1990 Zdsady navrhovani konstrukci a CSN EN 1991 Obecnd zatiZeni a
normami navazujicimi.

Kmitani vyvolané zemétifesenimi hodnoti Eurokéd 8: Navrhovani konstrukci odolnych proti
zemétieseni (CSN EN 1998-1 (730036)), antropogenni vibrace jsou hodnoceny narodnimi normami.
Jestlize referenéni hodnoty uvedené v normach (napt. CSN 73 0040 a STN 73 0036) nejsou
pfekroceny, poSkozeni staveb ve smyslu omezeni uZitecnosti neni oc€ekavano. Je nezbytné
zddraznit, ze métenou hodnotu formuje zdroj vibraci, strukturné-geologickd situace tzemi a
registracni a zpracovatelsky software (obr. 1). Konverzi pohybil zemé v misté méfeni na elektrické
signaly (d&je se v senzorech) a naslednym zesilenim, filtraci a registraci na zapisovaci (d&je se
v seismologické aparatufe) jsou ziskany seismogramy, které jsou dnes zpravidla v aparatuie (PC)
digitalizovany, filtrovany a uloZeny.
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Cilem tohoto ¢lanku je shrnout ve stru¢né formé parametry ovliviiujici velikost vibraci vyvolanych
trhacimi pracemi a definovat ptivod pochybnosti pii analyze téchto vibraci, tj. poukdzat na
parametry, které pro interpretaci nelze piesné stanovit.

Obr. 1 Schematické zndzornéni ziskani seismogramu

Podzemni stavitelstvi ve méstech

S nartistajicim poctem obyvatel ve vétSich méstech a s nartistajicim objemem nakladni pfepravy se
vystavba tunelll stdva feSenim vedoucim nejen ke zlepSeni Zivotniho prostfedi, ale 1 zasadnim
feSenim fady problému pielidnénych uzemi. Celkové trendy vyvoje pak sméfuji k vyraznéjSimu
vyuzivani mélce uloZzenych podzemnich staveb, které tvoii integralni soucast infrastruktury moderni
spoleCnosti a které jsou, kromé tuneldi, uzivany v riznych aplikacich, v¢etn¢ podchodi, skladist’
rizného materidlu, kanalizace ¢i kolektori vodovodniho potrubi, telekomunikaénich a napétovych
kabeli. Z geotechnického hlediska je vystavba podobnych zafizeni soucasné provazena tadou
problémd, z nichz nékteré 1ze tesit na zdklad€ zkuSenosti z vystavby na jinych lokalitach, jiné musi
byt feSeny operativné v prubéhu vlastni vystavby. Lepsi poznani fyzikalné-mechanickych vlastnosti
daného prostfedi a napéto-deformacénich stavii v mélkych castech podlozi muze pfispét ke
stanoveni fady faktori dilezitych pro lokalitu, ktera byla vybrana pro vystavbu daného podzemniho
dila.

Pokud dojde k rozhodnuti vést danou cast infrastruktury pod povrchem, potom velmi dilezitou roli
pti pripravé vedeni této trasy ma strukturné-geologicka situace zajmové oblasti. Nase i zahranic¢ni
zkuSenosti vSak ukdzaly, Ze mechanické vlastnosti a napétovy stav nejsvrchnéjSich partii zemské
kiry, kde se ma podpovrchové dilo razit, jsou mnohem citlivéjsi k anomaliim ve
fyzikalné-mechanickych vlastnosti hornin obklopujicich toto razené dilni dilo. Existuje mnoho
faktort, které ovliviluji chovani a stabilitu podpovrchové vystavby. K nejvyznamnéj$im faktorim
muzeme pocitat: hloubku, ve které je vlastni hloubeni situovano, topografii povrchu, redukci napéti
a pevnosti masivu v disledku zvétravani, zédkladni geologickou stavbu Uzemi, zatiZeni podloZzi
hmotnosti povrchovych staveb a napétovy stav v melkych strukturdch podloznich hornin. Jelikoz
jsou napéti v malych hloubkéch kolem hloubeného tunelu casto nizkd, dochazi v disledku odtéZeni
dané¢ho objemu horniny k celkovému odlehceni v tomto misté, které byva provazeno znacnym
rizikem z pohledu stability okolnich stavebnich jednotek, zejména tam, kde je pokryv znacné
zvétraly a tudiz ma nizkou pevnost. Potom nizké napéti mize dokonce zpusobit celkové rozruseni a
devastaci dila v disledku ztraty jeho stability.
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Dalsim problémem, ktery se miize vyskytnout pii realizaci dél v malych hloubkach, je pokles
povrchu, v disledku ¢ehoz muze dojit k poskozeni staveb na povrchu. Je proto dulezité
minimalizovat poklesy povrchu pravé v mistech povrchové zéastavby, naptf. dokonalym
vyztuzovanim tunelu. V souvislosti s tim mlize naopak ptisobit nepfiznivé na hloubené dilo zatizeni
horninového masivu indukované plisobenim vnéjSiho zatiZzeni budovami, které se nachédzeji nad
takovym dilem. Proto maji optimalni rozméry razeného dila, nezbytné nutna vyztuz a volba vhodné
metody razeni dila zna¢nou technickou diilezitost z pohledu pfedchazeni, zamezeni a téz omezeni
nasledkli poklesti povrchu, coz se v konecné fazi projevi i na ekonomickych vysledcich, tj.
celkovych nakladech vynalozenych na vystavbu.

Napéti, které existuje v horninovém masivu, neni vazano jen na zatizeni nadloZznimi vrstvami
pokryvu, ale i na geologickou historii. Znalost napétovych stavil in-situ v masivu je dilezita jak ve
stavebnictvi, tak 1 v hornictvi, a je vSeobecné znamo, Ze napéti s hloubkou vzrusta. Z toho vyplyva,
ze lze tedy ocCekavat problémy souvisejici se zménou napéti v diisledku nartstajici hloubky, které
casto vedou k poruSeni nebo devastaci podzemniho dila. Hloubeni mélce situovaného tunelu vSak
mize byt také ovlivnéno bud’ znaénym horizontalnim napétim nebo nedostate¢nymi horizontalnimi
napétimi (Amadei a Stephansson, 1997).

Kromé¢ tvaru raZzeného podzemniho dila vSak existuje fada dalSich geotechnickych situaci, které
nepfiznivé pisobi na prostory pii postupném odtézovani horniny. Zde muizeme jmenovat napf.
poruchové geologické struktury, zonu zvétrani, zatizeni prostoru zéklady jiz existujicich budov,
které se z podlozi pienasi do oblasti razby situované pod nimi nebo poruseni nejblizs§iho okoli
razeného dila trhacimi pracemi.

Obecné hodnoceni efektu vyvolaného trhaci praci

Trhaci prace produkuji seismické viny se Sirokym spektrem frekvenci, které je zavislé na
vlastnostech rozpojovaného materidlu, vlastnostech trhaviny a technologii trhacich praci.
Frekvenéni spektrum seismického zdznamu trhaci prace je déale vyznamnou mérou ovlivnéno
prostfedim, kterym se vlny §ifi; s rostouci vzdalenosti jsou v horninovém masivu slozky vyssich
frekvenci rychleji tlumeny. Obecny vliv prostiedi, jimz se viny §ifi, je zndzornén na obr. 2.

Isaac (1991) ptedstavil orienta¢ni graf zavislosti frekvencniho rozsahu seismického signalu na
vzdalenosti od trhaci prace. Z ného vyplyva, ze zvlast¢ v malych vzdalenostech od mista odsttelu je
pokud chceme mit k dispozici nezkresleny zaznam seismického projevu. Frekvencni spektrum
seismickych signalti vyvolanych blizkou trhaci praci ve skalnich a poloskalnich hornindch mize
obsahovat frekvence piesahujici 250 Hz (napft. obr. 3). Vyssi frekvence v zdznamu mohou byt navic
ovlivnény resonanci struktur horninového masivu, jejichz rozmeéry jsou srovnatelné s délkou viny.
To vSe zplsobuje, Ze pouzivany vztah mezi velikosti maximalni rychlosti kmitani, hmotnosti dil¢i
naloZze a vzdalenosti lze stanovit pouze pfiblizn€ s vyuZitim statistickych metod. Skutecné
maximalni vyvolané hodnoty rychlosti kmitdni je nutno stanovit méfenim. V fad¢ piiklada
z odborné literatury vykazuji naméfené hodnoty znacny rozptyl (napi. Holub, 2006, Pandula,
Kondela, 2010, Kalab et al., 2013, Fehér et al., 2020).
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Obr. 2 Schematické zndzornéni vlivu prostfedi na seismogram a jeho spektrum (podle Scherbaum,
1994)

10000

1000 §

Frekvence [Hz]

1 10 100 1000 10000

100\ \\
\-

Vzdalenost [m]

Obr. 3 Orientaéni zavislost frekvenéniho slozeni seismického signélu trhaci prace v zavislosti na
vzdalenosti (podle Rock Blasting Technique. Blasting with Restriction)

Jak bylo uvedeno, zatizeni stavebnich konstrukci vibracemi vyvolanymi odstfelem trhavin se
nejcastéji posuzuje podle maximalni amplitudy rychlosti kmitani castic Vaax a frekvence
prevladajicich kmitl. K predikovani této rychlosti je sestavovan empiricky vztah, ktery predstavuje
zavislost maximalni amplitudy rychlosti kmitani ¢astic na celkové velikosti naloZze (nebo velikosti
naloze odpalené v jednom casovém stupni) Q a vzdalenosti /. Pro stanoveni maximalnich hodnot
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rychlosti kmitani v dostate¢né vzdalenosti od zdroje vibraci se pouziva empirickda zavislost
obecném tvaru Vi = K. Q™ . [, kde Viyax - maximalni rychlost kmitani [mm/s], Q - hmotnost
naloze [kg], [ - vzdalenost od mista provadeéni trhaci prace [m], K, m an jsou empirické parametry
(¢asto nazyvand Langeforsiv vztah). Empirické parametry jsou stanovovany z vysledki
experimentalnich méfeni a jsou zavislé na geologické stavbé prostiedi a vzdalenosti. Jsou ale znamy
lokality, kde tento vztah vykazuje velmi nizky koeficient korelace (napt. Stolarik et al., 2017).

Existuje-li tésnéjsi zavislost, je mozné odhadnout pro posuzované misto pii zndmé vzdalenosti
k mistu provadéni trhacich praci hmotnost naloze tak, aby maximalni hodnoty jednotlivych slozek
rychlosti kmitani ¢astic nepfesdhly mezni rychlosti kmitani (napt. Kalab, 2008, Pandula, Kondela,
2010) Tyto mezni rychlosti jsou definovany z ptipustného zatizeni stavebni konstrukce.

Souhrnné Ize konstatovat, ze intenzita vyvolanych vibraci zdvisi na mnoha parametrech (napf.
Dojcar et al., 1996, Kalab, 2004), a to pfedev§im na zplsobu generovani vibraci, intenzit¢ vibraci
(vyzarené vibracni energii), epicentralni vzdalenosti, ptip. hloubce zdroje, stavbé masivu, jimz se
seismické viny §ifi, a lokalni geologii v mist¢ sledovaného projevu. Velka rtznorodost pficin
ovliviwyjicich velikost seismického projevu na povrchu je diivodem, pro¢ nelze ziskat vérohodné;si
vysledky bez vétsiho mnozstvi méteni a pro¢ nelze sestavit jednoduché zavislosti, zvlasté v malych
vzdalenostech.

V soucasnosti je nedilnou soucasti posuzovani vlivu antropogenni seismicity na objekty
matematické modelovani s vyuzitim raznych programovych systému (napt. Park, B.-K. et al., 2005,
Hori, M., 2006). Zakladnimi ukoly modelovani je volba geometrie modelu, volba materidlového
modelu a volba dynamickych hrani¢nich podminek. To umoziiuje, pokud je mozno sestavit
dostate¢né reprezentativni model horninového masivu, ziskat nejen informace o $ifeni vin v masivu,
ale téZ o vyvolaném seismickém projevu v mistech, ve kterych nebylo realizovano méteni.

Projev trhacich praci v podzemi a na povrchu

Martino (2002) vysetioval vliv trhacich praci na poruseni dvou tuneld vyrazenych v hloubkach 240
m a 420 m. Na zéklad¢ vysledkt se ukézalo, ze zéna poruseni tunelu v hloubce 240 m byla pomérné
uzka (0,1- 0,3 m) a byla uzsi nez obdobnd zéna v okoli tunelu na hloubce 420 m. Zavéry, ke kterym
Martino dospél Ize charakterizovat tak, Ze poruseni dila vedeného v mensi hloubce bylo zplisobeno
pfedevSim trhacimi pracemi, zatimco na porusSeni okoli hlubsiho tunelu se kromé trhacich praci
podilely 1 zmény napétovych podminek. Jako typicka rychlost S-vin podlozi mél¢iho tunelu byla
zjisténa rychlost 3200 m/s, ktera ve vnitini porusené zony klesala o 400 m.s™!. Rychlost P-vIn kolem
téhoZ tunelu se pohybovala v rozmezi 5400 - 5600 m.s™!, pfi¢emz u této vlny byl uvnité zény
poruseni prokazan pokles jeji rychlosti mezi 400 - 1300 m.s'!. Na zakladé zjisténych poklest
rychlosti P a S-vIn Ize usuzovat na redukci Youngova modulu o 35 - 40 %, ovSem za piedpokladu
konstantni hustoty prostfedi. Jinak feceno, v zoné poruSeni dochdzi ke zméné fyzikalné-
mechanickych vlastnosti horniny v okoli razeného tunelu, ¢imz se méni i napétové pole dané
lokality.

Seismické projevy jsou i na povrchu velmi proménlivé, a to zvlast€ v oblastech nejblizSich
epicentru. Souhrnné lze zopakovat, Ze intenzita vyvolanych vibraci zavisi na mnoha parametrech
(podle Kalab, 2004), a to pfedevsim na:

e zpUsobu generovani vibraci,

e vyzafené seismické energii,
e epicentralni vzdalenosti, piip. hloubce zdroje,
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stavbé masivu, jimz se seismické vlny §ifi, a lokalni geologii v misté sledovaného projevu,
ovlivnéni vyzatovaci charakteristiky zdroje vibraci vlastnim dalnim dilem (napf. odstiel na
celbé nevyzatuje energii izotropng).

Velka rGznorodost pticin ovliviiujicich velikost seismického projevu na povrchu je ditvodem, pro¢
nelze ziskat vérohodnéjsi vysledky bez vétsiho mnozstvi méteni a pro¢ nelze sestavit jednoduché
zavislosti.

Hlavnimi problémy pfi studiu seismickych vlivii jsou:

posouzeni ,homogenity* prosttedi, kterym se seismické viny S$ifi, a stanoveni jeho
zékladnich petrofyzikalnich charakteristik s ohledem na pfenos a utlum seismické energie
(pro konkrétni ptipad lze charakteristiky urCit z dostatecného poctu meéfeni, nelze vSak
ziskané poznatky pfendset jinam, resp. je nutno presn¢ definovat hrani¢ni podminky pro
pouziti téchto poznatk),

informace o technologii provadénych praci, pfipadné¢ parametry odstielu (pro vibrace
vyvolané téZzebnim postupem lze o¢ekavat pomerné dobte definovanou zéavislost vyvolanych
vibraci na vzdalenosti; pro projevy trhacich praci je nutno analyzovat chovani prostredi a
parametry kmitavého pohybu v tzv. blizké zon€ — vliv ¢asovani néloze, rozvoj jednotlivych
vinovych skupin a jejich vzajemné ovliviiovani, ...),

metodika méteni, kterda zahrnuje také urCeni parametrii aparatur pro kvalitni zaznam dat,
vybér mista méteni a instalaci senzori kmitavého pohybu (posledné jmenované ma zasadni
vyznam pro spravné stanoveni velikosti maximalnich naméfenych amplitud kmitavého
pohybu a jeho frekvencni obsah), posouzeni mozného rezonan¢niho kmiténi objekti nebo
jejich konstrukénich prvki a jeho vlivu na namétené hodnoty.

o
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Obr. 2. Zavislosti rychlosti podélného vinéni na porovitosti (P), vodonasyceni (Sw), tlaku (p) a

teploté (v) sedimentarnich (ptipovrchovych) vrstev - kompilovano z riznych zdroji

Vratime-li se k posouzeni homogenity geologického prostfedi, mizeme si tento vliv ukazat na
zavislost rychlosti podélného vinéni na fyzikalnich vlastnostech sedimentarniho prosttedi. Na obr. 4
jsou v grafické podobé prezentovany zavislosti rychlosti podélného vinéni na porovitosti,
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vodonasyceni, tlaku a teploté piipovrchovych sedimentt. Je zifejmé, ze i z tohoto divodu nelze
ptesné definovat detailni popis takového prostiedi (pfedevsim pro numerické modelovani).

Zaver

Uvedené poznatky a informace z odborné literatury o ptivodu pochybnosti pfi analyze vibraci lze
shrnout do nésledujicich bodu:

e neznalost zesileni vibraci v mékkych aluvialnich sedimentech,

nedostatecn¢ definovany vliv vlastnosti mistnich piid a topografickych poméra na zesilenti,
vznik trvalych rezidudlnich deformaci piipovrchovych geologickych struktur,

postupné se rozvijejici sesuvy pudy,

slozitd kombinace riznych pfic¢in vibracemi vyvolanych prasklin v riznych typech staveb
(napf. setrvacna sila, deformace okoli atd.),

neznalost vzdjemného dynamického piisobeni ptidy/zakladl a staveb,

e neméfitelnost malych pohybti podél zlomt/puklin.

Parametry ovliviiujici vyslednou odezvu systému na dynamické zatizeni lze pomyslné rozdélit na
problematiku vlivu nejistot a neptesnosti ve vstupnich veli¢inach (zpisobenymi nehomogennosti
redlného prenosového prostfedi a obtiznym ziskanim piesnych hodnot) a na omezeni pii pouziti
dostupnych materidlovych modell (aproximace pii zadavani zatizeni ¢i okrajovych podminek).

Kromé¢ toho je ale nutno vzit do uvahy dalsi pfi¢iny potencidlnich problému - zde je nezbytné
soucasn¢ posuzovat tfi problémové okruhy vliv vibraci, a to na vlastni podzemni dila, na
povrchovou zastavbu a na vnimani obyvatelstva (napf. Lanzano el al., 2008, Pescara, 2011, Kalab,
Stemon, 2017). Tato problematika je ale mimo vlastni téma ¢lanku.

Podékovani: Prispévek je zpracovan s podporou na dlouhodoby koncepéni rozvoj vyzkumné
organizace RVO: 68145535.
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Epiroc inovace a optimalizace vrtaciho naradi

SmartROC T35 Electric

Epiroc predstavil na veletrhu Bauma svou vlibec prvni povrchovou vrtaci soupravu s hybridnim
bateriovo-elektrickym pohonem: SmartROC T35 E. Konstrukce stroje vychazi z osvédéené povrchové
vrtaci soupravy SmartROC T35. V kombinaci s neocenitelnymi zkusenostmi ziskanymi z vyvoje
podzemnich bateriovych strojl a ve spolupraci se zakazniky je tento novy stroj navrzen tak, aby zlepsil
ekologické standardy lom0 a vétsich stavenist. Kromé nizkych emisi poskytuje tato vrtaci souprava fadu
chytrych funkci, vysokou bezpecnost, spolehlivost a vykon v ti$Sim pracovnim prosttedi. Souprava
SmartROC T35 E je vybavena baterii i elektrickym kabelem, aby si obsluha mohla vybrat nejvhodnéjsi
alternativu pro vrtani v daném prostredi.

My Epiroc - zvySena produktivita a snizené prostoje

U nas v Epirocu se neustale snaZzime vyvijet nové technologie a velmi se zamérujeme na rozvoj
digitalizace a automatizace. Pfedstavujeme vam nasi aplikaci My Epiroc, kterda umozniuje zakaznikim
kompletni spravu jejich strojového parku véetné vizualizace telemetrickych dat strojl, planovani udrzby,
¢i oznamovani a sledovani poruch stroja.

Optimalizace vrtaciho naradi

Pod timto spojenim si mnozi predstavuji rizné védecké prizkumy a testovani, avsak firma

evvs

Dosahnout sniZzeni nakladd lze par témito kroky:
Cela kompletni vrtna kolona od jednoho dodavatele — Epiroc

e Shank adaptéry —z nasi dlouhé servisni historie a zkuSenosti vime, Ze neoriginalni shank
adaptér do vrtaciho hydraulického kladiva stoji mnohdy vice neZ jen usetfenych par EUR
pfi ndkupu. Velice ¢asto pak ndsledny servis dosahuje i nékolikrat vyssi ¢astku (10T EUR).

e Vrtaci ty€e — jiz nékolik let mame patentovanou Upravu zavitu T-Wizz, ktera zarucduje
snadné povolovani zavitl a jejich rozklepavani. Pruznost a celkovou flexibilitu tyci
zarucCujeme unikatni vyrobni technologii a celkovym tepelnym opracovanim tyci.

e Vhodna korunka — nasi technici maji neustale u sebe v auté k dispozici zakladni sadu
korunek, které mizeme otestovat pro danou horninu na misté, kde je pro Vas problém
vrtat.

Spravné nastaveni stroje a vrtacich parametr(, servisni zazemi

e Epiroc - Spravné a odborné nastaveni vrtacich parametr(: priklep vrtaciho kladiva,
pritlak, tlumici tlak, tlak v rotaci a spravné otacky korunky jsou klicovymi parametry pro
vrtaci rychlost a vyplach vrtu. Bez téchto faktor( se stava vrtani pro Vas financné
ztratové.
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e Nase servisni zazemi je Vam plné k dispozici dle danych potreb a probléma. Pokud jsou
problémy s vrtacim naradim, pak se jako prvni vse fesi se servisnimi techniky, ktefi stroj
servisuji a ktefi komunikuji s technikem vrtaciho naradi.
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Epiroc innovation and optimization of drilling tools

SmartROC T35 Electric

At the Bauma trade fair, Epiroc presented its very first surface drilling rig with hybrid battery-electric
drive: SmartROC T35 E. The machine’s design derives from the proven SmartROC T35 surface drilling rig.
Combined with invaluable experience gained from developing underground battery machines and in
cooperation with customers, this new machine is designed to improve environmental standards at
quarries and large construction sites. Besides low emission, this drilling rig provides a range of intelligent
functions, plus high-level safety, reliability and performance in a quiet work environment. The SmartROC
T35 E rig is equipped with a battery and electrical cable, so that operators can choose the best
alternative for drilling in a given environment.

My Epiroc — higher productivity, less downtime

At Epiroc, we constantly work on new technology and are strongly focused on developing digitization
and automation. We present our application My Epiroc, which enables customers to fully manage their
machine fleet, including visualization of telemetric machine data, maintenance planning, and
notification and monitoring of machine breakdowns.

Optimization of drilling tools

When they hear this, many imagine various scientific surveys and testing, but Epiroc is
interested in reducing your operating costs for drilling to the lowest possible price per metre.

Costs can be reduced in two ways:
A complete drilling column from one supplier — Epiroc

e Shank adaptors — From our long service history and experience, we know that non-
original shank adaptors for a hydraulic hammer drill often cost more than the few euros
saved on the purchase. Very often, subsequent service raises the cost by multiples
(10,000 euros).

e Drill rods — For several years, we have had the patented T-Wizz thread treatment that
ensures easy thread loosening and vibration. We ensure the bars’ elasticity and overall
flexibility through unique manufacturing technology and overall heat treatment.

e Asuitable bit — Our technicians always have a basic set of bits in their vehicle, so that we
can test a given rock in a place where it causes you drilling problems.

Correct setting of machine and drilling parameters, service capabilities

e Epiroc — Correct, professional adjustment of drilling parameters: drill hammer impact,
down pressure, damping pressure, rotation pressure and correct bit speed are key
parameters for drilling speed and bore flushing. Without those factors, you’ll drill at a
financial loss.

67



e QOur service capabilities are fully available according to your needs and issues. If there
are problems with a drilling tool, everything is handled by the technicians who service
the machine and communicate with the drilling tool technician.
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geo-konzept GmbH

Novy pristup k provadéni trhacich praci

SoucCasny stav a legislativa oboru provadéni vrtnych
a trhacich praci malého a velkého rozsahu, zaziva
modernizaci ve vSech stupnich této ¢innosti. Do popredi |
se dostavaji nové metody méfeni skalni stény, nové
softwarové moznosti a je také snaha vyvijet nové
trhaviny, co nejméné zatézZujici zivotni prostfedi.

\-J\"_.‘-, R, - .
LR N e >
Obor trhacich praci proSel za poslednich 20 let fadou zmén. Dospél do bodu, kdy pouzivani
neelektrickych systému roznétu je standardem a jiz nastupuje ve vétsi mife roznét
elektronicky, kterym Ize |épe optimalizovat Casovani odstiell, a tedy dodrZzet pozadovanou
fragmentaci rubaniny a podminky seizmického zatizeni okoli.

Dochazi také k progresu na poli projektovani a zamérovani. Standardem by jiz mélo byt
skenovani pracovisté pomoci laserovych stanic. Do popfedi se stale vice dostava moznost
méfeni pomoci UAV a fotogrammetrickych softwart s naslednym pfevedenim informaci do
projekénich programu pro projektovani trhacich praci.

Strelmistfi, majitelé lomU a poskytovatelé sluzeb trhacich praci se v dnesni dobé potykaji se
spoustou vyzev.

Na jedné strané se musi vyhybat jakékoli formé nezadouciho rozletu horniny,
ktery zpusobuje poskozeni zafizeni nebo dokonce lidského Zivota.

Vzrlsta také potfeba minimalizovat vibrace zpusobujici konflikty s lidmi zZijicimi v blizkosti
mista provozoven.

Na druhou stranu potfebuji produkovat dobfe fragmentovany material, pfipravit velké
mnozstvi dokumentace pro klienta a ufady a v neposledni fadé je kladen velky diraz na
minimalizaci nakladd trhacich praci.

Spole¢nost geo-konzept je jednim z lidrd na trhu v oblasti méFici techniky a projektovani
trhacich praci a klade ddraz na bezpecnost a profesionalitu téchto praci.

V pfednasce se mimo jiné dozvite nové trendy a moznosti pfi zamérovani pracovisté pomoci
3D FastScan Profiler HP, zpracovani projektu pomoci nejnovéjSiho softwaru QuarryX Pro,
moznosti vytyCovani vrtného schéma pomoci GNSS modulu a nasledné pfeméfeni inklinace
vyvrtd pomoci sondy Blasthole Probe Mk3 a také propojeni projektovani s vrtaci soupravou
pomoci RiGuide - GNSS Rig Guidance systém.
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Zakladem systému spoleCnosti geo-
- konzept je software Blast Manager (BM).
Komplexni feSeni zaclina zadanim

I parametrd do tohoto programu, ktery
umoznuje vlozit klienta, provozovnu,
databazi trhavin a roznécovadel,

I nastaveni parametrl lokality a parametrt

vrtnych a trhacich praci. Pomoci BM je
mozné vytvafet a spravovat projekty
odstrelll, stahovat a zpracovavat data
¥ o A A z rliznych systému pro profilovani lomoveé
FRPOFSING & ZVACIYS IMEpIRCOTNS Obia stény. BM umoziuje vyménu dat mezi

- N\ jednotlivymi softwary.

Obr. 1 — Znazornéni systému geo-konzept

-l-'H-Elfnl — BIanganager je kd_ispozici ve dvou

£ - verzich, a to ve verzi Standard a Pro.
Verze BlastManager Pro umoZznuje oproti
standardni verzi analyzu nakladu
a seizmickych ucinkl a rozSifenou
moznost importu a exportu dat.

C— E
Obr. 2 — ukazka rozhrani softwaru BlastManager

Zakladem systému je zaméfeni
pracovisté. Pro tuto &innost vyvinula
spoleCnost  geo-konzept laserovy
pristroj FastScan Profiler HP. Tato
stanice je urCena pfevazné pro
vytvofeni 3D modelu pracovisté ve
velmi kratkém d¢&ase, v zavislosti na
podminkach a nastaveni pfistroje.

Pfistroj FastScan disponuje ve
spolupraci s tabletem MESA velmi
intuitivnim ovladanim. Jeho nespornou
vyhodou je moZnost zamérfeni v
jakéhokoliv profilu lomové stény, vrtné = o
nebo tézebni etaze. Obr. 3 — Pristroj FastScan Profiler HP

Rychlost skenovani je zavisla pouze na vzdalenosti pfistroje od pracoviste. Pristroj je
schopen méfit ve vzdalenosti od 0,5 m do 300 m. Cim je pfistroj dale od pracovisté, je
skenovani povrchu kratSi. Doporu€ena vzdalenost je praxi ur€ena na interval 10 m — 250 m.

Pristroj je také schopen méfit i za zhorSenych klimatickych podminek jako je dést, snih
a mokra sténa.
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Pristrojem lze také provadét zaméru pracovisté z nékolika méficich stanovist a je také
schopen zpracovat jakykoliv zadany reliéf pracovisté. Neni tedy potfeba zaméfit pro
skenovani pouze tfi body, kde by si pfistroj ¢tvrty dopocital do obdélniku, ale je mozné si
pristrojem oznacit jakoukoliv nelinearni plochu a pfistroj tuto plochu naskenuije.

Doplnénim a dnes jiz zcela
potfebnym je pouziti GNSS
modulu pfes narodni RTK
sit pomoci internetového
pristupu.

Diky spojeni FastScan
Profile HP a GNSS modulu
je dosazeno prfesné
zameéry pracovisté v GPS
souradnicich v riznych
formatech soufadnicového
systému.

Obr. 4 — Ukazka zameéry pracovisté z péti méficich stanovist — 2D model

Pro vytvofeni kvalitniho, bezpe€ného a profesionalniho projektu ve 2D i 3D vyvinula
spoleCnost geo-konzept programy QuarryDetonator (QD) a QuarryX (QX), ktery je mozné
koupit opét ve dvou verzich Standard a Pro.

Program QX disponuje mnoha funkcemi pro nejoptimalnéjsi planovani vrtnych a trhacich
praci. Je mozné posouvat usti vrtu bez posunuti paty vrtu a tim optimalizovat vrtné schéma.
Je mozné ménit uhly a azimuty vrtl, délky vrtd a jejich pfevrtani v navaznosti na jejich uhel.

Samoziejmosti programu QX je upnuti Usti vrtu na vrtnou etaz a pfi zaméreni vySky tézebni
etaze, pfesné v zavislosti na sklonu vrtu a jejich azimutl, naplanovat jejich pfesnou délku.

Projekt je mozné planovat v 2D a nasledné prekontrolovat ve 3D modelu. Je zde také
moznost méfit zabér a vzdalenosti jednotlivych vrti mezi sebou v jakékoliv hloubce vrtu.

Obr. 5 — 2D projekt odstrelu Obr. 6 — 3D model projektu
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Optimalni  vrtné schéma je
mozné podpofit zadanim typu

‘ horniny, jejimi  mechanicko-

R R e 2 fyzikalnimi charakteristikami,
LRI e e Can e o an oo ~ typu vrtné soupravy, primérem
B N + vrtd, zamySlenou  pouzitou

& 2 . . trhavinou a zamysSlenym
v - navrhem Casovani s ohl
e R———— s L ni s ohledem na
" ' vyslednou rubaninu a seizmické
e e e e 4 zatizeni okoli.

Obr. 7 — Priklad ¢asovani odstrelu

Program je také schopen

e =8 ,{(wlm : . predikovat seizmické zatizeni

;J!/M‘\\V/;.WMF- ~>W_ﬂ[ v daném mist&, nadmérny rozlet

, m Z ‘ f . za hranici  bezpec¢nostniho

okruhu a také je schopen

\V&Wﬂ));‘ - "Ir;’ V - propocitat fragmentaci rubaniny
7 AWEL I8 e 8 ha zakladé nékolika metod.

“‘""IM'A\W ~¢\‘ N

Obr. 8 — Znazornéni seizmickych vin pfi zvoleném ¢asovani odstielu

- T ——=_Programem je také mozné

O BALPAMGONTI IFISIINERNID

. zmeéfit pocateCni planovany
objem rubaniny a nasledné je
mozné zaméfit pracovisté po
provedeni odstfelu pomoci
GNSS modulu a spoditat
pfesny objem rubaniny. Pro
vypoCet objemu  horniny
vyvinula spole¢nost geo-
konzept specialni program
VolumeX (VX).

Obr. 9 — 3D model stény s vlozenymi vrty
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Po zpracovani projektu v programu QX Ize vrtné schéma vyty€it pomoci GNSS modulu.
Jedna se o pfesnou a bezpec€nou praci pfi navrhovani a vytyCovani odstfelu.

Soucasti tabletu MESA v spojeni s GNSS modulem je také moznost funkce Life profile.
Jedna se o kontrolu planovaného vrtného schéma na misté odstrelu. Lze tedy pomoci
GNSS modulu zobrazit fez prvni fady pfimo v misté pladnovaného vrtu a ovéfit tim
naplanované vrtné schéma v zavislosti na pfesné pozici vrtu.

DalSi ¢asti celého systému je moznost komunikace stfelmistra s operatorem vrtné soupravy.
Lze odeslat vrtné schéma odeslat do vrtaci soupravy, ktera je pfedem vybavena systémem
geo-konzept. Vrtaci souprava je poté schopna sama najet na pozici vrtll pomoci GPS. Jedna
se o systém RiGuide - GNSS Rig Guidance system (RGS).

Tento systém vyrazné usnadfuje praci jak
stfelmistrim, tak obsluze vrtaci soupravy.
Odpada vytyCovani vrti stielmistrem nebo
obsluhou a diky pfesné GPS lokalizaci
usti vrtu jsou eliminovany chyby pfi
vytyCovani a tim zaruCena bezpecnost
' provedeni odstrelu.
K dispozici je analogové rozhrani pro
obsluhu vrtné soupravy. Systém obsahuje
uhlové  senzory, méfeni  hloubky,
zamérfovaci zafizeni (CAN Bus), panel

_ PC, software RiGuide, GNSS kompas

(TCP/IP) a RTK GNSS (TCP/IP).

USTI VRTU A
PATA VRTU V/
SOURADNICICH
XYZ

NAVRH VRTNEHO SCHEMA

. A

3D Model

Obr. 14 — Systém prace s GNSS Rig Guidence

Systém RGS Ize pouzit na AtlasCopco, Sandvik, Hausherr, Furukawa, TM Bohrtechnik
a dalSi vrtné soupravy.

Systém je dodavan ve 3 modulech:

1) Jednoduché zaméfovaci zafizeni.
2) GNSS systém na bazi kompasu.
3) PIna 3D navigace

MozZnosti systému ve VSECH modulech jsou:

Vytvoreni vrtného schéma

Import vrtného schéma (IREDES nebo soubor QuarryX .gxd)

Sbér Strata informaci

Funkce AutoCollect

Vytvoreni zpravy o kvalité vrtani pro import do QuarryX

Upraveni parametru vrta

Online podpora (vyZaduje pfipojeni k internetu)

Snadna vyména dat (e-mail, cloudové webové sluzby, USB)

Automatické zastaveni vrtani, pokud je dosaZzeno poZadované hloubky vrtu
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Obr. 18 — Pfiklad uhybu vrtd

Ynarrpowbarator

NS

Obr. 19 — Priklad nabijeciho planu vrtd

Soucasti systému geo-konzept
je také sonda Blasthole Probe
Mk3 pro kontrolu inklinace
a deviace vrtl. Data ze sondy je
mozné velmi jednoduse
a intuitivné importovat do
projektu, vytvofeném v QuarryX.
Spole€né se zaméfenim vrtd
pomoci GNSS modulu, Ize
vytvofit pfesny nahled odstfelu v
realnych soufadnicich s realnym
prubéhem vrtu.

' Na zakladé takto zjisténych dat

lze  dokonale optimalizovat
nabijeci plan jednotlivych vrtd
v€etné meziucpavek, omezeni
nalozi a zvoleni nejvhodnéjsiho
schéma cCasovani odstfelu s
ohledem na mistni podminky.

Kompletni systém uzavira program Quarry Manager (QM), ktery je ureny pfevazné pro
samotné provozovny a spolecnosti provozujici kamenolomy.

Software umoznuje zaméreni celého kamenolomu v GPS souradnicich, nasledné vytvoreni
pfesného 3D modelu. Do tohoto modelu je mozné vkladat data ze v8ech kompatibilnich
zaméfeni a realizované odstrely. Jak kamenolom, tak spole€nost dodavajici trhaci prace
maji dokonaly pfehled o pozici odstielll, odstfelené ro¢ni kubatury, v€etné sklonu a vysek
jednotlivych etazi. V QM je také mozné planovat rozSifeni lomu, dalSi postupy, vytvoreni
dopravnich cest, optimalizaci skryvkovych praci a celkovou vizualizaci provozovny.
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Benefity systému geo-konzept

Systém geo-konzept je v sou€asné dobé mozné ziskat v€etné QuarryX Connect. Jedna se
o cloudovy systém ukladani a organizace praci. V ramci jedné spolecnosti je mozny pfistup
odkudkoliv s internetovym pfipojenim. Systém umoZzZiuje daleko efektivnéjSi organizaci
praci stfelmistrd a jejich zastupujicich kolegu, jelikoz jsou vSechna data o lokalité, data ze
zaméry pracovisté, projekt odstrelu, informace o vrtani a nabijecim planu véetné ¢asovani
dostupné na cloudovém ulozisti. Stfelmistr ma dokonce moznost on-line kontroly vrtani
pomoci mobilni aplikace. Ta zobrazuje redlny stav vrtnych praci, a dokonce je schopna
podle udaja z vrtaci soupravy zobrazit celkovy smér a uhel vyvrtaného vrtu.

QuarryX
Cloud

Akzuainl

Projekt a vrtne schema

e

Cely systém geo-konzept je modularni (skener, sonda, GNSS, software, RiGuide).
Umoznuje flexibilni pracovni postupy v zavislosti na potfebach zakaznika na zakladé
presnych dat z jednotlivych sekci systému. Systém je kompatibilni se vSemi verzemi MS
Windows: WIinXP — Windows 11. V sou€asné dobé je k dispozici v nékolika jazykovych
mutacich. V roce 2023 se chysta Ceska mutace QX a QD.

Soucasti konceptu je Skoleni zakaznikl a podpora provadéna odborniky a to on-line nebo
v misté zakaznika.

Pouzitim systému geo-konzept je zakaznik schopen projektovat vrtné a trhaci prace
s nejvétsi presnosti, dodrZzovat kontrolu vrtacich praci, optimalizovat nabijeci plan
s ohledem na lokalitu a zamyslené trhaviny, optimalizovat Casovani odstiell s ohledem na
fragmentaci rubaniny a seizmické zatiZzeni okoli a v neposledni fadé provadét trhaci prace
ekonomicky.

Pfipravil: Ing. Petr Konupc€ik }
zastupce spolecnosti geo-konzept GmbH pro CR a SR
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Robbantdasok
rendkiviili koriilmények kozott

prof. dr. Bohus Géza, CSc, Miskolci Egyetem

Eletem legfontosabb munkakére a robbantdsok tervezése és kivitelezése volt. Két év banyamérnoki

gvakorlat utan tettem robbantasvezetoi vizsgat a tatabanyai Bdanyafeliigyeletnél. Jogosultsagom
,mindennemit”’ robbantasi munkalatok tervezésére és vezetésere szolt.

Ebbe az 55 évbe nagyon sok hazai (és szamos kiilfoldi) munka belefért, melyek koziil 8 olyan
munkat valasztottam ki, melyek témaja és kivitelezési koriilményei nem szerepelnek a robbantastechnikai
szakkonyvekben és szakcikkekben.

Ennek a 8 munkanak kettos tanulsaga is van: az egyik, hogy barki keriilhet hozzam hasonlo
helyzetbe. a masik, hogy ezek a példak is alatamasztjak azt a tapasztalatot, hogy jol atgondolt és
felelosséggel kivitelezett robbantassal nagyon sok feladat biztonsagosan megoldhato.
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Rovid szamvetés

Készitettem egy vazlatos Osszegzést is arrdl, hogy mit tudtam tenni a szakmaban az elmolt jo fél
évszazad alatt.

3 szakkonyv tarsszerzdje €s 2 szakkonyv lektora, 3 lexikon szocikk-szerzdje, tovabba 2 egyetemi
és 12 tovabbképzd jegyzet szerzbje — 35 ,,ROBBANTASTECHNIKA” periodika készitdje — 112 szakcikk
szerzbje Onalléan vagy tarsszerzovel — 97 eldadés tartdsa hazai és kiilfoldi konferencidkon — 51
tovabbképzo tanfolyam szervezése és azokon eldadasok tartasa.

9 nemzetkdzi robbantastechnikai konferencia szervezdje — 5 szabadalom tarsszerzdje — 117
kutatasi jelentés és 201 szakvélemény készitdje vagyok — 246 magyaroroszagi telepiilésen végeztem
munkakat, szamos helyen tobbet is — 39 fold alatti banyaban és alagutnal végeztem munkakat — 65
részleges bontasat végeztem robbantassal. (Ebben a felsorolasban még nincsenek benne a kohdszati,
viziligyi, erdészeti, mezdgazdasagi, szeizmikus stb. robbantdsok, valamint a nagyobb — féleg budapesti —
épitkezésnél végzett zaj- és rezgésmérések — dr. Kovats Attilaval és dr. Bu6cz Zoltannal.)

Kiilf61don nem konnyli robbantést vallalni. Nem mintha a f6ldrajzi és fizikai koriilmények masok
volnanak, mint hazankban, hanem a robbantasokkal szembeni igényeket altalaban ugy fogalmazzak meg,
hogy csak az vallalhat idegenben ipari robbantdsi munkat, aki az adott orszag hivatalos nyelvén
levizsgazik az ott hatalyos robbantasi szabalyzatbol. Ez viszont nem konnyii. A megoldas: valamelyik
ismerds helyi szakember felvallalja a munkat, akit mind a tervezésben, mint a kivitelezésben o6tletekkel,
jo tanacsokkal lathatunk el. Igy dolgozhattam Csehszlovakiaban, Szlovékiaban, és Németorszagban
épitmények bontasan. A Németorszagban és az Izraelben dolgoz6é magyar alagutépitdket tervekkel,
miszaki megoldasokkal segithettem.

A katonai munkdk végzése joval egyszeriibb feladat. A laikus szdmara gy tlinhet, mintha
bizonyos orszagokban a hadsereg torvényeken kiviil all6 szervezet lenne. Ilyen érzésem volt Jemenben —
ahol az allamfd fold alatti bunkerének épitését vezettem — és kiilonbozd feladatok végzése soran tobb
afrikai orszagban is Szép feladat volt Egyiptomban a Nilus volgyében htizodd vasutvonal mellett helyet
késziteni a kozeli sziklakban egy Ujabb vaganypar lefektetéséhez — természetesen a vasuti kozlekedés
minél kisebb zavarasaval. Vannak még maradandé emlékeim az Etidpidban, Szomalidban, Irdnban ¢és
Mongolidban végzett munkdimrol is.

. Robbantas a Duna alatt

A ma M2-nek, de korabban Kelet-Nyugati metrd vonalnak nevezett alagut a budapesti Parlament
mellett huzodik a Duna alatt.

Az épités soran az elsd problémat a metan megjelenése okozta a Duna két partja kozelében. A
foly6 medre alatt ugyanis széntelepek taldlhatok, melyek metantartalma a vetokon keresztiil bearamlott
az alagut szelvényébe. A Banyafeliigyelet gyorsan intézkedett: minden villamos berendezést -, igy a
szovjet fropajzsokat is -, sijtolégbiztosabbra kell kicserélni.

Ilyen gépek, berendezések viszont akkor egyaltalan nem voltak nalunk. Mit lehetett tenni? Hossza
lyukakat fartunk és azokon keresztiil lecsapoltuk a metant.

Ekkor wjabb gondok jelentkeztek: az alagit szelvényében 0,8...1,2 m vastag homokk&-padok
akadalyoztdk a furdpajzsok munkdjat. Illyen kdzetben az alkalmazott furdpajzsok leélltak. Mit lehetett
tenni? — A pajzsok vagoéle elott meg kellett robbantani a kézetpadokat. Az igy felapritott kézetdarabokat
mar ki lehetett szallitani. Késébb jottiink ra, hogy a legjobb megoldés, ha az alagit egész szelvényét
kirobbantjuk a kitorés hosszaban (1,0 m-re).

Ebbdl a megoldasbol nagy ijedelem tdmadt és szdmos (felesleges) biztonsdgi intézkedést
foganatositottak. A legnagyobb félelmet a Duna vizének bejutasi lehetdsége okozta. Erre viszont nem
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kertilt sor, mert az alagutak fétepontja flit6tt mindeniitt 10m vastag, j6 mindségli vizzard sarga — réteg
volt.
A robbantasokkal pedig 2m-nél hosszabb repedéseket nem tudtunk létrehozni.

(Az alagutak lyukasztasa utan nagy tinnepséget tartottunk, a beruhdzo6 pedig megajandékozott egy
Zsiguli gépkocsival).

. Alaguthajtas a Gellérthegyben

Budapest egyik fontos latvanyossaga a Gellérthegy, a hegy tetején a Citadellaval. A hegy északi
oldalén a Réc-fiirdd, déli oldalan a Gellért-fiirdd, kozépiitt, a Duna mellett pedig a Rudos-fiirdé talalhato,
melyeket a gellérthegyi forrasok latnak el gyogyvizzel.

Az 1970-es években a fovaros illetékesei ugy hataroztak, hogy a Gellért-fiirdé folotti hotel
alagsoratol indul6 alaguttal 6sszekotik a harom fiirddt és a hotel vendégeit a nekik megfeleld gydgyhatast
firdokbe egy alagttban haladé kisvasuttal szallitjak.

Az alagut-épités legnagyobb akadalyat maga a hegy képezte. Ugyanis annak kdzetanyaga nem tll
tomor, repedésekkel stirtin szabdalt dolomit. A meredek hegyoldal alatt — a Dundval parhuzamosan — egy
fokozlekedési ut htizodik nagy févarosi forgalommal.

A hegy felszinétél kb. 20 m-re épitett, 18m*-es szelvényii alagitban végzett robbantisok
kitagitottak a hegy oldalan 1év6 repedéseket, ami kdzetomlahoz vezethetett.

Ennek elkeriilése érdekében rendszeresen mérni kellett a robbantasok keltette rezgéseket és
figyelni a repedések tagulasat.

A végeredmény: a 800 m hosszusagu alagutat kdézetomlas és forgalom-terelés nélkiil tudtuk
kihajtani.

1. A gellérthegyi alagut
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3. Ureges testek robbantasa

Az ipari robbantasok tervezdéi abban érdekeltek, hogy minél kevesebb robbandanyagot
hasznaljanak. Ezt igényli a kdros kdrnyezeti hatdsok korlatozasa is. De ki lehet véltani a robbandanyagot
valamilyen mas munkakozeggel? Igen, ez pedig az ,,0sszenyomhatatlan” viz.

Viszonylag kevés szerkezet robbantdsanak megkonnyitésére hasznalhatjuk ki a viz eldnyeit.
Ilyenek a zart, vagy konnyen zarttd tehetd, iireges szerkezetek. Annal konnyebb ilyen szerkezetet
robbandssal elbontani, minél kisebb a falvastagsag és olcson all rendelkezésre viz, aminek az elvezetésérdl
is gondoskodni kell.

Tobb ilyen munkank koziil a visontai lignit kiilfejtés utjdban 1évé halmajugrai boraszati tizem
foldbe épitett, kb. Sm x Sm Sm méretli, 25cm falvastagsagu vb. tartalyait emliteném meg. Ezen tartalyok
robbantasos bontasahoz elegendd volt egy-egy, a tartaly kdzéppontjaba helyezett kb. 10 kg-os koncentralt
vizallo toltet felrobbantasa. A vizet a kiilfejtés egyik kozeli vizszintsiillyeszto kutjabol hoztuk at tomlovel.
A vb. dobozok szétnyiltak, a viz szétfolyt és elnyelddott.

A repeszhatas pedig 15m-en beliil maradt.

2. Vékony vb. - falu objektum kinyitdsa koncentralt toltetekkel
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4. Epitmények irinyba dontése

Magas, karcsu épitmények (tornyok, gyarkémények, antenndk stb.) irdnyba dontése —
természetesen pontos tervezés €s gondos kivitelezés mellett — kdnnyen teljesithetd. A kevésbé karcsu
épitmények egy kijeldlt iranyba ugyan elhtizhatok, de irdnyba dontésrdl mar nem beszélhetiink.
Gyakorlatilag ez azt jelenti, hogy a robbantéstél csak annyi varhat6 el, hogy a tormelék nem kozel azonos
szélességben fog elhelyezkedni az épitmény alapja koziil, hanem a kijeldlt iranyban szélesebb, az azzal
ellentétes iranyban kevesebb helyet fog elfoglalni a tormelék.

A tatabanyai aluminium koho timfold-silojat két nagy iizemi épiilet kozé épitették. A koho
bezarasa utan az 01j tulajdonosnak csak a gyarépiiletekre volt sziiksége, a silgjat viszont nem.

A gépi bontas — a sziik hely miatt — szoba se johetett. [gy maradt a robbantasos irdnyba déntés. A
dontés feltételei pedig a kovetkezdk voltak:

A sil6 tetejét bezard vasbeton korong széle az egyik épiilettdl 1,5 a masiktol 2,0m-re volt. A
szerzddésben kikototték, hogy az épiiletek nem sériilhetnek! (Ezt a feltételt jol teljesitettiik: a szomszédos
épiileteknek még az ablakai sem tortek ki).

. i';d'-'.(A'.

. 1 0 [
vl..’”--" “

3. Egy sil6 iranyba dontése sziik helyre
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5. Csé6horgonyzas robbantasos rogzitéssel

A robbantéssal rogzitett horgony abbol a felismerébdl sziiletett, hogy a flirolyukba helyezett cs6
végét robbantassal kitagitva a lyuk kioblosodik s ha ezt a kitagult lyukvéget injektaljak, olyan rogzitést
lehet létrehozni, hogy a horgony a csd szilardsagénak értékéig terhelhetévé valik. Ennek a horgonynak a
miikddése, a horgonyzasi eljaras legfontosabb jellemzdi és elonyei az alabbiak:

Az els esetben a cs6horgonyt a kdzet tulajdonsagainak megfeleld nagysagu toltet elrobbantasaval
elért kioblosodés rogziti €s igy, mint ,,pontrogzitésti” kdzethorgony mitkddik.

Injektalas esetén a robbantds utan a kdzetrepedésekbe a cséhorgonyon keresztiil kdtéanyagot
injektalnak és ennek megszilardulasaval teherviseld kézetkdpeny alakul ki. A kézetcsavaron keresztiil
torténd kotdanyag-injektalas a kdzetkopenyt monolit-szerkezetté alakitja. Ezaltal a kdzet kiilonallo
rétegeit egymassal 0sszekapcsolja és igy novelhetd a teherbirasa.

A robbantéssal rogzitett csOhorgony szinte minden kdzetben alkalmazhat6: a puha agyagtol a
kemény mészkoig. A robbantas egyuttal tomoriti a kzetet, amely hatas elsdsorban laza, iireges kozetek
esetében jelentds. A cs6horgony azonnal teherviseld, ellentétben a ragasztott horgonyokkal, melyek a
beépités utan csak kb. két 6ra mulva teherbirok.

A csObdl késziilt horgony felhasznalhatd injektalas céljara is. Az injektalds hatasfokat —
hatdsugarat — novelni lehet a toltetsuly emelésével, illetve ennek eredményeként a robbantdlyuk koriil
kialakithato novekvo repedésrendszer segitségével. A kornyezd kdzet szilarditasat nagyban szolgélja az
erre alkalmas anyaggal végzett nagy nyomasu injektalas, mely a repedések, a kdzetben meglévo vallapok,
réteglapok kozott kapcesolatot 1étesit. Az igy szilarditott kdzet nagy hatékonysaga biztositasi rendszert
alkot a vagatot 6vez0 kdzettdmegben.

A cs6horgony méretezési szempontjai eyrészt megegyeznek mas tipusoknal kovetett elvekkel,
masrészt a gyakorlati alkalmazas tapasztalatai alapjan alakithatok ki. A csOhorgony szakitészilardsaga a
csO atmérdjének, falvastagsaganak, illetve anyagi mindségének valtoztatdsaval modosithatd. A
robbantassal rogzitett cséhorgonyok a végzett 6sszehasonlitd tehervizsgalatok szerint a miigyantaval
ragasztott horgonyokkal egyenrangtiak. Teherbirasuk a cs6 méreteitdl és a rogzités utani kezelés modjatol
fiiggden valtozik (pl. 25,4mm atmérdju esetén 50...150 kN).

Az injektalt csOhorgony esetén a szétrobbantott esdvéget kitolti az injektalt anyag, amely
megakadalyozza a szétnyilt csOpaldst visszahajlasat. Az utobbi horgonyok engedékenysége csupan a
csOanyag megnyuldsdbol adddik, tehat ezek merevek és adott terhelésen til a menetes résznél
elszakadhatnak.

A budapesti 3-as metrovonal Vici Uti szakaszan az alagit szelvényét hatarolo résfalakat ilyen
modon horgonyoztuk hatra 20...22m hosszu, 80...100mm atmérdji acélcsovek felhasznéalasaval. Ezaltal
feleslegessé valt a tdmfalakat egymasnak feszitd gerendak beépitése. (A metréos munkat Greschik
professzorral, a banyabeli munkdkat Dorogi Kérollyal, a Dorogi Szénbanyak fomérndkével végeztiik
Lencsehegyen).
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6. Vasiti feliiljaré bontasa a Miskolc-Kassa kozotti vonal folott

A feladat megoldésat gépi bontasra tervezték - , a vonatokat ideiglenesen autobuszokkal kivaltva.
Miutan engem is felkértek ajanlat-tételre, elhataroztam, hogy egy kiilonleges robbantdsos bontast
fogunk alkalmazni.

A feladat 1ényege az volt. hogy a hidbol csinaljunk két tartot tigy, hogy a hosszanti vb. gerendak
acél szalait a hid kozepén robbantéssal atvagjuk. A pilléreket hatul szabadda tessziik és a vasuti sinekbdl
Osszeallitott tartot folddel leterhelve a hidat kettévagd robbantés hatasara a pillérek hatra dlnek.

Egy ¢éjszaka — vonatmentes idOben, kis zajjal-, elvégeztiik a robbantast (Onga kdzség kozelében)
ugy, hogy az elsd, Kassarol érkezo vonat késés nélkiil haladhatott 4t a hid darabjai kozott.
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4. Vasuti feliiljaré robbantasa
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7. Tartooszlopok beépitése metro-allomasokon

A budapesti 2-es és 3-as metrovonal egy-egy allomasan 50-100 oszlop tartja a fotét, melyek egy
talp — és egy fejtard kozotti kapcsolatot teremtenek meg. (A tarokba nagy szilardsag vb. gerenddkat
épitettek).

A tartooszlopokat a kbézet magjaban (f6 tomegében) helyezték el alulrol készitett, un.
feltorésekben. (Ez a munka nemcsak hosszadalmas, de baleset-veszélyes is volt).

A megoldast a robbantasban talaltam meg.

A felso tarobol 14db kissé kifelé iranyitott, a kozet vastagsaganal 0,3m-rel rovidebb lyukat fartunk,
tovabba egy fiiggbleges lyukat az igy koriilhatarolt tomb kozepébe. A tomb szélein furt lyukba
NIPENTEX robbanozsinort, a kozépso lyukba pedig 0,3kg PAXITOT helyeztiink.

A robbanozsinérral athasitottdk a lyukak kozotti kdzetet, a Paxit pedig felapritotta a csonkagula
formaju kozettestet. Az also taroba betolt csillébe hullott a kézettdmbnek kb. a fele.

Ezzel a mddszerrel nem csak gazdasagosabbd, hanem sokkal gyorsabba és biztonsagosabba valt a
talp-¢s a fejgevonala kdz¢é behuzott tartéoszlopok helyének kialakitasa.
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5. Feltorés készitése metro allomasok oszlopaihoz
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8. Idegenek behatolasa lezart robbantasi teriiletre

Senkinek sem kivanom, hogy atéljen olyan eseményt, ami nekem adatott a budapesti SIEMENS-
gyar irodahaza melletti lakoépiilet robbantasos bontdsa soran.

Az Ot szintes, belsé udvaros, zart tégla-épiilet az északi faldval az irodahaznak tdmaszkodott.
Ahhoz viszont, hogy onnan el lehessen huizni a kb 70m hosszu oldalfalat, az épiilet két végét elozetesen
el kellett bontani. (Kézi szerszamokkal elvalasztottuk, majd péntek délutan a bels6 udvar felé bedontottiik
robbantassal. Szombaton elszallitottak a sittet, mi pedig felkésziiltiik a vasarnap 15 oréara tervezett
nagyobb robbantasra -, ami az épiilet hosszanti iranyu falainak egymassal szembeni behuizasat jelentette).

A sziikséges biztonsagi intézkedések (az épiilet atvizsgalasa stb.) megtétele utan, elvégeztiik a
toltést, kialakitottuk a repeszvédelmet és védtiik a robbantasra el6készitett lezart épiiletet. (Természetesen,
hogy elézetesen nem csak a gyar illetékeseivel, hanem a kornyékbeliekkel is egyeztettiik és kihelyeztiik
a figyelmeztetd plakatokat).

A probléma akkor keletkezett, amikor a gyar veliink egyeztetd alkalmazottja kozolte velem, hogy
a vezérigazgato is szeretné megnézni (s6t, a szemben 1év gyarépiilet tetejérdl videozni is) a robbantast,
de kozlekedési akadalyok miatt késni fog. Kérte, hogy 3 6rardl — a sziikséges mértékig — halasszuk el a
robbantést.

Természetes, hogy a kérést teljesitve varakoztunk. A Gizella utcai oldalrél néztiik a még allo
épiiletrészeket, amikor a déli épiiletrész masodik emeleti fiiggd folyosdjan megjelent egy ember piros
felsérészben. Elképzelhetik, hogy azonnal megallt bennem az iitd.

Minden segitdmet a robbantand6 épiiletrészekbe kiildtem, azoknak ujbdli alapos atvizsgalasara.
Talaltak is két 30 év koriili, kissé sokat napozott embert, akik arra a kérdésre, hogy mit keresnek az
épiiletben? — Azt a valaszt adtak, hogy ugy tudtak, hogy vannak még réz drétok az épiilet falaiban, azokat
gylijtotték ossze. Es az sem tiint fel nekik, hogy mindeniitt ki volt plakatolva a 3 6ras robbantas — és mar
elmult 3 d6ra-, mert kidertilt, hogy 6k analfabétak voltak!?

(Az esetet késObb ismertettem egy gyakorlott biintetd birdval. A valasz: még jo ligyvéd mellett is
min. 5, max 8 év bortonre szamithattam volna, ha a Siemens-gyar vezérigazgatojanak késése miatt nem
kellett volna elhalasztanunk a robbantast).
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6. Fotok a budapesti Siemens-gyari torténethez
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Utészo

A Dunai Vasmi, vagy DUNAFERR a legnagyobb kohaszati iizem Magyarorszagon. Ez a cég a
gyakori robbantasi feladatokat sajat robbantdcsoporttal végezte a gyar privatizaciojaig (még sajat, nagy
kapacitasu robbantdanyag raktarral is rendelkeztek).

Mindaddig, amig a Kassa melletti U.S.Steel nem vasarolta meg a kombinatot, addig gyakran
kaptam én is kiilonb6z6 robbantasi feladatokat a Dunaferrtél. Ezt kovetden viszont Eduard WEISZER
baratommak kellett minden robbantdst megtervezni €s kivitelezni ugy, mint a kassai kombinatban.

A motani — ukran — orosz tulajdont — kombinattdl ismét kaptam feladatokat, de ezeknél mindig
szamithattam E.W. szakértelmére, tapasztalataira. Ezt a kivald szakmai €s barati egyiittmiikodést szertném
illusztralni az utolséd fotoval, ahol a II. kohoban sikeresen befejeztiik a mintegy 550t tomegii ,,medve”
robbantasos felapritasat. (A képen 4ll6 harmadik személy Hevesi imre kohdémérndk, a munka
koordinatora).

7. Dunatjvarosi csoportkép (B. G. — Eduard WEISZER és HEVESI Imre)
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AZ ERZEKETLEN ROBBANOANYAG-II?,ABI TERMEKEK ES ALKALMAZASUK
LEHETOSEGEI!

INSENSITIVE EXPLOSIVES PRODUCTS AND THEIR APPLICATIONS
Norbert DARUKA Ph.D?

Kivonat:

Az elmult évtizedekben a robbandanyag gyartdas nagy valtozdsokon ment keresztiil.
Uj robbanéanyagok jelentek meg a piacokon a banyaszat igényeit, a robbantdsos épitménybontas
igényeit, illetve az egyéb ipari robbantési feladatokhoz sziikséges igények kielégitése miatt. Sajnos
az elmult évek katonai cselekményei arra is ravilagitottak, hogy a hadi alkalmazas teriiletén is
folyamatosan végezték ezeket a fejlesztéseket. Az j robbandanyagok lehetdséget biztositanak a
minél gazdasagosabb és hatékonyabb robbandanyag felhasznalas elérésére. A gazdasagossag mellett
a modern robbanoanyagok alkalmazhatosagat azok kezelhetdsége is jelentdsen befolyasolja. Célom,
hogy bemutassak néhany olyan érzéketlen robbandanyagot, amelyek a piacokon kevésbé ismertek,
ezzel is eldsegitve a szakteriileten dolgozok munkajat.

Kulcsszavak: robbandoanyag-ipar, érzéketlen robbandanyag, robbantdstechnikai innovdcio.

Abstract:

Explosives manufacturing has undergone major changes in recent decades. New explosives have
appeared on the market to meet the needs of the mining industry, the demolition of structures by
blasting, and other industrial blasting tasks. Unfortunately, the military actions of recent years have
also highlighted the fact that these developments have been continuously made in the field of military
applications. New explosives offer the opportunity to achieve the most economical and efficient use
of explosives. In addition to economics, the usability of modern explosives is also significantly
influenced by their handling. My aim is to present some of the more insensitive explosives that are
less well known on the market, to help those working in the field.

Keywords: explosives industry, insensitive explosives, explosive innovation.

INTRODUCTION

Researchers into the history of the development of explosives and detonators have many theories and,
in some cases, evidence about the date of the first ,,deliberate” detonation in history. Many may
consider this research as a passé and keep coming up with new theories to disprove the previous
hypothesis. What can be proven at present is that explosives began to be used in military explosive
devices, artillery shells, in the second half of the 19th century.

In 1887, the Frenchman Eugen Turpin introduced Melinit, a picric acid-collodion base, and the
French army systematically used Turpin's artillery ammunition with picric acid explosive charges.
During this period, the British Army used a military explosive known as Cordite Mark I or CSP?, as
did the British Lyddite, the Russian Silotwor, the Austro-Hungarian Monarchy's Ekrazit, the Japanese
Simoze and the German Sprengkorper. [1]

Used as a yellow dye in 1863, trinitrotoluene, or more commonly known as Trotyl, was only
introduced into the explosives palette at the turn of the century, but thanks to its properties, the
German military industry started using it as early as 1902 to charge artillery shells and high explosive
mortars.* “It was first used for military purposes in the 1905 Russo-Japanese War, the US began
using it in 1912, and in World War 1, it was a regular explosive of all belligerents.”> The demand for
treatment-proof TNT was so great that the production processes could not keep up. Experiments with

' NECITLIVE VYBUSNINY A ICH POTENCIALNE POUZITIE.

2 Ph.D graduate of military engineering, Obuda University, Banki Donat Faculty of Mechanical and Safety Engineering;
ORCID: 0000-0002-7102-1787. E-mail address: daruka.norbert@bgk.uni-obuda.hu

3 CSP - Cordite Smokeless Powder.

* The TNT-charged armour-piercing shells were capable of exploding on the other side of the armour, while the picric
acid-charged armour-piercing shells used by the British at the time were already effective on the outside of the defences.
This wasted much of the energy of the explosion. Therefore, in 1907, the British forces also switched to TNT.

5 LUKACS (2008) p.20.
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mixed explosives then began, and in 1915 Amatol, a mixture of trinitrotoluene and ammonium nitrate
in the right proportions, was created in England. This substance had the properties needed to replace
pure TNT-based explosives in projectiles.

After the turn of the century, and unfortunately also drawing on the experience of the First World
War, the development of explosives was characterised by an increase in the basic knowledge of
explosives, a better understanding of the explosion phenomena and the continuous development of
explosives and detonators. There are many examples of developments, experiments and various
attempts, so to speak, which have contributed to the development of explosives with varying degrees
of success. In addition to the thousands of experiments, there were, of course, examples of
unsuccessful attempts, but these usually ended in serious or fatal injuries to the people involved.

On April 16, 1947, an explosion in the port of Texas City occurred in what has been recorded as
one of the world's deadliest industrial accidents. The accident occurred aboard a French Liberty ship
named “Grand Camp”, loaded with 2,300 tons of ammonium nitrate (FGAN - Fertilizer grade
ammonium nitrate). A fire in the hold caused the entire surface of the material to catch fire and
detonate.

The unfortunate event and its terrible consequences were compounded by the fact that the
ammonium nitrate and other cargo (peanuts, tobacco, twine, bunker oil) dispersed by the explosion
continued to burn and the fire from the further reactions spread to nearby industrial sites and power
plants. “The explosion caused a fifteen-metre tsunami wave that hit the dock and flooded the area.
Windows shattered in Houston, 40 miles to the north, and the blast was felt 250 miles away in
Louisiana.” [2]

The explosion on the “Grand Camp” ship and its catastrophic effects had not even been realized
when the ship “High Flyer”, which had suffered minimal damage in the previous explosion, blew up
less than an hour after midnight. This explosion was to be expected, as it was reported that attempts
to tow the ship further away from the harbour in an attempt to reduce the damage were unsuccessful.
The most important thing about the subject of the publication was that the ship was carrying about
1,000 tonnes of ammonium nitrate fertiliser in one hold and 2,000 tonnes of sulphur in the other two
holds. This is important because ammonium nitrate becomes much more volatile when combined
with sulphur. This explosion was expected, but it still killed 2 people and caused further damage to
the port.® Investigations have concluded that the spread of the ammonium nitrate explosion on the
“Grand Camp” ship to industrial areas led to the incident becoming a major disaster.” [2]

On 23 July 1947, the Norwegian cargo ship “Ocean Liberty” arrived in Brest with 3,160 tons of
ammonium nitrate and 300 tons of oil after crossing the Atlantic. As in the previous cases, smoke
was detected in the enclosed hold of the ship and attempts to extinguish it were unsuccessful, but the
explosion occurred. The beach near the harbour was flooded by a tidal wave as a result of the
explosion, adding to the death toll. In total, 22 people died in the accident, 4 people were missing and
hundreds were injured. At the time, it was not known that ammonium nitrate was dangerous in itself,
that it could boil, catch fire and cause an explosion without any external effect.® [3]

These were the tragic initial events that led to a profound revolution in explosives handling as a
technology. In the middle of the 20th century, it was not yet known that the loading of ammonium
nitrate from dryers into bags and the accumulation of large quantities of it - like a ship's hold - would
promote self-accelerating decomposition, culminating in detonation.

Following the disasters, research into the safe handling of explosives accelerated.

® The explosion destroyed the pier and several nearby grain trains, as well as the ship “Wilson B. Keene”, anchored at
“proper” distance and loaded with thousands of tons of flour. It could not be determined afterwards what was damaged
in the first and what in the second explosion.

7 Around 581 deaths were reported, of which only 405 bodies were identified. This tragedy led to the first case brought
against the US government for its negligence under the then newly enacted Federal Tort Claims Act.

8 On 15 December 1954, the civil court in Brest upheld the liability of the US ammonium nitrate producer. In 1957, the
Court of Appeal of Rennes upheld the verdict on the grounds that in 1947 it was not scientifically known that ammonium
nitrate was inherently dangerous, that it heated up and that there was a risk of ignition and explosion.

93



Some of these studies have also found that combustible additives and packaging can contribute
to, or even increase, the hazards of explosives. Further studies have led to the introduction of safe
handling practices.

INSENSITIVE EXPLOSIVES

The demands of military and industrial use of explosives have required the development of explosives
that can withstand external environmental influences. The primary objective was to increase safety,
whatever the application.

There are two general approaches to developing insensitive explosives to meet the relevant
criteria. The first is the production of polymer bonded explosives (PBX), in which the energetic
component is embedded in a flexible polymer matrix. The other method is to use intrinsically fewer
sensitive components such as 1,3,5-triamino-2,4,5-trinitrobenzene (TATB - triaminotrinitrobenzene)’
or 3-nitro-1,2,4-triazol-5-one (NTO - nitrotriazolone)'?. [4] In the following, I will only deal with the
second issue.

The resistance of explosives to external influences can be achieved by adding an additive
(phlegmatizer) that renders the explosive insensitive or less sensitive to the effects of heat, shock,
impact, friction or rubbing. Some of the most common phlegmatizers used in manufacturing
processes include wax, paper, water, polymers (such as chlorofluoropolymers), alcohol and some
types of oils (such as paraffin and petrolatum). [5] The phlegmatizers listed are of course not the only
solution to the process of desensitizing an explosive, as there are many methods, manufacturing
processes and additives that can produce the desired effect. The listed substances are more relevant
in terms of economy and ease of use.

In manufacturing processes, some types of explosives are so highly phlegmatically that the
detonation can only be triggered by another explosive, known as a primer. According to the ADR
2021 (Agreement concerning the International Carriage of Dangerous Goods by Road), such
substances are classified as Highly Insensitive Explosives (UN 0482), “substances which, although
they present a mass explosion hazard, are so insensitive that there is very little risk of initiation or of
transition from burning to detonation under normal conditions of transport.” [6]

Trotyl as an explosive has been used in a number of applications over the past decades, both
alone and as a mixture. It was one of the preferred explosives of the military industry until toxicity
and sensitivity problems associated with certain TNT-based melt-forming formulations caused TNT
to fall out of favour, primarily with Western armies. With this change, the way was opened for
developers and organisations investigating various alternative solutions and new materials were
introduced to the explosives market. Before describing the potential applications of insensitive
explosives, let us first look at the latest explosives in this field.

& FOX-7 - DADNE, chemical name 1,1-diamino-2,2-dinitroethene

FOX-7 is an insensitive brilliant explosive produced at the Swedish Defence Research Agency
(SDRA) in 1998. It is stoichiometrically!! equivalent to RDX'> and HMX!'3 but structurally

9 TATB is a very powerful explosive - on a par with Hexogen and Trotyl - but is extremely insensitive to shock, vibration,
heat and other environmental effects. Because it is very difficult to detonate accidentally, even under severe conditions,
it is preferred for applications where extreme safety is required, such as explosives used in nuclear weapons, where an
accidental detonation during an aircraft crash or missile failure would pose extreme dangers.

0NTO is a brilliant, odourless, powdery or crystalline, granular explosive. Its colour ranges from off-white, yellowish
beige to light yellow. First identified in 1905, its explosive properties were not investigated until the 1980s. The substance
is gradually being used in new explosive formulations such as IMX-101, a new, safer alternative to TNT.

! Stoichiometry is the part of chemistry that deals with the laws of mass and volume relationships in chemical reactions.
Stoichiometry also includes the calculation of density, molar mass and volume, melting and boiling points, etc. of
chemical substances.

12 RDX, also known as cyclonite or hexogen, is an explosive nitramine widely used in industry and warfare. In its pure
state it is a white, crystalline substance. It is stable, easy to store and one of the most powerful explosives.

13 HMX, also known as octogen, is an explosive nitramine used more narrowly in industry and the military. In its pure
state it is a white crystalline substance. It is stable, easy to store and one of the most powerful explosives. Not on its own,
it is mostly used in explosive mixtures.
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dissimilar. As regards the properties of the explosive, reference can only be made to the data given in
the [4] Technology Report. The density of the explosive has been determined by various methods:
crystal density 1.878 g/cm3 [7]; powder fraction 1.885 g/cm3 [8]; gas displacement'* 1.86-1.87
g/cm3. The detonation velocity measured under laboratory conditions is 8335 m/s at a density of
1.756 g/cm3. [4]

FOX-7 is poorly soluble in common organic solvents and water, but readily soluble in dipolar-
aprotic solvents'> such as acetone. To explore the substance on a broad scale, the developers
conducted comparative studies with RDX as another explosive. Small-scale sensitivity studies were
carried out by Defence Science &Technology Organisation (DSTO) comparing fully pure and
crystallised samples of FOX-7 with samples of hexogen.

TEST FOX-7 RDX
Rotter Impact (Fofl)'® 110-140 80
Drop weight Impact (cm)"’ 126-159 (recrystallisation) 38
BAM Friction (N)'® 168-288 120
Electrostatic spark discharge (J) O,jés(lgifril;triliril())n) ()’jés (flifrilgri(i)tril())n)
Vacuum Stability (ml/g)"’ <0,1 <0,1
Temp, of Ignition (°C) 226 223

Table 1 Summary of results of sensitivity and hazard testing [4]

The values shown in Table 1 clearly demonstrate that the sensitivity of FOX-7 is significantly
higher than the known values for Hexogen. However, there is no data available and no interface is
yet available to show how its production cost and economics compare with other insensitive
explosives already in use. Since it is made from commercially available products and its production
is unproblematic, it is expected that its cost-effectiveness could improve as it becomes more
widespread. However, it is already reported in various sources that the military industry will be the
target audience that may require the continuous production of the new explosive and its application,
in particular in insensitive munitions. Several military research centres are testing its properties,
looking for even fewer sensitive explosives that can be used more safely.

& FOX-12 — GuDN, chemical name N-guanilurea dinitramide

An insensitive, white, crystalline powdered brizant, a high explosive.

The explosive was discovered by SDRA chemist LANGLET Abraham and patented in 1997.
Because of its production costs, it is commonly used in mixtures, as are insensitive explosives with
similar properties. After initial experiments, it was used in car airbag cartridges (like gunpowder)
mixed with KNOs-potassium nitrate as a strong oxidising agent. Depending on the manufacturer, it
is also found in the same field mixed with Cu(NO3), copper nitrate.

14 Helium pycnometry - uses the principle of gas displacement to accurately measure volume. Inert gases, in this case
helium (possibly nitrogen), can be used as a displacing medium. The sample is sealed in an instrument chamber of known
volume, the appropriate inert gas is allowed to enter the chamber and then expanded to another precision internal volume.
Comparison of the pressure measured when the sample chamber is filled and the measured pressure of the gas released
into the second, empty chamber allows the volume of the solid sample to be calculated.

15 Dipolar-aprotic solvents: DMF, DMA, DMSO, HMPTA. They have in common that they are mostly difficult to release
their hydrogen bound to carbon; their dielectric constant is greater than 15; they solvate cations well, anions less well.

16 Figure of Insensitivity: the inverse scale of the impact sensitivity of an explosive. In this particular context, the term
“insensitivity” refers to the probability of initiation/explosion due to impact, friction, electrostatic discharge, flame, etc.
It is the quantitative measure of the stimulus level required to produce explosive decomposition.

17In a 2 kg BAM drop-weight device.

18 Julius Peters test in a BAM friction apparatus.

19 Determination of the gas evolution of a sample kept at 100 °C for 48 hours.
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It is not only found on the market mixed with oxidants, but also with other explosives. The Trotyl
—FOX-12 blend, when mixed in equal proportions, forms a melt-pourable explosive that is used as a
preferred explosive filler for high calibre projectiles, bombs, mines and torpedoes. This material is
known on the market as GUNTOL, but is also known as GUANTONAL. GUNTONAL is the version
containing 15% aluminium. [9] Aluminium powder is also used in other explosive mixtures to achieve
a more stable detonation wave and to increase the detonation velocity. [5]

For mixtures, even higher performance can be achieved by adding PETN?’, RDX or HMX as
solid filler to FOX-12 explosives. Although the performance of these mixtures is outstanding, they
cannot be used in precision weapon design as they do not meet the requirements for insensitive
munitions (IM) due to their sensitivity. Attempts have been made to reduce the already low impact
sensitivity by adding wax, paraffin or petroleum jelly, possibly other inert components, but no
credible evidence of this working has been found.

There is little information available regarding the amount of JD-X, or HNS?! as it is more
commonly known, used in FOX-12 blends, but it is confirmed that 0.5% HNS is added when TNT is
cast to form irregular microcrystals in the TNT to prevent cracking. The material therefore drastically
reduces the risk of cracking by making the macro structure stronger, making it suitable for use as the
main charge in artillery shells. [10]

& DNAN - 2.4-Dinitroanisole

A low-sensitivity, very slightly soluble in water, pale yellow, granular - crystal or needle-like -
organic compound. Due to its low sensitivity, it is under continuous investigation as a member of a
new class of low-sensitivity melt castings. For the reasons described above, it has been investigated
and developed as a suitable alternative to Trotyl.

As a first step in the tests, the blend was formulated to match the composition of Composite B -
i.e., RDX/TNT (60/40) - by directly replacing TNT. This material was tested as ARX-4027% and
contained 39.75% DNAN, 0.25% MNA and 60% RDX. In the second step, in order to achieve
maximum insensitive properties, DSTO produced the formulation ARX-4028 in-house, containing
29.75% DNAN, 0.25% MNA?? and 70% NTO. For the third formulation, ARX-4029, the aim was to
increase the explosive properties of the material compared to the previous ARX-4028. Therefore, the
composition of the formula contained 29.75% DNAN, 0.25% MNA, 65% NTO and 5% RDX. To
illustrate the results of the comparative tests, the fourth formula was a basic Composite B, i.e., 60%
RDX, 40% [TNT+(1% wax)]. [11]

Based on the results of the measurements carried out, it was concluded that DNAN has the
potential to replace TNT in the described materials, melted, cast explosive formulations. “Although
its thermal properties are (arguably) not as ideal as those of TNT for processing in current melt
casting equipment (e.g., higher melting point), it should not be expected that no insurmountable
obstacles to its implementation have been found.”** As the chemical compatibility of the material
with the listed components has been shown to be satisfactory, there is no obstacle to the use of DNAN
by the military industry as an alternative to Trotyl. [12]

The test results shown in Table 2 also confirm that there were no significant differences in the
impact assessments of DNAN-based explosives.

This can be seen in the thermal tests, friction values and electrostatic discharge values. Taking
into account the results, it can be concluded that the explosives tested (ARX formulations) do not
become sensitive to different stimuli and are able to withstand temperature changes.

20 PETN, or TEN - pentaerythritol tetranitrate, better known as Nitropenta.

21 JD-X (HNS) - hexanitrostilbene. Yellowish-orange solid, heat-resistant high explosive. It is produced by oxidation of
TNT with sodium hypochlorite solution. HNS boasts a higher thermal sensitivity than TNT and is similarly insensitive to
impact.

22 ARX - Australian Research Explosive.

23N - Methyl-4-nitroaniline (MNA) is used as an additive to lower the melting point of energetic materials in the synthesis
of insensitive explosives. This chemical is commonly used as an intermediate in the synthesis of dyes, antioxidants,
pharmaceuticals and gasoline, in rubber inhibitors, poultry pharmaceuticals and as a corrosion inhibitor.

2 PROVATAS (2006.) p.3.
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According to the material test documentation®’, “accelerated ageing studies show that explosives

cast from DNAN melts are more effective than conventional TNT-based explosive charges such as
Composition-B.” With their insensitivity to various stimuli and effects - shock, impact, impact - and
their thermal properties, these compositions are perfectly suited to replace TNT and would therefore

be suitable materials for filling insensitive munitions.

PROPERTY DNAN ARX-4027 | ARX-4028 | ARX-4029 | Composition B
Velocity of detonation (m/s) 5344 7398 7179 7487 7843
Rel. Det. Pressure (GPa) 9,49 22,47 20,84 22,01 24.5
Critical diameter (mm) 47,5-50,8 9,3-11,8 44,0-50,8 38,1-44,0 3,0-4,0
Density (g/cm’) 1,54 1,68 1,76 1,77 1,72
Shock sensitivity (GPa) 7,02 2,62 8,14 5,21 2,69
Gap material is polymethyl 13 47 13,5 214 45.9
methacrylate. (mm)
THERMAL (DSC) DNAN ARX-4027 | ARX-4028 | ARX-4029 | Composition B
Melting point (°C) 95,1 91,07 95,8 90,86 80,6
Decomposition 350 236 262 258 220
point (max, °C)
SENSITIVENESS DNAN ARX-4027 | ARX-4028 | ARX-4029 | Composition B
Rotter Impact (Fofl) >220 160 200 200 140
BAM Friction (N) 160 288 324 288 108
Temp, of Ignition (°C) 347 220 227 205 212
Electrostatic spark
discharge (J) 4,5 4,5 4,5 4,5 4,5
Vacuum Stability (ml/g) 0,02 0,2 0,37 0,33 0,15

Table 2 Explosives test results®

I think it is important to note that the replacement of Trotyl by DNAN has not been justified
exclusively by the Australian DSTO. The suitability of explosive charges cast from molten metal has
also been investigated by BAE Systems in the USA. “...the US Army has begun to phase out the use
of TNT in artillery. The replacement, which is currently in continuous production, is called IMX-101
and is much safer to handle and store than TNT, while being equally effective on the battlefield.”*
The IMX-101 is part of a new, next-generation family of Insensitive Munition technologies that uses
new IM explosive components such as NTO and DNAN. To be more precise, it consists of 2,4-
dinitroanisole (DNAN - 43.5%), nitrotriazolone (NTO - 19.7%) and nitroguanidine (NQ - 36.8%).

IMX-104 has also been tested, but the information currently available is not yet public, and the
product is only known to contain DNAN, NTO and RDX. If the samples described above are taken
as a basis, it is likely that the difference between the explosives is simply a matter of the military
product they are intended to be used as a charge in.

& JD-X (HNS) — hexanitrostilbene

Trotyl is produced by a one-step process using sodium hypochlorite solution oxidation as a
starting material. The very fine yellowish-orange crystalline material recovered from the reaction,
which has been purified exclusively from impurities, is known as HNS-I. A free-flowing solid*® with
a larger particle size and higher bulk density, obtained by recrystallisation of HNS-I, is HNS-1I?. [13]

23 PROVATAS (2014.) p.21.

26 Table edited by the author based on PROVATAS (2014) p.5.

27 Source: BAE Systems: https://www.baesystems.com/en/feature/making-explosives-safer; text on website translated
by the author.

28 Free-flowing solids have similar properties to liquids and can immerse a person, preventing breathing. These solids
include grain, sugar, flour, sand, coal dust and other powdery or granular materials such as gravel or soil. They are also
known as quicksand.

2 According to much of the available literature, there is only one crystalline form of HNS, from room temperature to its
melting point.
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It is a very strong thermally stable explosive - it has a higher thermal sensitivity than TNT - and has
excellent parameters for sensitivity testing. The explosive is also used in the casting of TNT, as

mentioned for FOX-12, to prevent cracking.

Not only its insensitivity and excellent explosive properties, but also its thermal stability (up to
260°C permanently) have made it suitable for use in the Apollo programme

experiments on the Moon. [14]

30

and in seismic

IDENTIFIERS FOX-7 FOX-12 DNAN JD-X
CAS-number 145250-81-3 217464-38-5 119-27-7 20062-22-0
Chemical C2HaN4O4 C2H7N70s5 C7H6N20s C14HeN6O12
Jormula
Molar mass 148,08 209,122 198,134 450,23
Density 1,885 g/cm? 1,760 g/cm? 1,336 g/cm? 1,7 g/em?
Melting point 238 °C 225 °C 945 °C 316 °C
Detonation 8335 m/s 8235 m/s 8436 m/s 7000 m/s
velocity
o HE,
F A~ 3 NH O NGy T e
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Table 3 Insensitive explosives that can replace TNT

Having described these insensitive explosives - which in many cases can be used as a substitute
for Trotyl, for example - let us look at the fields and devices in which they can be used, until a new
explosive with better parameters is developed.

THE POTENTIAL USE OF INSENSITIVE EXPLOSIVES

The field of application of the explosives described is mostly limited to the military industry, as the
parameters of these products are well suited to the requirements of the various types of explosive
devices. The development of insensitive explosives, as I mentioned in the introduction, has mostly
been the result of the test results following disasters. As with insensitive explosives, the development
of insensitive munitions has been required in response to unexpected events, explosions that have
claimed lives and damaged combat vehicles. There are innumerable examples of explosive devices
that were more sensitive to heat and/or mechanical shocks being triggered, setting off a chain reaction
that claimed human lives. In the Gulf War, for example, much of the damage to combat vehicles was
caused by their own munitions (ammunition) load, triggered unintentionally by unwanted stimuli.
The unintended reactions (explosions) did not even necessarily have to occur directly during the
fighting. This is also important because under normal conditions of use these explosive devices and
munitions are effective, as they are very unlikely to spontaneously detonate despite the dangerous
nature of the high explosives they contain.

I have given the above example deliberately, since the proprietary ammunition stored in combat
vehicles is subject to increased stresses due to the impact of an enemy projectile. If even one is fired
it can trigger additional ammunition, which can result in the destruction of the entire stockpile, the
operating crew and the combat vehicle.

The options to reduce these reactions to the greatest extent possible are to reconfigure the
ammunition compartments of the combat vehicle or to package and separate the ammunition with
materials that prevent the reaction from occurring. The problem in this case is the loss of the balance
between safety and effectiveness, since the way to increase safety is to reduce the quantity of

30 Apollo Lunar Surface Experiments Package.
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ammunition. It was this problem that prompted researchers to replace the explosive used in explosive
devices with a less sensitive but equally effective material.

I have already described materials that are suitable for replacing TNT in projectiles and are more
resistant to adverse conditions. Not only high explosives, but also the mono-, di- and tri-base
constituents of propellants and rocket propellants currently in use can be replaced by other, more
energetic but less sensitive constituents. But what does the term insensitive ammunition mean?

Insensitive munitions are “munition that reliably fulfills its performance, readiness and
operational requirements on demand and that minimizes the probability of inadvertent initiation and
severity of subsequent collateral damage to weapon platforms, logistic systems and personnel when
subjected to specified accidental and combat threats.”®' 1In practice, this means that insensitive
ammunition will not explode, other than by destroying the target designated by the person using it,
or by the direct or indirect effects of shrapnel or other projectiles, or in the event of extreme
temperatures.

This property of insensitive munitions (increased sense of security) makes it possible to pack,
handle, store and transport large quantities of munitions (such as missiles) in even the most confined
spaces. In order to be certified as insensitive ammunition, the requirements laid down in STANAG
4439 - Policy for introduction and assessment of insensitive munitions (IM) - must be fulfilled.

THREAT TYPE STIMULI TEST PROCEDURES
Fast Cook-off (FCO) or Fast STANAG 4240 Edition 3
Heating (FH) AOP-4240 Ed: A Ver. 2
Thermal Threats |~—g1 0 ok-off (SCO) or Slow | STANAG 4382 Edition 3 <
Heating (SH) AOP-4382 Ed: A Ver. 2 =
STANAG 4241 Edition 3 | ¢
Bullet Impact (B AOP-4241 Ed: A Ver.2 | 3
Mechanical Fragment Impact (FI) STANAG 4496 Edition 1 'B
Threats £ P AOP-4496 Ed: A Ver.2 | 2
STANAG 4526 Edition 1 @
Shaped Charge Jet Impact (SCJI) AOP-4526 Ed: A Ver. 2 %
) ) ) STANAG 4396 Edition 2
Combined Threads Sympathetic Reaction (SR) AOP-4396 Ed: A Ver. 2

Table 4 Tests for the determination of insensitive munitions

Nowadays, many countries carry out the above tests on the explosive devices (grenades,
ammunition, etc.) they develop. Those “products” that meet the requirements can be classified as
insensitive munitions and thus marketed. Since the sharing of test materials is mandatory, more and
more Western armies are using such ammunition. The Dutch and German armies have 155 mm IM-
marked grenades in service, the French artillery has French-made XF series explosive-loaded
grenades, the Hungarian Army may have Rh 26 and Rh 30 explosive-loaded grenades for the PzH
2000.

For example, among the explosives described in the publication, a 60/40% mix of FOX-12 and
RDX is used as propellant in the UNIFLEX 2 IM modular artillery system, which is installed in the
BAE 155 mm /L52 Archer. [15]

ALIMX-101, a mixture of approximately 24% aluminium and 76% IMX-101, is currently being
investigated as an insensitive substitute for H6 and PBXN-109 in Mk82 cluster bombs.

The insensitive explosive PAX-41, which contains both coarse and fine grindings of DNAN,
MNA and RDX, is a constituent of the Spider XM-7 Network Command Munition grenade.

The PAX-48 insensitive explosive was also created to be used in special cases where the main
objective is to replace Composite B. As the explosive is a mixture of DNAN, NTO and HMX in the
right proportions, its inert material properties make it an excellent main charge for mortar shells and

3 NATO Terminology Database.
32 Department of defense test method standard: hazard assessment tests for non-nuclear munitions.
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tank ammunition. It is currently type certified for 120 mm (IM HE-T) Insensitive Munition High
Explosive-Tracer.

The development and use of new explosives in artillery and other large calibre ammunition has
also been based on the replacement of Trotyl, and IMX-101 has been used in many ammunitions.
Currently, the US Army has adopted and is using the IMX-101 inert explosive-tipped M795 155 mm
artillery round. The Navy is still using the TNT-mounted version, probably due to cost-effectiveness
and other functionality concerns.

For mortar shells, the main objective was to replace Composite B explosives and the high-yield
insensitive explosive IMX-104 - based on RDX, DNAN, NTO - provided the opportunity to do so.
Based on the test results, type certification is in progress for the respective types of 60 mm, 81 mm
and 120 mm mortar shells.

Mention should be made of studies and experiments that have either not produced the expected
results or are not cost-effective for further development. An experiment was carried out on the
development of HNS using linear cutting charges to take advantage of the cumulative effect. The
challenge for the linear shaped charge, clad in aluminium without welds, was not the explosive but
the design and sizing of the explosive body. [13] The high purity aluminium cladding was chosen for
its favourable temperature, strength and weight properties.

Experiments on the sizing of casings and the applicability of 3D printing products are still being
carried out today, both with military explosives (SEMTEX-H) and with multi-component explosives
still in the experimental phase. [16][17]

Despite the fact that inert explosives are already used in artillery projectiles, mortar shells, their
introduction is being considered in other areas.

The cost factor is of course important in all cases, but more effective explosives will continue to
be needed in all areas in the future. Large anti-tank mines are also a potential target for developers.
The continuous development and technological innovation in this field can be traced, but due to space
constraints I will not go into this at this time. [18][19]

SUMMARY

The problems of initial, transport, storage and large-scale use of explosives could be solved after
investigation of very serious accidents. And the research results of researchers and laboratories have
made the explosives industry a dynamic industry. We are now at the beginning of a new era where
we can replace the tried and tested materials with much safer, more economical and more effective
materials. Explosives have been developed in many places and types around the world that are
insensitive to external influences and stimuli, but can perform their intended function at any time.

These materials have been used to create new artillery shells, mortar shells and various
experiments are being carried out on other munitions. But it is not only the military industry that
stands to benefit from this development, because whether we are talking about rocket propellants or
high-depth charges, inert explosives and the structures that carry them will always be needed.

As the author, I hope that we will be able to use these materials not against each other, but in the
service of humanity!
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A ROBBANOANYAGOK KEZ};LESEVEL KAPCSOLATOS KOCKAZATOK A
MUNKAVEDELEM TEKINTETEBEN!

RISKS RELATED TO THE HANDLING OF EXPLOSIVES WITH REGARD TO
OCCUPATIONAL SAFETY AND HEALTH

Norbert DARUKA Ph.D?- Laszlo SZALKAT®

Kivonat:

A robbandanyagok-ipari termékek gyartasa egy nagyon gyors litemben fejlodo és rendkiviil veszélyes
iparag. A folyamatosan boviild termékkor és annak multifunkciondlis felhaszndldsa manapsag mar
megkérddjelezhetetlen. A robbanodanyag-ipari termékek megtjulasaval, valamint a modern
gyartastechnoldgia alkalmazasaval parhuzamosan 1jabb veszélyforrasok és kockazatok 1is
megjelennek. A publikacié egyik alapvetd célkitiizése, hogy feltarja a jogi szabalyoz Osszefiiggéseit.
A masik célkitlizés, hogy ismertessiik azokat a kockdzati tényezdket, amelyek a munkavallalok
egészségét ¢és biztonsagos munkavégzését veszélyezteti. Illetve ramutassunk azokra a fizikai é€s
kémiai kockazatokra, amelyek kevésbé ismertek a szakteriileten munkat végzok elott.

Kulcsszavak: kockazat, munkavédelem, robbandoanyagok hatdsai

Abstract:

The manufacture of explosives is a very fast growing and extremely dangerous industry. The ever-
expanding range of products and their multifunctional uses are nowadays unquestionable.
As explosives products evolve and modern manufacturing technology is applied, new hazards and
risks are emerging. One of the main objectives of this publication is to explore the legal context.
The other objective is to describe the risk factors that threaten the health and safety of workers. It also
highlights physical and chemical risks that are less well known to workers in the sector.

Keywords: risk, occupational safety, effects of explosives

INTRODUCTION

,I'm not crazy, (...) I just have a finely calibrated sense of acceptable risk.”*

Risk assessment is defined in the Occupational Safety and Health Act and employers' risk
assessment obligations are aligned with it. In accordance with the OSH Act, a number of laws provide
for the obligation to carry out risk assessment (estimation), including with regard to chemical and
biological safety in the workplace:

XCIII Act XCIII of 1993 on Occupational Safety and Health, § 54 (2), (3),

Act XXV of 2000 on Chemical Safety, Section 19 (1),

Act XLVIII of 1993 on Mining,

Decree No. 27/2022 (1. 31.) SZTFH on the General Blasting Safety Regulation,

Decree No. 61/1999 (XII.1.) of the Ministry of Economic Affairs and Labour on the
protection of the health of workers exposed to biological agents.

The legal basis for the above-mentioned legislation is the Fundamental Law of Hungary.

Taking into account the requirements of the above-mentioned legislation, it can be stated that the
purpose of the risk assessment is to determine whether the planned or existing controls are adequate.
The aim is to minimise or, if possible, eliminate the risk before any hazardous event occurs. In this
respect, the type of working environment is irrelevant, since the purpose of the risk assessment is to
identify the hazards arising from the use of the workplace, technology, machinery, equipment,
materials, etc., which may present a risk of harm to the health of operators, maintenance and control
personnel. A further objective is to identify, on the basis of an estimate, the extent of the risk and to
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' RIZIKA SPOJENE S MANIPULACIOU S VYBUSNINAMI VO VZTAHU K BEZPECNOSTI A OCHRANE
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propose ways of reducing the presumed impact of the risk by technical solutions, organisational
measures or, where this is not possible, the provision of personal protective equipment.

The definition of risk is specific to each sector. However, “The Interpretative Dictionary of the
Hungarian Language” gives a general definition: “The possibility of danger, damage, harm, trouble,
inconvenience associated with some action or undertaking.” This wording is broad enough to
describe the essence of the concept, but at the same time the need for specification of what the
profession considers risky is perfectly understandable. In what follows, we will examine the areas
that we consider to be risky according to our own criteria in the fields that deal directly with
explosives.

THE RELATIONSHIP BETWEEN OCCUPATIONAL SAFETY AND EXPLOSIVES
MANAGEMENT

Occupational safety and health, which is the product of many sciences and applied sciences, is really
evident in the fields of engineering and health. Within the technical sciences, the complexity and
diversity of explosives technology and the manufacture of explosives as a specialised field meant that
we could not undertake a study of the entire field, but only the part of it that we considered important
and which has been less well published, relating to the issue of occupational safety and health in the
manufacture and use of explosives products.

There are many different aspects of risk in relation to explosives. The most obvious of these is
the risk arising from the use of explosives, 1.e., the energy released during an explosion and the
destructive effects of the explosion. Explosions result in hazards from primary effects such as thermal
and pressure loads and the physical effects of the shock wave, and secondarily from the inhalation of
explosion gases and the risk of objects and shrapnel set in motion by the shock wave. To eliminate
this risk, the solution may be to increase the safety distance, use protective equipment or, where
appropriate (e.g., in a simulated explosion experiment), reduce the charge.

»---Just because you feel safe doesn't mean you are safe.

You may face evil every day and you may not even know why you are on his side, but if you are,

do everything you can to stay alive!””

The literature on the subject always distinguishes between explosives for civil and military use,
mainly due to the physical and chemical properties of the materials. In military practice, the safety of
the material in handling, its suitability for use under extreme conditions and, of course, its destructive
power are the determining factors. For civilian use, however, it is the explosive's performance and
safety factors that determine its suitability.

Following the logical steps in the presentation of the subject, it is considered necessary to
introduce a less commonly used but technically correct terminology. “Explosives are defined as
compounds (mixtures, melts) of practical use which, in the course of a self-sustaining (exothermic)
chemical transformation (reaction), under the effect of an appropriate initial ignition (activation
energy), are suddenly (in a few hundred thousandths of a second) transformed into high-temperature
and very high pressure, mainly gaseous, products which, when expanded, perform extremely powerful
work and have an environmental impact.” [2]

The hazards associated with explosive handling, as described in the definition above, is a violent
chemical reaction, a very rapid combustion process. It is well known that combustion requires oxygen
and combustible material. However, this is not a conventional combustion process, as the reaction
rate of the transformation (explosion process) does not allow the uptake of oxygen. In order to achieve
continuity of the process, explosives need to have all the elements of combustion in themselves and
this is what distinguishes them from, for example, propellants. The real reason for the enormous
destructive power of a condensed-phase chemical explosion is that the energy is released extremely
rapidly, tens of millions of times faster than in combustion. [3]

5 Source: Unknown author - The English inscription can be found on the wall of the sample garden on the west side of
CAMP LINCOLN US. BASE, Mazar-e Sharif, Afghanistan.
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Hungary's Fundamental Law, as the primary source of law in the legal hierarchy, summarises the
basic rules governing the organisation of the state and contains the rights and obligations that are
binding on all Hungarian citizens. [4]

According to Article XVII (3) of the Fundamental Law, “Every worker has the right to working
conditions which respect his or her health, safety and dignity.”

The so-called detailed definitions of work are set out in the Labour Protection Act. The OSH Act
defines OSH as “The regulation of the personal, material and organisational conditions of healthy
and safe work for the purpose of maintaining the health and ability to work, humanising working
conditions, preventing accidents at work and occupational accidents.” Under the Act, the State
defines the rights and obligations of employers and workers in the interests of healthy and safe work,
and involves the relevant elements of interest representation in this activity. The State has also set up
supervisory bodies to assist and monitor compliance with the law and to create conditions for safe
and healthy working conditions, and to sanction non-compliance. [5] According to the Occupational
Safety and Health Act, occupational safety and health is the totality of occupational health and safety
requirements for organised work, as well as a system of legislative, organisational and institutional
provisions for the achievement of the objectives defined in the Act, and the implementation of these.

In relation to these occupational health requirements, it is responsible for identifying pathological
factors in the working environment, establishing the fact of fitness for work and periodic monitoring,
and determining the exposure of workers to the effects of work and the working environment. These
activities fall exclusively within the remit of occupational health. However, the protection of workers
cannot be considered complete, as risk factors affecting the other area of occupational health,
occupational hygiene, have not yet been identified. In the context of the subject of this publication,
occupational hygiene is responsible for developing methods for measuring and detecting pathogenic
factors in the working environment of explosives production. In addition, occupational hygiene is
responsible for identifying the likely risks to health when designing an explosives plant or facility.
It is therefore necessary and indispensable to characterise the working environment itself and the
substances and compounds used in the manufacture or production of explosives on a qualitative
and/or quantitative basis. On the basis of the information available (standards, risk assessments,
process descriptions, etc.), establish hygiene limits which are not harmful to health and which are
specific to the workplace, and develop a preventive strategy to ensure the health and safety of workers
in each part of the work process and in the production activity as a whole.

In order to fully comply with the provisions of the law on occupational health and safety, it is
necessary to define the working conditions and rules of work in the manufacture of explosives, which
are a prerequisite for the fulfilment of occupational safety. [6]

The basic condition for the fulfilment of occupational safety is to prevent the possibility of
accidents occurring in all work processes in the manufacture of explosives. Of course, there is no
perfect accident-free workplace, so once an accident has occurred, a full investigation and appropriate
action must be taken to ensure that it does not happen again.

From the point of view of explosives production, occupational safety covers the environment of
the production plant (the occupants), the immediate site of production, the production lines, the
technical equipment, the technologies used and, of course, the means of collective and individual
protection of workers.

The Occupational Safety and Health Act, mainly because of the specialisation of professional
knowledge, specifically covers the mining sector, which is closely linked to the manufacture and use
of explosives, among the activities classified as occupational safety and health. Article 49(35) of Act
XLVII of 1993 on mining states that “Civil explosive activity means the manufacture, acquisition,
storage, use and destruction of explosives for civil use.” Under the Act, the administrative functions
relating to mining are to be performed by the Mining Inspectorate.® “The Mining Inspectorate is
responsible for protecting the life, limb and health of workers during the performance of the activities

6 Act XLVIII of 1993 on Mining, § 43 (1).
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under its supervision”7 and for exercising official supervision over, inter alia, technical safety,
occupational safety and geological functions.

The Mining Inspectorate's powers as a fire safety authority cover both the underground and the
equivalent outdoor parts of mines. The Mining Inspectorate is also responsible for civil explosive
activities, including the manufacture and use of explosives for civil use, pursuant to Article 44(1)(k)
of the Mining Act. [7]

Following a description of the legal background, the following section will describe the chemical
risk factors that influence and possibly complicate everyday activities.

CHEMICAL RISK

The handling of the explosives themselves must take into account the toxicity of the explosives, their
biological effects, i.e., their health risks. Basically, all chemicals are hazardous to health, the
difference is in the way they are poisoned and the amount of poisoning they cause. That is why we
can talk about substances that are practically non-hazardous, such as ascorbic acid (vitamin C), of
which you would need to ingest orally about 12 g per kilogram of body weight to have a 50% chance
of dying. That's nearly 1 kg for an average 80 kg person. Let's face it, this is not a realistic risk.

However, at the other extreme, there is botulinum toxin, of which 1-3 ng/kg is needed to do the
same, which is still an eye-watering amount if we stick to the 80 kg example. An amount that is
detectable to the human eye - a pinhead (~1mg) - could cost the lives of up to 12500 people, of course
on a strictly mathematical basis. In terms of physiological effects, hazardous substances are not only
toxic, but also have irritation, sensitisation and even carcinogenic effects. These effects are
determined by the chemical properties of the different elements or compounds. The health risks
associated with explosives are also due to their chemical structure, their effects on the body and the
chemical reactions that take place in the body. The explosives known by the collective name nitrate
ester® (e.g., NG, PETN, EGDN) are all vasodilators and are therefore used in medicine as cardiac
drugs.

Some explosives are used in manufacturing technology, but are not used as explosives in any
field as such. This substance is nitroglycol, or ethylene glycol dinitrate C2HsN2Ogs (CAS: 628-96-6),
but is known in the trade as EGDN. Nitroglycol is an oily, sweet-tasting, slightly pungent smelling,
colourless nitric acid ester. Its impact and rubbing sensitivity and detonation velocity are almost equal
to nitro-glycerine, but it has never been used alone, mainly because of its cost. One important property
of the material is that the physical properties of nitro-glycerine-based blended explosives, especially
the freezing point, can be improved by using a suitable mixture of nitroglycol and nitro-glycerine. [8]

The effects of nitroglycol on the human body are very similar to those of nitropenta and nitro-
glycerine, but this substance has much more toxic properties. Its effects are enhanced by its fat-soluble
nature and the fact that it starts to evaporate at 22°C. Due to its properties, it poses a risk to workers
in the environment by absorption through the respiratory tract, mucous membranes and skin. In case
of exposure, it causes headache, confusion, drowsiness, low pulse rate, and pain in the heart and chest.
As with nitroglycol, the human body becomes accustomed to and compensates for the organic
response to nitroglycol after low but regular exposure, but may experience increased problems after
withdrawal and further exposure. In the case of acute poisoning, even after several days, even a small
amount of physical exertion can cause cardiac arrhythmia or, in the worst case, sudden cardiac arrest.

Many hazardous substances are used in the manufacture of explosives or are generated as by-
products during the manufacture of explosives. Unfortunately, it is not possible to examine each
substance or compound individually to see what toxicological or physiological changes they may
cause during industrial production.

These substances - strong acids, alkalis, esters, oxidising agents - should be evaluated in the OHS
risk assessment of the given production technology and used as a basis for the recommendations of
the OHS specialist in the field.

7 Act XLVIII of 1993 on Mining, § 43 (2).
8 The nitrate ester is an organic functional group of the formula RONO,, where R denotes any organic group. Nitrate
esters are esters of nitric acid and alcohols.
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The manufacture of pyrotechnic articles is a completely different specialisation, where the
manufacturing process includes, at the various stages of the production process, mixtures containing
chlorates, perchlorates, nitrates, permanganates, metal oxides or metal oxides and combustible
inorganic or organic substances. With respect to explosives, I do not wish to describe dianoetic acid,
lead aside, alum aside, tricine, tetracene, nitrocellulose, tetryl, mononitro-, dinitro-toluene, hex nitro-
stilbene, dinitro-naphthalene, trinitro-resorcinol, pentitol, hexotol, amatol, or gelatinised substances
and slurries due to space constraints.

The aromatic explosives (TNT, DNT, Tetryl) mainly target the liver and blood organs, and may
be carcinogenic due to their aromatic nature, although only DNT is considered to be a proven
carcinogen in the literature. [9] Poisoning by nitramines (RDX, HMX) can affect mainly the nervous
system, cardiovascular system and respiratory tract. [8] Tetryl is one of the nitramines, but as shown
above it also has an aromatic structure, which is perhaps more important in terms of its mechanism
of action. The list could go on, but we believe that these explosives have demonstrated the chemical
risks involved.

PROTECTION AGAINST CHEMICAL EFFECTS

Just as the risk from an explosion can be reduced by the use of bomb suits, safety distances and charge
reduction, so chemical risks can be minimised by the use of appropriate protective equipment.

Examples of such laboratory and industrial protective equipment are the various types of
respiratory protective equipment, which are used in accordance with the particle size of the dusts and
the properties of the gases and vapours. They range from medical mouth masks, half masks with filter
inserts and face masks, to face masks with their own air supply, the latter two also performing the
function of a protective mask. Respiratory protection is designed to prevent the inhalation or
absorption of hazardous substances through mucous membranes.

Protective goggles or masks can also be used, which prevent eye contact or, if a mask is used,
provide physical protection for the face.

Figure 1 Full-face respirator for use in the manufacture of explosives’

Noise earplugs or earplugs do not protect against chemical risks, but they are recommended in
noisy environments. These protective devices should be used not only to avoid hearing loss, but also
because the loss of concentration of a worker exposed to noise for a prolonged period of time will
occur sooner, thus reducing the risk of resulting accidents.

‘9 b Se

Figure 2 Ears in different mounting variants'’

® Source: images from the Driiger X-plore® 5500 Full mask catalogue, edited by the author.
10 Source: based on images from the Clarity ears catalogue, edited by the author.
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The most basic personal protective equipment, which is not even officially classified as
protective equipment, as workwear usually has a shelf life. However, we include it in this category
because in a laboratory or industrial plant it is not only intended to prevent you from getting your
own clothes dirty, but also to provide a degree of protection. 100% cotton workwear is not only
required for quality and comfort, but also because it is more resistant to chemicals than synthetic
fibres, which can practically “melt” or “dissolve” on your skin. In addition, like the use of gloves, it
also prevents absorption through the skin.

Figure 3 Some types of anti-static glove design'!
The choice of glove material may depend on the chemicals you may come into contact with, as well
as other factors such as puncture protection, heat resistance, etc. Last on the list of protective clothing
is the safety shoe/boot, which should have the most anti-static properties in terms of explosion
protection. The employer will take measures, at least in the form of guidelines, but preferably in the
form of regulations, for the use of the protective equipment listed.
»There is no protection against all threats, but not wearing protective equipment
does not protect you and gives you no chance of survival.”

RISK FACTORS IN THE FIELD

In this profession, a direct explosion is - in a good case - only encountered by a chemical expert
during controlled experimental explosions. Experience has shown (in a domestic context) that the
likelihood of being the victim of a second explosion/explosion during a post-explosion site activity,
or of being involved in a search or possibly covert investigation as a result of an ambush or other
accident resulting from an explosion on site is minimal. In theory, of course, these scenarios cannot
be excluded, but several factors reduce the risk. First of all, there is a protocol that anyone entering a
site with such a threat should only do so after a fire investigation. Thus, the greatest risk rests on the
shoulders of the fire marshal. [10]

Secondly, even for the scene of an incident that has occurred, a number of investigative or
forensic actions are already carried out before the chemical expert can take over the area to collect
samples relevant to him. Perhaps the only explosion-related physical injury event during an explosion
forensic investigation is the risk of collapse of the damaged building. [11]

Overall, the time difference and the need to stay out of the safety zone for the required time - i.e.,
distance - minimises the risk of injury from an explosion. However, this 'delay' also carries a risk for
the samples to be collected, as weather conditions can greatly affect the ability to capture samples.
For example, a significant proportion, if not all, of water-soluble inorganic explosives or pyrotechnic
mixtures may be lost from the site in a heavy rainfall. The same phenomenon occurs quite logically
in a fire-fighting environment, with the addition that the area affected by the fire itself destroys the
collectable samples, but the area affected by extinguishing is always larger than that consumed by the
fire alone. In surveys which may last for days, even strong sunlight can be mentioned as a degrading
factor, and obviously persons visiting the site can also do some damage to the samples simply by
their normal work (compressing and scattering potential sample carriers). To minimise this damage,
there is a defined sequencing of the forensic process from the most sensitive samples/crime (e.g.,
fingerprints, DNA) to the more permanent ones. In addition, to avoid contamination of the scene, it
is recommended - or mandatory with regard to further forensic activities - to use Tyvek clothing
(white overalls over street clothes) with additional shoe protection and hood, and rubber gloves.

1'Source: https://hu.outletstore2021.ru/category Iname=antisztatikus%20keszty; edited from images on website by the
author. Image download date: 11.04.2021.
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Space constraints do not allow such a large topic to be fully and thoroughly covered, so I will not
even go into such basic things as mere hand contact. Nor do we wish to take a position on the dangers
of ingestion in this context.

EQUIPMENT PROVIDING PROTECTION AGAINST EXPLOSIVES

Given the subject of this publication, explosives have been classified and grouped in a number of
ways, but between production and end use, the state of matter can vary in multiple ways, such as in
the case of multi-stage explosive bodies. Explosives may be manufactured in several steps before
they are used for their intended purpose, including heating, mixing, cooling, reheating, extrusion,
melting, moulding, pressing and so on. In these processes, explosives can be plastic, plastic, powder,
liquid and solid. The properties of the material in its different states and the technology being used
will determine whether, as a hazardous material and process, it requires the provision of protective
equipment and measures. “It is the responsibility of the employer to identify the risks to the worker,
prepare a risk assessment and then eliminate or reduce the exposure factors to an acceptable level
by applying appropriate measures and protective equipment covering work processes, technology,
work organisation, working conditions, social relationships and work environment factors.” >
Protective equipment must provide protection against the risks involved in the activity. Workers must
be trained in the protective capabilities of the protective equipment, the rules for wearing it and the
risks associated with the work and the knowledge acquired must be verified by means of exercises.
[12]

According to the regulations, the procedure for the provision of personal protective equipment
must be laid down in writing and, in order to implement it, occupational safety and health specialists
must be involved in its preparation. In the explosives industry, workers' exposure to hazardous
substances is much more frequent than in other sectors and several hazards may occur at the same
time. The specification of protective equipment must take into account not only its effectiveness, but
also its suitability for use together. “The criteria for the choice of protective equipment are determined
by the severity of the risk, the frequency of exposure, the place of work (working environment), the
degree of additional stress generated by the protective equipment and, in particular, the duration of
wear.”13

We will now look at the protective equipment that can protect workers during the manufacture
of explosives. As I mentioned in the section on protection against shrapnel, the head is one of the
most vulnerable parts of the body and must be protected during all work processes. Head protection
devices must protect the craniocerebral region, primarily against mechanical hazards and physical
forces. In explosives factories, there are no great differences in level, as these installations must be
exclusively at ground level.

The impact of sharp or blunt objects, slipping and consequent blows to the forehead, temple or
skull base, as well as moving machinery and operating work equipment, are potential hazards.
However, it is not only these impacts that threaten the protection of the head. Explosives
manufacturing usually takes place at high temperatures and in the presence of chemicals, where head
protection against hot melts or vapours is also required. In some processes, however, head protection
must be guaranteed against the near-freezing properties of the material used to cool the materials.
With regard to head protection, only protective equipment meeting the requirements of standard EN
397 Industrial protective helmets may be used in the manufacture of explosives. When selecting
protective helmets, account shall be taken of their protective capabilities, the markings of which shall
be placed on the inside of the helmets. In almost all explosives manufacturing, helmets made of
thermosetting materials shall be used and may be marked as follows:

» UP-GF glass fibre reinforced polyester helmet shell;

» PF-SF phenol-textile helmet shell;

» PAA-NF natural fibre polyaniline acetate helmet shell.

2 PETO (2014) p. 62.
13 PETO (2014) p. 64.
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In chemical manufacturing processes, there is a risk of splashing and blowing of substances at
high temperatures and in different states of matter. In order to avoid this risk, it is recommended to
use head protection with the MM - splash protection marking. Due to the presence of high-
temperature materials, the indication of the ambient temperature of use should also be taken into
account. In areas where there is a risk of explosion due to electrical charge, an antistatic helmet should
be used exclusively. When specifying helmets, it is also particularly important to take into account
compatibility and interoperability, since in many cases measures must be taken to protect the eyes
and face.

When examining the toxicological effects of explosives, many substances are encountered which
may irritate the eyes in the form of dust or gas or may be absorbed through the mucous membranes
in the eye cavity. It is therefore particularly important to ensure eye protection in industrial
installations. Mechanical-physical effects, i.e., explosive fragments ejected during pressing, cutting,
grinding, etc., pose few but not negligible risks. More common are the harmful effects of splashes,
spraying liquids or vapours during the manufacturing process, which are also mentioned in the chapter
on head protection. However, the main risk factors are the risk of eye contact from explosive dusts
and corrosive, irritating liquid droplets, aerosols, sprays, gases and vapours from hazardous chemicals
generated during grinding, pressing and drying. The list shows that eye protection must be considered
in the light of the many risk factors involved. As regards goggles with protective functions, safety
goggles with a stem design up to 45 m/s can be used to avoid simple mechanical injuries. Specifically,
the safety of the eyes and thus of the body can only be ensured by using closed safety goggles against
splashes of dust and hazardous liquids. In some processes, for example in explosives testing and
qualification laboratories, full face protection is also required. Naturally, everything we use for
protection and health protection purposes restricts our vision to some extent, narrowing our field of
vision. The other important aspect is that the protective equipment used must be vapour-proof in all
respects, 1.e., it must bear the N marking.

Removing the protective equipment used, defogging and wiping the eye area can also be a risk
factor in a manufacturing process. A not insignificant aspect is that protective equipment designed
for users who require corrective lenses must be compatible with the wearing of glasses or contact
lenses.

When filling explosive bodies by casting, the melt of the explosives used can be above 100°C,
taking into account the melting point of the material. In this area, protection of the eyes and face is
ensured by the use of face shields, which provide protection against high radiant heat. The material
of such face shields 1is wusually polycarbonate, but may also be triacetate.
The basic requirement for this type of protective equipment is that it should be of the helmet-mounted
type.

However, after the protection of the eyes and face, the protection of the respiratory tract against
the inhalation of harmful substances is not yet solved, and can only be achieved by the use of
respiratory protection devices. Respiratory protective equipment protects workers not only from the
toxic effects of hazardous substances but also from possible oxygen deficiency.

The optimal choice of respiratory protection for a workplace in direct contact with explosives
can only be made on the basis of a risk assessment.

The actual source of danger must be identified at each work process at the place of manufacture
or use, which in manufacturing plants, for example, requires a strong chemical background or specific
training. Exposure levels verified by measurement data enable the employer to determine the
appropriate respiratory protection and the parameters for its use in the workplace. To protect health
and provide safe working conditions, explosives activities may use filter-type respiratory protective
devices or isolation respiratory protective devices independent of ambient air. In the case of filter-
type respiratory protective equipment, the air may enter the worker's body only through a filter, free
of impurities or filtered to a level which does not endanger health. Isolation respiratory protective
equipment provides the worker with an adequate quantity and quality of air by supplying it from an
external source independent of the ambient air. It would be almost impossible to list all the
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judgements that could be made about respiratory protective equipment and devices, both by the
manufacturer and by the equipment and devices marketed by them.

I have also mentioned the importance of fire and direct heat effects in the manufacturing
processes and in the assessment of adverse effects. These risks must also be taken into account when
selecting protective clothing. The purpose of protective clothing against the risks of heat and fire is
to protect the worker from the effects of high temperatures and from burns to the body in the event
of flames. And in the case of clothing with a limited degree of protection, to delay the effects of heat
and flame until the wearer can move away from the source of danger or until the harmful effects have
ceased (e.g., explosion). The basic requirement for protective clothing is that the amount of heat
transmitted to the worker must be so low that the heat accumulated during the period of wear does
not reach the pain threshold or any level which would be harmful to health. If this is not possible,
additional protective equipment, known as a liquid circulation system, must be provided. This type
of protective clothing will be dealt with in the next section of this thesis. [8]

In the field of protective clothing in explosives manufacturing, the protection against static
charging should also be mentioned. Among the many explosives manufacturing technologies, spark
sensitivity has to be taken into account, such as drying, grinding, but also phlegmatization.

For the technological steps related to these manufacturing processes, electrostatic considerations
may be taken into account by using static charge protective clothing with a maximum permissible
power below a spark sensitivity of 0.1 mWs. The classification of static-flash suits by type number
shall be based on the spark sensitivity levels (classes).

In explosives installations, the surface resistivity of static-filled protective clothing is so low that
the charges are discharged and no sparking occurs on the surface of the clothing.
The static charge protection suit provides electrostatic protection in addition to proper grounding.

The final area for consideration when testing personal protective equipment is the
implementation of foot protection. Footwear is foot protection equipment, footwear which
incorporates components and inserts designed to protect workers from damage caused by accidents -
impact, bruising, puncture, cuts, slipping, extreme heat, chemical effects, electric shock and static
electricity. Protective footwear, half-shoes or boots may be of different types, may have different
levels of protection and may be classified into different categories according to their different levels
of protection.

14

Figure 4 Model of safety footwear, protective footwear and work footwear
In all three categories, as shown in the figure, the requirement is "A", i.e., compliance with the
anti-static requirements in this industry. The footwear minimises the electrical charge by discharging
electrostatic charges, thus avoiding the risk of spark-induced explosion or ignition, for example when
working with flammable chemicals, in the presence of flammable vapours and in potentially
explosive atmospheres. The static charge hazard is therefore primarily intended to prevent spark
ignition caused by the movement of workers in potentially explosive atmospheres, rather than to
prevent hazards to the feet. In this environment, the wearing of footwear only makes sense if it is
combined with antistatic protective clothing [8].
The personal protective equipment described can and should be used in the manufacture of
explosives, chemical production, product quality certification and destruction. The specific protective

4 Source: https://www.google.hu/search?q=biztons %C3%A1gi+1%C3%A1bbeli&hl=hu; https://www. _google.hu

[search?q=munkal%C3%A 1bbeli&tbm; https://www.google.hu/search?q=v%C3%A9d%-C5%911%C3%A1bbeli &tbm;
edited by the author using images from the website. Download date of the images: 11.04.2021.
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equipment used primarily by law enforcement personnel in the use, detection, defusing and
destruction of explosives and explosive devices is discussed in the following section.

SUMMARY

A person is constantly surrounded by risks in their life, some risks are worth dealing with, others can
be dismissed. Risks to personal safety and the safety of others are clearly among those that need to
be reduced, ideally to zero. In our work, as in other areas of life, responsible thinking, adherence to
recommendations and regulations, genuine knowledge combined with humility are all things that help
us achieve our goal of reducing the risks around us. However, on the other side of the coin, progress
can be sustained by taking acceptable risks in many areas of life (perhaps all areas), including science.
I would therefore like to conclude with the following quote from an unknown author:
SHIf I knew what I was doing, I wouldn't call it an experiment!”
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A ROBBANTASTECHNIKA JELENE ES JOVOJE —
ROBBANTASSAL KAPCSOLATOS ISMERETSZERZES LEHETOSEGEI
MAGYARORSZAGON'!

THE PRESENT AND FUTURE OF EXPLOSIVES TECHNOLOGY - THE POSSIBILITIES
OF EXPLOSIVES EDUCATION IN HUNGARY

Norbert DARUKA Ph.D?- Péter SZEGEDI Ph.D?

Kivonat:

Az eurdpai és ezen beliil a magyarorszagi robbantastechnika jovojét és fejlédésének iranyait a
vilaghaborat kdveto jjaépitések bontasi €s €pitési munkalatai, valamint katonai feladatai alapvetden
meghataroztdk. A robbantastechnika iranyai és képzései mar ebben az iddszakban is két jol
elkiilonithetd teriiletre fokuszaltak. Egyrészrol a katonai robbantastechnika, a masrészrél az ipari
robbantastechnika igényei formaltak a teriileten dolgoz6 szakemberek képzésének kdvetelményeit.
A cél a mai napig ugyan az, a jogszeri felhasznalas keretein beliil, a legnagyobb biztonsaggal
végrehajtani a robbanoanyag felhasznalassal kapcsolatos feladatokat. Ehhez olyan szakemberekre
van sziikségiink, akik folyamatosan szinten tartjdk vagy fejlesztik szakmai ismereteiket, nem
zarkoznak el az 1j technologia alkalmazasanak lehetdségeitdl és ami a legfontosabb: folyamatosan
atadjak tudésukat és tapasztalataikat a kovetkezd generdcionak. A jovo ebben a tekintetben kiilonos
jelentdséggel bir, hiszen, ha nem lesz meg a megfeleld tudas és szakértelem, akkor a szeretett
szakmdnk lassan az enyészeté lesz.

Kulcsszavak: képzées, robbantdstechnika, elhivatott szakember.

Abstract:

The future and the development of explosive technology in Europe, including Hungary, were
fundamentally determined by the demolition and construction work of the post-war reconstruction
and the military tasks. Already in this period, the directions and training of demolition engineering
were focused on two distinct areas. On the one hand, military demolition and, on the other hand, the
demands of industrial demolition shaped the training requirements of the professionals working in
this field. The aim is still the same today, to carry out tasks involving the use of explosives in the
safest possible way, within the limits of their lawful use. To do this, we need professionals who are
constantly updating or improving their professional skills, who are not closed off to the application
of new technology and, most importantly, who are constantly passing on their knowledge and
experience to the next generation. The future is of particular importance in this respect, because if we
do not have the right knowledge and expertise, the profession we love will slowly disappear.
Keywords: training, explosives engineering, dedicated professional.

INTRODUCTION

wcience is like a cobweb. To the spider (because he built it himself): a clear, transparent structure,
but to the entangled fly, an unmanageable tangle. Partly because he found it ready-made. If we
want the learner to have an experience of learning, we must teach not the "finished product” but the
process by which the interwoven chain of items and concepts is built up and born.”
Attila KALMAN?* transcript.
The above quote may be particularly relevant for professionals in all areas of explosives
engineering and especially relevant in areas of education.

! SUCASNOST A BUDUCNOST TECHNOLOGIE VYBUSNIN - MOZNOSTI VZDELAVANIA V OBLASTI
VYBUSNIN V MADARSKU.

2 Ph.D graduate of military engineering, Obuda University, Banki Donat Faculty of Mechanical and Safety Engineering;
ORCID: 0000-0002-7102-1787. E-mail address: daruka.norbert@bgk.uni-obuda.hu

3 Ph.D graduate of military engineering, Hungarian Defence Forces, Force Modernization and Transformation Command;
ORCID: 0000-0002-6968-6456. e-mail address: szegedidr.peter @ gmail.com

4 Hungarian teacher, high school principal, Member of Parliament, State Secretary.

112


mailto:daruka.norbert@bgk.uni-obuda.hu
mailto:szegedidr.peter@gmail.

The vocational training courses are a long-term, complex and formalised relationship between
students and training institutions. The trainee (trainee) and the service provider (trainer) are in a kind
of membership relationship, in which the result of joint activity ensures the development and
marketability of both. Training is rightly expected to provide society and the economy with a
sufficient number of well-trained professionals, both in terms of quality and quantity, in line with real
professional needs. In the field of explosives training, too, it is important to value those who are
willing to develop themselves and are ready to take on the challenges of education, without sparing
time, energy or financial resources. In this publication, we would like to show the possibilities for an
"average" citizen who wants to carry out demolition activities in Hungary in full compliance with the
legal requirements.

As in many cases, the law enforcement field and the industrial demolition field are different.
The same is true if we look at the situation of the teaching of explosives as a profession at different
levels of education. As far as explosives training is concerned, we cannot talk about training courses
that go back decades, continuously evolving cycles of education and further training, because this
field has always concerned a narrow but more dedicated group. [1] Consequently, every person who
wishes to learn must be given the opportunity to do so, who knows, maybe one day he or she will be
the representative of the whole profession! In this article, we bring together and organise the
educational initiatives whose main objective has been to respond to the challenges of the times with
a well-qualified professional.

On the other hand, however, we would like to draw the attention of legislators to the many
different regulations and conditions that hinder those interested in the profession, even in such a small
area in terms of the number of people working in the field.

CIVIL EXPLOSIVE ACTIVITY

According to Article 49. § 35. of Act XLVIII of 1993 on Mining, ,,Civil explosive activity means the
manufacture, acquisition, storage, use and destruction of explosives for civil use.” Under the Act, the
administrative functions relating to mining are to be performed by the Mining Inspectorate.
Regulation No 27/2022. (I. 31.) on the General Regulation on Explosives Safety issued by the
Inspectorate of Regulated Activities - SZTFH covers civil explosives activities. The scope of Decree
27/2022. (1. 31.) does not cover the production, storage, use, testing and destruction of explosives and
ammunition, pyrotechnic products for civil use and ammunition for civil use in the possession of the
Hungarian Defence Forces, law enforcement agencies and armed forces stationed in Hungary.
[21[31[4]

In order to be trusted to carry out civil explosive activity, to manage and supervise the distribution
of explosives, a person must have the following conditions:

& has reached the age of 21;

& have the qualifications and professional experience required to perform the activity, as
defined in Decree 27/2022. (1. 31.);

& is medically fit to perform the duties of the post.

The person in charge of explosives manufacturing must be a chemical engineer with at least 3
years of experience in explosives manufacturing. If the explosive is manufactured by mixing only,
1.e., the explosive can be produced by mixing, the person responsible for the manufacture (mixing)
can also be trusted as the person responsible for the manufacture (mixing) if he has at least 3 years of
experience as a blasting supervisor.

A person who is suitably qualified may be entrusted with explosive manufacturing work.
A person with a qualification as a demolition foreman can also be trusted with the production of
explosives by mixing.

Work involving explosives may be entrusted to a person qualified as a demolition engineer.
A person qualified as a blasting supervisor may also perform blasting supervision work within the
scope of the validity of his licence as a blasting supervisor.
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A qualified and trained person (blasting assistant) may be assigned to perform certain auxiliary
tasks related to explosives. A blasting assistant may be a person who has been trained to perform the
task in question and who has been checked to ensure that he has been properly trained.

The acquisition, storage and control of explosives may be entrusted to a person qualified as a
demolitions officer or with at least secondary education and qualified as a demolitions officer.

The planning, direction and control of blasting operations may be entrusted to a person
qualified as a blasting supervisor.

A person with a higher technical education and at least 3 years' experience in this field may be
entrusted with the preparation and execution of the blasting plan for a structure.

As with the processes described above, the different licences and qualifications required to carry
out the various work processes are clearly visible. In the following, we will examine the conditions
under which a licence as a blasting supervisor or blasting foreman can be obtained to carry out the
above-mentioned activities in the field of civil demolition.

The licence is subject to the possession of a certificate of higher or intermediate technical
education and to the proof of at least 3 years of experience in blasting operations in order to
successfully complete the minimum 40-hour course® for blasting supervisors required by the above-
mentioned Regulation. The applicant must be over 21 years of age or medically fit to work with
explosives. The Explosive Ordnance Disposal licence will be issued upon successful completion of
the course and upon formal application by a person with a higher qualification in Explosives
Engineering.

The Explosives Master licence is also obtained after the age of 21 years, when medically fit to
work with explosives. The licence may be issued to a person who has completed a course of at least
120 hours in blasting supervision, has a higher technical qualification, an intermediate technical
qualification or an industrial (technical) apprenticeship and has at least one year's experience in
blasting operations. On official application by a person with a higher technical qualification in
blasting supervision, the licence may be issued without completion of the course.

The Mining Inspectorate issues the Blasting Supervisor and the Blasting Supervisor licences for
a period of 5 years. The validity of the licences may be extended on application for a further 5 years
on completion of a 32-hour training course for blasting supervisors and 16 hours for blasting foremen
and on passing an examination before the Mining Inspectorate's examination board.

The licences for blasting supervisor and blasting foreman are valid for the following periods:

& opencast mining blasting; & blasting of structures; & deep drilling blasting;
& seismic blasting; & underwater and ice blasting; & underground blasting.
& metallurgical blasting;®

The Mining Inspectorate permanently withdraws the licences for the above-mentioned scope of
validity from persons who are permanently unfit to perform their duties (on the basis of a medical
opinion).

In conclusion, it can be said that, given the right age and medical condition, it is relatively easy
to obtain the necessary licences (for practitioners) to carry out civil blasting activities.
The easiest position is for those with a qualification as a specialist blasting engineer, who only need
to apply for the necessary licences on the basis of their qualifications. In the following, we will look
at how this qualification can be obtained and the possibilities for obtaining higher qualifications in
the field.

HIGHER VOCATIONAL QUALIFICATIONS

In the 1990s, the globalisation of higher education was also due to the emergence of an international
training market and the internationalisation of research. In 1999, the signatories of the Bologna

3> Courses may only be run by an organisation with the prior approval of the Mining Inspectorate and with the necessary
personnel and equipment for theoretical and practical training. A person with a university degree and a licence as a blaster
may be appointed as a course instructor. The practical training may be given by a person holding a licence as a blaster.

% No licence is currently issued in Hungary for metallurgical blasting work, as the 3-year practical activity cannot be
certified anywhere in the country in the absence of a licence for metallurgical activities.
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Declaration set the goal of creating the European Higher Education Area, and the 29 signatory
countries, including Hungary, committed themselves to harmonising and making their higher
education systems comparable. They created a system of three consecutive training cycles, which
created more transition opportunities between different courses during the course of training, allowing
more time for students to identify their own skills and interests. The multi-cycle training structure is
adapted to the challenges of mass education, making it easier to adapt to dynamic changes in the
labour market and to the lifelong learning process. The first cycle, the Bachelor's degree (BSc),
provides professional skills that can be immediately used in the labour market and the theoretical
knowledge needed to continue studies in the Master's degree (MSc). Specialisation, specialisation
and new qualifications can be acquired in the Master's degree courses, and scientific knowledge in
the Doctoral degree (PhD). Higher vocational education and training is not part of the Bologna
system, but it is part of higher education. [5] It does not provide a higher education qualification, but
the knowledge and achievements acquired in this form of education can be credited towards the initial
education and training, and it is possible to transfer from initial education to higher vocational
education and training. The achievements of the new training system include a credit system for
student mobility, a quality assurance and quality management system and institutional
interoperability.

Even within the same discipline, higher education - undergraduate, masters and doctoral - has
very different customer needs and different input and output competences.

The importance of a wide range of student-friendly services, such as the availability of teaching
materials, teaching and assessment methods, the transfer of up-to-date knowledge, the equipment of
classrooms and laboratories, the proportion of laboratory activities complementing theoretical
knowledge, the proportion of practical training, the use and dissemination of modern technologies,
the planning of timetables, the availability of traditional and electronic libraries, talent management
programmes, the institution's website, etc., has increased. [6]

Post-graduation career tracking has become an expectation, and it has become important
information to monitor the career paths and placements of graduates, not only because of its high
reputation value, but also because graduates who have started work can help training with their
experiences, comments and orders, and can highlight points which, if corrected, can raise the quality
of education.

By focusing on quality in both education and service, those institutions that can provide their
students with real, up-to-date and useful values in their daily lives will survive in the education
market.

The growth of higher education has been accompanied by an increase in the need to ensure the
control and transparency of administrative tasks in education and research, and the emergence of
quality systems, external and internal audits and accreditation processes. Institutional expectations
and interests must be aligned with external standards. Institutional quality assurance mechanisms
must be put in place to ensure that the system works in the service of strategic objectives. [7]
The Hungarian Higher Education Accreditation Committee (MAB) was established to monitor and
evaluate the quality of training and research in higher education and to examine the functioning of
the institutional quality development system. The national expert body accredits training programmes
and institutions. From the 2006/2007 academic year onwards, the evaluation of institutional and
faculty activities will be carried out on the basis of the Bergen ENQA standards and guidelines for
the internal quality management system of higher education institutions, in line with the requirements
of the European Higher Education Area. [8]

What exactly do they mean from the listener's point of view? Due to the flexibility of the credit
system, the Hungarian higher education system offers a wide range of entry, branching and
progression options. The training and output requirements of a given bachelor's or master's degree
programme determine the qualifications that can be obtained, the specific aptitude requirements and
the theoretical and practical knowledge and professional competences needed to obtain the degree.
The number of language examinations required to obtain the diploma is also dependent on the course.
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To get an accurate picture, it is necessary to go through all the levels of training related to blasting in
the higher education system.

Basic education (A) - for those who have a school-leaving certificate and want to obtain a
diploma, the first step is to complete a basic education course. The BSc (Bachelor of Sciences) degree,
which is a 6-8 semester course, provides a higher education qualification and a professional
qualification.” The National University of Public Service, Faculty of Military Science and Military
Officer Training, provides training in the framework of the Military Leadership Bachelor's Degree
(Military Leadership), which offers students an optional specialisation leading to specific
competences. At this university, the Technical specialisation includes “blasting” between 5 and 8
semesters. During this training period, students will be introduced to the basics of military demolition
techniques and will acquire basic military demolition practice. The training varies according to
current requirements, so that the total theoretical and practical hours do not exceed 100 hours.
This number is insufficient to be considered as sufficiently qualified professionals in the field of
demolition. It is, however, sufficient to give a general idea of the students' suitability for further study
in the field. [9]

Unclassified training (O) - There is no training in Hungary today where students can acquire
knowledge related to demolition within the framework of an unclassified course.

Master of Science (MSc) - A Master of Science (MSc) is a Master's degree and a professional
qualification. To be admitted to a Master's programme, you must have at least a bachelor's degree -
or a bachelor's degree from a college/university under the former system of education. The precise
admission requirements are determined by the higher education institutions themselves.®
The National University of Public Service, Faculty of Military Science and Military Officer Training,
Military Leadership Master's Degree programme provides students with a general introduction to
explosive devices used in theatre of war and a knowledge of homemade explosive devices. There is
no such level of education and training for civil demolition activities.

Higher Vocational Education (F) - 4 semester courses provide higher vocational qualifications
but no diploma. Unfortunately, there are no courses in Hungary today where students can acquire
knowledge of demolition within the framework of higher education.

Continuing vocational training - a form of training leading to a diploma based on the bachelor's
and master's degree obtained, which prepares the trainee for specific tasks without changing the level
of qualification and allows for a specific deepening of previously acquired knowledge.” Nowadays,
the University of Obuda, Banki Donat Faculty of Mechanical and Safety Engineering, Centre for
Adult Education, offers the possibility of obtaining a specialised higher education qualification in the
field of explosives engineering. '

The specialisation is not new, but a renewed higher education training, as the first specialised
engineers in Explosives Engineering were trained in Miskolc and the first specialised engineers in
Explosives Engineering in Veszprém.

When the current training course was launched, Obuda University concluded two cooperation
agreements in connection with it. The first agreement was, of course, with the Hungarian Explosive
Technology Association, and the second with CerTrust Kft. [10]

7 It provides professional skills that can be used in the labour market, gives the right to a legally defined job, and
significantly increases employment opportunities. It also provides an adequate theoretical basis for continuing studies in
the relevant field at master level.

8 The Master's programme usually lasts 2-4 semesters and gives you the opportunity to deepen your professional
knowledge. Upon completion, you can enter the labour market or apply for a doctoral programme, which prepares you
for a scientific degree.

? Vocational training courses lasting 2-4 semesters can be taken while you work - and the workplace can even provide a
continuous practical backdrop to your training. Their curricula consist of theoretical and practical blocks. Practical
training may involve a fixed period of study in a training centre, involving supervised study with consultations and the
assistance of a trainer.

10 On the basis of the application submitted by Prof. Dr. L4szl6 Lukécs to the Education Office, the decisions authorising
the start of two specialised further education courses (explosives engineer, explosives specialist) were issued on 31 August
2016.
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The university and the 1st Honvéd EOD és Warship Regiment of the Hungarian Defence Forces had
already signed a cooperation agreement on a completely different basis, which was extended to
include the training in Explosive Ordnance Disposal in 2021. This has significantly simplified the
bureaucratic multi-step correspondence, applications and requests. The Regiment has been of great
help to the practical sessions of the training, as it has not only been able to provide instructors, but
also to ensure access to the Firefighters' Cabinet and training sites and to acquire and improve specific
knowledge. [11]

Picture 1. Practical training at the MH 1.HTHE EOD Cabinet!!

As for the practical training, mention should also be made of Puraset Water & Metal Solutions
Ltd. and its staff, who introduced the students to the field of blast metal working. “The company's
Andras Szalay (electrical engineer, blasting supervisor) and Dr. Istvan Zador (transport engineer,
blasting supervisor) gave theoretical training on the rules of cladding and blast welding of metal
sheets; the methods of ductile forming of metal sheets and metal pipes; and the possibilities of blast
compaction of metal and ceramic powders. Lorand Kugyela, explosives engineer and PhD student at
the Obuda University Doctoral School of Security Sciences, presented his research on binary
explosives. The theoretical education was followed by practical implementation, where we were able
to observe 5 blast formations in the blasting chamber of a catering company.” [11]

At the beginning of the training course, TUV Rheinland InterCert, and after the name change
CerTrust Ltd. was the company that contributed to the practical knowledge of explosives testing and
explosives storage by providing training facilities and explosives free of charge, and by providing its
own expertise. The cooperation with this company will continue in the future, thanks to the good
relationship and the cooperation agreement with the university.

In the framework of the course on the detection of explosive devices, we visited Z&Z Security
Technology Ltd. for the second time, where the Director of Education and Quality Control, as a
member of the first year's training course, gave a detailed presentation on the company's operations,
its development and the current needs of the private security sector.

The first of the practice-oriented sessions introduced the students to the distribution and
installation of special security equipment and systems. “After learning the theoretical basics, the
future engineers were able to practise the detection of explosives and explosive devices and various
prohibited objects on tracer x-rays. The metal detectors were also a great success, providing an
interactive way to learn the educational material presented. During the visit, we also had the
opportunity to test the detection of explosive devices with a CT simulator and were informed about
the screening of persons, the possibilities of using Body scanners and the relevant legislation.
We were given a glimpse into the world of pulse-generator-based bomb disposal X-ray machines,
highlighting the specificities of professional detection. As a final part of the visit, we were able to
analyse X-ray images using a tutorial, naturally adapted to explosive devices. We concluded the

1 Picture: Krisztidn SOMOGY].
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software-based image analysis by learning about the inert versions of dangerous devices (weapons,
explosives, explosive devices).” [11]

Picture 2. Practising on X-rays of knots '

Detonet Ltd. and Dr. Janos Foldesi, who invited the students to half a dozen of his designed and
constructed demolitions in connection with the subjects he teaches, played a very important role in
the experiential practical sessions. The practical sessions were enriched by crop storage silos and
chimney blasting.

Such demolitions were not exhaustive:

& On November 9, 2019, the 2nd year correspondence students of the Banki Blasting
Engineering specialisation participated in the blasting of a 35 m high, 3.2 m external diameter,
high-strength brick chimney in Gyongyos. [12]

& Detonet Kft. is the partner of UNILEVER Kft. Nyirbator demolishes several disused buildings
by demolition. On 4 March 2020, our students were able to watch the demolition of a steel
silo on reinforced concrete pillars. The 108 blast holes contained a total of 4.5 kg of
explosives. The structure was blown away in the intended direction, without causing any
damage to other installations in the factory. [13]

Picture 3. Training Class I at the BEM chimney explosion in Sajokeresztar '3
& On October 28, 2021, the st year students of the Banki Explosive Technology Engineer 1st
year postgraduate course participated in the blasting of a 60 m high, 4.0 m external diameter,
high-strength brick chimney in Hatvan. [14]
There was some debate in professional circles about the subject matter of the Explosives
engineer/specialist training, but thanks to discussions, the Education Office approved the subject
matter as shown in Table 1.

12 Picture: Krisztian SOMOGY].
13 Picture: Zsuzsanna BALOGH PhD.
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The curriculum is still implemented today in this form, with minor modifications, as a result of
renaming due to bureaucratic processes, but in line with the original idea.

Explosives engineer/specialist training Credit | Hours | Requirement
I. total semester 30 112
Explosives chemistry 6 24 Mid-year mark
Advanced industrial and military explo. and their applications 10 36 Exam
Health knowledge related to working with explo. and blasting 4 12 Mid-year mark
Storage and transport of hazardous materials 2 8 Mid-year mark
Explosion physics 6 24 Mid-year mark
Gas dynamics 2 8 Mid-year mark
I1. total semester 30 112
Basics of the finite element method 2 8 Mid-year mark

Modelling of blast shock waves, methods and possibilities of

studying their propagation in complex space 12 32 Mid-year mark

General characteristics of bomb threats and bomb attacks 8 Exam

Methods and tools for detection and defusing explo. devices 16 Mid-year mark

Building materials, building structures 24 Mid-year mark

2
2
Risk analysis of explosive incidents 2 8 Mid-year mark
6
4

Architectural aspects and possibilities of protecting buildings
against explosive attacks

I11. total semester 26 112
Design, reinforcement and defence of buildings based on blast

16 Mid-year mark

tests and software modelling 8 24 Exam

Explosive demolition of buildings 8 40 Exam

Direct and indirect effects of explosions in the environment 5 24 Mid-year mark

Reconstruction and detection techniques of explosive attacks 5 24 Mid-year mark
IV. total semester 34 112

Specialist issues in fire and disaster management 24 Exam

Applied professional legal knowledge 8 Mid-year mark

Mining explosions 40 Mid-year mark

8
2
Quality assurance 2 8 Mid-year mark
8
4

Flood defence blasts 16 Mid-year mark

Closure project 10 16 Mid-year mark

Table 1. Curriculum and description of subject programmes

Doctoral training - Those planning a research or more theoretical career can apply for an
accredited doctorate (PhD) after completing a Master's degree. More and more professionals are
taking advantage of the opportunities to obtain a scientific degree in explosives engineering. Among
the most important and ongoing PhD courses, it is worth highlighting the research related to civil
explosives activity conducted by Loérand Kugyela, explosives engineer and PhD student at the
Security Sciences Doctoral School of Obuda University. His topic is related to the production, testing
and marketing of multi-component explosives. In the field of military explosives technology, Istvan
Ember, explosives engineer, PhD student at the National University of Public Service, Doctoral
School of Military Science, is conducting research on "Bombardment insurance responses to the
challenges of asymmetric warfare" and conducting experimental explosions. The doctoral students
are also lecturers in the Explosives Engineering course, providing the students with a significant body
of knowledge [15][16][17] relevant to the challenges of the modern age, including the applicability
of 3D printing in specific explosive fields. We are confident that more professionals will choose this
field of research in the future and that their work will contribute to the development of the profession.
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Unfortunately, there has been no significant progress in the area of PhD training in mining. We hope
that all those who work in mining, whether they are blasters, drillers or anyone else we meet in the
mine, will have the opportunity and the strength to embark on this long journey and see it through.

QUALIFICATIONS OBTAINED IN LAW ENFORCEMENT AGENCIES

As described in the first part of this publication, Regulation 27/2022 does not cover the Hungarian
Defence Forces and law enforcement agencies. This follows from the terms of reference and other
internal regulations. Anyone who has no criminal record and meets the health requirements in
addition to the relevant physical and psychological requirements can be a soldier or police officer.
To become a soldier, a person must undergo basic training, which includes a basic knowledge of
explosives. Consequently, every soldier must have at least a minimum level of knowledge of military
explosives, the rules for handling them and the conditions of their use. In special cases, the soldier
will serve in the special forces, or in the bomb squad, or in technical units. In this case, part of his job
will involve blasting and handling explosives. Every year, such soldiers must attend a training course
and practical sessions based on an internal set of rules, where they can obtain the qualification of
Explosive Ordnance Disposal Officer. This qualification allows them to carry out demolition duties
only if they are performing their military duties. The qualification must be renewed every year.
For bombardiers, the training is much more complex, as they can obtain the Class III Bombardier
grade after completing a basic bombardier course and passing a complex multi-part examination,
which they must also defend annually. A few years later, a soldier may have the opportunity to obtain
the class II Bombardier grade, which must be defended annually. To become a Class I Bombardier,
one must not only practice the profession continuously, but must have at least 10 years of study and
practice. There is also a Master Grade Firefighter recognition title, which can be awarded to a Class
I firefighter who has held the title for 10 years, if he or she is involved in teaching and other academic
activities in addition to his or her duties. Soldiers who perform other demolition tasks would not
acquire the same specialised knowledge as bombardiers, as their duties do not require them to acquire
this level of knowledge. They can mostly use their knowledge in the areas of opening hatches, hatch
blasting and specialised demolition wall tasks. [18]
The situation is similar in other areas of law enforcement. The Standby Police is preparing its

specialised staff to perform its EOD Service tasks. Their tasks included:

& inspection of the fire brigade at the sites of celebrations and events;

& in the event of bomb threats, searching threatened sites for explosive devices;

& dismantling and destruction of found explosive devices after expert examination.
The police and the defence forces often work together to train their professionals as effectively as
possible. It is perhaps fair to say, and with no offence intended, that the police use and employ the
least explosives. And let us keep it that way, because it means that we live in a relatively safe country.
There is, however, another organisation under the direct control of the Minister of the Interior, the
Counter-Terrorism Centre (TEK). Among the specialists who serve in the TEK are also explosives
specialists who, if we may say so, can be considered masters of intrusion and hatch-blasting. Because
of their tasks and their field of activity, they often have to practise the professional and rapid
placement of special charges, usually small, in order to be able to penetrate the desired areas within
minutes if necessary. This is perhaps where the greatest knowledge of the use of small charges is
needed, as there is no time to invent new procedures, no time to test them. When they do have to go
in, they have at most -3 minutes to prepare and apply the knowledge they have gained in the blasting
field.

SUMMARY

We have presented a tangled web of explosives technology as an educational activity and the
qualifications and licences that can be associated with it. It is shown how to obtain a licence to act as
a Master Demolitions Engineer or as a Demolitions Supervisor at secondary level. Through the
elements of the higher education system, it is shown in which fields some kind of demolitions
education is currently provided. We have described in detail how the training of blasting engineers is
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based on the themes and concepts of the training and the graduates. We briefly described the areas of
law enforcement where soldiers and police officers are prepared for the full performance of their
duties according to a special system of criteria. Hopefully, in the future, there will be progress in all
areas and opportunities to make this wonderful profession more successful and safer.

Generally speaking, at all levels and in all fields of education, in order to produce high quality
knowledge, commitment needs to be accompanied by detachment, and the need for methodological
rigour needs to be accompanied by a high degree of flexibility, awareness and critical confrontation,
and transparent communication.
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3D nyomtatassal késziilt targyak alkalmazasa a robbantastechnikai kutatas-fejlesztésben és
oktatasban
Application of 3D-printed objects in blasting research and development and education

Imre Dioszegi blasting technology engineer
CerTRust Kft. Hungary

Abstract

Az elmult években az egyre korszertibb és egyre alacsonyabb aru 3D nyomtatok megjelenése uj lehetoséget
teremt a robbantdstechnikaban alkalmazott targyak (pl. toltetek, indito szerkezetek) kisérleti jellegii vagy kis
sorozatmennyiség létrehozasaban. A 3D nyomtatdsi technologia lehetdvé teszi modellezni, 6sszehasonlitani
és vizsgalni a specialis toltetek tulajdonsagait. A 3D-s nyomtatasi technologiaval a kutatas-fejlesztéshez és
oktatdashoz alacsony koltséggel lehet létrehozni a sziikséges vizsgalati eszkozoket. Az eléadds bemutat néhany
olyan teriiletet, ahol mar alkalmazdsra keriilt a 3D nyomtatads technologia.

Eloszo

A 3D nyomtatas technoldgia korunk egyik leggyorsabban fejlodo technologiaja az élet szinte minden
teriiletén. Kiilonbozo targyakat, alkatrészeket és hasznalati eszkdzoket lehet 3D nyomtatassal kdnnyen
megtervezni és eldallitani. Ma mar épitdiparban is kezd elterjedni, mint épitési technologia.

A 3D technoldgia Iényege az, hogy térbeli targyakat parhuzamos sikokkal felszeletelve a sikbeli metszeten
talalhat6 vonalakat, teriiletet kovetve a nyomtato fej hozza létre az anyaglerakast.

Tobbféle anyaglerakasi modszer van, mindegyiknek vannak eldnyei és korlatai.

Az egyik legelterjedtebb anyaglerakasi modszer az FDM (Fused Deposition Modelling), a hore lagyulo,
elsdsorban miilanyagokbdl késziilt alapanyag szalaknak (filamenteknek) a nyomtato fejben torténd
felolvasztdsa és folyékony allapotban torténd kinyomdsa nagyon preciz vezérléssel.

A nyomtat6 szal dobra csévélt, 1,75 vagy 2,8 mm vastagsagn hengeres szal. Altalaban 1kg-os szaltdmeg van
a dobokon.

A 3D FDM nyomtatokat — foleg alacsony aruk miatt — hasznaljak a leggyakrabban.

1. Az FDM 3D nyomtatds elonyei és hdtranyai

Az FDM nyomtatas elényei:

- alegkisebb koltségii nyomtatasi technologia,

- kompozit anyagok is készithetdk (szénszalas, livegszalas anyagok)

- szigeteld, félig vezetd-, vagy vezetképes targyak készithetok vele,

- kizarolag az FDM nyomtatasnal van lehetdség lebomld, illetve kdrnyezetbarat miilanyagok,
alkalmazasara

- csak az FDM nyomtatasnal van lehet6ség kiilonbozé tulajdonsagu és szinli milanyagok egyidejii
létrehozasara

- méretezett, zart belso 1égterek 1étrehozasa (froccsontésnél ez szinte alig megoldhato feladat)

- cellas héjszerkezet alapban konnyel eléallithato, ami alacsony tdmeget és extra nagy szilardsagot
eredményezhet

- egyedi és kis szérias gyartasnal a legkisebb koltségii technologia

- a3D-s tervezés konnyen elsajatithato az ingyenes, vagy alacsony aru szoftverekkel (FreeCAD,
CURA)

- termoplasztikus, rugalmas miianyagokat csak a FDM nyomtatasi technologiaval lehet nyomtatni

Az FDM nyomtatas hatranyai:
- aszeletelési technoldgia miatt a nyomtatasi id6 hosszq,
- anyontatoszal nyomtatofejben térténd megolvasztasahoz id6 kell, ezért a nyomtatasi sebesség felsd
hatara korlatozott
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- egyes mianyagok (ABS, ASA) a nyomtatasi hdmérsékleten — ha csekély mértékben is - egészségre
artalmas gazokat fejlesztenek

- anyomtatdszalak gyartoi termékspecifikus adatokat adnak meg a nyomtatasi paraméterekre, igy egy
3D- targy kinyomtatasa el6tt el6fordul, hogy allitani kell a nyomtatasi paramétereken, ami
odafigyelést igényel (pl. nyomtatasi hdmérséklet, nyomtatasi sebesség stb.)

2. 3D-s nyomtatott targyak alkalmazdsa a robbantdstechnikdban

Alapvetden a nagy tomegben hasznalt robban6 targyak (toltetek, indito toltetek) a gyari kiszereléssel
kertilnek alkalmazésra.
Hol alkalmazhato akkor a 3D-s nyomtatasi technologia?
Viélasz:
A. Elsdsorban olyan helyeken, ahol valamilyen paraméterek meghatdarozasandl vagy azonos méretii
burkolatokra, vagy tolteburkolatok eltérd méretii sokasdagara van sziikség.

B. Masodsorban olyan testek létrehozasa, amelyek mds technologiaval nem, vagy csak bonyolult modon
hozhatok létre.

C. Harmadsorban olyan helyeken, ahol el kell keriilni a téltetburkolat okozta repeszhatdast.
D. Negyedsorban olyan helyeken, ahol el kell keriilni a tolteburkolat kornyezetszennyezését.

A 3D-s nyomtatas lehetséges alkalmazasi teriiletei:

a.) Kutatas, fejlesztés, minésitd vizsgalatok

- azonos tdltetméretek, de eltérd robbandanyagok Osszehasonlito vizsgalata

- azonos robbandanyagok, de eltéro toltetméretek dsszehasonlitod vizsgalata

- specialis vagotoltetek (linearis-, gytiriitoltetek) hatasvizsgalata

- vizsgalo toltetek alkalmazasa, a robbanas hatdsainak kutatasanal

- vizsgalo repesztoltetek alkalmazasa a véddeszkozok fejlesztésénél, vizsgalatanal
- egyszer hasznalatos indit6 szerkezetek (pl ADR vizsgélatok)

- egyszer hasznalatos vizsgalo eszkoz alkatrészek (pl. detonacio sebességmérd)

b.) Oktatas
- hatast prezental6 toltetek haza

c.) Szeizmikus robbantas teriiletén

- az adott talajviszonyokhoz igazodo toltetméretek kialakitasanal
3. Néhany gyakorlati példa a 3D-s nyomtatoval készitett targyakra

a.) Detonacids sebesség mérd szonda

sTOP STARY
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1. kép  Erzékeld szonda VoD méréshez
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2. kép Erzékeld szonda hazak VoD méréshez

b.) Kumulativ toltet réztartalmu tfilementbdl késziilt betéttel (kutatas)

A toltethaz 2 darabbol 4ll, a betét 30% vorosréz tartalma PLA filament, stirisége 3,65 kg/dm?.
Robbandanyag Semtex 1A, a toltet 6ssztomege 38g, a betét tomege 3,7 g.

Eredmény: A sugér 3 db 10 mm vastag acéllemezen hatolt at {it6tt at, az alatt levd 50 mm vastag acéllemezbe
18 mm mélyen hatolt be.

Ugyanilyen kialakitast masik toltet 100 mm hosszu, 40 mm vastag 6tvozott aluminium hengerbe 82 mm
mélységli penetracios csatornat hozott 1étre.

3. kép 36mm atmérdjii toltet 4. kép A penetracios mélység 48 mm
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¢.) Univerzalis toltethaz

A toltethaz szeizmikus robbantashoz késziilt, valtoztathatd toltetmennyiségekhez, tobbféle inditasi modot
lehetdveé téve. A toltetatmérd 75 mm, 100-500ml toltettérfogattal.

Also és fels6 inditast tesz lehetové, kozépen robbandzsinéros inditasi lehetoséggel.

A toltethaz PLA (polilaktdz), leboml6 miianyag, stirlisége 1,23 kg/dm?.

Teljes tomege: 90g
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5. Tobbceélu toltethaz

4. Kovetkeztetés

Az FDM 3D-s nyomtatassal késziilt testeknek van helyiik a robbantastechnika tertiletén is, féleg olyan
helyeken, ahol egyedi, vagy valtozo feltételli feladatokat kell elvégezni. Nagyon nagy elony az alacsony
koltségli nyomtatasi hardver és szoftver. A lehetdségek feltarasa még nem fejez6dott be, a robbantasi, de
féleg a kutatasban résztvevo szakemberek részére nagy segitséget jelent a technologia.
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Application of 3D printed objects in blast technology R&D and education
Application of 3D-printed objects in blasting research and development and education

Imre Dioszegi blasting technology engineer
CerTRust Kft. Hungary

Abstract

In recent years, the appearance of more and more modern and lower-priced 3D printers has created new
opportunities for experimental or small batch creation of objects used in blasting technology (e.g. charges,
launchers). 3D printing technology allows you to model, compare and test the properties of special fillings.
With 3D printing technology, it is possible to create the necessary testing tools for R&D and education at
low cost. The presentation presents some areas where 3D printing technology has already been applied.

Foreword

3D printing technology is one of the fastest developing technologies of our time in almost all areas of life.
Various objects, parts and utility devices can be easily designed and produced using 3D printing. Today, it is
also beginning to spread in construction as a construction technology.

The essence of 3D technology is that by slicing spatial objects with parallel planes, the lines on the planar
intersection are created by the print head, following the area, the material dumping.

There are several methods of laying materials, each of them has advantages and limitations.

One of the most common material disposal methods is FDM (Fused Deposition Modelling), the melting of
thermoplastic filaments (filaments) made primarily of plastics in the printing head and printing them in the
liquid state with very precise control.

The printer is a cylindrical filament wound on a drum, 1,75 or 2,8 mm thick. Usually there is a thread weight
of 1kg on the drums.

3D FDM printers are the most commonly used, mainly because of their low price.

1. Pros and cons of FDM 3D printing

Advantages of FDM printing:

- lowest cost printing technology,

- composite materials can also be made (carbon fiber, fiberglass)

- insulating semiconductor or conductive objects can be made with it,

- Only FDM printing allows the use of degradable or environmentally friendly plastics

- only FDM printing allows the simultaneous creation of plastics with different properties and colors

- creation of dimensioned, enclosed indoor air spaces (this is hardly a feasible task in case of injection
moulding)

- The cellular shell structure is easy to manufacture by default, which can result in low weight and
extra high strength

- The lowest cost technology for individual and small series production

- 3D design can be easily mastered with free or low-cost software (FreeCAD, CURA)

- thermoplastic, flexible plastics can only be printed using FDM printing technology

Disadvantages of FDM printing:

- due to slicing technology, printing time is long,

- Melting the filament in the print head takes time, so the maximum print speed is limited

- some plastics (ABS, ASA) produce gases harmful to health, albeit to a small extent, at print
temperature

- filament manufacturers provide product-specific data for printing parameters, so before printing a 3D
object, it may be necessary to adjust the printing parameters, which requires attention (e.g. print
temperature, print speed, etc.).
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2. Application of 3D printed objects in blasting technology

Basically, explosive objects used in large quantities (charges, booster charges) are used with the factory
packaging.

Where then can 3D printing technology be applied?

Answer:

A. Primarily in places where, when determining certain parameters, either covers of the same size or a
multitude of filling covers of different sizes are required.

B. Secondly, the creation of bodies that cannot be created by other technologies, or can only be created
in complex ways.

C. Thirdly, in places where fragmentation caused by the fluid envelope must be avoided.

D. Fourthly, in places where it is necessary to avoid environmental pollution of the filling cover.

Possible applications of 3D printing:

a.) Research, development, qualification tests

- Comparative test of identical munition dimensions but different explosives
- comparative test of identical explosives but different munition sizes
- Impact assessment of special cutting fillings (linear, ring fillings)
- use of test fluids in research on the effects of an explosion
- Use of test fragmentation fluids during the development and testing of protective equipment
- disposable starters (e.g. ADR tests)
- disposable test instrument components (e.g. detonation speedometer)
b.) Education
- housing of charges presenting effects

c.) Seismic explosion field

- when designing fill sizes adapted to specific soil conditions
3. Some practical examples of objects made with a 3D printer

a.) Detonation velocity probe

sTOP STARY

M Ovhl 18200 #hdwnt)

1. image Sensor probe for VoD measurement
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2. image Sensor probe housings for VoD measurement

b.) Cumulative filling with copper fillet insert (research)

The filling case consists of 2 pieces, the insert contains PLA filament containing 30% copper, its density is
3.65 kg/dm 3. Explosive Semtex 1A, total weight of charge 38g, weight of insert 3.7g.

Result: The beam penetrated through 3 steel sheets 10 mm thick, penetrated 18 mm deep into the 50 mm
thick steel sheet below.

Another charge of the same design created an 82 mm deep penetration channel into a 100 mm long alloyed
aluminium cylinder 40 mm thick.

3. image 36mm diameter 4. 1image The penetration depth is 48 mm
charge
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c.) Universal filling housing

The charge housing is designed for seismic detonation with variable amounts of charges, allowing multiple
launch modes. The filling diameter is 75 mm with a filling volume of 100-500ml.

It allows lower and upper starts, with the possibility of launching with a debunking cord in the middle.

The filling case is PLA (polylactose), a degradable plastic with a density of 1.23 kg/dm3.

Total weight: 90g

EHEER. _
HEEERENT RS

5. Multipurpose case of charge
4. Conclusion

FDM 3D printed bodies also have a place in the field of blasting technology, especially in places where
individual or variable tasks have to be performed. A very big advantage is low cost printing hardware
and software. The exploration of the possibilities is not yet complete, the technology is of great help to
the experts involved in blasting, but especially for those involved in research.
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ACELMAGVAS LOVEDEKU LOSZER VIZSGALATA!
TESTING OF STEEL-CORE PROJECTILE AMMUNITION
Péter ELES?

Kivonat:

A Magyar Honvédségben zajlo Honvédelmi és Haderdfejlesztési Program keretében a tényleges
allomany egyéni fegyvereinek levaltasa is folyik: az AMMSz (AK—-63D) Kalasnyikov-rendszeri
gépkarabélyokat felvaltjak a CZ BREN?2 tipusu fegyverek. A szerzé publikacidjaban vizsgalja a 80
éves konstrukcidju — de a mai napig hasznalt — jol bevalt 7,62x39 mm-es 43M PSz acélmagvas
lovedéki toltényt, amely a Kalasnyikov gépkarabélyok és golydszorok alaplészere és bizonyos
alkatrészcserék utan a CZ BREN2-hoz is alkalmazhato. Ismerteti a 16szer szerkezetét, a felhasznalt
anyagokat, a gyartastechnologiat, kiilballisztikai tulajdonsagait.

Kulcsszavak: Honvédelmi és Haderdfejlesztesi Program, lovészldszer, ballisztika, fizikai
hatdsok

Abstract:

In the framework of the Defence and Military Development Programme of the Hungarian Defence
Forces, the individual weapons of the actual personnel are also being replaced: the AMMS (AK-63D)
Kalashnikov-type assault rifles are being replaced by CZ BREN?2 type. In his publication, the author
examines the well-proven 7.62x39 mm 43M PS steel-core projectile cartridge of 80-year-old design,
still in use today, which is the basic ammunition for Kalashnikov assault rifles and bullet launchers
and, after certain component changes, can be used for the CZ BREN?2. It describes the structure of
the ammunition, the materials used, the manufacturing technology and its external ballistic properties.
Keywords: Defence and Military Development Programme, munitions, ballistics, physical effects

INTRODUCTION

One of the major tasks in the process of the Defence and Force Development Programme is the
rearmament of soldiers, including the replacement of the AMMS (AK-63D) assault rifle with the CZ
BREN?2 type for the actual personnel — the individual weapon of the reserve personnel remains the
AMMS for the time being. Much has been said and debated about the old and new weapons, pro and
con. Ammunition, however, has somehow been left out of these polys.

The new weapon basically uses the 5.56x45mm (.223) NATO ammunition, but can be converted
to 7.62mm space-age, using the 7.62x39mm 43M steel-core PSz ammunition - so this older design
ammunition is not being phased out. In the context of this changeover, it seems appropriate to give a
closer look at our 7.62 mm carbine ammunition, which is being "placed in reserve": there have been
many publications about the Kalashnikov-style weapons, but less about the ammunition. The more
detailed descriptions and analyses of the 7.62 mm 39M and 43M cartridges are more likely to be
found in a restricted professional circle. Even in the regulations and operating instructions for
Kalashnikov weapons, and even in the service book Ammunition Material Knowledge (Tiife/136),
there is a rather terse description of these ammunition. I intend to fill this gap by describing the
characteristics of 43M ammunition, its manufacturing technology and ballistic properties.

I think it is important to mention that in (Hungarian) civilian life, and sometimes among soldiers,
there is — in my experience — a perceived confusion in Hungarian terminology, in terms of the terms
“cartridge” and “ammunition”. In order to avoid misunderstanding, it can be stated that in the
Hungarian military language, the word “cartridge” refers to classic shooting ammunition, i.e., those
up to 20 mm caliber (its synonym). In the case of a size larger than this, the designation is simply
ammunition. That is, the set of cartridges is a subset of the set of ammunition, so we can also use the
name shooting ammunition. Further confusion can be caused by the definition that can be read in
several places on the Internet, according to which the cartridge is not a firearm device suitable for

' TESTOVANIE MUNICIE S OCELOVYM JADROM.
2 National University of Public Service, Doctoral School of Military Sciences, Ph.D. student. ORCID: 0000-0002-9938-
9823. E-mail address: eles.peter36 @ gmail.com
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firing a sharp shot, it is missing one or more components. This does not hold up just because of the
above, not in a military sense at all! Act XXIV of 2004 on Firearms and Ammunition (HUN) does
not interpret it in this way either, for example the definition of ammunition is “a single cartridge
containing projectiles, gunpowder and priming material” [1; 2§ 22. or, for example, the definition of
a blank cartridge as “a cartridge without projectile, intended to produce sound, light or smoke
effects...” [1; 2§ 47] When I refer to the subject of my study in the following, I will refer to it as
ammunition, cartridge and firing pin, in accordance with the technical terminology.

HISTORICAL OVERVIEW

The 7.62%39 mm 43M ammunition, including the steel-core PS ammunition as indicated by the type
designation, was introduced in the Soviet Union in 1943. Although it gained worldwide fame as
ammunition for Kalashnikov-style assault rifles, it was the SKS carbine? that fired it first. Not
commonly known, but the ammunition was also designed by the creator of this weapon, Sergei
Gavrilovich Simonov. The SKS carbine was used in combat during the final stages of World War 11
and was replaced after the war by the reliable Kalashnikov assault rifle with its improved
characteristics. After that, the SKS became the weapon of choice for the decorative sub-units and
guards in the Soviet Union and Warsaw Pact countries.

However, the 43M PS ammunition had a great “career”. Mikhail Tymofeyevich Kalashnikov*
chose this cartridge for his assault rifle (and later for his light machine gun). The AK (the design was
introduced in 1947) was first introduced in the Soviet Army in 1949, and then in most countries of
the socialist camp (our country in 1959) it and of course the ammunition, including the 43M PS
cartridge, became regular.’

COMBAT TECHNICAL DATA AND CHARACTERISTICS OF AMMUNITION

The 7.62 mm in the official Hungarian military designation of the ammunition is the diameter of the
smallest dimension of the bore of the firing barrel, or the distance between the two opposing muzzles
of the AMMS barrel - the weapon's gauge. The 39 mm is the length of the case. The 43 is the year of
introduction (1943), the M is an abbreviation of the word model (Russian: mozxens). PS stands for
“steel-core” (pulya stalnaya - mysst cramHas).

The 7.62 mm 43M PS steel-core ammunition (or projectile) is “designed to counter the enemy's
live fire in open terrain or behind a camouflage material that can be penetrated by projectiles” [2; p.
38]. The construction, dimensions and data of the ammunition and its projectile are shown in Figure
1, with a description following the figures.

l \ ]
1. projectile

o :;-.. {j ,}’: 2. sheat_h (sheath neck)
o = 3. cartridge
4. groove

, ' 5. hammer

Figure 1 Structure of the 7.62 mm 43M PS steel-core projectile
(Edited by the author from [2; p. 39])

3 Samozaryadniy Karabin (sistemy) Simonova — SKS (Camosapsaubiii Kapabun (cucremsr) Cumonosa — CKC):
Simonov-type self-loading carbine. Designed by Sergei Gavrilovich Simonov (Cepreit I"aBpmnosinu CumoHoB) (1894-
1986), Soviet weapons designer.

4 Mikhail Timofeyevich Kalashnikov (Muxaun Tumodeesru Kanamnukos) (1919-2013), Soviet-Russian weapons
designer, Lieutenant General of the Armed Forces of the Russian Federation at the time of his death.

5> Non-socialist countries have also used the Kalashnikov system, such as Finland (Valmet M78 light machine gun).
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1. cape
2. lead ring
3. steel core

Figure 2 Projectile construction of the Figure 3 7,62x39 mm 43M PS
7.62 mm 43M PS steel-core ammunition steel-core projectile
(Edited by the author from [2; p. 40]) (Photo by the author)

Figure 4 Section of 7,62%39 mm 43M PS Figure 5 Section of a 43M PS projectile
steel-core projectile showing the jacket, lead ring and steel core
(Photo by the author) (Image by the author)
-

Figure 6 7,62x39 mm 43M PS steel-core VUFL cartridge
(Photo by the author)
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. 7,62%39 mm 43M PS steel-
Name of ammunition ..
core projectile

Space size 7,62 mm
Weight of ammunition 16,2 ¢
Length of projectile 26,5 mm
Weight of projectile 719 g
Weight of cartridge 1,6 g
Maximum gas pressure in the barrel 320 MPa (average value,
(AMM machine gun) measured with a piezometer)
Projectile velocity when fired from 420 715 m/s
mm barrel
Projectile extraction force 800 N
Penetrating power 50 %

- 7 mm thick armour plate at 900

impact (300 m) 80-90 %

- steel helmet (900 m) 80-90 %

- armour plate (600 m) 0,7-0,8 m

- rammed snow breastplate (500 m)

- brick shelter (100 m) 0,12-0,15m

Table 1 Dimensions and data of 7,62x39 mm 43M PS steel-core ammunition.
(Edited by the author from [2; p. 40])

STRUCTURE AND TECHNOLOGY

The bullet jacket is made of steel coated with a copper-zinc alloy (CuZnl0 or CuZn20).
“The jacket is made of cold-rolled carbon mild steel, clad on both sides with a thin layer of casing.”
[3; p- 291] A lead ring or lead liner “is made of lead or lead-antimony alloys and ensures tight fitting
of the core in the jacket and correct positioning of the centre of gravity of the projectile, and helps to
reduce wear on the barrel bore of the weapon.” [3; p. 291] The core material is C15 mild steel.
The steel core was originally used as a partial substitute for the more expensive lead, but it also had
another advantage: it had a higher penetrating power. The leading part of the projectile has a rolled
groove at the rear end of the stub cone, into which the case mouth is flanged for higher average and
lower spread extraction force. In addition, a layer of bituminous varnish is applied between the contact
surface of the case and the projectile for hermetic sealing. Hermeticity is also ensured by the
lacquering of the case mouth and the breech cup. These three technological steps are carried out only
on military versions. When loaded, the 43M PS cartridge strikes the chamber of the weapon at the
scabbard, like all other grooved ammunition, unlike its highly unsystematic “big brother”, the 39M.
The projectile has no colour marking.

The cartridge case is available in three versions:

a) Steel clad with 0.2 mm casing foil (this is the original construction, the cladding was
mainly for corrosion protection reasons);

b) Phosphated mild steel, coated with an organic varnish after finishing ('70s to '90s)
Phosphating was used for cold forming and varnishing for corrosion protection.

c¢) The tombak sleeve is “due” to technological degradation and environmental restrictions,
clearly a step backwards.

Figure 3 shows a type b) cartridge.

The casing contains the nitrocellulose-based powder charge [4] and the damper (percussion cap)®,
as well as the projectile. The case is made by a series of wall reduction processes where the bottom
thickness is not changed at all and the bottom diameter is essentially unchanged.

® The terms ,,damper” and ,,percussion cap” are used as synonyms in this study.
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The case holds all the ammunition components together and, when fired, closes the path of the
powder gases to the rear of the chamber towards the breech (the resulting gas pressure “blows up”
the case, which seals against the chamber). The Berdan percussion cap chamber is located on the
bottom of the case, into which the percussion cup containing the percussion cap mixture is mounted
(collectively the percussion cap). The front surface of the percussion cap chamber is fitted with a so-
called anvil and two weights. When the firing pin strikes the damper, the anvil provides the
counterweight. The stabbing flame produced by the impact ignites the powder charge of the case
through the two firing holes. An annular groove is formed above the case bottom. The rim of the
rifle's rifling arm engages in this to ensure unloading.

The case contains the powder charge, which propels and accelerates the projectile into the barrel
by the pressure of the gases generated and expanded by the combustion. VUFL type powder is a
solvent process nitrocellulose powder. In shape, it is a tubular gunpowder with an external diameter
of 0,52 mm and an internal diameter of 0,11 mm and is therefore neutral in nature. The grains are
graphitised to prevent them from agglomerating and charging with static electricity. Each 43M PS
ammunition contains 1,6 grams of powder. [5]

The role of the damper is to ignite the powder. The percussion cap is activated by the weapon's
striker mechanism (striker pin), i.e., the percussion cap must be made of a material that explodes and
forms a stabbing flame when mechanically impacted (struck). The composition of the damper of the
43M PS ammunition is’:

e mercury-fulminate — Hg(CNO),, C2N20:Hg, mercury (II) fulminate: 25%;
e potassium chlorate — KclOs: 37,5%;
e sulphur antimony — Sb,Ss, antimony pentasulphide: 37,5%.

Mercury-fulminate has a flash point of 443 K (170 °C), is colourless, crystalline, an excellent
initiating explosive (impact sensitivity 1 J), with a detonation velocity of 5400 "/s. Potassium chlorate
has a flash point of 643 K (370 °C), white, crystalline, flammable. Antimony pentasulphide, an
orange-red crystalline substance, enhances the combustion of potassium chlorate. [6] The latter two
ingredients are also used in match making, where they are used to make the match heads.

The damper is contained in the copper cup, which is pressed into a nest in the bottom of the
sleeve. The positioning of the cup is centred.

On the case-butt of the cartridges in the Hungarian Defence Forces stock there are two types of
markings, known as stamps, one of which is the code of the manufacturing plant and the other the
last two digits of the year of manufacture. A significant surplus of these ammunitions was
accumulated in the Hungarian Defence Forces. Their neutralization is done by disassembly, for which
knowledge of the structure is essential. [7] If appropriate, if their technical condition does not allow
for disassembly, they will be destroyed. Destruction shall also be carried out in accordance with the
procedure of the Hungarian Defence Forces. [8]

SHORT INTERNAL BALLISTICS

The change in gas pressure and velocity in the gun barrel during the firing process is discussed and
studied in internal ballistics. The system of internal ballistics equations (gas pressure and velocity
curves) is nowadays solved by numerical methods using computers, e.g., the Runge-Kutta method.
Pressure and velocity are measured by piezoelectric methods.

The projectile of the 43M PS ammunition starts with a relatively high initial velocity in the tube
and accelerates steeply. The maximum gas pressure (average 320 MPa) is reached very early, at about
40 mm of the barrel length, and the pressure generated is relatively high, with the barrel being
subjected to the greatest pressure force. This is one of the basic data for sizing the gun barrel. From
here on, the projectile continues to accelerate in the barrel under the effect of the pressure and
expansion of the evolved gases, and finally leaves the barrel at the initial velocity (715 m/s).

7 This type of damper has not been produced since the 2000s, for health reasons (it is also highly corrosive).
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EXTERNAL BALLISTIC CHARACTER

After leaving the gun barrel, the projectile continues along the trajectory. During its flight, it rotates
around its axis, which it gets from the twisting (dragging) of the barrel. With the right wire tension,
and therefore the right amount of rotation, the direction of the projectile's velocity vector is always
tangential to the trajectory. This means that the projectile is stable on the trajectory and does not
tumble or “duck”. Ideally, the trajectory is parabolic, i.e., in a vacuum, and when placed in a gravity
field, the centre of mass of the projectile is only subject to the force of gravity. In such an ideal case,
the equation of the parabola that forms the trajectory (ignoring the derivative):

xt-g

y=xtg%o 2 vy COS?%Q,
wherever

x: horizontal component of the trajectory (m);

y: vertical component of the trajectory (m);

¢: angle of departure (degrees, radians, lines);

g: acceleration due to gravity;

vy: initial velocity of projectile.

However, in an air-entrained space, the drag of the air, the Magnus effect® due to the rotation of
the projectile, the Coriolis force’, the various tilting torques must be taken into account. The drag of
the air depends on the density, pressure, humidity and temperature of the air. Drag of medium acts in
the opposite direction to the projectile's movement, trying to brake the projectile. The Magnus effect,
due to the rotation of the projectile about its longitudinal axis, causes lateral deflection (sideways
movement). A Magnus force is also generated for projectiles flying in a strong crosswind, but the
effect is vertical in this case.

Tilting torques tend to deflect the projectile away from its initial spin. The Coriolis force has a
complex effect, dependent on the direction of fire and geographic location, and independent of the
presence of the atmosphere and the rotation of the projectile. It follows from this list that the motion
of the projectile on the real (air-filled) space trajectory is described by complex differential equations,
although empirical formulae for approximate calculations (e.g., Siacci's equation) exist.
By combining theoretical calculations with the results of experimental firing, practical tables of fire
are constructed for projectiles, giving the shooter rapid information on the weapon-projectile system
required for firing. Examples of such practical tables of fire are:

e Dbase table: gives the angle of aim, trajectory height, angle of impact, horizontal
distance of the trajectory apex from the muzzle, projectile flight time, time of
flight and impact energy as a function of range;

e table of trajectory heights above the line of sight in relation to the sighting
position and the firing distance;

e scatter table.

The projectile of the 43M PS ammunition [9], fired from the AMMS assault rifle has a target
range of 300 m, a kill range of 1500 m and a maximum flight distance (maximum range) of 3000 m.
The scanned range for a 0,5 m high breast form is 350 m.

An important external ballistic parameter of projectiles is the specific cross-sectional load.
The specific cross-sectional load [10] (f) is equal to the ratio of the projectile mass (m) to its cross-
sectional area (A):

8 Magnus phenomenon (from the physicist Heinrich Magnus): a force acting on a rotating cylindrical body (or equivalent:
a rotating cylindrical body in a still medium) in a flowing medium, including a projectile travelling on a trajectory, with
a vector perpendicular to the direction of flow and the axis of rotation.

% Coriolis force (from the mathematician-engineer Gaspard-Gustave Coriolis): force acting perpendicular to the direction
of motion on a body moving in a rotating inertial frame (such as the Earth).
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Of=7

Newton's second law of motion suggests, that the larger the specific cross-sectional load of a
projectile, the slower its flight speed decreases (the loss of velocity due to air drag is slower), so it
reacts less to in-flight disturbances. This is just a good approximation, because it is only fully true if
the projectile's form factor is independent of its mass. This is not entirely true because the longer the
projectile, the heavier it is, i.e., it has a higher specific cross-sectional load:

e has a larger casing surface area and therefore a greater casing drag;
e for the same angle of precession (due to the longer projectile), the surface
area perpendicular to the airflow is greater.

Taking all this into account, the value of cy also increases with increasing mass, but the effect on
air forces is smaller than the deceleration-reducing effect of mass.

Now let m denote the mass of the projectile, p the density of the air, A the cross-sectional area
of the projectile, the drag coefficient cy, the velocity of the projectile v, the acceleration a. Then the
drag of the air is E:

__ v%pAcy
2)E = —
The force F due to projectile motion, where the acceleration of the projectile is:
3) F =ma
Newton's second law of motion gives that F =- E i.e.
_ __ v?pAcy
(4) ma = —
From this
_ _v’pAcy
O)a=—-———

From equations (1) and (5), it can be seen that the specific cross-sectional (m/A) load is inversely
proportional to the projectile deceleration (due to the A/m term on the right-hand side of the
equation).

The specific cross-sectional load on the projectile of the 43M PS ammunition is approximately
17.3 g/cm? based on (5). By comparison, the 5.56x45 mm SS109 ammunition currently used in
NATO (also fired by a regular version of the CZ BREN?2 assault rifle), which is equivalent in
function to the 43M PS, has a specific cross-sectional load of approximately 14 g/cm?, so its
deceleration in trajectory is greater and it is more sensitive to disturbances than the 43M PS
ammunition.

Concluding the brief external ballistics description, Figure 7 shows the trajectory of a 43M
PS projectile fired from an AMMS assault rifle into a target at 300 metres.

At 300 metres from the target, the projectile has an impact energy of 860 J and a terminal velocity of
459 m/s. To engage a breaststroke at 300 metres from a prone firing position with elevation, 3 rounds
of ammunition are required, and 1 round of ammunition from a trench with elevation from a standing
position. [12]

Unfortunately, there are numerous examples of these munitions or the ammunition powder they
produce being used with criminal intent in various attacks. [13] Due to space constraints, I cannot
deal with this at the moment and it is not directly relevant to the topic at hand.
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M: height (ordinate)

L: horizontal distance (abscissa)

F: pipe mouth

C: target

T: height of trajectory apex (0,34 m)

X: distance to target (300 m)
j XT: horizontal distance to the top of
e B the trajectory (162 m)
L . S qu steering angle (4.4 lines - at 6000)
- . u i ¢: angle of incidence (5,0 degrees)

Figure 7 Trajectory of 7,62x39 mm 43M PS steel-core ammunition projectile
when fired at a target 300 m away from an AMM machine gun
(Author's editing based on [11])

SUMMARY

A brief description of the 7.62x39 mm 43M PS steel-core projectile ammunition, which entered
service in 1943, shows why it has enjoyed such a “career” worldwide. As a carbine ammunition (also
known in the literature as an intermediate ammunition), it is well suited to its purpose. Its mass is
such that the shooter can carry his SDOS without difficulty. Its ballistic characteristics show good
average properties, its impact energy on target is relatively high within the targeted range. In the case
of copper casings, no special technology is required for their production and mass production is
relatively inexpensive.
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Abstract

While reading the title of the article some may remember the Die Hard movie when a huge
cargo vessel was perished due to the super power of the binary explosive. This scene was
excessive and based on misconception like the plasma temperature of the shaped charge jet.
But why it is in the background? Why we do not hear about these explosives?

This article deals with such questions, and shows the capabilities of such explosive which
was partly developed by the author.

Keywords: binary, explosive, composite explosive, shaped charge, multi component
emulsion

1 Foreword

The binary explosives or also called multi component explosives is still an unknown
explosive species. Firstly, it was invented and used by Gerald L. Hurst, and its use territory was
strictly in the USA, and it is remained there. The areas where it is used: roadblock removal, or
for rocky outcrops, industrial stem boiler pipe cleaning, beaver dam blasting, log blasting and
other special operations which are almost unimaginable in this continent. The reason for its use
was the vast distances, small amount to be used and safe transportation without ADR constraints.

This article deals with a binary mixture which was further developed by the author, and it

was also tested for various purposes.

2 Background

Any development amongst explosives is always up to improve some of its characteristics.
[1] Like bigger brisance, suitability for extreme conditions, tailored for melt casting or pressing.
For these actions various mixtures came to alive. For at least 100 years the TNT played the main
role in these mixtures. On the one hand because its insensitivity, and secondly the indifferent but
good applicability for mass production. It can be used for pressed explosives or for various melt

cast explosives (Comp-B; Cyclotol).
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However, as all explosives has its drawbacks, like health concerns, environmental impact. But
the mostly mentioned is the sensitivity, new developments such as Fox-7, NTO [2] have better
safety factor in case of friendly fire or other havaria in the battlefield.

For civilian field the developments focus is the cheap mass production with safe use. Only
nowadays appeared the environmental aspects, as the nitrates appeared in communal waters and
their decontamination become inevitable.

The binary explosives represent a minority amongst explosives which is used task orientated
where at least TNT equivalent explosive strength factor is needed, and the used quantity is not

in a quarry blasting league.

3 Development and testing background

As this binary explosive is unknown in the general practice of the using of explosives
therefor no literature was available.
Even the original mixture which was developed by Gerald L Hurst is re-drawn and a completely
new formation and texture along with new performance indicators aroused.
The author built up the current version of the composition based on 10 years of experiments. The

complete set of testing is a basis of my thesis, and it its size is beyond this article.

4 Tests on the binary explosives

The following table summarizes the test and the results which were carried out.

Standard Scope Dimension Requirements Measure value

Max deviation with 3°

EN 13631-2 | Thermal stability* [°C] [bar] C, max. 0,6bar +0,2°C; +0,42bar
overpressure
EN 13631-4 | Impact sensitivity* [J] must be over 2J 15-20]
EN 13631-3 | Friction sensitivity [N] must be over 80N 360N+
Must be initiable
Extreme
EN 13631-7 [°C] according toEN Pass
temperatures

13631-10
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Must be on
Means of
EN 13631-10 - Manufacturer Pass (with no8 det)
initiation*
specification
Must be on
EN 13631-13 Density* [g/cm?] Manufacturer 1,29 g/cm?
specification
Must be initiable
Detonation 5500m/s (1,29
EN 13631-14 [m/s] according to EN
velocity* g/cm* 18mm @
13631-10
MSZ 14- Brisance compared to another 19,0mm
05065-89 according to Hess- material (ANE:11mm)

4.1. Additional test

4.1.1. Shaped charges

Linear and point-focal charges were made with copper liner in order to verify the ability to

detonate in small diameter and also to build up a stable detonation wavefront for shaped charges.

The pictures below shows a linear shaped charge.

1.picture: Linear shaped charge
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It can be seen that the general rule that the first 10% of the charge not function properly simply
not true in this case. Although we are talking about non-ideal explosive the detonation
characteristics shows properties which only can be obtained by homogeneous explosive systems.
The penetration was 18mm in solid steel target with 30mm standoff distance.

In the 2. picture a 3D printed housing can be seen. They are identical and the charge weight
was 312 and 316g- None-of it contained metallic liner. From the penetration it is visible that

without metallic liner the explosive left considerable indention on the 35mm thick steel plate.

3.picture: 50g point-focal charge with copper liner

In the 3. picture a small 50g charge is visible with its penetration in mild steel. The target is

30mm thick.

4.1.2. Metal cladding

Due to the small critical diameter of the explosive the metal cladding aspect also came into

focus. In the trials 30mm wide, 3mm thick KO33 steel sheets were welded together.
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Also, copper (30mm wide Smm thick) with KO33 was successfully cladded together.

Due to the small critical diameter and the consistency, this explosive offers unique

performance for explosive cladding.

5 Illegal use of multi-component explosives

Nowadays the safety on the base of the infrastructure protection in Europe is a cardinal task of
the government because in this way can guarantee a safe and healthy life of the citizens. This
task needs to take into account by inside attack danger and outside threat. Tests that allow us to
deduce the behaviour of an explosive are essential. Multi-component materials pose an even
greater challenge for researchers in this case. [3] However, it is not only multicomponent
explosives, but almost all products of the explosives industry that are used for criminal purposes.
It is therefore of paramount importance to handle and trace these materials in accordance with
the law. [4]

I think it is important to mention that when making mixed or multi-component explosives,
there are only a few simple rules to follow. Herein lies the simplicity of their design.
The possibilities for the production of mixed or multi-component explosives offer endless
possibilities for variation and only a few rules need to be considered when preparing mixtures.
Without wishing to be exhaustive, such rules include:

e the mixture is an explosive with another substance, an explosive or an inert substance
chemical compatibility with (substances);

e the physical and chemical stability of the explosive produced must not be reduced;

o the explosive properties of the mixed explosive must be improved as far as possible, but at

least they must not deteriorate significantly;
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e the explosive temperature of any explosive component of a mixed explosive intended for
further processing by casting must not be lower than the melting point of the other
component;

e it is not advisable to produce a mixed explosive in which one component of the mixture
catalytically accelerates the chemical decomposition of the other component. [5]

Nowadays, the terrorist threat and the fight against it can be a concern all of us, anytime.
The obligations arising from international treaties constantly carry the possibility of an
aggressive attack. The most significant form of terrorist activity is bombing attempts. These
carried out by home-made explosive devices which contain such materials that can be obtained
from an ordinary shop and their form and structure is only limited personal ingenuity. [6]

Most of the multi-component explosives used in attacks were transported to the place of use
by some form of transport. The question may arise: why? One of the biggest advantages of an
IED is that it is mobile and does not stand out from the environment. Depending on the type of
means of transport, they can contain a huge number of explosive devices, both in motor vehicles
and in two-wheeled vehicles. They are also very difficult to identify in heavy traffic. The
mobility of transport means makes it easy for them to get in close proximity to the intended
victim or target. According to their method of initiation, a distinction is made between timed and
guided or suicide bomber vehicle-borne explosive devices. [7]

If we look at the devices used, it is the Improvised Claymore Mine' and Explosively Formed
Projectiles” devices that have used the multicomponent explosives. [8]

The illicit use of multi-component explosives is a very popular research topic these days,

but I personally prefer its peaceful and beneficial use.

! The use of cluster munitions is becoming increasingly popular among terrorists because they can be used with
very high effectiveness. They are often used in combination with grenade launchers, thus increasing the armour-
piercing capability. The deployment of such devices requires more expertise and is therefore deployed in small
groups. The deployment of directional cluster munitions is not very challenging from an assassin's point of view.
However, it is important that these prefabricated devices have a given kill and fragmentation distance. This effect
is enhanced by placing a large quantity of explosive material, usually plastic explosives, in front of the fragmentation
device and then stacking it with fragmentation materials (scrap metal, glass fragments, etc.). They are placed in
fabric bags or plastic containers to provide camouflage.

2 The homemade structure is designed to counter armour techniques. It is triggered by a victim or an assassin. A
cylindrical tube is filled with explosive material, in front of which a copper disc is placed, convex towards the
explosive material. Once the explosion has occurred, the disc produces a projectile, a kind of percussion cap, formed
by a high-speed explosion. The high velocity percussion bursts and simultaneously penetrates the armour, causing
severe injuries to the operating personnel due to shrapnel, heat and pressure. This hammer-plate device can be
attached to almost any launch.
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6 Other possible way of application

The above-mentioned tests may show that this type of explosive is proper for a lot of blasting
task. As we can see, it is fit for shaped charges which are also used by the military. This is the
other way of use, because it may be some case, when a liquid, binary explosive is better than
something else.

As Istvan Ember mentioned in his articles, the binary explosives might be more suitable than
a plastic type, mostly a liquid type. [9] [10] [11] Such an explosive can fill a shaped charge body
or a cutting charge body totally, which is a major problem, when we examine the surface of liner.
It is important, that the material we fill in, covers the 100% of the liner surface.

The possible military use in that case not just the classical demolition process, but the
explosive ordnance disposal work also. The experts who made the render safe procedures have
an enormous and lethal tasks. They face during their daily duty multiple type of unexploded
ordnance and this work demands high quality equipment. [12] [13] [14]

In that case a shaped charge, made with low density materials, can improve the work of
bomb disposal operators. Experts may use 3D printers the make their own charges for operations,
[15] [16] [17] but this construction type and the way of use demand a special type of explosive.
It is necessary that the materials used will not react or degrade each other chemically. The binary
explosives might be good solutions for these requirements, but it hardly recommended to check

this in every single case.

6 Summary, conclusions

As it is seen the above-mentioned test and results and connections in military field are just
excerpts, and the whole evaluation is still ongoing. But the use of this compositions still have

their place in the field of civil and military blasting
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NYILASZAROK ROBBANTASSAL T{)RTENO NYITASANAK LEHETOSEGEI A
RENDVEDELEMBEN!

POSSIBILITIES OF OPENING DOORS WITH EXPLOSIVES IN LAW ENFORCEMENT
Laszl6 SZALKAT?

Kivonat:

A kornyezetiinkben zajlé folyamatos haborus €s illegélis migracios tevékenységek jelentds kihivasok
elé allitjak az eurdpai orszagok nemzetbiztonsagi és rendvédelmi szervezeteit egyarant. A hatarokon
atnyuld bunszervezetek egyre nagyobb szdmban és radikalisabb moddszerekkel kivanjak biinds
szandékukat érvényesiteni. Az erre rendelt rendvédelmi szervezeteket egyre tobb és kockazatosabb
feladatok elé allitja. A kiilonleges rendvédelmi egységekre nehezedd nagyobb szdmu és
kockazatosabb feladatok 1j eszk6zok alkalmazéasat indokoljak, mert hagyomanyos nyildszarok
nyitasahoz alkalmazott kézi eszkozeik mar-mar elégtelennek tlinnek. Meghatarozott esetekben a
nyilaszarok megnyitdsara, - a miveleti egységek biztonsdga érdekében- robbandanyagot kell
alkalmazni a kivant cél elérése érdekében. Ennek lehetséges eseteit megvizsgalva megallapithatjuk,
hogy melyek azok a termékek, amelyek a legmegfelelobbek a feladatra.

Kulcsszavak: nyilaszaro robbantas, vagotoltetek, rendvédelmi robbantasok

Abstract:

The ongoing war and illegal migration activities in our environment pose significant challenges to
both national security and law enforcement organisations in European countries. Cross-border
criminal organisations are increasingly seeking to impose their criminal intentions in greater numbers
and using more radical methods. Law enforcement organisations are faced with an increasing number
of increasingly risky tasks. The increased number and risk of tasks for special intervention units
justifies the use of new equipment, as the traditional manual means of opening doors and windows
are no longer sufficient. In specific cases, the opening of doors requires the use of explosives to
achieve the desired objective, in the interests of the safety of the operational units. By examining the
possible cases, we can identify the products best suited to the task.

Keywords: arrow explosion, cutting charges, law enforcement explosions

INTRODUCTION

There have also been significant innovations in the technical and material composition of the
windows and doors. Instead of the wooden-framed, single or double-glazed windows of the past,
modern plastic, metal-framed, aluminium-framed, tempered-glass windows and doors are now being
installed, which is a major challenge for those who want to open them. Naturally, these products are
designed to make it as difficult as possible for intruders to overcome them, so that people's lives and
property are safer. These developments are also used, albeit not always consciously, by criminal
circles and individuals. Today, aluminium alloy roller shutters are being installed on a fairly large
number of properties, providing a protective function in addition to its basic function of durability.
Unfortunately, these innovations also pose new challenges for law enforcement agencies, which have
to open the shutters forcibly, if necessary, in order to get the forces of law enforcement into the area
as quickly as possible.

All over the world, special intervention units use roughly similar technical equipment to open
hatches. Forcible openings are carried out using light breaking tools, hydraulic or pneumatic hand-
held equipment, explosive cutting tools and some units even use explosives.

Forced openings with explosives have several advantages:

' MOZNOSTI OTVORENIA DVERI POMOCOU VYBUCHU V OBLASTI PRESADZOVANIA PRAVA.
2 National University of Public Service, Doctoral School of Military Engineering, Ph.D. student. ORCID: 0000-0002-
4843-4591. E-mail address: szalkai.laszlo81 @ gmail.com
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& the opening of the hatch is instantaneous, so that in a fraction of a second the desired area
is freely passable;

& the harmful effects of the explosion on the human body [1] (thunder, smoke, shockwave,
etc.) cause a momentary shock to the “adversary”, which contributes to the safety of the
operational unit during the critical time following the opening;

& at the moment of opening, the units do not need to be in the immediate vicinity of the
hatch, but can be in a safer position behind cover.

According to their field of use, we can talk about explosives for industrial [2] and military
purposes. [3] The use of explosives for law enforcement and military purposes may differ depending
on the legal environment of the country concerned. Without wishing to be exhaustive, some explosive
materials and products used in specific situations by specialised law enforcement and military units
are mentioned. [4] Very important criteria must be met by these products, since they are most often
used in urbanised environments. Most of them are made of materials that decompose almost
completely during the explosion, have a negligible fragmentation effect and release only the permitted
amount of toxic substances into the environment.

For the execution of blasting tasks, charges® may be used which have been prepared by the
manufacturer or, at the discretion of the person carrying out the task, acquired on site. Charges may
be grouped according to their shape and their position in relation to the cross-sections to be blasted.

The materials used for blasting openings may vary from one law enforcement or military unit to
another. Explosive fuses and plastic explosives are the most common.

PURPOSE OF AN EXPLODING FUSE

The detonating fuse can be used to detonate several separate charges at the same time, or to start
charges without a fuse.
Applications of the detonating cord:

The detonating fuse can be used for detonation tasks where the simultaneous detonation of
several physically separate charges is required, and where the transfer of detonation between charges
is necessary. In addition, it can be used for small-scale demolition tasks. [S] Its main component is
nitro-penta*, which is loaded into a channel made of a paper strip woven around a textile yarn.
Explosive detonating fuses used in law enforcement and defence applications are PVC coated, which
ensures their resistance to moisture and makes them suitable for underwater demolition. Its typical
unit of measurement is the explosive content per metre. Thus, an explosive detonating cord marked
12 grams per metre contains the indicated weight of explosive per metre.

Technical specifications:

- Nominal length of one reel: 100 m

* Nominal diameter: 5 mm

- Specific explosive weight: 12 &/,

- Explosive type: nitropenta (PETN)

- Detonation velocity: 7000 "/s

- Sheath material: PVC

- Casing colour: may vary according to manufacturer and customer: red, green, orange,
black, lemon, etc.

XXX XXX

3 A charge is defined as: a quantity of explosive material of a mass determined by calculations for the execution of
demolition tasks, prepared in accordance with the circumstances of the task.

4PETN - It is an explosive nitric acid ester, widely used in industry and warfare. In its pure state it is white, crystalline,
relatively easy to store and one of the most explosive explosives in use. It can be produced in two ways from
pentaerythritol. Either it is esterified with sulphuric acid and, in a second step, trans esterified with nitric acid, or it is
formed directly by a mixture of concentrated nitric acid and concentrated sulphuric acid (nitrating mixture). A stable
when completely deacidified, but unstable if traces of acid remain becomes unstable. In this case, its decomposition can
reach the explosive stage.
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6" Allowable hydrostatic pressure: 0,3 MPa
& Tensile strength: 600 N

1. Figure The structure of the PETN molecule and the exploding fuse [6]

INSTALLING AND STARTING THE DETONATING FUSE

The desired size and quantity of detonating cord must be fitted with a fuse according to the blasting
plan and task. During the netting process, detonating cords shall not come into contact with each other
or with other charges (except for joints and splices) and shall not cross each other.

Mounted fuses, mounted charges, electric fuses and NONEL system fuses may be used to initiate
the detonating cord, as determined by the nature of the detonation task and the detonation design.
The explosive material of the detonating fuse is brilliant. For this reason, its handling can be carried
out in accordance with the regulations for brilliant explosives. It must be protected from strong
mechanical impact, contact with grease, fire and moisture.

The detonating cord does not require any special maintenance, but the integrity of the coils and
the detonating cord should be checked during inspection. [5]

THE PLASTIC EXPLOSIVE

Semtex® 1A plastic explosive is a universally applicable military explosive that can be easily formed
by hand between - 20 and + 60 °C. It has a distinctive brick red colour.

2. Figure Semtex 1A’ and Semtex H® plastic explosives [7][8]

Main data on plastic explosives:
& Oxygen balance: -66% O>
& Trauzl test: 280 cm®
& Detonation velocity: 7000 ™/;

5 Source: https://www.google.com/search?q=explosia.cz/semtex+1+A&sxsrf=AJOqlzWYbkTkCbFrBRgkDNDmM7m6
DulE_xg:1679261129965&source=Inms&tbm=isch&sa=X&ved=2ahUKEwit0ouZ9-]99AhVN _CoKHc CAvsQ_ AUo0A
XoECAEQAw&Dbiw=1280&bih=520&dpr=1.5; Download: 10. March 2023.

® DARUKA (2010. p.7.)
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& Initiation sensitivity: power 8 fuse
& Geometric data: Array dimensions may vary depending on the quantity packed.

Purpose and application of plastic explosives

The characteristics of plastic explosives make them widely suitable for law enforcement and military
demolition tasks.

It can be shaped and formed by hand within the temperature range of usability (-20 °C to + 60
°C). It is a medium-yield, brilliant explosive. Non-reactive with metals, waterproof. Used for special
building demolition applications Blocks can be cut at will with non-sparking tools. If necessary,
several blocks can be combined by kneading. Launching is done with a fuse of at least strength 8.

Deployment of plastic explosives

The prepared plastic explosive is placed on the target object in the shape and quantity required by the
blasting plan and, if necessary, secured by other means. The plastic explosive shall be cut with a non-
sparking cutting tool on a wooden support.

Launching of the plastic explosive

Plastic explosives may be initiated by fire, electric fuse or non-electric initiation system. The location
of the initiation must be selected with due regard to the effects of shrapnel from the initiation of the
charge.

TOOLS FOR OPENING SHUTTERS: THE CUTTING CHARGE
Purpose and application of the cutting charge

The cutting charge is normally used for cutting thicker steel or concrete (reinforced concrete)
structures by blasting. The cutting charge does not contain ferromagnetic material and can therefore
be installed in the immediate vicinity of explosive devices with electronic detonators. The cutting
charge has a different penetrability depending on the size of the homogeneous steel plate. [9][10]
It can also be used for demolition tasks. The cutting charge is also suitable for underwater demolition
work.

SEMTEX® RAZOR linear shaped charge

The detonation of the main charge causes a cumulative cutting jet to be formed from the insert cone,
which will cut the target to a specific depth, depending on the type of Semtex Razor cutting charge
chosen. The spacer underneath is responsible for a more perfect formation of the linear cumulative
beam.

3. Figure SEMTEX® RAZOR linear shaped charge [11]

Its other function is to provide the required amount of support from the target surface and to allow
for target surface clamping. The booster is responsible for the correct initiation of the main charge
and can be mounted in several ways to achieve a correct shape.
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Parameter | RAZOR6 | RAZOR 10 | RAZOR 15 | RAZOR 20 | RAZOR 25 | RAZOR 30 | RAZOR 40
Weight of
explosive 50 140 310 550 860 1250 2200
(g/m)
Total 140 390 860 1500 2400 3500 6000
weight(g/m)
Performance
on steel min. 6 min. 10 min. 15 min. 20 min. 25 min. 30 min. 40
plate (mm)
Width (mm) 18 28 42 56 68 80 100
Height 12 19,5 28,5 38,5 48,5 58,5 77
(mm)
Tube radius 20 35 50 60 75 90 120
(mm)
Plate radius 90 150 220 300 375 450 600
(mm)

4. Figure SEMTEX® RAZOR data table [11]

Parts of the charge:
- polyethylene film packaging,
- self-adhesive tape,
- spacer,
- cumulative insert,
- explosive charge,
- protective cover,
- trigger booster.

5. Figure SEMTEX booster [12]

Installing the cutting charge

After removing the adhesive film on the bottom of the cutting charge, it can be placed on the cleaned
target surface. Its positioning is determined according to the pre-defined blasting plan, taking into
account the characteristics of the particular high security rated hatch. Where several charges are used
in series, the ends of the charges shall be secured together. The cutting charges may be cut to the
appropriate length by knives placed in the packing cases. Cutting shall be carried out, if possible, by
one cut on a non-sparking backing plate. After shaping to the desired shape, the prepared cutting
charges are placed with the adhesive side on the surface to be cut. The booster is then placed on the
specified part of the cutting charge and the primer is inserted. On wet, heavily contaminated surfaces,
the use of other fixing methods and materials may be justified, the need for which should always be
assessed according to the specific situation. [13]

Starting the cutting charge

The cutter charge can be started by fire, electric fuse or non-electric initiation system. The explosive
material of the cutting charge is Semtex, therefore the handling is governed by the specifications for
Semtex explosives.

THE TAPE FILLING
Purpose and field of application of tape filling

The purpose of a strip blasting charge is to carry out thin metal sheets, shaped blasting operations.
This includes the cutting of locking mechanisms and hinges for doors. The strip wound charge can
be applied directly to the blasting surface. It is secured by a self-adhesive attached to the bottom.

As the charge has a certain penetration capacity, it is also suitable for various demolition and
punching tasks. In military practice, it is also used to defuse or detonate explosive charges,
ammunition, mines. [5]
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The main parts of a tape filling

Parts of the charge:
- polyethylene cover;
- self-adhesive tape;
- explosive charge.

M 186 American tape charge

The main combat-technical data of the ribbon charge:

Length: 15.24 m (one roll)
Width: 76.2 mm
Thickness: 6.53 mm
Charge weight 25 pounds (11.340 kg)
Explosive used Flex-X, plastic

(nitropenta, TNT equivalent 1.14).
Detonation velocity 7400 m/s.
Launching: primer with a power of 8.
Application temperature range: -40°C to +75°C.
Attachment of the charge to the target: self-
adhesive tape.
Can be used under water up to 7000 m.

For thicker targets, several rows of tapes can be
stacked. [12] 6. Figure M 186 American tape charge

Installing and starting the tape loader

After removing the self-adhesive film from the prepared tape load, it is placed on the prepared area.
The tape loads shall be overlapped by 2 cm to ensure that they overlap. Cutting may be done with a
knife or other non-sparking cutting tool. The ribbon filler may be started by both fire ignition and
electric ignition or NONEL system.

The explosive of the ribbon charge is Semtex. Therefore, the specifications for Semtex type
explosives are applicable for handling. 5]

SPECIAL LINEAR CHARGES
Alford Strip System

Alford Strip is a modern and efficient linear explosive system that uses a small amount of explosives.
Depending on size, it is used for blast opening of solid wood, plastic and multi-point locked metal
security doors that open inwards, amongst many other applications.

B

T -

6. Figure Alford Strip moulds and their installation [15]
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Its effectiveness is due to a special plastic nozzle filled with a water-based gel which surrounds the
explosive material placed on the target, thus increasing the detonation's pressure pulse. The Hydro
Tape used, as well as the composition of the device, contributes greatly to reducing the harmful effects
of the detonation. In use, the safety distance can be significantly reduced, making it suitable for use
by operational units.

Alford StripTM 25 mm, 42 mm

Alford Strip 1-metre-long shapes can be cut to size with a hacksaw. A locking hole is used to secure
the filler material of the mandrel, which should be secured with adhesive tape for added security.
An explosive cord is inserted into a recess in the base of the tool to provide a destructive effect. If
several nails are connected, a space of 10 cm is left between the ends of the devices to assist in
positioning them on the target (e.g., a door). The manufacturer recommends the use of Breacher's
Tape™ or Hydro Tape™ to secure the device to the target surface. An additional advantage is that it
can be used in a variety of shapes due to the flexibility of the section of detonating cord between the
two parts. Explosive material dimensions used: 12 gr/m or 20 gr/m of explosive detonating cord.

The choice and application of the product (25 mm or 42 mm) is determined by the type of target,
the material and the dimensions. The manufacturer recommends the 25mm Stripet for softwood,
hardwood doors or PVC doors and windows. The 42mm moulding system can be used for multi-ply
security doors and armoured windows.

Alford Strip™ is extremely easy to use and quick to install, justifying its use in military and law
enforcement applications.

The ongoing illegal migration activities in our country and the war in our vicinity pose significant
challenges to both our national security and law enforcement organisations. Cross-border criminal
organisations are on the rise and pose a serious threat to public safety. [16] Their ever-increasing
numbers and radical methods to enforce their criminal intentions, not deterred by armed
confrontations across borders, are placing more and riskier tasks on our law enforcement agencies.

I am convinced that the use of explosives to open doors should be part of the toolbox of all special
police forces, as future prospects indicate. Conflict zones in our environment are potential challenges
to the security of the nation. The arsenal of weapons stockpiled in war zones is likely to become
redundant in the near or distant future, once the war is over. The question is, in which direction will
the stockpiles leave the area? Who intends to acquire them and for what purpose? A new chapter is
certainly opening in the life of the national security services. It is necessary to prepare for these future
events now, to prepare and train the services.

I consider blast door openings to be increasingly necessary, and the increasing use of high-
powered weapons by potential “adversaries” justifies this method of entry into property. The safety
of the operational units is guaranteed by the rapid opening of the hatches at a moment's notice. [17]

The possibility of opening doors by blasting is a solution that entails considerable responsibility
and risk for the bomber, but is a distinctly preferable option from a security point of view for the rest
of the operation. For the target or targets, the shock caused by the explosion is such that they are
incapacitated for seconds, giving a major situational advantage to those seeking to apprehend them.
[18] This is the case even if the opponent is prepared for the moment of ambush.

In my personal experience, this kind of intrusion limits even experienced, long-time practitioners
in the profession in their ability to act in the moment.

I believe that recent technological developments have a significant role to play in both law
enforcement and the military. Technological innovations are necessary because they make it possible
to protect the country and its citizens more effectively.

Let's not forget that it is faster and safer to blow things up!
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Préba odksztatcenia cylindra otowianego do okreslania krusznosci
materialow wybuchowych emulsyjnych

Lead cylinder compression test for determination of brisance of emulsion explosives

Bartlomiej Kramarczyk', Piotr Mertuszka?', Mateusz Pytlik®
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2KGHM CUPRUM Sp. z 0.0. Centrum Badawczo-Rozwojowe, Wroctaw — Polska
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Streszczenie: W artykule przedstawiono wyniki badar kruszno$ci wybranych gorniczych
materiatbw wybuchowych emulsyjnych przy uzyciu proby odksztatcenia Hessa. Analizie
poddano rézne materiaty wybuchowe emulsyjne produkowane przez Nitroerg S.A.,
zaréwno luzem, jak i nabojowane. Ponadto, przy uzyciu dedykowanego oprogramowania
wyznaczono teoretyczne parametry materiatow wybuchowych, a nastepnie skorelowano
je z wynikami eksperymentalnymi. Teoretyczne wartoSci krusznosci zostaty natomiast
obliczone przy uzyciu wybranych metod, ktére opisane sg w literaturze naukowey.

Stowa kluczowe: materialy wybuchowe, krusznos¢, proba Hessa

Abstract: In this paper, results of the brisance of selected emulsion explosives used in
mining determined using the Hess compression test are presented. Different emulsion
explosives manufactured by Nitroerg S.A. were tested, including both bulk and cartridged
emulsions. Moreover, the properties of explosives were also predicted theoretically using
the dedicated software and then correlated with experimental results. Theoretical values
of brisance were in turn calculated using selected methods which are described in the
scientific literature.

Key words: explosives, brisance, Hess test

1. Wprowadzenie

Do okreslania energii materiatbw wybuchowych (MW) stosuje sie szereg metod
pomiarowych, w oparciu o ktére wyznacza sie parametry detonacyjne, takie jak predkosé
detonacji, cisnienie detonacji, ciepto wybuchu, energie wiasciwg, zdolnos¢ do wykonania
pracy itp. W niniejszej pracy autorzy skupili sie na okresleniu krusznosci materiatow
wybuchowych przy uzyciu proby Hessa [1-2], jako jednego z typéw badan do okreslania
zdolnosci do wykonania pracy. W metodzie tej wyznacza sie wielko$¢ odksztatcenia cylindra
ofowianego po detonacji probki materiatu wybuchowego, przy czym warto$¢ ta moze byé
wyznaczona jako wartosc¢ liczbowa lub jako wartosé wzgledna w odniesieniu do wzorcowych
materiatdbw wybuchowych, jak np. heksogen czy trotyl.

Krusznosc¢ okresla efektywno$¢, z jakg materiat wybuchowy wptywa na niszczenie osrodka
skalnego lub innych przedmiotéw. Jest ona zwigzana z gwattownoscig przemiany
wybuchowej na froncie fali detonacyjnej i zalezy przede wszystkim od predkos$ci detonacji —
krusznos¢ wzrasta wraz ze wzrostem predkosci detonacii.
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Jak zaznaczajg Dolezal i Janda [3], krusznos¢ zalezy przede wszystkim od gestosci MW,
predkosci detonacji, gazowych produktéw wybuchu, a takze temperatury wybuchu i moze
by¢ obliczona przy uzyciu rownania Kasta, zgodnie z ponizszym:

B=F-p-D |- (1)

gdzie: F — sita wybuchu [J/kg], p — gestosé materiatu wybuchowego [kg/m3] i D — predkosé
detonacji [m/s].

Krusznosc¢ i zdolnos¢ do wykonania pracy mogg by¢ okreslone przy wykorzystaniu wielu
metod pomiarowych, takich jak otowiany blok Trauzla, test podwodny, wahadto balistyczne,
test cylindryczny, préba odksztatcenia Hessa, proba Kasta czy test wgniecenia ptytki.
Nalezy jednak zaznaczy¢, ze w przypadku nieidealnych MW, powyzsze metody nie zawsze
odzwierciedlajg rzeczywistg energie MW, poniewaz ich wiasciwosci detonacyjne sg trudne
do okreslenia z uwagi na wptyw réznych czynnikow, jak np. rodzaj czy geometria otoczki na
przebieg detonacji. Problem ten jest szczegdlnie wazny w przypadku uczulanych
chemicznie materiatbw wybuchowych emulsyjnych (MWE). Struktura tego rodzaju
materiatdw wybuchowych moze by¢ niszczona podczas formowania prébek do badan, co
ma bardzo istotny wptyw na wynik badania. Oznacza to, ze probki powinny by¢é wykonywane
Z najwyzszg starannoscig. W przeciwnym wypadku, wyniki badan nie bedg wiarygodne.

Innym problemem, ktéry zauwaza sie gtdwnie przy badaniach materiatéw wybuchowych
emulsyjnych jest to, ze prébki w najczesciej stosowanych metodach badawczych, jak bloki
ofowiane czy wahadto balistyczne, sg stosunkowo mate. W wielu przypadkach metody te
nie powinny by¢ stosowane do badah materiatdw wybuchowych emulsyjnych. Wynika to
z tego, ze srednice badanych prébek MW sg zwykle mniejsze od srednicy krytycznej
analizowanych materiatéw wybuchowych. Dlatego tez do tego typu MW powinno stosowac
sie takie metody, w ktorych srednice prébek sg bliskie lub wieksze od srednicy krytycznej.

W zwigzku z tym, w oparciu o wczesniejsze doswiadczenia autoréw nalezy stwierdzic,
ze préba odksztatcenia cylindra otowianego (tzw. proba Hessa) wydaje sie bardziej
odpowiednia do badan materiatbw wybuchowych, zwtaszcza materiatbw wybuchowych
emulsyjnych, poniewaz Srednica badanych probek wynosi 40 mm. Najwiekszg zaletg proby
Hessa jest jednak to, ze moze ona by¢ stosowana w badaniach in situ, tj. bezposrednio
w miejscu prowadzenia robot strzatowych (kopalnie podziemne i odkrywkowe) oraz nie
wymaga stosowania specjalistycznego sprzetu pomiarowego. Badania w takich warunkach
sg bardzo przydatne, szczegolnie w przypadku materiatdbw wybuchowych emulsyjnych
luzem, poniewaz prébki mogg by¢ pobierane bezposrednio z modutdw mieszalniczo-
tadujgcych. W ten sposdb mozna przebadac taki sam materiat wybuchowy, jak zatadowany
do otwordéw strzatowych. Odpalanie tadunkéw MW poza otworem strzatowym w polskim
gornictwie jest mozliwe na podstawie Rozporzgdzenia Ministra Energii z dnia 22 lutego 2017 r.
W sprawie szczegotowych wymagan dotyczgcych przechowywania i uzywania srodkéw
strzatowych i sprzetu strzatowego w ruchu zaktadu gérniczego [4]. Zgodnie z zapisami tego
dokumentu, odpalanie tadunkéw materiatu wybuchowego poza otworem strzatowym jest
dozwolone w przypadku prowadzenia badan sSrodkéw strzatowych i po uzyskaniu
wczesniejszej zgody kierownika ruchu zaktadu gorniczego.

W artykule przedstawiono wyniki pomiaréw krusznosci wybranych gérniczych materiatow
wybuchowych oznaczonej metodg odksztatcenia Hessa. Analizie poddano rézne typy
materiatdw wybuchowych emulsyjnych produkowanych przez Nitroerg S.A., zaréwno luzem,
jak i nabojowanych. Ponadto, przy wykorzystaniu dedykowanego oprogramowania oraz
wzorow opisanych w literaturze naukowej, wyznaczono teoretyczne witasciwosci
analizowanych materiatow wybuchowych i skorelowano je z wynikami eksperymentalnymi.
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2. Materialy i metody pomiarowe

Przedmiotem badan byty nastepujgce gérnicze materiaty wybuchowe emulsyjne: Emulinit 2,
Emulinit PM, Emulinit Strong, Emulinit GM1, Emulinit 8L i Emulinit 9L. Wszystkie
analizowane materiaty wybuchowe emulsyjne nabojowane uczulane byty szklanymi
mikrosferami na etapie produkcji, za wyjatkiem MWE typu Emulinit GM1, ktéry byt uczulany
chemicznie. Z kolei MWE luzem uczulane byly chemicznie bezpos$rednio w miejscu
prowadzenia robot strzatowych za pomocg jednostek mieszalniczo-tadujgcych. Wybrane
parametry analizowanych materiatdw wybuchowych zostaty przedstawione w tabeli 1.

Tab. 1. Wybrane parametry badanych materiatdow wybuchowych

MW Emulinit
Parametr 2 PM Strong | GM1 8L 9L
Predkos¢ detonacji [m/s] 4700 | 4500 | 5500 | 4000 | 3800 | 3600
Wrazliwosc¢ na tarcie [N] >360 >360 >360 >360 >360 >360
Wrazliwos¢ na uderzenie [J] >25 >30 >30 >30 >30 >30
Energia wtasciwa [kJ/kg] 712 522 760 897 788 758
Objetos¢ gazow [dm3/kg] 854 767 870 904 870 918
Srednica minimalna [mm] =232 232 240 232 >34 245

Emulinit 2 i Emulinit Strong sg przeznaczone do prac w podziemnych i odkrywkowych
zaktadach goérniczych do urabiania skat zwieztych, a takze do innych prac inzynieryjnych,
jak np. wykonywanie tuneli. Mogg one by¢ tadowane zaréwno do otworéw suchych,
jak i zawodnionych. Emulinit PM znajduje zastosowanie w warunkach zagrozenia
wybuchem pytu weglowego i/lub metanu i zgodnie z polskimi przepisami prawnymi jest on
klasyfikowany jako materiat wybuchowy metanowy specjalny. Moze by¢ on takze stosowany
do mechanicznego fadowania. Emulinit GM1 z kolei jest przeznaczony do stosowania
w zaktadach gérniczych podziemnych oraz odkrywkowych jako materiat wybuchowy skalny.
Natomiast MWE typu Emulinit 8L i Emulinit 9L sg materiatami wybuchowymi luzem
wytwarzanymi za pomocg modutdw mieszalniczo-zatadowczych, przy czym Emulinit 8L jest
przeznaczony do podziemnych, a Emulinit 9L do odkrywkowych zaktaddéw gorniczych.

Probki do badan przygotowywano w pojemnikach plastikowych o znanej masie i objetosci,
w ktorych umieszczano odpowiednig mase MW okreslong precyzyjnie za pomocg wagi
laboratoryjnej. W przypadku materiatdbw wybuchowych Iluzem, skfadniki mieszano
mechanicznie w pojemnikach o pojemnosci 500 ml, po czym zgdang mase umieszczano
w pojemnikach badawczych. Do okreslenia teoretycznych parametrow detonacyjnych
analizowanych MW zastosowano oprogramowanie EXPLO5 firmy OZM Research s.r.o. [5].

Krusznosc¢ okreslano za pomocg préby odksztatcenia cylindra otowianego, znanej rowniez
jako préba Hessa. Procedura badania opisana jest w uchylonej krajowej normie branzowej [6].
Zasada oznaczania krusznosci w tej metodzie polega na okresleniu zmiany wysokosci
(zgniecenia) cylindra otowianego przed i po badaniu. Zgodnie z powyzszg normg, cylindry
powinny by¢ odlane z otowiu o gatunku Pb1. Cylinder po obrébce powinien mie¢ wysokos$é
60 £ 0,15 mm i srednice 40 + 0,2 mm. Powierzchnie czotowe cylindrow powinny by¢
obrobione mechanicznie do klasy 10. Krgzki stalowe o $rednicy 41 + 0,2 mm i wysokosci
10 £ 0,2 mm, ktdre petnig role zgniataczy, umieszcza sie pomiedzy probkg materiatu
wybuchowego i cylindrem otowianym. Powierzchnie czotowe tych krgzkéw powinny byc¢
obrobione do klasy 2,5 i utwardzone do twardosci 150-200 w skali Brinella. Najbardziej
problematycznym elementem tej metody jest przygotowanie ostonek tadunkoéw, ktore
powinny by¢ wykonane z papieru asfaltowego, przy czym dopuszcza sie takze stosowanie
otoczek plastikowych.
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W niniejszej pracy zastosowano prety otowiane o zawartosci 99,97% otowiu i krgzki stalowe
wykonane ze stali gatunkowej 1.7035. Pojemniki plastikowe do badan wraz z elementami
centrujgcymi na zapalnik zostaty wydrukowane na drukarce 3D. Wewnetrzna srednica
pojemnikéw wynosita 40 mm, a wysoko$¢ 65 mm. W kubkach umieszczano po 50 ¢
materiatu wybuchowego.

Projekty wydrukow zostaty wykonane za pomocg programéw komputerowych FreeCAD
i Ultimated Cura, natomiast wydruki na drukarce Creality Ender-5 Pro 3D printer (rys. 1).
Jako filament zastosowano poli(tereftalan etylenu) z dodatkiem glikolu (PET-G). Szeroko$c¢
linii nadruku wynosita 0,4 mm, a wysokos¢ 0,12 mm. Czas wydruku jednego zestawu
pomiarowego wynosit ok. 90 min.

)

Rys. 1. Projektowanie pojemnikow (z lewej), drukowanie 3D (Srodek)
i gotowy pojemnik z elementem centrujacym (z prawej)

W kazdym badaniu cylinder otowiany umieszczano na wypoziomowanej stalowej podstawie
znajdujgcej sie na ziemi. Nastepnie na cylindrze umieszczano krgzek stalowy oraz prébke
materiatu wybuchowego. Calos$¢ zabezpieczano tasmg izolacyjng. Przed odpaleniem
tadunkéw, element centrujgcy z zapalnikiem umieszczano w badanej probce MW w taki
sposbb, aby tuska zapalnika byta zagtebiona w materiale wybuchowym na gtebokosci
10 mm. Probki inicjowano za pomocg zapalnika elektrycznego o masie tadunku wtérnego
wynoszacej 0,65 g pentrytu. Uktad pomiarowy przedstawiono na rys. 2.

Zmiana wysokosci cylindra otowianego spowodowana sciskaniem osiowym jest stosowana
jako miara krusznosci. Sposéb pomiaru jest szczegétowo opisany we wspomnianegj
wczesniej normie branzowej. Do pomiaru wysokosci cylindra nalezy zastosowa¢ suwmiarke
o doktadnosci co najmniej 0,1 mm. Wysokos¢ cylindra nalezy zmierzy¢ w czterech punktach,
zgodnie z rys. 3. Srednig arytmetyczng wysoko$¢ cylindra po badaniu (h,) nalezy obliczyé
Ze Wzoru:

_ hyt+hy+hg+hy
4

h, [mm] (2)
gdzie hq, h,, h3, h, to wysokosci cylindra po badaniu zmierzone w poszczegolnych punktach.

Wielkos¢ zgniecenia cylindra (Ah), tj. krusznos¢ materiatu wybuchowego, oblicza sie ze
WZzZoru:

Ah = hy —h, [mm] (3)

gdzie: h, — wysoko$¢ cylindra przed badaniem (60 £ 0,15 mm), h, — Srednia arytmetyczna
wysokos¢ cylindra po badaniu obliczona ze wzoru (2).
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Rys. 3. Metoda pomiaru wysokosci cylindra

Zgodnie z powyzszg normg, koncowy wynik krusznosci materiatu wybuchowego jest srednig
arytmetyczng wynikow z badania trzech probek. Wyniki mogg by¢ przedstawione jako
krusznos¢ w milimetrach lub jako wspotczynnik kompresji, ktéry mozna okresli¢
Z ponizszego rownania [7]:

Ah
a= ho—Ah (4)

gdzie Ah jest r6znicg pomiedzy wysokoscig cylindra przed i po badaniu.
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Teoretyczne parametry uzytkowe materiatbw wybuchowych okreslono przy uzyciu
programu termochemicznego EXPLOS5, ktéry umozliwia, na drodze analizy teoretycznej,
dokonanie predykcji efektow dziatania materiatbw wybuchowych kruszacych, paliw
rakietowych i mieszanin pirotechnicznych. Niestety nie pozwala on na okre$lenie
krusznosci. Dlatego tez teoretyczne wartosci krusznosci obliczono przy uzyciu dwéch metod
opisanych w literaturze naukowej. Obie metody opierajg sie na zmodyfikowanym réwnaniu
Kasta. Pierwsze zaproponowali Elsharkawy i Fouda [8]. Sita wybuchu w tej metodzie jest
iloczynem liczby moli produktow gazowych, uniwersalnej statej gazowej i temperatury
wybuchu. W zwigzku z tym, réwnanie Kasta przyjmuje ponizszg postac:

By_r=n-R-T-p-D |- (5)

gdzie: n — liczba moli produktéw gazowych na 1 kg materiatu wybuchowego, R — universalna
stata gazowa = 8,3145 [J/(mol - K)], T — temperatura wybuchu [K].

Z kolei Edwards i Palmer zaprezentowali inng metode [9], ktéra uwzglednia dodatkowo
ci$nienie atmosferyczne i objetos¢ gazu powstatg w wyniku wybuchu. Krusznos¢ moze by¢
wiec obliczona przy uzyciu ponizszego réwnania:

T

Bpp=Py-V- (=)D

273

N

= (6)
gdzie: P, — ci$nienie atmosferyczne [N/m?], V — objeto$¢ gazu powstata w wyniku wybuchu
zredukowana do 273 K'i ci$nienia 1 atm.

Ogdlnie przyjmuje sie, ze krusznos¢ jest proporcjonalna do impulsu cisnienia, tj. sity impulsu
dziatajgcej na jednostke powierzchni (p;). Dlatego tez kruszno$¢ mozna réwniez oszacowac
Z ponizszej zaleznosci [10]:

pi=>:p D? [GPal 7)

gdzie: y — wyktadnik izentropy na ptaszczyznie Chapmana-Jougueta.

3. Wyniki badan i obliczen

Wyniki badan eksperymentalnych krusznos$ci zostaty wyznaczone jako wartos¢ srednia
z odpalenia trzech probek i przedstawione graficznie jako wartosci odksztatcenia cylindra
ofowianego zmierzone zgodnie z normg oraz jako obliczone wspétczynniki kompresji
(rys. 4-5). Na wykresach zamieszczono takze wartosci niepewnosci okre$lajgce rozrzut
danych pomiarowych wokét wartosci Sredniej dla kazdego wyniku.

Uzyskane wyniki badan wskazujg, ze krusznosc jest wieksza dla materiatéw wybuchowych
nabojowanych niz dla materiatdw luzem, za wyjatkiem Emulinitu GM1. Dzieje sie tak
prawdopodobnie dlatego, ze struktura tego materiatu wybuchowego mogta zostaé
uszkodzona podczas formowania probek do badan. Problem ten nie wystepuje w przypadku
innych MWE nabojowanych, ktére sg uczulane szklanymi mikrosferami. Fizyczne uczulanie
materiatdw wybuchowych emulsyjnych pozwala wiec na uzyskanie jednorodnego materiatu
wybuchowego.
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Rys. 5. Wspétczynniki kompresiji dla analizowanych materiatéw wybuchowych

Po pominieciu MWE typu Emulinit GM1 z dalszych analiz, krusznos¢ badanych MW waha
sie od 14,26 mm dla Emulinitu 9L do 19,11 mm dla Emulinitu Strong, przy czym réznica dla
obu MWE luzem jest stosunkowo niewielka i wynosi zaledwie 0,59 mm w oparciu o wartosci
$rednie. Majgc jednak na uwadze, ze rozrzut wartosci dla Emulinitu 9L jest stosunkowo
duzy, mozna przyjg¢, ze wartosci krusznosci dla obu MWE luzem sg takie same.
Teoretyczne parametry uzytkowe MW wyznaczono przy uzyciu programu EXPLO5,
a wybrane z nich przedstawiono w tabeli 2, w tym Srednig mase czgsteczkowg produktow
gazowych, temperature detonacji, objeto$¢ gazéw w normalnej temperaturze i cisnieniu,
ciepto detonacji, cisnienie detonaciji i energie odksztatcenia. W obliczeniach wykorzystano
rownanie stanu dla gazowych produktow reakcji skondensowanych materiatow
wysokoenergetycznych, tzw. réwnanie Beckera-Kistiakowskiego-Wilsona.
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Tab. 2. Wybrane parametry detonacyjne MW obliczone przy uzyciu programu EXPLO5

MW Emulinit

Parametr 2 PM Strong | GM!1 8L oL
Srednia masa czasteczkowa 2237 | 22,03 | 21,84 | 21,50 | 22,89 | 21,99
produktéw gazowych [g/mol]

Predkos¢ detonacji [m/s] 5571 5016 | 5888 | 5735 | 4996 | 5 091
Temperatura detonacji [K] 2586 | 1974 | 2353 | 2649 | 2284 | 2185
Gesto$¢*) [g/cm?] 1,17 1,20 1,17 1,17 1,00 1,00
Objeto$¢ gazow [dm3/kg] 919 777 998 939 992 1020
Wyktadnik gamma 3,10 3,32 3,14 3,08 2,97 3,18
Ciepto detonac;ji [kJ/kg] 3564 | 2393 | 3216 | 3776 | 2869 | 2863
Cisnienie detonacji [GPa] 8,85 6,99 9,80 9,44 6,29 6,21
Energia wlasciwa [kJ/kg] 961 745 896 1024 830 826
Energia odksztatcenia [kJ/kg] 921 674 1012 989 792 743

*) warto$¢ zatozona do obliczen

Teoretyczne wartosci

krusznosci

obliczono przy uzyciu dwdéch metod opisanych

w literaturze naukowej, ktore wykorzystujg zmodyfikowane rownanie Kasta, zgodnie ze
wzorami (5) i (6) oraz oszacowano przy uzyciu impulsu ci$nienia, zgodnie ze wzorem (7).
W tym celu wykorzystano parametry uzyskane za pomocg programu EXPLO5, za wyjgtkiem
predkosci detonaciji, ktérej wartos¢ wyznaczono na podstawie badan eksperymentalnych.
Jest to zwigzane z tym, ze program EXPLOS5 zaktada idelng detonacje MW, dlatego tez
wartosci teoretyczne i eksperymentalne réznig sie znacznie. Poniewaz obliczony wyktadnik y
waha sie od 2,97 do 3,32, do dalszych obliczen przyjeto warto$¢ 3. Wyniki przedstawiono
w tabeli 3.

Tab. 3. Zmierzone i obliczone wartosci krusznosci

MW Emulinit
Parametr 2 PM Strong | GM1 8L 9L
Kruszno$¢ metodg Hessa [mm] | 16,97 | 16,93 | 19,14 | 13,83 14,85 | 14,26
Wspbtczynnik kompresji 0,394 | 0,393 | 0,467 | 0,299 | 0,329 | 0,312
Kruszno$¢ Elsharkawy i Fouda
N a2 5,29 4,11 5,66 4,79 3,15 2,97
m-s
|55) 10
Kruszno$¢ Edwards i Palmer
N 11z 4,74 3,07 5,38 4,22 3,12 2,91
m-s
()0
Krusznos¢ metoda impulsu 862 | 846 | 11,73 | 624 | 481 | 432
cisnienia [GPa]

Wyniki obliczen teoretycznych wskazujg, ze wiekszg krusznoscig charakteryzujg sie
materiaty wybuchowe emulsyjne nabojowane, z ktérych najwieksze wartosci osiggnat
Emulinit Strong i Emulinit 2. Z kolei najmniejsze wartosci osigagnety MWE luzem
(najmniejszg Emulinit 9L). Wyniki krusznosci obliczone w oparciu o zmodyfikowane
rownanie Kasta wykazaty ten sam porzadek dla Emulinitu Strong, Emulinitu 2,
Emulinitu GM1 i Emulinitu 9L. Niewielkie réznice zaobserwowano dla wartosci
oszacowanych przy uzyciu impulsu ci$nienia, cho¢ Emulinit Strong, Emulinit 2
i Emulinit 9L znajdujg sie na tych samych pozycjach.
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4. Dyskusja

Z uwagi na niskg wartos¢ krusznosci uzyskang dla Emulinitu GM1, co prawdopodobnie byto
spowodowane uszkodzeniem jego struktury podczas przygotowywania probek, zostat on
pominiety w dalszych analizach. Wyniki badan krusznosci metodg Hessa dla pieciu
pozostatych materiatbw wybuchowych wskazujg, ze zaréwno krusznosé, jak i wspétczynnik
kompresji wzrastajg wraz ze wzrostem nominalnej predkosci detonacji. Oznacza to, ze im
wieksza predkos$¢ detonacji, tym wieksza krusznosc¢ i wspotczynnik kompresji cylindra
ofowianego. Wyznaczone charakterystyki mozna opisa¢ za pomocg regresji liniowe;.
Obliczone wspotczynniki determinacji R,, zaréwno dla krusznosci, jak i wspotczynnika
kompresji, wynoszg ponad 0,99, co nalezy interpretowaC jako bardzo silng i niemalze
idealng korelacje pomiedzy krusznoscig i predkoscig detonacji. Zaleznos¢ pomiedzy
eksperymentalnymi wartosciami krusznosci oraz wspotczynnikiem kompresji, a predkoscig
detonacji jest przedstawiona na rys. 6.

* Krusznos¢ Wspotczynnik kompresji
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Rys. 6. Zaleznos¢ pomiedzy krusznoscig, wspoétczynnikiem kompresji
i predkoscia detonaciji

Wyniki obliczen teoretycznych przedstawiono w postaci zaleznosci pomiedzy krusznoscig
okreslong na podstawie zmodyfikowanego réwnania Kasta (obie rozpatrywane metody),
a wspoétczynnikiem kompresji z badan eksperymentalnych (rys. 7), a takze zaleznosci
pomiedzy oszacowanym impulsem cisnienia i wspotczynnikiem kompresiji (rys. 8). Podobnie
jak w przypadku analizy danych eksperymentalnych, Emulinit GM1 zostat pominiety
w dalszych analizach.

Teoretyczne wartosci krusznosci wedlug Edwardsa i Palmera w odniesieniu do
eksperymentalnych wspotczynnikow kompresji wskazujg, ze korelacja miedzy nimi jest
Srednia i niewiele ponad 70% danych jest dopasowanych do modelu regresji. Znacznie
lepszy wspotczynnik determinacji zaobserwowano dla korelacji teoretycznej krusznosci
i kompresji, zgodnie z réwnaniem, ktére zaproponowali Elsharkawy i Fouda, ktérg mozna
interpretowa¢ jako silng (R?=0,862). Ostatecznie, teoretyczng kruszno$¢ oszacowang za
pomocg impulsu cisnienia skorelowano z eksperymentalnymi wspotczynnikami kompresji,
co przedstawiono na rys. 8.
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Rys. 7. Zaleznos¢ pomiedzy krusznoscig teoretyczng i eksperymentalnym
wspotczynnikiem kompresiji
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Rys. 8. Zaleznos¢ pomiedzy krusznoscia teoretyczng na podstawie impulsu
cisnienia i eksperymentalnym wspoétczynnikiem kompres;ji

Wyznaczony wspoétczynnik determinacji pomiedzy krusznoscig teoretyczng na podstawie
impulsu cisnienia i wspétczynnikiem kompresji wskazuje na bardzo silng i niemalze idealng
korelacje pomiedzy tymi parametrami (R?=0,99). Oznacza to, ze réwnanie do obliczania
krusznosci metodg impulsu cisnienia jest bardzo wiarygodne (odnoszgc sie do wartosci
wspotczynnika kompresji uzyskanego dla poszczegdlnych prob) i ponad 99% danych pasuje
do modelu. Tak wysoki poziom wspoétczynnika determinacji pozwala na oszacowanie
predkosci detonacji na podstawie wynikdw badan eksperymentalnych krusznosci.
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Oznacza to, ze do okreslenia predkosci detonacji nie jest konieczne odpalanie duzych
prébek materiatu wybuchowego, poniewaz mozna do tego celu wykorzysta¢ zmodyfikowane
rownanie (7) w ponizszej formie:

D= \/? [m/s] ®)

W celu oszacowania predkosci detonacji danych materiatdw wybuchowych przy uzyciu
réwnania (8) i zaleznosci liniowej pomiedzy wspétczynnikiem kompresji i kruszno$ci
wyznaczonej metodg impulsu cisnienia (jak pokazano na rys. 9), mozna zastosowac
nastepujgce réwnanie:

D = 103 .\/(%‘11'3)"’ [m/S] (9)
p

Réznica w wysokosci cylindréw w réwnaniu (9) jest wyrazona w mm, a gestosé materiatu
wybuchowego w g/cm?3. Zatozono, ze wyktadnik izentropy y=3. Nalezy jednak zaznaczy¢,
ze powyzsze réwnanie moze by¢ zastosowane jedynie do materiatbw wybuchowych
emulsyjnych.

Zaprezentowana metoda eksperymentalna nie jest odpowiednia do badan mniej
energetycznych materiatbw wybuchowych, jak np. ANFO, ktérych $rednica krytyczna jest
zblizona do $rednicy prébki. Niemniej metoda Hessa wydaje sie by¢é wiasciwg metodg
do okreslania krusznosci réoznych typow materiatow wybuchowych emulsyjnych, zaréwno
luzem, jak i nabojowanych. Przedstawione wyniki badan wskazujg, ze metoda ta jest
powtarzalna, o czym $wiadczy niska niepewnos¢ wartosci srednich dla kazdego materiatu
wybuchowego. Nalezy podkresli¢, ze wynikow badan eksperymentalnych nie odniesiono
do wynikdéw badan z uzyciem wzorcowego materiatu wybuchowego, poniewaz zatozono,
ze opisana metoda powinna mie¢ zastosowanie bezposrednio w miejscu prowadzenia robot
strzatowych, tj. w zaktadach goérniczych, w ktérych nie stosuje sie takich materiatéw
wybuchowych, jak heksogen czy trotyl.

Z punktu widzenia kosztow prowadzenia pomiarow nalezy przede wszystkim zwroci¢ uwage
na koszty materiatdw eksploatacyjnych, tj. filament, cylindry otowiane i krgzki stalowe. Inne
koszty, poza kosztami pracy, zwigzane sg z drukowaniem 3D oraz obrébkg mechaniczng
cylindréw i krgzkéw. Tym samym catkowity koszt materiatow eksploatacyjnych i ich
przygotowania do pojedynczego badania waha sie w granicach 40-45 €.

5. Podsumowanie

Wyniki badan eksperymentalnych wykazaty, ze proba odksztatcenia Hessa moze byé¢
z powodzeniem wykorzystywana do okreslania krusznosci materiatdw wybuchowych
emulsyjnych stosowanych w goérnictwie, co potwierdzajg niskie niepewnosci pomiarowe
wartosci Srednich dla analizowanych materiatéw wybuchowych. Pozwala to na wyznaczenie
krusznosci materiatdbw wybuchowych ze stosunkowo niskim wspotczynnikiem btedu.
Zaréwno eksperymentalna, jak i teoretyczna analiza potwierdzita, ze krusznosc jest wieksza
dla materiatdbw nabojowanych niz materiatébw luzem. Wykazano réwniez, ze kruszno$c
uczulanych chemicznie materiatbw wybuchowych nabojowanych nie moze by¢ okreslana
metodg Hessa, gdy struktura takich materiatéw ulegta uszkodzeniu na etapie formowania
probek do badan.
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Wyniki badan wykazaty takze, ze krusznos¢ wzrasta wraz ze wzrostem predkosci detonacjj,
na co wskazuje bardzo silna i niemalze idealna korelacja pomiedzy tymi parametrami.
Opierajgc sie na wynikach obliczen teoretycznych nalezy stwierdzi¢, ze rownanie do
okreslania krusznosci metodg impulsu cisnienia jest bardzo wiarygodne, co potwierdza
wysoki  wspotczynnik  determinacji pomiedzy  wartosciami  eksperymentalnymi
i teoretycznymi. Umozliwia to obliczenie predkosci detonacji, kiedy znana jest wartosé
krusznosci. Mozna takze stwierdzi¢, ze wszystkie przeanalizowane metody teoretyczne
do okreslania krusznosci materiatdbw wybuchowych wykazujg wzglednie dobrg zgodnos¢
z wynikami eksperymentalnymi.

Metoda Hessa jest dobrg alternatywg do okre$lania zdolnosci do wykonania pracy
materiatbw wybuchowych w porownaniu do innych skomplikowanych, kosztownych
i czasochtonnych metod. Jest to bardzo dobra metoda poréwnawcza dla poszczegdlnych
parti materiatu wybuchowego. Nie jest ona skomplikowana i charakteryzuje sie
powtarzalnymi wynikami. Nalezy jednak zauwazy¢, ze temperatura otoczenia ma wptyw na
wyniki badan. Dlatego tez w przypadku prowadzenia pomiarow w réznych temperaturach,
badania nalezy rozszerzy¢ o standardowe materiaty wybuchowe referencyjne, jak heksogen
czy trotyl, aby okresli¢ rzeczywistg warto$¢ krusznosci.
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Modyfikowanie predkosci detonacji gérniczych materialéw wybuchowych
dodatkiem pytu aluminiowego
Modifying the detonation velocity of mining explosives with the addition of
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Streszczenie. W pracy przedstawiono krotki przeglad literatury dotyczgcej zastosowania
pytu aluminiowego w amonowo-saletrzanych materiatach wybuchowych. W uzupetnieniu
podano wyniki oryginalnych badan autoréw, wptywu dwéch rodzajow pytu aluminiowego
na predkosc¢ detonacji mieszanin wybuchowych zawierajgcych jako utleniacz nadtlenek
wodoru o stezeniu 52% mas.

Stowa kluczowe: saletrole, materiaty wybuchowe zawiesinowe, materiatly wybuchowe
emulsyjne, nadtlenek wodoru, parametry detonacyjne.

Abstract. The paper presents a brief review of the literature on the use of aluminum dust
in mining explosives. The supplementary results of the original research of the authors of
the impact of two types of aluminum dust on the detonation velocity explosive mixtures
containing as oxidizer hydrogen peroxide with a concentration of 52% weight.

Keywords. ANFO, slurry explosives, emulsion explosives, hydrogen peroxide, detonation
velocity.

1. Wstep

Po erze prochu czarnego a nastepnie materiatdw wybuchowych (MW) chloranowych w
przemys$le wydobywczym najbardziej popularnymi staty sie MW amonowo-saletrzane.
Podstawowym ich sktadnikiem jest azotan(V) amonu (AA), ktory uznawany jest za
substancje o stabo zaznaczonych wtasciwosciach wybuchowych. Charakteryzuje sie matg
zdolnos$cig do detonaciji, rosngcg wraz ze zwiekszeniem jego stopnia rozdrobnienia oraz
niskimi parametrami detonacyjnymi [1, 2]. Obydwie charakterystyki detonacyjne sg
zwiekszane poprzez dodatek organicznych sktadnikow palnych oraz pytow aluminiowych
0 roznej strukturze i stopniu rozdrobnienia.

Pierwszym typem amonowo-saletrzanych materiatdbw wybuchowych zawierajgcych pyt
aluminiowy byly opatentowane przez R. Escalesa i H. Kasta amonale, ktore znalazly
zastosowanie w nieweglowych zaktadach wydobywczych. Nastepnie pyty aluminiowe w
réznej postaci byly wykorzystywane w kolejno opracowanych typach gorniczych
materiatdw wybuchowych: saletrolach, materiatach wybuchowych zawiesinowych (MWZ) i
emulsyjnych (MWE) oraz ostatnio w MW zawierajgcych jako podstawowy utleniacz
stezony wodny roztwor nadtlenku wodoru (MW-HP).

Jednym z podstawowych parametréw MW jest predkos¢ detonacji, ktorej wartosc
decyduje o zakresie zastosowania danego materiatu wybuchowego. W przypadku
aluminizowanych mieszanin wybuchowych zawartos¢ metalicznego dodatku ma
decydujacy wplyw na predkos$¢ rozchodzenia sie procesu detonacji w zainicjowanym
tadunku MW. W pracy przedstawiono przeglad danych literaturowych pokazujgcych
zalezno$¢ predkosci detonacji poszczegolnych grup gérniczych MW od zawartosci pytu
aluminiowego oraz wyniki badan wtasnych autorow dotyczgcych wptywu dwoch odmian
pytu aluminiowego na predkos¢ detonacji MW-HP.
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2. Przeglad danych literaturowych
2.1. ANFO (saletrole)

Opracowanie w roku 1943 przez firme Consolidated Mining and Smelting Corporation
metody porowacenie saletry amonowej, bylo pierwszym krokiem do wprowadzenia w
gornictwie nowego typu materiatu wybuchowego — ANFO. Nastepnie firma Cleveland-Cliff
Company przeprowadzita odstarzaty w skali przemystowej w kopalniach rud zelaza w
Michagan i Masabi z uzyciem ANFO. ANFO charakteryzujg sie praktycznie brakiem
wrazliwosci na bodzZzce mechaniczne co byto podstawg do wykonania w roku 1958
pierwszych préb mechanicznego zatadunku do otwordéw strzatowych przez Ore Company
of Canada | Canadian Industrial Limited. Pozytywne rezultaty badan spowodowaty, ze ta
metoda od poczgtku lat 60. ubiegtego stulecia stata sie szeroko stosowana w Stanach
Zjednoczonych.

Saletrole majg jednak dwie podstawowe wady: brak wodoodpornosci oraz niskie
parametry detonacyjne, co zaweza ich zakres stosowania do suchych otworéw
strzatowych i urabiania skat matozwieztych. Jedng z metod zwigkszenia parametrow
detonacyjnych jest dodatek do ANFO pytu aluminiowego [3-6].

W pracy [3] badano wptyw dodatku dwoch typdw pytu aluminiowego: ptatkowanego
(powierzchnia krycia 4000 cm?/g) i rozpylanego (rozmiar ziaren ponizej 0,15 mm).
Stosowano saletre amonowg o chtonnosci oleju 4%. Saletrole miaty gestosci okoto 0,9
g/cm3. Ladunki detonowano w rurach stalowych 39/57 mm. Wyniki badan zestawiono w
tabelach 1i 2.

Tabela 1. Wptyw zawartosci sktadnikéw na predkosé¢ detonacji saletroli zawierajgcych pyt
aluminiowy ptatkowany [3]

Nr prébki 1 2 3 4 5 6 7 8 9
Sktad [%]
- Saletra amonowa 95,5 94,0 92,5 92,5 91,0 89,5 89,5 88,0 86,5
- Olej maszynowy 1,5 3,0 4.5 1,5 3,0 4,5 1,5 3,0 4.5
- Pyt aluminiowy ptatkowany 3,0 3,0 3,0 6,0 6,0 6,0 9,0 9,0 9,0
Predko$¢ detonacji [m/s] 2170 2480 2320 2430 2630 2700 2650 2730 2570

Tabela 2. Wptyw zawartosci sktadnikéw na predkosé¢ detonacji saletroli zawierajgcych pyt
aluminiowy rozpylany [3]

Nr prébki 1 2 3 4 5 6 7 8 9
Sktad [%]
- Saletra amonowa 95,5 94,0 92,5 92,5 91,0 89,5 89,5 88,0 86,5
- Olej maszynowy 1,5 3,0 4.5 1,5 3,0 4,5 1,5 3,0 4.5
- Pyt aluminiowy rozpylany 3,0 3,0 3,0 6,0 6,0 6,0 9,0 9,0 9,0
Predko$¢ detonacji [m/s] 2180 2300 2140 2440 2570 2350 2450 2540 2430

Z danych przedstawionych w tabelach 1 i 2 jednoznacznie wynika, Zze wyzsze
predkosci detonacji uzyskano dla saletroli zawierajgcych pyt aluminiowy o wyzszym
rozdrobnieniu — wiekszej powierzchni wiasciwej. Osiggnieto maksymalng wartosc
predkosci detonacji 2730 m/s.

Badania kontynuowano w ramach pracy [4]. Stosowano w niej takie same pyly
aluminiowe jak w pracy [3] i dwie saletry amonowe, ktérych dystrybutorem byta firma Yara
Poland Sp. z 0.0., o porowatosci 18,5% (SA-1) i 9,5% (SA-2). tadunki detonowano w
rurach stalowych 34,2/42/2 mm. Wyniki eksperymentéw ilustruje tabela 3
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Tabela 3. Skilady i predkosci detonacji aluminizowanych saletroli zawierajgcych saletry
amonowe o podwyzszonej chfonnosci oleju [4]

Nr prébki 1 2 3 4 5 6 7 8 9 10
Sktad [%]
- Saletra amonowa SA-1 95 - 92 90 - - 92 90 - -
- Saletra amonowa SA-2 - 95 - - 92 90 - - 92 90
- Pyt aluminiowy ptatkowany - - 3 5 3 5 - - - -
- Pyt aluminiowy rozpylany - - - - - - 3 5 3 5
- Olej 5 5 5 5 5 5 5 5 5 5
Predkos¢ detonaciji [m/s] 2970 3500 3200 3200 3580 3600 3060 3190 3520 3500
Gestos¢ [g/lcmd] 0,90 0,85 0,85 0,85 0,80 0,81 0,85 0,85 0,80 0,83

Przeprowadzone badania wykazaty, ze przy wysokiej porowato$ci saletry amonowe;j
ilo§¢ ani rodzaj pytu aluminiowego nie majg znaczgcego wptywu na mierzone parametry
wybuchowe. Osiggnieto znacznie wyzsze niz w pracy [3] wartosci predkosci detonacji —
3600 m/s.

2.2. Materialy wybuchowe zawiesinowe

Saletrole oprécz takich zalet jak prosta metoda produkcji oraz mata wrazliwosé na
bodzce mechaniczne, umozliwiajgca mechaniczny zatadunek otworow strzatowych, majg
dwie podstawowe wady, do ktérych nalezg niskie parametry detonacyjne a szczegdinie
brak wodoodpornosci. Dlatego pod koniec lat piecdziesigtych ubiegtego wieku rozpoczeto
badania w celu uzyskania materialu wybuchowego charakteryzujacego sie brakiem
wymienionych powyzej wad. Efektem eksperymentdéw byto opracowanie przez M.A. Cooka
i H.E. Farnama materiatow wybuchowych zawiesinowych (MWZ). MWZ byty pierwszym
amonowo-saletrzanym materiatem wybuchowym zawierajgcym technologiczng wode.
Jednym z ich rodzajow byty mieszaniny wybuchowe nazwane przez tworcow slurry
blasting agent (SBA), w ktérych jedynym ze stosowanych sensybilizatoréw byt pyt
aluminiowy ptatkowany (MWZ-Al). Na rys. 1 przedstawiono wyniki badan predkosSci
detonacji MWZ-Al zawierajgcych rézne ilosci pytu aluminiowego ptatkowanego. Pomiary
prowadzono w rurach stalowych 36,2/42,4 mm.

Predkosc detonac) (mi's)
Ps
8

3500

0 2 10 15

-~
o

Zawanost pytu aluminowego [%)

Rys. 1. Zaleznos$¢ predkosci detonacji MWZ-Al od zawartosci pytu aluminiowego, stezenie
wody: 1 —20%, 2 — 30%

Jak wynika z danych przedstawionych na rys. 1 predkosci detonacji MWZAI od zawartosci
pytu aluminiowego sg wyzsze niz aluminizowanych saletroli. Wynika to miedzy innymi z wyzszych
gestosci MWZ-Al. Przez pewien okres materiaty wybuchowe zawiesinowe byly dominujgcym
Srodkiem strzatowym, az do opracowania materiatébw wybuchowych emulsyjnych.
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2.3. Materiaty wybuchowe emulsyjne

W okresie apogeum stosowania MWZ F.H. Bluhm uzyskuje patent na materiaty
wybuchowe emulsyjne (MWE), w ktorych matrycg jest emulsja typu woda w oleju. MWE sg
kolejnym materiatem wybuchowym zawierajgcym technologiczng wode. O ile w MWZ tylko
czesc utleniaczy jest rozpuszczona w wodzie tworzgc nasycony roztwor, to w klasycznych
MWE catos¢ utleniaczy znajduje sie w fazie ciektej, formujgc roztwor przesycony. Dzieki
czemu uzyskuje sie maksymalnie rozwinietg potencjalng strefe reakcji chemicznej
pomiedzy fazg utleniaczy i fazg sktadnikow palnych. Podobnie jak w przypadku wczesniej
przedstawionych gérniczych MW, rowniez w MWE jako sktadnik modyfikujgcy parametry
detonacyjne i termodynamiczne stosowany jest pyt aluminiowy (rys, 2).

a) 4400 B b) 4400 — —
: 0 |
4200 o " _4axo0a = %O
A : :
E o] - [
Ta000] e 3 4000 o
5 Q g
3 ™ g ™
4 3800 ] 3800 .
; . : ;
& [ E W00 L
3600 | -
3400 L | J-ﬂ.l:lﬂ.. i i
0 20 40 0 20 40 60

Zawartodc pylu aluminiom [%)

Zawartodt pyhu aluminium [%]

Rys. 2. Wplyw reaktywnosci glinu (a) oraz jego rozdrobnienia (b) na predkos¢ detonaciji
MWE: e — glin inercyjny, o — glin reaktywny, o — rozdrobnienie 5 um, m — rozdrobnienie 30
Mm, na podstawie [6]

Jak wynika z danych przedstawionych na rys. 2. Dodatek pytu aluminiowego powoduje
przy jego wiekszych zawartosciach (>20%) spadek predkosci detonacji. Szczegdlnie jest
on drastyczny w przypadku zatozenia do szacowan jego inercyjnosci chemicznej — rys. 2a.
Wyniki pomiaréw pokazujg, ze tylko w przypadku pytu aluminiowego o mniejszym
wymiarze ziaren przy jego zawarto$ci nastepuje wzrost predkosci detonacji w stosunku do
niemetalizowanego MWE (rys. 2b). Moze to Swiadczy¢ o tym, ze metaliczny dodatek o
bardzo rozwinietej powierzchni bierze udziat w egzotermicznych reakcjach w strefie
detonacji. Nalezy podkresli¢, ze bardzo podobny charakter przebiegu majg krzywe
dotyczace glinu inercyjnego (rys. 2a) i pytu aluminiowego o rozdrobnieniu 30 ym (rys. 2b).

Materiaty wybuchowe emulsyjne zawierajgce pyt aluminiowy sg aktualnie produkowane
w Polsce miedzy innymi przez Austin Powder Polska Sp. z o.0. i Nitroerg Sp. z o.0.
Parametry MWE-AI znajdujgce sie kartach informacyjnych wymienionych powyzej
producentow zestawiono w tabeli 4.
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Tabela 4. Wtasciwosci aluminizowanych MWE wytwarzanych przez polskich producentéw

Materiat wybuchowy emulsyjny
Wiasciwosc Hydromite 70 ALY | Emulex 100AL" Emulinit
Strong?
Forma uzytkowa Luzem Nabojowany
Gestos$¢ [glem?) 1,05-1,30 0,80-1,20 1,10-1,25
Bilans tlenowy [%] -3,3 -2,24 -2,40
Objeto$¢ produktow gazowych [dm®kg] 910 895 870
Energia wtaciwa [kJ/kg] - 760 760
Predkos$¢ detonacji [m/s] 4500 >4800 5500
Zakres stosowania [°C] 5-50 - -20-+50
Inicjat Pobudzacz APB Zapalnik, masa -
lub nabéj MWE PETN 0,6 g
Minimalna $rednica otworu strzatowego 70 36 -
[mm]

Producent: 1 — Austin Powder Polska Sp. z 0.0., 2 — Nitroerg Sp. z 0.0.

3. Czesé¢ doswiadczalna
3.1. Charakterystyka uzytych surowcéw i metodyka przygotowania prébek do
badan
Badane w pracy mieszaniny wybuchowe sg uktadami kilkosktadnikowymi. Jak inne

goérnicze zawierajg utleniacze (stezony roztwor nadtlenku wodoru i azotan(V) amonu) i

skladniki palne (gliceryna i guma guar spetiajgca réwniez role zagestnika

zapobiegajgcego sedymentacji komponentow statych). Do przygotowania testowanych

mieszanin wybuchowych uzyto nastepujgcych surowcow:

- Nadtlenek wodoru (cz.d.a.) o stezeniu 60% mas produkcji EnvoLab Chemicals, ktéry byt
rozcienczany zdemineralizowang wodg do stezenia 52% mas.

- Azotan(V) amonu (techniczny) produkcji Zaktadéw Azotowych Putawy.

- Gliceryna 99,5 % o czystosci farmaceutycznej produkcji TechlandLab Tarnobrzeg.

- Guma guar SC- 406, produkcji Meypradex.

- Mikrosfery szklane typ K-015, produkcji 3M.

- Pyt aluminiowy rozpylany BLS0052:AG45-90/99,7 ALATOMIZED:FUO3, wymiar ziaren
45+90 um, produkcji Benda-Lutz (rys. 3).

- Aluminium ptatkowane BLITZ ALUMINIUM DEPUVAL 3083, Srednia wielko$¢ czgstek 12
um, produkcji Benda-Lutz (rys. 4).

Rys. 3. Zdjecia SEM pytu aluminiowego rozpylanego

172




Rys. 4. Zdjecia SEM pytu aluminiowego ptatkowanego

W pierwszej fazie przygotowywano matryce o sktadzie przedstawionym w tabeli 5. Do
tego celu uzyto mieszalnika planetarnego typy Drais (rys. 5).

Tabela 5. Sktad matrycy

Skiadnik Zawartos¢ [%]
Nadtlenek wodoru 52% mas. 73
Azotan(V) amonu 10
Gliceryna 14
Guma guar 3

Rys. 5. Mieszalnik planetarny typu DRAIS

W mieszalniku umieszczano najpierw 52% wodny roztwér nadtlenku wodoru, w
ktérym rozpuszczano w temperaturze otoczenia azotan(V) amonu (przed uzyciem
surowiec suszono w temp. 60 °C, przez 24 h). Nastepnie dodawano gliceryne i maczke
guarowg. Catos¢ homogenizowano przez ok. 10 min. Do otrzymanej w ten sposéb matrycy
dozowano odpowiednig ilos¢ pytu aluminiowego (rozpylanego lub ptatkowanego) oraz 1%
mas. mikrosfer szklanych. Uzyskang kompozycje mieszano w mieszalniku planetarnym do
réwnomiernego zdyspergowania pytu aluminiowego oraz uczulacza (prowadzono kontrole
za pomocg mikroskopu optycznego). Na zdjeciach przedstawiono kolejno: uczulong
mikrosferami matryce bazowg (rys. 6a), MW-HP 2z dodatkiem pylu aluminiowego
rozpylanego (rys. 6b) oraz MW-HP z dodatkiem aluminium ptatkowanego (rys. 6c).
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a b c

Rys. 6. Matryca MW-HP z dodatkiem: a — mikrosfer szklanych,
b — pylu aluminiowego rozpylanego, ¢ — pytu aluminiowego ptatkowanego

3.2. Pomiar predkosci detonacji

Do préb przygotowano siedem sktadow: MW-HP bez dodatku pytu aluminiowego oraz
po trzy zawierajgce 5% mas., 10% mas. i 15% mas. kazdego z testowanych pytow
aluminiowych. Materiaty wybuchowo elaborowano do rur propylenowych o dtugosci 250
mm, Srednicy wewnetrznej 46,4 mm i grubosci Scianki 1,8 mm. W poprzek rur byty
usytuowane czujniki zwarciowe. Centralnie w osi fadunku montowano pobudzacz o masie
16 g, wykonany technologig prasowania z flegmatyzowanego oktogenu zawierajgcego 5%
lepiszcza polimerowego. Na kolejnych zdjeciach przedstawiono pustg otoczke tadunku
(rys. 7a), tadunek zaelaborowyny ciektym MW (rys. 7b) oraz gotowy tadunek z
pobudzaczem (rys. 7c).

Rys. 7. Kolejne fazy przygotowywania fadunkéw do pomiaru predkosci detonacji

Ze wzgledu na niskg stabilnos¢ fizyczng badanych mieszanin wybuchowych, préobki do
badan przygotowywano przed samym pomiarem predkosci detonacji. W przypadku kazdej
mieszaniny pomiary prowadzono dwukrotnie. Sktady i gestosci testowanych materiatow
wybuchowych oraz uzyskane predkosci detonacji zestawiono w tabeli 6.
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Tabela 6. Wplyw rodzaju i zawartosci pytu aluminiowego na predkos¢ detonacji MW-HP

Rodzaj pytu Zawartos¢ pytu Gestos¢ materiatu | Predkosé detonaciji
aluminiowego aluminiowego [%] wybuchowego [m/s]
[g/cm?]

- 0 1,10 5130
5 1,13 5170

Rozpylany 10 1,14 5220
15 1,18 5360

5 0,99 3870

Ptatkowany 10 0,87 3830
15 0,85 4350

Przeprowadzone badania predkosci detonacji nowej generacji materiatéw

wybuchowych, jakimi sg mieszaniny zawierajgce jako utleniacz stezony roztwor nadtlenku
wodoru wykazaty, ze mierzony parametr zalezy od rodzaju zastosowanego metalicznego
dodatku. Badane pyty aluminiowe w rozny sposéb wptywajg na gestos¢ mieszanin. W
przypadku pytu rozpylanego gestos¢ rosnie, a pytu ptatkowanego spada. Ma to wptyw na
uzyskane wartosci predkosci detonacji. MW-HP zawierajgce pyt aluminiowy rozpylany
wraz ze wzrostem zawartosci metalicznego dodatku majg coraz wyzsze predkosci
detonacji, oscylujgce w waskim zakresie 5170-5360 m/s. Natomiast dodatek pytu
aluminiowego ptatkowanego powoduje gwaltowny spadek wyznaczanego parametru.
Zaskakujgcy jest wynik uzyskany dla zawartosci pytu aluminiowego ptatkowanego 15%.
Jedynym wytltumaczeniem moze byC réznica w strukturze tadunku zaobserwowana dla
materiatdbw wybuchowych zawiesinowych uczulanych pytem aluminiowym ptatkowanym
(MWZ-AI) —rys .8.
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Rys. 8. Skrajne struktury MWZ-Al: 1 — pecherzyk powietrza, 2 — ptatek pytu aluminiowego,
3 — nasycony roztwér azotanu(V) amonu [8]

W pracy tej wykazano, ze na srednice krytyczng detonaciji i predkos¢ detonacji ma
wptyw usytuowanie pfatka pytu aluminiowego w stosunku do pecherzyka powietrza, ktéry
jest razem z nim wprowadzany. Z punktu widzenia parametréw detonacyjnych najbardziej
korzystna sytuacja wystepuje, gdy metaliczne ptatki znajdujg sie wewnatrz pecherzyka
powietrza (rys. 8b). Jednak istniejg pewne roéznice pomiedzy MWZ-Al a badanymi w
niniejszej pracy MW-HP, poniewaz w przypadku tych drugich obok ptatkowanego pytu
aluminiowego wystepuje dodatkowo inna substancja, ktérej dodatek powoduje
uformowanie w wybuchowej mieszaninie pecherzykéw powietrza — szklane mikrosfery.
Pecherzyki gazu zawarte zaréwno w szklanych mikrosferach jak i wprowadzane z pytem
aluminiowym pfatkowany odgrywajg role ,gorgcych punktow”. A wiec obszaréw majgcych
decydujgcy wptyw na zainicjowanie oraz propagacje procesu detonacji. Wyjasnienie
wptywu pytu aluminiowego pfatkowanego na strukture MW-HP oraz ich parametry
detonacyjne wymaga dalszych szczegotowych badan.
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Poréwnujgc uzyskane wyniki do rezultatow analogicznych rezultatow badan
przedstawionych w pracy [9], ktére dotyczyly MW-HP zawierajgcych bardziej stezony
nadtlenek wodoru (60%), mozna dojs¢ do oczywistego wniosku, ze bardzo istotnym
czynnikiem wptywajgcym na predkos¢ detonacji MW-HP jest stezenie wodnego roztworu
nadtlenku wodoru. Im jest wieksze, tym wyzsza jest predkos¢ detonaciji, poniewaz woda
odgrywa role skfadnika teksturotwérczego, bedac jednoczesnie balastem energetycznym.

Podsumowanie

Pyt aluminiowy jest bardzo istotnym sktadnikiem zaréwno gorniczych jak i
stosowanych w technice wojskowej materiatbw wybuchowych. Zmieniajgc jego
rozdrobnienie i zawartos¢ w wybuchowej mieszaninie mozna regulowa¢ predkosc
detonacji. Réwniez nastepuje zmiana parametrow termodynamicznych: objetos¢ witasciwa
gazéw powybuchowych oraz ciepto i temperatura wybuchu. Sg to podstawowe parametry,
ktére nalezy uwzgledniac przy projektowaniu siatki strzatowe;.

Literatura

[1] Zygmunt B., Buczkowski D., Maranda A., Materiaty wybuchowe trzeciej generacji, Wyd.
Wojskowej Akademii Technicznej, Warszawa 2008.

[2] Maranda A., Przemystowe materiaty wybuchowe, Wyd. Wojskowej Akademii
Technicznej, Warszawa 2010.

[3] Maranda A., Wisniewski W., Badanie wptywu dodatku pytu aluminiowego na parametry
detonacyjne saletroli zawierajgcych saletre amonowg o niskiej porowatosci, Gornictwo
Odkrywkowe, 1999, 41(4-5), 123-13.

[4] Gatezowski D., Maranda A., Nowaczewski J., Paplinski A., Badanie parametrow
detonacyjnych aluminizowanych saletroli zawierajgcych saletre amonowg o o wysokiej
chtonno$ci oleju, Gornictwo Odkrywkowe, 2000, 42(5-6), 115-126.

[5] Sitkiewicz Wotodko R., Maranda A., Paszula J.M., Modification of ANFO detonation
parameters by addition of ground ammonium nitrate(V) and aluminium powder,
European Journal of Energetic Materials, 2019, 16, 1, 122-134.

[6] Kato Y., Takahashi K., Tori A., Kurokawa K., Hattori K., Underwater explosion of
aluminized emulsion explosives, Proc. 30" International Annual Conference of ICT,
Energetic Materials, Modelling and Phenomena. Experimental Characterization.
Environmental Engineering. Karlsruhe June 29-duly 2, 1999, 7-1-7-10.

[7] 3birmyHT B., Bnogapyblik 3., MapaHga A., HoaueBckn E., T[loctek M.,
LlemoHayuoHHbIe ceolicmea 83pbig4ambix gew,ecms murna 838ecu 3 pasHou
mekcmypodu, dnsunka NopeHns Bapoiea 1982, 18, 3, 112-117.

[8] Giercuszkiewicz A., Paszula J., Maranda A., Nikolczuk K., Badanie wptywu pytu
aluminiowego na wybrane parametry detonacyjne goérniczych materiatow
wybuchowych zawierajgcych nadtlenek wodoru, Conference Proc. 31" Conference
Blasting Techniques 2019, Kongresove centrum ACADEMIA Stara Lesna, 22-24 may
2019, 97-106.

176



Technologické inovacie pri vitacich a trhacich pracach.
Technological innovations in drilling and blasting.

Viliam Bauer

Technické Univerzita v Kosiciach, Fakulta BERG, Ustav zemskych zdrojov, Letna 9,04200
KoSice

Abstrakt

Digitalna transformacia prebiehajuca v intenciach poziadaviek priemyslu 4.0 zasahuje uz aj
do taZobného a spracovateflského priemyslu. Do taZobnej vyroby su postupne
implementované inteligentné rieSenia a stadle vo vacsej miere sa objavuju progresivne
technologické a procesné inovacie. Tyka sa to aj technologickych procesov vftania a
rozpojovania hornin trhacimi pracami, s vyuzitim vybuchovej energie priemyselnych trhavin.
V snahe vytvorit komplexny automatizovany systém procesného vitania a vybuchovej
technologie, sa vyskum sustreduje na hfadanie inteligentného prepojenia prvkov
automatizacie, informacnych technologii, digitalizacie, umelej inteligencie, robotickych
systémov a integrovanych digitalnych technolégii.

Abstract

The digital transformation taking place in accordance with the requirements of Industry 4.0 is
already affecting the mining and processing industry. Intelligent solutions are gradually being
implemented in mining production, and progressive technological and process innovations
are appearing more and more. It also applies to the technological processes of drilling and
disconnecting rocks by blasting, using the explosive energy of industrial explosives. In an
effort to create a complex automated system of process drilling and blasting technology,
research is focused on finding an intelligent connection of elements of automation,
information technology, digitization, artificial intelligence, robotic systems and integrated
digital technologies.

Uvod

Digitalna transformacia prebieha v suasnosti vo viacerych priemyselnych odvetviach a
zasahuje aj taZzobny priemysel. Priklady zo zahrani¢nej taZzobnej praxe potvrdzuju rastuci
trend zavadzania inovacii, predovSetkym pri vyvoji a vyrobe banskej techniky a pri realizacii
technologickych procesov tazby nerastov a surovin. Technické a technologické inovaéné
zmeny su implementované do vSetkych tazobnych procesov, pricom intenzivne zasahuju aj
procesy rozpojovania hornin vitacimi a trhacimi pracami. Vysledkom inova¢ného procesu je
pouZzivanie progresivnej, bezpecnej a vykonnej vitacej techniky, novych typov bezpecnych
modernych vybu$nin, novych typov rozbuSiek a prostriedkov trhacej techniky. Nové
inteligentné rieSenia a technologické inovacie su postupne implementované aj do tazobnej
vyroby na Slovensku, a to tak pri hlbinnej ako aj pri povrchovej tazbe nerastov. Zvlast pri
vyrobe kameniva sa zacali vo vacSej miere uplathovat’ inovativne a inteligentné rieSenia a
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nastupila masivna automatizacia vykonavanych technologickych procesov. Na Slovensku
etablované nadnarodné tazobné spoloCnosti, ale rovnako ajnasi taziari,
prevadzkujuci kapacitne najvykonnejSie kameriolomy a magnezitovu velkobanu v JelSave,
prispievaju podla svojich moznosti k digitalnej transformacii taZzobného a spracovatelského
priemyslu ato vintenciach poziadaviek priemyslu 4.0, predstavujuceho tzv. Stvrtu
priemyselnu revoluciu. Neoddelitefnou su€astou priemyslu 4.0 je digitdlna transformacia
technologickych procesov a banskych systémov, ktora smeruje k vytvoreniu prototypu
.inteligentnej banskej prevadzky*.

2. Aktivity podporujuce procesy digitalnej transformacie

Potreba technologickych inovacii a o€akavanej digitalnej transformacie taZzobného priemyslu
je vysledkom neprestajného celosvetového narastu dopytu po nerastoch a surovinach.
Vyznamny vplyv na inovacie vo vyskume a vyvoji novych technolégii maju hlavne Staty
s vyspelym tazobnym a spracovatelskym priemyslom — Kanada, Australia, USA, JAR,
Rusko, Cina, Cile, zo $tatov Eurdpskej Unie je mozné menovat Svédsko, Finsko a Nérsko.
Prave tieto Staty urCuju inovacné trendy arozsah praktického zavadzania inovacii,
nevyhnutnych pre proces digitalnej transformacie celého tazobného a spracovatelského
priemyslu, potrebnej pre realizaciu systému plne digitalizovanej tazobnej prevadzky. Jej
konec¢nym ciefom je komplexna integracia vSetkych dostupnych inovacnych technoldgii, uz
realizovanych aplikacii automatizovanych systémov riadenia, vyuZivanie informacnych
technoldgii, implementacia fyzikalnych kybernetickych systémov a umelej inteligencie.
Dosiahnutie tohto ciela predpoklada efektivnu kontrolu informacnych tokov v systémoch
riadenia banskej vyroby a zabezpelovania tazobnych a spracovatelskych technologickych
procesov.

Informacie zamerané na oblast inovacii

V sektore tazby a upravy surovin, geoldgia boli v poslednych desiatich rokoch uspesSne
zavedené viaceré vyznamné technologické zmeny a revoluéné inovacie, ktoré zvysili
technicku uroven prevadzkovanych kapacit, zdokonalili existujuci systém integrovanej
automatizacie a vytvorili priestor pre postupni komplexnd digitalnu transformaciu
jednotlivych taZobnych a upravnickych procesov. VSetky sektorové inovacie su primarne
nasmerované do digitalnej transformacie technologickych tazobnych a Upravnickych
procesov a dotykaju sa mnohych oblasti vedy a techniky. SuCasnému svetovému
inovativnemu tazobnému a dpravnickemu priemyslu, dominuje viac ako stovka
technologickych inovacii, ktoré su primarne orientované na:

- vyhladavanie lozisk nerastov a identifikaciu kvality a mnozZstva zasob nerastov,
- zvySenie vykonov v geologickom prieskume, tazbe a pri ziskavani surovin,

- optimalizaciu dopravnych, energetickych a komunikaénych systémov,

- racionalizaciu vytaznosti pri spracovani rud,

- bezpecCnost prace a bezpelnostné systémy tazobnej prevadzky,

- technologické procesy vrtania, nabijania vybusnin, vystuZovania a zakladania,

- vyvoj autonomnych, dialkovo riadenych nakladacich a dopravnych mechanizmov,
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- kontrolné procesy suvisiace so zatapanim a likvidaciou priestorov po ukonéeni
tazobnej €innosti.

Masivna podpora zavadzania progresivnej techniky, vyuzivanie modernych inovaénych
prvkov a uplatnenie informacnych, komunikacnych a robotickych technolégii takmer vo
vSetkych sektorovych technoldgiach, zasadnym spésobom zmenili technicky profil celého
taZzobného sektora a posilnili jeho konkurenénu schopnost v ekonomickej sutazi, vratane
dispozicie implementovat, organizovat a aktivne riadit fudské zdroje zapojené do procesov
digitalnej transformacie.

Digitalizacia procesov pre technolégie priemyslu 4.0

Na digitalnej transformacii (DT) tazobného a spracovatelského priemyslu sa aktualne
podielaju viaceré globalne tazobné spolo€nosti, ktoré sucasne s transformacnym procesom,
kontinualne prehodnocuju jej vyhody a potencidlne prinosy pre cely sektor. Podla
poslednych odbornych studii vypracovanych vyznamnymi svetovymi organizaciami, mdze
digitalna transformacia vo svetovom taZobnom a spracovatefskom priemysle, priniest v
obdobi rokov 2018-2025 odhadom 190 miliard USD, ¢o by predstavovalo cca 9%
z celkového zisku vsetkych priemyslovych odvetvi. Aj z toho dévodu je tazobny priemysel
zaradeny do skupiny sektorov s velkym potencialom zvySovania vykonov a racionalneho
vyuzivania ludskych zdrojov. Napriek faktu, ze riadiaci pracovnici vo velkych tazobnych
globalnych spolognostiach podporuju interné iniciativy spojené s digitalnou transformaciou
tazobnych procesov, zostava uroveri komplexnej digitalizacie sektora tazby a upravy, v
porovnani s inymi priemyselnymi odvetviami, velmi nizka aje stale len v pociatocnych
stadiach. Globalne tazobné spoloCnosti sa vSak snazia stale vo vacSom rozsahu
implementovat do svojich vyrobnych prevadzok digitalne technoldgie od renomovanych, na
tazbu nerastov a spracovanie surovin bansky Specializovanych dodavateflov, ktori vyvijaju
integrované produkty alebo sluzby v oblasti technolégie/priemyslu 4.0, ako je dialkové
ovladanie mechanizmov, automatizacia systémov riadenia, inteligentné snimace,
modelovanie, animacia, datové analyzy a iné.

Napriek tomu su procesy spojené s digitalnou transformaciou tazby nerastov vo svete silne
preferované a podporované predovsetkym iniciativami velkych nadnarodnych tazobnych
spolocnosti, ktoré su priamo zainteresované na digitalizacii procesov tazby so zamerom
vytvorit  komplexne automatizovany a integrovany systém taZobnej prevadzky
s viacuroviovym riadenim. K poprednym taZobnym spolo€nostiam podporujucimi digitalnu
transformaciu patria napr. spolo€nost Rio Tinto, druhy najvacési vyrobca zeleznej rudy na
svete, ktora zacala pouzivat Komatsu AHS, prvy komerény systém autondmnej tazby na
svete, pri tazbe Zeleznej rudy v Australii uz v roku 2008.

V sucCasnosti vyvija projekt AutoHaul, prvej Uplne autonémnej dopravy rudy na velké
vzdialenosti. Podobne aj druha najvacsia tazobna spoloénost na svete BHP Billiton, vyvija
projekt autondmnych banskych automobilov a uz vroku 2015 nasadila do tazobnej
prevadzky 45 plne autonémnych prepravnych nakladacov spolo¢nosti Caterpillar. Znama
eurdopska spoloCnost Atlas Copco sa orientuje na projekt spojeny s vyvojom autonémnej
prevadzky tazby vybavenej robotickymi vrtnymi sdapravami. Projekt vyvoja a vyroby
robotickych nakladaov vybavenych riadiacim systém Automine® Tele-Remote je rieSeny vo
firme Sandvik, vyvojova spolo¢nost Volvo Construction Equipment vylepSuje koncept novej
generacie elektrického nakladaCa; Estonska spoloCnost Milrem Robotics je vo svojom
projekte zamerana na vyvoj bezpilotnej plne robotickej technolégie pre hibinnu tazbu.
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Vyskumna spolo¢nost ABB pracuje na vyvoji inteligentného robota pre nabijanie vybusnin
a podobne spolo¢nost DOK-ING Innovative Solutions sa sustreduje na vyvoj robotickych
technolégii, implementovanych na tazobnych strojoch v povrchovych a hibinnych
prevadzkach.

Na vyvoji revoluénych inovacii pre tazobny sektor, maju podiel aj viaceré vedecko-vyskumné
a vzdelavacie institucie.

Napriklad na Technickej univerzite vo Freibergu (Bergakademie Freiberg) pokracuje vyvoj
teleoperacného robotického zariadenia vo funkcii asistenta pri hlbinnej tazbe nerastov.
Rovnako na Wroclavskej univerzite atechnoldgii (WUT), v spolupraci s taZobnou
a spracovatelskou spolo¢nostou KGHM PolskaMiedz, pokracuje vyvoj monitorovacieho
systému pre vitacie stroje a nabijacie mechanizmy; na Colorado School of Mines (Kanada)
sa testuju avyvijaju nové metddy vzajomnej komunikacie ludi a robotov pri riadeni
tazobnych prevadzok v banskom prostredi. Dal$i priklad vyvoja inovativnej technoldgie je
projekt UNEXMIN (Underwater Explorer for Flooded Mines), t.j. ,podvodny prieskumnik®
uréeny pre zatopené bane, ktory je realizovany v Spanielskom vyskumnom centre La Palma,
pricom technoldgia bola odskusana v zatopenych baniach v Kanade, Finsku a Slovinsku.

3. Inteligentna bana a lom s vyuzitim 5G systému

Inteligentnd baria a inteligentny lom je zamerom tazobného sektora buducnosti, ktory
predstavuje v oblasti digitalnej transformacie, komplexny automatizovany systém tazobnej
prevadzky, vytvoreny prvkami digitalnych technoldgii, pomocou ktorych je mozné
automatizovanymi  metédami, s vyuZitim modelovych technik, virtudlnej reality a
interpretovanim trojdimenzionalnych modelov navrhovat, projektovat a planovat hlbinné
bane a povrchové lomy. Digitalizacia vyuziva pri tychto ¢innostiach a tazobnych operaciach
digitalne nastroje a postupy, ktoré su navzajom inteligentne prepojené, takZe sa stavaju
katalyzatorom pre tvorbu ,inteligentnejSich® technologickych procesov pri viacuroviiovom
riadeni tazby nerastov a ziskavani surovin. Digitalna transformacia umozfuje komplexnu
digitalizaciu tazobnych procesov, pricom vyuZiva automatizaciu, informaéné technolégie,
umelu inteligenciu, ako aj integraciu digitalnych technolégii so snahou vytvorit' digitalizovany
systém inteligentnej bane alebo lomu (obr.1). Pre vytvorenie inteligentného systému bane
alebo lomu su potrebné nasledovné, v su€asnosti uz existujuce technologie a postupy:

- snimanie Udajov zo zariadeni zavesenych na dronoch, ktoré pracuju na principe
vysielania signalov vyuZzivajuc suradnice GPS, pomahaju identifikovat’ a lokalizovat dobyvaci
priestor zo ziskanych udajov 3D dialkového snimania (v kombinacii s terénnym snimanim),
ktoré su v realnom Case analyzované a integrované s vyuzitim softvéru pre geograficky
informacny systém (GIS);

- plne integrovana automatizacia technologickych procesov, podporena pocitacovym
softvérom urCeného pre plne programovatelné vitacie, taZzobné a nakladacie mechanizmy,
ako aj velkokapacitné nakladné dopravné automobily, ktorych jednotlivé pracovné operacie
su kontrolované, monitorované, riadené a ovladané pomocou dialkového ovladaca, ato
z bezpeCného operatorského miesta alebo z kabiny operatora, ktora je napojena na
centralnu riadiacu stanicu mimo taZzobnej prevadzky;
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- systémy komplexnej integrovanej automatizacie, ktoré vyuZivaju dialkovo ovladané plne
automatizované, plne robotické a plne autonémne procesne riadené zariadenia a strojné
technoldgie, ku ktorym patria predovSetkym nasledovné :

e roboticky nizkoprofilovy nakladaC s teleriadiacim radiovym dialkovym systémom,
teleoperaénym kontrolnym systémom a video systémom, umoZznujuci dialkové
ovladanie mechanizmu v priestore alebo z bezpe&nostnej kabiny na povrchu;

e dialkovo ovladany naklada¢ so zabudovanym inteligentnym teleoperatnym a
automatizaCnym systémom, ktory je ovladany jednym operatorom alebo v pripade
potreby aj viacerych nakladacov a viacerymi operatormi;

e dialkovo ovladané autondmne sa pohybujuce robotické tazobné a nakladacie stroje
(po vopred naprogramovanych trasach), priCom samotna manipulacia a ovladanie
lyZzice nakladata sa vykonava joystickom zo vzdialeného operatorského
miesta, situovaného aj mimo taZzobnej prevadzky;

e automatizované a dialkovo ovladané vitanie pomocou vitacej supravy vybavenej
bezdrétovym sietovym pripojenim a operatorskou stanicou na mobilnej platforme, pri
ktorej sa video a datova komunikacia v realnom Case, vratane vSetkych ovladacich
prvkov vitania a stavu zariadenia, nepretrzite zobrazuje pomocou dialkovo ovladanej
kamery v grafike na monitore v operatorskom centre;

e robotické a automatizované technolégie nabijania vyvrtov vybusninami, pri ktorych
sa vyuziva inteligentny autonédmny robot pre dialkové ovladanie procesu nabijania
vybusnin, ktory dokdZze pomocou snimacov automaticky lokalizovat’ vyvrty a naplinit
tieto vyvrty vybuSninami a rozbuskami bez pritomnosti ¢loveka;

Obr.1 Riadenie obsluhy a pohyb mechanizmov v inteligentnej bani vyuZivajiucej 5G siet

4. Digitalna transformacia procesov vitania a rozpojovania

Procesy digitalizacie technologickych procesov vftanie a rozpojovania hornin trhacimi
pracami, s vyuZitim vybuchovej energie priemyselnych trhavin, v poslednych desiatich
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rokoch vefmi pokrocili. Snahou vyrobcov je vytvorit komplexny automatizovany systém
procesného vftania vyvrtov a procesu rozpojenia horniny vybuchovou technoldgiou. Vyskum
sa sustreduje na hladanie inteligentného prepojenia prvkov automatizacie, informacnych
technoldgii, digitalizacie, umelej inteligencie, robotickych systémov a integrovanych
digitalnych technolégii. Pri tvorbe inteligentnych rieSeni v oblasti vitacich a trhacich prac sa
uz dnes vyuzivaju existujuce a technické pristupné inovacné technolégie.

Patria k nim napriklad vysielacie a prijimacie zariadenia signalov cez GPS suradnice, ktoré
su zavesené na dronoch a umoziuju lokalizaciu dobyvacieho priestoru a lomovej steny
(napr. pre zameranie kubatury pred a po tazobnom odstrele), pomocou 3D udajov ziskanych
z dialkového snimania v kombinacii s terénnym snimkovanim, ktoré su analyzované
a integrovane prepojené na softvér geografického informaéného systému (GIS). Do
identickej progresivnej skupiny =zariadeni patria tiez vftacie mechanizmy, ktoré su
pocitaCovym softvérom plne programovatelné, priCom su ich jednotlivé pracovné operacie
kontrolované, monitorované, riadené a ovladané pomocou dialkového ovladania
z bezpe€ného operatorského miesta alebo z kabiny operatora, ktora je napojena na
centralnu riadiacu stanicu mimo tazobnej prevadzky. Zaradujeme sem aj systémy
komplexnej integrovanej automatizacie, ktoré vyuzivaju dialkovo ovladané pine
automatizované, plne robotické, plne autonémne a procesne riadené zariadenia a strojné
technoldgie. Pre proces vitania su v su€asnosti k dispozicii plne automatizované a dialkovo
ovladané vitacie supravy, ktoré su napr. vybavené bezdrdotovym sietovym pripojenim a
operatorskou stanicou na mobilnej platforme, pri ktorej video a datova komunikacia prebieha
v realnom Case pomocou dialkovo ovladanej kamery v grafickom zazname na monitore
v operatorskom centre manazérskeho riadenia celého procesu. VSetky ovladacie prvky
vitania a parametre technického a vykonového stavu vftacej supravy su pritom zobrazované
simultanne.  Pre sucasny technologicky vyspely taZobny priemysel su uz testované
technické zariadenia s robotickymi a automatizovanymi procesmi pre technoldgiu nabijania
vyvrtov vybusninami. Pri tychto nabijacich zariadeniach sa vyuZiva inteligentny autonémny
robot pre dialkové ovladanie procesu nabijania vybusnin, ktory dokaze pomocou snimacov
automaticky lokalizovat vyvrty a naplnit’ tieto vyvrty vybuSninami a rozbuSkami bez
pritomnosti ¢loveka.

Automatizacia vftacich a trhacich prac

V oblasti automatizacie technologického procesu vitania su moderné inovéacie buducnosti
orientované na programovatelné vfitacie supravy a vrtné vozy, ktoré vykonavaju planované
vitanie podla technicky spracovanej a vopred naprogramovanej vitacej schémy. Realizacia
vykonu vftacich prac je v su€asnosti este stale zabezpelovana odbornymi pracovnikmi,
pric¢om nie mozné uplné obmedzenie ich pritomnosti na pracoviskach vitania. Aviak existuje
uz vefmi intenzivny vyvoj plne robotickych vitacich suprav urCenych pre bane a tunely, ktoré
su riadené a ovladané zcentra riadenia na povrchu. Ako uz bolo spomenuté vysSie
renomovani vyrobcovia vftacej techniky vyvijaju a testuju tieto zariadenia so zamerom,
implementovat ich do pripravovaného systému inteligentnej tazobnej prevadzky. Takéto
testy vitacej supravy DD211L-V vykonava napr. firma Sandvik, ktora vyuziva vo svojej
konsStrukcii mechanizmu inteligentny riadiaci systém Automine® Tele-Remote, ktory
umoziuje ovladat proces vitania z bezpelCnej vzdialenosti bez pritomnosti operatora v
kabine vitacej supravy. Systém na dialku riadeného vftania predstavuje modernu a vykonnu
alternativu vhodnu pre komplikované a nebezpetné pracovné podmienky (obr.2).
Automatizovany a z bezpec€nej vzdialenosti ovladany proces vitania méze spolahlivo zaistit
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bezpec€nost pracovnikov na vitani, zvySit efektivitu vitacich prac a tiez optimalizovat tazobny
cyklus.

Obr.2 VSestranna nizkoprofilova vftacia suprava Sandvik DD211L-V s jednym viacucelovym
vyloZnikovym ramenom a teleskopickym posunom

Dialkovo ovladané vitanie pozostava z lahko inStalovatelnej operatorskej stanice na rade
mobilnych platforiem pripojenych k bezdrétovej sieti vrtnej stupravy.
Medzi operatorom a vitacim mechanizmom prebieha videova a datova komunikacia v
realnom c&ase, ale aj kontrolny proces vSetkych ovladacich prvkov a prevadzkového
technického stavu vftania, ktoré sa nepretrzite zobrazuju na monitore naindtalovanom
v operatorskom riadiacom centre pomocou dialkovo ovladanej kamery. Vyhody inovativneho
autondmneho vitania od spolo¢nosti Sandvik su nasledovné:
- vysoka presnost vitania je zabezpeclena vysoko presnym zavedenim vitacej tyce
do horniny na zéklade digitalnych planov vrtania a navigéacie podla zadanych
suradnic nacitanych do systému;
- optimalizacia vitania umoZzriuje optiméalny koordinovany pohyb vrtacich ramien
supravy a skratenie ¢asu cyklu vrtania;
- autonémna navigdacia vitacich ramien sa vykonava pomocou $pecialnej platformy
Mobius Path Planner , ktoré umoZzriuje tele-operaénu, poloautonémnu alebo plne
autonémnu navigaciu vrtacich ramien;
- koordinované vitanie vyvrtov a nabijania trhavin;
- minimalizovanie rizika prasnosti, vibracii a hlu¢nosti pre operatorov vritacej supravy;
- eliminacia rizikovych podmienok vitania a bezpecna praca operatorov.
- zjednoduSenie pripravy odstrelu, zlepSenie fragmentacie rozvalu, Setrenie nakladov
na udrzbu stroja.

Zavadzanie automatizacie a informacnych technoldgii do procesu vftania znamena

dosiahnutie urcitej urovne autondmie a integracie technoldgie vitania smerom k Uplnej
automatizacii €innosti vitacej supravy, aj s vyuzitim modularnych monitorovacich systémov
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pre kontrolu parametrov vftania, rychlu diagnostiku systému vftania a tiez USB alebo WiFi
prenos dat.
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Obr.3 Sprava FGS o vitani a porovnanie plénovaného (C) a realizovaného odstrelu (M)

Zakladnym prvkom monitorovacieho systému vitania je panel operatora, ktory je vybaveny
Specialnym softvérom (riadi proces vftania) a integrovanym portom USB, umoznujucim
prenos snimanych udajov pre spravne urCenie polohy vftacej supravy. Tento softvér
umoznuje operatorom vytvarat 3D navrhy odstrelov a ich nahravanie pomocou jednotky USB
flash.

Sucasne s testovanim autonémneho vftania pomocou vitacich suprav su testované aj
zariadenia pre nabijanie vybu$nin. Uspe$ny test robotickej technolégie s vyuzitim
automatizacie, pre doteraz este stale manualne vykonavany technologicky proces plnenia
vyvrtov vybusninami (nabijanie nalozi), bol vykonany spoloénostou ABB vo Svédsku.
Autonomny robot na dialkové nabijanie od ABB automaticky lokalizuje vyvrty a plni ich
vybusninami a rozbuskami bez pritomnosti fudi (obr.4 a obr.5) Tento inteligentny robot
predstavuje revoluénu novu technoldgiu a inovativne rieSenie pre tazobny priemysel a pre
razenie tunelovych rur.

Obr.4 Roboticka technolbgia pre vrtanie a nabijanie
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Obr.5 Robotické nabijanie naloZi trhaviny do vyvrtov

Robotické nabijacie zariadenie pre plnenie vyvrtov vybuSninami na ¢elbe razeného tunela je
semi-autonémnou technoldgiou, ktora je nasmerovana k autondémnej vizii vytvorenia
inteligentnej bane, resp. tazobnej prevadzky buducnosti. SpoloCnost ABB testuje aj
v sucCasnosti technoldgie pre robotické a automatizované nabijanie vyvrtov vybusninami pre
hibinnu a povrchovu tazobnu prevadzku a vyvija inteligentné robotické zariadenie pre
nabijanie vybusnin.

Zaver

Prienik inovacnych technoldgii do tazobného sektora vo svete je evidentny, pricom je
pravdepodobné, Ze aj tazobny priemysel na Slovensku, ktory ma charakter ,nadnarodného®,
¢o dosveddCuje pritomnost nadnarodnych tazobnych spoloénosti ako su Eurovia, Carmeus,
Strabag a iné, sa budu snazit aj v podmienkach nasho tazobného sektora implementovat
vySSie uvedené inovacie a zavadzat autonémne vitacie a nabijacie zariadenia aj v nasich
prevadzkovych podmienkach, hlavne v oblasti povrchovej tazby nerastov.
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Vplyv kvality vybus$nin a vitacich prac na Zivotné prostredie.

Impact of the quality of explosives and drilling on the environment.
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Abstrakt

Porovnanie vybranych funkénych parametrov réznych typov priemyselnych trhavin, pouzivanych pri
trhacich pracach na povrchu a v podzemi. Pri jednotlivych druhoch vybusnin si uvedené sposoby
manipulécie, postupy pri skladovani a systémy prepravy vybusnin na miesto ich pouzitia. Sucasne su
posudené konkrétne typy vrtacej techniky a to hlavne z pohl'adu efektivnosti vitania a kvality prevedenia
vitacich prac. Spolu s tym su prehodnotené technické moznosti eliminacie negativnych t¢inkov vitacich
a trhacich préc, ktoré predstavuji nezelanti environmentalnu zat'az v miestach vykondvania t'azobnych
odstrelov.

Abstract

Comparison of selected the both technical and functional parameters of different types of industrial
explosives, used in surface and underground blasting. For individual types of explosives, methods of
handling, storage procedures and systems for transporting explosives to the place of their use are listed.
At the same time, specific types of drilling technology are assessed, mainly from the point of view of
drilling efficiency and the quality of the execution of drilling works. Along with this, the technical
possibilities of eliminating the negative effects of drilling and blasting, which represent an unwanted
environmental burden in the places where mining blasting is carried out, are evaluated.

Uvod

Technologické procesy vyroby vybusnin a vybuSnych predmetov, ako aj Cinnosti spojené so
skladovanim , manipulaciou a pouzivanim vybusSnin pri vykone trhacich prac, vyrazne ovplyviuji
pracovné a zivotné prostredie. Pre pracovnikov vykondvajucich vysSie uvedené Cinnosti je zavidzna
platna legislativa a bezpe¢nostné predpisy, stvisiace s bezpe¢nost'ou prace a ochranou zdravia pri praci
s jednotlivymi chemickymi faktormi, medzi ktoré su zaradené aj vybusniny a vybusné predmety. Na
tieto latky sa vztahuje legislativne Nariadenie Europskeho parlamentu a Rady ES ¢. 1272/2008 (CLP)
a (ES) ¢. v platnom zneni a Zakon ¢. 67/2010 Z. z. o podmienkach uvedenia chemickych latok a
chemickych zmesi na trh a o zmene a doplneni niektorych predpisov, su vybusné latky a vybusné
predmety urCené ako nebezpecéné chemické latky /NCHL/ a nebezpecné chemické zmesi, priamo
ohrozujuce Zivot, zdravie l'udi a zivotné prostredie.

Podla Nariadenia vlady SR (NV SR) ¢. 355/2006Z.z.0 ochrane zamestnancov pred rizikami stivisiacimi
s expoziciou chemickym faktorom pri praci su zaradené pracovné ¢innosti, pri ktorych si zamestnanci,
alebo by mohli byt, exponovani nebezpecnym chemickym faktorom na prisluSnom pracovisku.
Predmetom a cielom posudenia rizik v zmysle NV je identifikovanie a hodnotenie zdravotnych rizik
vyplyvajucich z chemickych faktorov vznikajticich na pracoviskéch, kde s nimi prichadzaji do kontaktu
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zamestnanci pri vyssie uvedenych ¢innostiach. Spolo¢nost’ musi néasledne spracovat’ plan riadenia tohto
rizika s ciel'om zniZzit’ ho na najniz§iu mozntl mieru pre zdravie l'udi a zZivotné prostredie.

1. Definicie pojmov z NV SR ¢. 355/2006Z.z

Nebezpeéné chemické latky a nebezpeéné chemické zmesi pre I'udi su latky a pripravky, ktoré moézu
sposobit’ smrt’, kratkodobé, dlhotrvajuce alebo opakujiuce sa poskodenie zdravia, ak st vdychované,
pozité alebo absorbované pokozkou.

Chemicky faktor je akykol’vek chemicky prvok alebo zli¢enina, ktoré¢ mézu byt sucastou zmesi,
vyskytuju sa v prirodnom stave alebo su vyrobené, pouzité¢ alebo uvolnené, pri akejkol'vek Cinnosti,
vratane vzniknutého odpadu bez ohl'adu na to, ¢i st alebo nie st vyrobené zadmerne alebo ¢i su alebo nie
st uvedené na trh.

Nebezpeény chemicky faktor je

— akykol'vek chemicky faktor, ktory spiiia kritéria klasifikacie ako nebezpetna chemicka latka
alebo nebezpeény chemicky pripravok bez ohl'adu na to, ¢i je alebo nie je tento faktor klasifi-
kovany podl'a tohto predpisu, okrem faktorov, ktoré spiiiajii iba kritéria klasifikacie ako nebez-
pecné pre zivotné prostredie,

— akykol'vek chemicky faktor, ktory nespliia kritéria klasifikacie ako nebezpe¢na chemicka latka
alebo nebezpecny chemicky pripravok, ale ktory moéze pre svoje fyzikalno-chemické, chemické
alebo toxikologické vlastnosti a spdsob pouzitia alebo vyskytu na pracovisku predstavovat’ ri-
ziko pre zdravie a bezpecnost’ zamestnancov, vratane chemického faktora, pre ktory sa ustano-
vuje najvyssie pripustny expozi¢ny limit.

Cinnost’ stivisiaca s nebezpeénymi chemickymi faktormi je akakolvek praca, pri ktorej sa pouzivaju
alebo sa maji pouzivat nebezpetné chemické faktory pri akomkol'vek postupe, vratane vyroby,
manipulécie, skladovania, pouzivania, prepravy, zneSkodiiovania, Upravy, obchodovania a iného
zaobchadzania, alebo ktoré vznikaji pri takejto ¢innosti.

Karta bezpe&nostnych idajov (KBU) je stithrn identifikaénych tidajov o podnikatelovi, o nebezpeénej
chemickej latke alebo o nebezpecnej chemickej zmesi a tidajov potrebnych na ochranu zivota a zdravia
l'udi a zivotného prostredia.

Vybus$nina je taka chemicka latka alebo zmes, ktord je schopna mimoriadne rychlej exotermicke;j
reakcie spojenej s vytvorenim plynu velkého objemu. Vybusniny su vSetky latky schopné vybusnej
premeny. Patria sem streliviny, trhaviny, pyrotechnické zloze, traskaviny.

Vybus$nymi predmetmi st vSetky vyrobky obsahujice vybusniny, z ktorych najdélezitejsie skupiny su:
vojenska civilnd municia ,iniciatory -rozbusky, elektrické pilule ,zapalnice, bleskovice , elektrické
palniky.

Priemyselné plastické trhaviny nabaze nitroglycerinu , nitroglykolu a nitrocelulézy sa vo
vSeobecnosti vyrabaji homogenizaciou (mieSanim) sypkych a kvapalnych komponentov v malaxéroch
(mies$acoch) réznych typov s naslednym spracovanim trhavinovej masy, do formy malopriemerovych
alebo velkopriemerovych naloziek. Néalozkovanie trhavinovej masy sa realizuje na réznych typoch
nalozkovacich strojoch typu automatoch prip. poloautomatoch od priemeru 23 mm do 90 mm do
parafinového.papiera resp. PE folie.

Sypké trhaviny typu DAP. Zakladnymi zlozkami v trhavine DAP su oxidovadlo a palivo. Najcastejsim
pouzivanym oxidovadlom je dusi¢nan amoénny (DA) a palivom mineralny olej (P). Uvedena trhavina sa
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homogenizuje v mieSaci, v ktorom sa dusicnan amoénny po nadavkovani skrapa kvapalnymi zlozkami
,napr. .nafta ,mineralny ole;j.

Emulzné trhaviny st oxida¢no-redukénym systémom, kde do reakcie v kvapalnej faze vstupuje ako
oxidacna zlozka nasyteny roztok oxidovadiel a ako redukény systém palivo s emulgatorom a doplneny
vhodnym senzibilizatorom , ktory je schopny iniciovat’ a podporovat’ chemicku reakciu pri detonacii.
Emulzie rozdel'ujeme na dva typy:- emulzia olej vo vode(O/W) alebo voda v oleji W/O. Technologia
vyroby emulznych trhavin sa sklada z nasledovnych casti: priprava surovin vyroba emulzie, scitlivenie
emulzie, nalozkovanie trhaviny, chladenie naloziek a balenie.

Cerpatelné emulzné trhaviny

Zakladom vyroby cerpatenych emulznych trhavin je priprava emulznej matrice na stacionarnej
jednotke, ktora sa pripravi zmieSanim roztoku oxidovadiel ako diskontinualnej anorganickej fazy
a paliva ako kontinuélnej olejovej fazy s vhodnym emulgatorom v Specidlnom zariadeni. Pripravena
nevybusna emulzna matrica je uskladnena v zasobniku a precerpava sa do nadrze umiestnenej na
nadstavbovej ¢asti miesacieho a nabijacieho vozidla. Po naplneni jednotlivych zasobnikov s potrebnymi
surovinami sa vozidlo dopravi na miesto spotreby do lomu. Pomocou antistatickej hadice sa vyvrty
nabijaju Cerpatelnou emulznou trhavinou, ktora je senzibilizovana bublinkami plynu, ktory vznika
reakciou chemickej latky a emulznej matrice.

Vyroba a spracovanie vybusnin na mieste spotreby

Vyroba vybus$nin sa zabezpec€uje priamo na mieste spotreby u odberatela zo schvaleného mieSacicho
a nabijacieho vozidla na ktorom sa vyraba a doddva Cerpatel'na emulzna trhavina resp. sypkéa trhavina
DAP ,ktora sa nasledne nabija priamo do vyvrtov na mieste spotreby u odberatel'a .Predmetné vozidlo
a uvedena trhavina musia byt’ schvalené v zmysle platnych predpisov pre vybusniny Hlavnym banskym
tiradom v Banskej Stiavnici a v Konstrukte - Defence, a.s. Trenéin.

2. Nebezpecéné chemické latky pri vyrobnych a obsluZnych procesoch spojenych s manipula-
ciou a skladovanim vybusnin a vybuSnych predmetov.

Zo struéného prehladu technologie vyroby uvedenych typov vybusnin a z prislusnych KBU
jednotlivych trhavin a surovin vyplyva ,ze niektoré pouzivané vyrobky su v zmysle platnych predpisov
definované ako nebezpecné chemické latky / NCHL/ a zmesi /NCHZ/ ohrozujuce zivot, zdravie 'udi
a zivotné prostredie. Pracovnici ,ktori vykonavaju ¢innosti pri obsluhe uréenych zariadeni st vystaveni
vplyvu vel'mi jedovatymi kvapalnymi vybusnymi latkami — nitroestermi, ktoré patria k nebezpe¢nym
chemickym faktorom (NCHF). Ich vypary mézu vnikat’ do 'udského organizmu hlavne vdychovanim
v uzatvorenom priestore alebo pokozkou - v pripade nepouzivania predpisanych osobnych ochrannych
pracovnych prostriedkov (OOPP). Z velkého sortimentu vybuSnych predmetov st pri trhacich pracach
najpouzivanejsie elektrické, neelektrické rozbusky a bleskovica pentritova.

Elektrické rozbusky obsahuji malé mnozstvo pentritu, azidu olovnatého, o-aminofenolu
a trinitrotoluénu -TNT, ktoré su klasifikované ako nebezpecné latky.

Neelektrické rozbusky obsahuju len malé mnozstvo pentritu, azidu olovnatého a zmesi oktogénu
s hlinikom ,ktoré st v zmysle platnej legislativy o chemickych latkach v zneni neskorsich predpisov,
klasifikovane ako nebezpecné faktory Posobenie uvedenych nebezpeénych latok na zdravie
pracovnikov je eliminované ich zapracovanim do vnutornej Casti kovového a plastového materialu,
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ktory je hermeticky uzatvoreny. Material pouzity pre vonkajsie ¢asti neelektrického roznetného systému
nie je zdraviu Skodlivy. Pri pouzivani neelektrickych rozbusiek nedochadza k priamemu kontaktu
nebezpecnych latok s organizmom.

Bleskovica obsahuje brizantnu trhavina pentrit. Vzhl'adom na to, Ze vybus$nina je uzavreta konstrukciou
bleskovice, nehrozi nebezpecenstvo ohrozenia zdravia pracovnikom.

2.1.Vplyv vybus$nin pouZivanych v baniach a tuneloch na Zivotné a pracovné prostredie.

Vybusniny a vybusné predmety klasifikované ako NCHF, ktoré sa vyrabaju ,skladuju, dopravuju
a pouzivaju pri vykone trhacich prac malého a velkého rozsahu, podlichaji pri pouziti v baniach,
lomoch a tuneloch nasledovnym podmienkam:

- opravnenie doddvatel'a vybusnin a vybusnych predmetov odborne spdsobilou osobou,

- povolenie na odber vybusnin vydaného prislusnym OBU,

- zabezpecenie skladovania vybusnin v prenajatom sklade vybusnin,

- doprava vybusnin vozidlom ADR,

- manipulacia s vybusninami pri nabijani vyvrtov vyskolenymi pracovnikmi,

- dodrziavanie schvalenych technologickych postupov pri vykone trhacich prac.

Skladované a pouzivané trhaviny a rozbusky su chemické latky alebo zmesi ,ktoré sa podla Karty
bezpe&nostnych tdajov (KBU) zarad'uju svojim zlozenim a chemicko-fyzikalnymi vlastnostami medzi
nebezpené chemické faktory — t.j. vybusné latky s obsahom Skodlivych a nebezpeénych velmi
jedovatych resp. jedovatych latok, ktoré su Casto oxidujtce , horl'avé a maju drazdivé ucinky.

Pri razeni tunelovych rir pri vystavbe cestnych, autostradnych a Zelezni¢nych tunelov, sa na razenych
celbach pri rozpojovani skalnych hornin vyuzivaji moderné technologie a progresivne prostriedky
trhacej techniky, ktoré su zastupené vyhradne dovazanymi priemyselnymi trhavinami a rdznymi typmi
rozbusiek. Aj ked’ st v suc¢asnosti stale Castejsie konstruované a vyrabané trhaviny a rozbusky s mensim
podielom toxickych a karcinogénnych latok, zostdva na existujucom trhu s prostriedkami trhacej
techniky dost’ takych vyrobkov, ktoré spOsobuju neZelané zamorenie a zneCistenie pracovného
prostredia na pracoviskdch razenia tunelov a tazby nerastov v hlbinnych baniach a povrchovych
lomoch. Negativnym prejavom periodicky vykonavanych odstrelov st povybuchové splodiny, ktoré
vznikaji na ¢innych pracoviskach a spolu vyfukovymi splodinami pouzivanych vznetovych motorov
tazobnych a dopravnych mechanizmov, spésobuji v podzemnych priestoroch bane resp. tunela zvysenu
koncentraciu tychto plynov, neziaduce znecistenie a znizenie kvality banského ovzdusia. Z toho dovodu
je nutné odvetravanie tychto priestorov podla zasad banského systému vetrania resp. v zmysle
dohodnutych principov umelého separatneho vetrania pri razeni tunelovych rar a pri prevadzke
budovania tunelovych stavieb. Hlavnym dévodom vetrania je zriedenie neziaducich povybuchovych
a vyfukovych splodin, ktoré obsahuju toxické a karcinogénne latky tak, aby sa dosiahli pripustné limitné
hodnoty ich koncentracii. Intenzivne odvetravanie ¢innych pracovisk sa vykonava vzdy po odstrele
jedného zaberu na postup razenia tunela, priCom sa vyuzivaju typizacné smernice, s ktorymi pracuju
zodpovedni vetraci technici pri projektovani systému vetrania v tuneloch. Projektované parametre
vetrania pri razeni banskych chodieb a tunelov preto musia zohl'adnit’ viaceré poziadavky, ale hlavne
zabezpecCit”:

o dychatel'né prostredie pre pracovnikov v podzemi bane alebo tunela,
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e dostatocny objem vzduchu pre optimalnu ¢innost’ dieselovych mechanizmov,

e dostatoc¢né zriedenie povybuchovych plynnych splodin po trhacich pracach a vyfukovych plyn-
nych splodin pri jazde a ¢innosti mechanizmov,

e vyhovujuce mikroklimatické podmienky, teplotu a vlhkost’ na pracoviskach,

e pozadovanu koncentraciu kyslika v banskom ovzdusi,

e pripustné koncentracie nebezpecnych latok v banskom ovzdusi,

e pozadovanu priemernu rychlost’ prudenia vzduchu na ¢innych pracoviskach.

Potrebné je sledovat’ kritické latky a ich pripustné limitné hodnoty, ale aj maximalne koncentracie,
zvlast’ pri nebezpecnych plynoch ako st, oxid uholnaty CO, oxid uhli¢ity CO> , oxidy dusika NOx,
hlavne NO a NO; udéavané v [ppm] a [mg/m’]. Z pohladu vykonavanych odstrelov a mnoZstva
pouzitych trhavin a rozbusiek, je potrebné pri razeni tunela zakomponovat’ do vypoctov potrebného
mnozstva resp. objemu Cerstvych vetrov mnozstvo faktorov. Vypocet objemu vzduchu na odvetranie
priestoru a objemového prietoku na rozriedenie plynnych splodin, vyprodukovanych v ¢elbe razenia po
trhacich pracach, sa riadi konkrétnymi smernicami a predpismi HBU. Takyto vypolet zohladiiuje
poziadavky na pritomnost’ hrani¢nych hodno6t chemickych latok v plynnych povybuchovych produktoch
pouzitej trhaviny, ale tieZ aj funkéné a vykonové parametre priemyselnych trhavin a ich vybuchové
charakteristiky, ako aj samotnt1 kvalitu, typ a spdsob vyroby priemyselnych trhavin.

Pri trhacich pracach v podzemi vznikaju hlavne toxické oxidy dusika a oxidu uholI'natého a iné chemické
latky v zévislosti od zlozenia ,kvality vstupnych surovin a hodnoty kladnej kyslikovej bilancie.
Dolezitym faktorom po realizécii odstrelu v podzemi je rychlost’ odvetravania povybuchovych splodin
z miesta odstrelu vykonnym ventilatorom.

2.2. Potreba testovania §kodlivych latok na ¢innych podzemnych pracoviskach

Vo vSeobecnosti plati, ze vysSie menované nebezpeéné chemické faktory priamo ovplyviuji
uvolfiovanie Skodlivych chemickych latok na pracoviskéach, na ktorych sa odstrely resp. trhacie prace
v tuneloch vykonavaju, pretoze st priamo pritomné vo vybusninach a vybusnych predmetoch. Na tomto
mieste je treba kriticky doplnit’, Ze testovanie toxickych povybuchovych splodin vybus$nin, ale ani
testovanie pritomnosti karcinogénnych chemickych latok, resp. zistovanie chemického faktora
vybusnin, sa v zmysle evidencie a hodnotenia vybusnin podl'a kariet bezpec¢nostnych tudajov (KBU)
systematicky na podzemnych pracoviskach doteraz nevykonava.

Napriek tomu, Ze trhacie prace malého a vel’kého rozsahu realizované na povrchu a v podzemi, vyrazne
nezneCistuju ovzdusie toxickymi splodinami vybuchu v porovnani s vyrobnymi procesmi v priemysle.
Pric¢om sa nebezpecenstvo zamorenia a znecistenia pracovného a zivotného prostredia mdze prejavit
eSte vyraznejSie v pripade, ked pri trhacich pracach velkého rozsahu doéjde k nepredvidanej
mimoriadnej udalosti a celkovému zlyhaniu realizovaného odstrelu.
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Tabulka ¢.1. Pripustné expozicné limity NPEL pre sledované chemickeé latky.

Por. ¢islo

NPEL

Chemicka latka CAS priemerny kratkodoby

ppm | mg/m® | ppm | mg/m3

Poznamka

10102-44-
Oxid dusi¢ity (NO2)V 0 00 2 4 - }

NPEL do 21. 08.
2023 pre podzemnu
tazbu a razenie
tunelov

10102-43-

Oxid dusnaty (NO)V 9

25 30 - -

NPEL do 21. 08.
2023 pre podzemnu
tazbu a razenie
tunelov

Oxid uholnaty? 630-08-0 | 30 35 60 70

NPEL do 21. 08.
2023 pre podzemnu
tazbu a razenie
tunelov

Vyfukové plyny"? ako | 630-08-0

20
CcO

25 - -

10102-44-
ako NO, 0

NPEL do 21. 08.
2023 pre podzemnu
tazbu a razenie
tunelov
NPEL do 21. 08.
2023 pre podzemnu
tazbu a razenie
tunelov

Y NPEL pre oxid dusicity (NO,), oxid dusnaty (NO) a oxid uhol'naty (CO) maju
prechodné obdobie do 21. augusta 2023, ktoré sa tyka expozicie zamestnancov
pri podzemnej tazbe a razeni tunelov.

2 Osobitny limit je uréeny pre oxid uhoPnaty (CO) a oxid dusi¢ity (NOz), ktoré
sa vyskytuju vo vyfukovych plynoch, na hodnotenie kombinovanych t¢inkov
vratane karcinogénnych.

Tieto chemické faktory potom sluzia ako indikatory expozicie, priCom za akcepto-
vatel'nu expoziciu sa povazuje dodrzanie oboch limitov.

9 CAS — skratka pre Chemical Abstracts Service (Urad pre registraciu
chemickych latok), ktory poskytuje periodicky
o strukturach chemickych zltéenin.

indexované informacie
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V zmysle Nariadenie vlady ¢. 33/2018 Z. .z, ktorym sa meni a dopiiia NV SR ¢. 355/2006 Z .z 0 ochrane
zamestnancov pred rizikami siivisiacimi s expoziciou chemickym faktorom pri praci v zneni neskorsich
predpisov si vtabulke ¢.1 uvedené najvyssie pripustné expoziéné limity (NPEL) plynov, par
a aerosolov s prevazne toxickym u¢inkom v pracovnom prostredi pri razeni tunela.,Pracovnici pri
manipulacii si pocas vykonu trhacich prac na vonkajSom prostredi obmedzene exponovani CHF
v zavislosti od druhu latky, inhalac¢ne pozitim ale aj kontaktom cez pokozku a sliznice.

Technicky veduci odstrelov a strelmajster, zodpovedni za vykon kvalitnych vitacich a trhacich prac
pri tazbe nerastnych surovin v podzemi alebo na povrchu, sa rozhoduju pri vybere vhodnej kvalitnej
trhaviny hlavne z hladiska geologickych podmienok ,prostredia vo vyvrte a funkénych parametrov
uvedenych v navode na pouzivanie trhavin, priCom sa prihliada na skuto¢nost’ v akych podmienkach sa




budt trhaviny pouzivat. Dolezitym faktorom pre realizaciu odstrelu je posudenie vybraného typu
trhaviny z hladiska fyzickej narocnosti pri manipulacii a dodrzania bezpec¢nosti a ochrany zdravia
pracovnikov pri praci. Kvalita dodavanych vyrobkov musi byt trvale zabezpecena nielen pocas vyroby,
ale aj pri ich skladovani a pouzivani priamo u odberatela.

Tabulka ¢.2 Vybrané funkéné parametre Cerpatelnych emulznych trhavin

Virobca/ . Austin Powder |\ o Slovakia,
S, SSE Slovakia,s.r.o.. Slovakia,
Distributor s.r.0.
s.r.o.
Nazov vyrobku
CENTRA™ HYDROMITE 100
CIVEC GOLD 100 (70) Emulga [Blendex 80
Parameter
v ’ -1
D e"’”“c;m 24 c",l"s,’l (m.s) @30 022 @35 030 045
nheutesnena najoz 3600 4500 4000 3900 5500
minimalne
0,95- 1,14-
.3 _ B 5
Hustota (g.cm™) 1,2 0,8-1,2 1,0 12 132
Jedovaté plynné splodiny
vybuchu (dm? CO.kg" ) povrch 30 25 30 povrch
maximalne
Spotrebna doba (hod) max. 48 72 48 48 48
Tabul’ka ¢.3 Vybrané funkéné parametre nalozkovanych emulznych plastickych trhavin
Vyrobca/ Austin Powder Slovakia, SSE Matrix Slovakia,
Distributor s.r.0. Slovakia,s.r.o.. s.1.0.
Nazov vyrobku
Emulex Em; lex Emulex Senatel ™ Emulinit | Emulinit
1 C Powerfrag ™ 2 GM1
Parameter plus
v s 9 -1
D e"’”"c’t’” "y "h,l"s,’l (m.5*) 025 @35 025 @32 025 032
nheutesnena najoz 3900 3500 3500 3500 - 5300 3900 4000
minimalne
Hustota (g.cm'3) 1,15 1,15 1,04 1,15-1,23 1,26 1,05- 1,25
Jedovaté plynné splodiny
vybuchu (dm® CO.kg™" ) 30 50 25 - 30 povrch
maximalne
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Tabul’ka ¢.4 Vybrané funkéné parametre nalozkovanych emulznych plastickych trhavin

Virobca/ Austin Powder Matrix
Di;v tribiitor SSE Slovakia,s.r.o.. Slovakia, Slovakia,
5.1.0. 5.1.0.
Nazov vyrobku Eurodyn
Ecodanubit Y Austrogel P Poladyn 31 Eco
2000
Parameter
Detonaéna rychlost’ (m.s™) @32/37 -
utesnena naloz 5500 6000 @34 - 6000 032-5000
miniméalne
Hustota (g.cm™) 1,35 1,4 1,4 1,4+ 0,14
Jedovaté plynné splodiny vybuchu
(dm3 CO.kg') 40 50 50 50
maximalne

Bezpecnost’ a efektivitu trhacich prac ovplyviiuje kvalita pouzitych trhavin s vhodnymi funkénymi
a technickymi parametrami ,ktoré mézu pozitivne vplyvat na Zivotné prostredie.

3. Vplyv vitacich prac na pracovné a Zivotné prostredie.

NeoddeliteI'nou sti¢ast'ou trhacich prac su vrtacie prace, ktorych kvalitne prevedenie ovplyviiuje
efektivitu realizacie jednotlivych typov odstrelov pri dobyvani nerastnych surovin na povrchu
a podzemi ,razeni banskych diel a tunelov ako aj pracovné a zivotné prostredie, ktoré stivisia s ochranou
zdravia a bezpe¢nostou pracovnikov. Prvym predpokladom pre tspesne , ekonomické a bezpecné
rozpojovanie hornin pri odstreloch a pocas razenia je spravne navrhnutie a hlavne presna realizacia
vyvrtov na trhacie prace .V sucasnej dobe je vrtna technika a moderné vrtné vozy vybavené vykonnymi
hydraulickymi vitacimi kladivami, automatickym dodrziavanim subeznosti vyvrtov a systémom vitania
riadenym pocitac¢om.

Pri projektovani vitacich prac sa uplatituje legislativny ramec zakonov, nariadeni a predpisov
tykajucich sa celej oblasti pracovného a zivotného prostredia, ktory vytvara technické podmienky pre
kontrolnu ¢innost’ a strategické monitorovanie dopadov technologického procesu vftania na jednotlivé
zlozky environmentalneho systému. Sti¢asne sa pritom vyuzivaji integrované pristupy zamerané na
odstranenie a zniZenie negativnych vplyvov procesu vftania na ¢innych pracoviskach ako su hlu¢nost’,
prasnost’, tvorba emisii, priame alebo nepriame zdravotné zataZenie, pracovny vykon a produktivitu
prac , znehodnotenie pracovného prostredia a fyzické zat'azenie. Vzajomné pdsobenie vymenovanych
faktorov pritom vytvara nekomfortné podmienky pre vykonavanie banskej ¢innosti (fazba nerastov bane
a lomy) a ¢innosti vykonavanej banskym sposobom (razenie tunelovych rar). Z toho vyplyva potreba
ochrany pracovnikov pred tymito u€¢inkami a to réznymi formami a technickymi prostriedkami, ako s
vetranie pracovisk a pristupovych banskych diel, znizovanie resp. udrzZiavanie povolenej teploty na
¢innych pracoviskach, znizovanie hlucnosti pritomnej na pracoviskach z pouzivanych mechanizmov
a odstrelov (opodstatnené st chranice hluku), ako st vftacie sipravy, nabijacie zariadenia a samohybné
nabijacie vozy, odsavanim prachovych ¢astic z pracovného priestoru na Celbach razenia v procese
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vitania a po odstrele horniny, zniZzovanie, strat vyplyvajucich zrychlosti vitania vznikajlicich pri
poruchach vrtacich suprav a pri opakovanom opravnom vrtani.

Rovnako je zrete'na snaha vyrobcov technickych prostriedkov a zariadeni pri vitani a rozpojovani
zarad’ovat’ do konstrukénych celkov tychto mechanizmov bezpecnostné a ergonomické prvky, ktoré
zvySuju uroven komfortu prace operatora vitacej supravy, ako aj technického vediceho odstrelu (TVO)
resp. strelmajstra. Vysledkom snahy o zvySovanie bezpecnosti a hygieny prace pri vitani a rozpojovani
horniny rozstrelenim (odstrel horniny), ktoré su vykondvané vrtacimi supravami a nabijacimi
zariadeniami a vybuSninami, si moderné a vysoko vykonné vrtacie supravy, urCené pre hlbinné a
povrchové dobyvanie nerastov a pre razenie tunelov a banskych chodieb. Su to uz vitacie siipravy novej
generacie s odprasovacim zariadenim (tzv. zbera¢ prachu pri vrtani), s ergonomickou a dokonale
odhlu¢nenou kabinou operatora vitacej supravy (s udrziavanou konstantnou hladinou hluku, ktora je
pod hodnotou 80 dB) , ktora je sucasne vybavena modernou pocitacovou technologiou a je
programovatelné v manualnom a automatickom rezime vitania — vitacie stipravy systému RCS — Rig
Control System).

Uvedené priklady dokumentuji sucasné technické metdody ovplyviiovania, regulacie a kontroly
technickych parametrov mechanizmov, ale aj sledovania limitnych koncentracii, v banskom prostredi
nachadzajucich sa neziaducich zloziek, a tym aj zabezpecenie komfortnych podmienok pre vykon
vftacich a trhacich prac. Pri technologickych procesoch vitania a rozpojovania hornin pri povrchovej
tazbe v kameniolomoch st ucinky trhacich prac a ¢innosti tazkych nakladacich, dopravnych a inych
samohybnych mechanizmov, ale aj Upravnickych liniek a zariadeni, na jednotlivé zlozky zivotného
prostredia este markantnejsie a agresivnejsie. Tazobna ¢innost’ sa prejavuje priamymi zasahmi do Zivej
i nezivej prirody, v mnohych pripadoch je odstrelmi ohrozena fauna, nachadzajica sa v bezprostrednom
okoli tazeného lomu. Sucasne hrozi pri tazbe aj devastacia okolitych krajinnych tutvarov, priCom
banskou ¢innost’ou je izemie zasahované a degradované nepretrzite aj niekol’ko rokov (zivotnost’ nasich
vel'kolomov je uz na Grovni 50 a viac rokov). V mnohych pripadoch bude v priebehu najblizsich rokov
potrebné a nutné, spracovat’ technické projekty zamerané na revitalizaciu krajiny, pricom ich hlavaym
zdmerom bude napomoct’ procesu znovu ozivenia a zlepSenia biologickej kvality krajiny, ktora bola
uréitym sposobom pri tazobnej ¢innosti narusena. Rekultiva¢né prace budi pritom zamerané najma na
obnovu horninovych Struktir, devastovanej pody a okolitého terénu, priCom hlavnym cielom bude
vytvorenie esteticky posobivého a hodnotného zivotného prostredia pre d’alSie netechnické aktivity,
vratane vybudovania novej infrastruktiry tazbou poskodeného tizemia.

Zaver

Udrziavat’ pri banskej a t'azobnej ¢innosti prijatelné a komfortné pracovné a zivotné prostredie, nie je
pre tazobné spolo¢nosti a pre spoloénosti budujucich tunely, vobec jednoduché. Tazobné a stavebné
priemyselné Cinnosti predstavuju vo vSeobecnosti technicky aj fyzicky naro¢nti oblast’ l'udského
podnikania. Ich sucastou su technologické procesy, ktoré eSte nie sme dostatocne odborne vyspeli
celkom zautomatizovat’, pripadne robotizovat’ a vyuzit’ prvky umelej inteligencie, ktoré by umoznili
uplné vylucenie ¢loveka z technicky narocnych procesov vitania a rozpojovania hornin. Ale ako aj tento
odborny prispevok naznacil, vyvoj vitacich stprav, vybuchovej techniky a metod rozpojovania hornin
napreduje a smeruje aj vtejto odbornej oblasti ku digitalizacii a Gplnej automatizacii uvedenych
procesov.
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Trhacie prace na nultej lavke dobyvania sadrovcovo-anhydritovej suroviny na loZisku
Gemerska Horka

Blasting work as part of mining works on the zero bench of gypsum-anhydrite mine at the
Gemerska Horka deposit

Ing. Arpad LORINCZ, PhD.!

Abstrakt:

Po ukonceni otvarkovych a pripravnych prac na lozisku v Gemerskej Horke, spolo¢nost’” Danucem
Slovensko a. s. v roku 2019 zacala samotné dobyvanie sadrovca a anhydritu. Dobyvanie sa vykonava
hlbinnym spésobom a rozpojenie suroviny je zabezpecené vyluéne pomocou vrtno-trhacich prac. Pri
vrtno-trhacich pracach kladieme velky doraz na kvalitné a bezpe¢né vykonanie celej ¢innosti, pri ¢o
najnizsich nakladoch.

Abstract:

After the completion of opening and preparatory work on the deposit in Gemerska Horka, the
company Danucem Slovensko a.s. within 2019 started the mining of gypsum and anhydrite itself. The
mining is carried out as underground operation, and the first phase of breaking away of the raw
material is ensured exclusively with the help of drilling and blasting works. During drilling and
blasting work, we place great emphasis on high-quality and safe execution of the entire activity, at
the lowest possible costs.

1. Uvod

Dobyvanie loziska nerastnych surovin je vyrobny proces, pri ktorom dochadza k postupnému
odrubavaniu zasob uzitkového nerastu v priestore a Case, pricom vyslednym produktom tohto
procesu je riibanina pozadovanej kvality vstupujuca do procesu tipravy?. Rozdel'uje sa na lomové
(LD) resp. hlbinné dobyvanie lozisk nerastov (HDL).

V pripade hlbinného dobyvania s najddlezitejSimi pracovnymi operaciami (ale napr. aj pri
razeni tunelov) rozpojenie hornin, odtazba rubaniny a zabezpecenie vyrubaného priestoru.
Rozpojenie hornin spoc¢iva v postupnom oddeleni-odriibavani ¢asti horninové masivu.

Rozpojenie horniny pri hlbinnom dobyvani rudnych a nerudnych loZisk uZzitkovych nerastov
ako aj pri razeni banskych diel sa realizuje takmer vylu¢ne vrtno - trhacimi pracami. Trhacie prace sa
pri tychto Cinnostiach zacali pouzivat v 17. storoci, po tom ako dna 8.2.1627 za pritomnosti
zastupcov banského stidu vykonal Gaspar Weindl prvy pokusny odstrel na Hornobieberstolnianskom

!Ing. Arpad Lérincz, PhD., Veduci bane Fortuna, Danucem Slovensko, a.s.,

Clen Prezidia SSTVP,

E-mail: arpad.lorincz@danucem.com,

tel: +421 907 750203

2BAUER V.: Dobyvanie surovin, $tudijny material pre u¢astnikov post-diplomového $tidia, Kosice, 1999
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banskom zavode v Stiavnickych baniach (WindSachte) ¢iernym trhacim prachom. Tato ¢innost
(podobne ako aj vftacie prace) odvtedy presla velkym vyvojom a stala sa vobec najpouzivanejSou
metddou rozpojenia horniny v podzemi®.

2. Dobyvanie na loZisku sadrovca a anhydritu na loZisku Gemerska Horka

Po ukonceni otvarkovych a pripravnych prac na dvoch pracoviskach bane Fortuna na lozisku
v Gemerskej Horke sa v roku 2019 pristapilo k zacatiu dobyvania. Samotné dobyvanie sa realizuje
po tom, ako OBU v Spisskej Novej Vsi vyslovil sthlas s vyskiiganim dobyvacej metody (DM)
,Vystupkové dobyvanie so zakladanim vvdobytych priestorov. Ide o DM, ktora vo svete je
roz$irena hlavne pri dobyvani nerudnych surovin, a je ur€itou modifikaciou dobyvacej metody
,Komora-pilier. Na Slovensku za zafala pouzivat’ v roku 1976 v byvalom narodnom podniku
Slovenské magnezitové zdvody Kosice, na zdvodoch Kosice a Jelsava®.

Vystupkové dobyvanie so zakladanim vydobytych priestorov je charakterizované postupom
dobyvania od zakladného obzoru smerom nahor v pravidelnych velkoploSnych vrstvach konstantnej
hrabky z predchadzajucej vydobytej vrstvy, tvoriacej pracovisko. Celd dobyvacia plocha je
podoprend systémom vnutroblokovych pilierov Stvorcového profilu 8m x 8m usporiadanymi
v pravidelnej sieti v dobyvke.

Dobyvanie je rozdelené na 2 etapy:

a) dobyvanie v dobyvacich pasoch o Sirke 8m a vyske 5m na nultej lavke vystupku
b) dobyvanie v dobyvacich pasoch o Sirke 8m a vyske 3m na 1. a vyssich lavkach

Jednotlivé vydobyté lavky sa vyplnia zdkladkou. Zékladkovy material tvori cudzia alebo
vlastna zakladka z nebilanénych Casti bloku. Cudzia zékladka mézZe byt do bloku dopravovana cez
zakladkové kominy a tvori ju nebilanény materidl z inych pracovisk resp. tazobny odpad z hald na
povrchu.

V dnesnej dobe sa realizuje prva etapa, t. j. dobyvanie na nultej ldvke. Dobyva sa v 8m Sirokych
a5m vysokych pésoch. Téato ¢innost' sa velmi podobd na razenie vodorovnych otvarkovych
a pripravnych banskych diel, ktoré sme vykonavali v predoslom obdobi. Lisi sa len jednotlivymi
rozmerovymi parametrami banskych diel. Otvarkové a pripravné banské diela sa razili o rozmeroch
4,5m x 4,5m.

3 LORINCZ A.: Nabijanie malopriemerovych vyvrtov pri razeni banskych diel, Zbornik prednasok z medzinarodnej
konferencie Trhacia technika 2016, Stara Lesnevi, 2016, str. 163-168
4 STANKO O. a kol.: Magnezitovy priemysel Ceskoslovenska, KoSice, 1986, str. 136-137
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Obr.1 — Pracoviské vystupkového dobyvania na lozisku v Gemerkej Horke’

3. Rozpojenie horniny na nultej lavke

Rozpojenie horniny na bani Fortuna sa realizuje vylucne vrtno-trhacimi pracami. ESte v prvych
rokoch existencie bane sa sktSala aj metdda rozpojovania pomocou raziaceho kombajnu, ale po
nepriaznivych skiisenostiach sa preslo na rozpojenie vrtno-trhacimi pracami. Celd ¢innost’ sa sklada
z dvoch dolezitych etap:

a) zvrtnych prac
b) z trhacich préc, t. j. zo samotného vykonania nabijania a odstrelu

a)vrtné prace na nultej lavke

Vrtné préace pri rozpojeni horniny na nultej lavke sa vykonavaji mechanicky, pomocou elektro-
hydraulickej vrtnej stipravy Boomer 281 1B. Kym pri razeni otvarkovych banskych diel sa vftalo aj
ruéne, pomocou vrtnych kladiv VK 22-1, v tomto pripade sa vita vyluéne pomocou vrtnej sipravy.
Boomer 281 1B je vyrobkom §védskej spolocnosti Atlas Copco, a naSa spolocnost’ ju zakupila v roku
2017, aby nahradila fyzicky velmi namahavé ru¢éné vftanie mechanizovanym vitanim. DalSou
vyhodou okrem vylucenia fyzicky namdahavej prace je elektro-hydraulické vftanie aj ovela
efektivnejsSie a rychlejsie.

5 Zdroj: Autor
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Obr.2 — Elektro-hydraulicka vrtnd stiprava Boomer 281 1B dorazila na baniu Fortuna dna
11.04.2017°

Vrtné prace sa vykonavaji podla vopred pripravenych vrtnych schém. Vrtné schémy su
vypracované tak, aby zabezpecili kvalitné vykonanie trhacich prac, poZzadovanii fragmentaciu
rozpojenej rubaniny, ale aj zachovanie projektovanych rozmerov vnutro blokovych pilierov (8m x
8m)’. Porudenie tychto pilierov ddsledkom trhacich prac by malo vel'mi nepriaznivé u¢inky na
bezpecnost’ pracoviska.

Vrtné schémy sa vyvijali postupne, pricom hlavnym cielom bolo zniZovanie mnozstva vrtnych
prac (znizovanie poctu vrtov), znizovanie mernej spotreby vybuSnin (trhavin aj rozbuSiek) pri
zabezpeceni pozadovane] fragmenticie (maximalne kusy rozpojenej ribaniny 0,7m x 0,7m)
a neporusenost’ pilierov.

Pred zahajenim vrtnych prac sa z dovodu presného urcenia smeru celba presne zameria
laserovym zameriavac¢om typu HILTI PM 40-MG. Ur¢i sa presny smer a stipanie (resp. klesanie)
postupu.

% Foto: Autor
"BAUER V. a kol.: Navrhu parametrov dobyvacej metddy pre loZisko sadrovca-anhydritu Gemerskd Horka (Zavereéna
sprava rieSenia zmluvného vyskumu), Kosice, 2008
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Obr.3 — Multiliniovy laser HILTI PM 40-MG na presné uréenie smeru a stiipania (klesania)®

Na zaklade tychto udajov sa vrtné schémy nakreslia na ¢elbu, ¢im sa vel'mi ul'ahéi a urychli
praca obsluh vrtnej sipravy. Okrem toho, Ze sa praca ul'ah¢i a urychli je vel'mi dblezita aj presnost’
vftania. V takom pripade aj menej skuseny obsluha vrtnej supravy zavita ¢elbu presne. Tieto ¢innosti
st vel'mi dolezité aj pre udrziavanie celistvosti a presnosti vnutro blokovych pilierov.

Obr.4 — Nakreslena vrtna schéma v ¢elbe’

8 zdroj: www.hilti.sk
Stiahnuté: 02.03.2023
° Foto: Atila Fodor
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Obr.5 — Elektro-hydraulické vrtnd siprava Boomer 281 1B v akcii na bani Fortuna!®

Vel'ky doraz sa kladie na zalom. Pri trhacich pracach s jednou voI'nou plochou je vel'mi dblezité
nalozami v zalomovych vrtoch vytvorit’ vylom do bloku horniny, ktory potom sluzi ako druha vol'na
plocha. Skusali sme niekol’ko réznych variacii priameho valcového zalomu!! s roznym umiestnenim
nabitych a nenabitych vrtov. V si¢asnosti pouzivame zalom s 9 nabitymi a 4 volnymi vrtmi.

. 02im

r 02m
s

Obr.6 — Parametre priameho valcového zadlomu pouZivaného v sti¢asnosti

10 Foto: Erik Adamson
11 Zakladnym charakteristickym znakom priamych zdlomov je rovnobeZnost’ a rovnaka dlzka vsetkych zalomovych vrtov,
ktoré st vitané kolmo k rovine celby
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Rozte¢ nabitého a voI'ného vrtu musi byt taka, aby vol'ny vrt vytvoril dostatocny objem pre
umiestnenie rozpojenej horniny. Rozpojena hornina po odpaleni nabité¢ho vrtu v nakyprenom stave
musi vojst do najblizSicho volného vrtu. Na urCenie tychto parametrov a vzdialenosti medzi

jednotlivymi vrtmi sme vychadzali zo vztahu'?:

ety viet P ch ]
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kde:

a - je rozte¢ vol'ného a nabitého vrtu (mm)
D — je priemer vol'ného vrtu (mm)
kn — koeficient nakyprenia rozpojenej horniny

Pre udrziavanie rovnosti Celby sa miesto umiestnenia zalomu moze menit. V stcasnosti

pouzivame 3 umiestnenia zalomu v ¢elbe:

a) v strede Celby
b) v pravej polovici ¢elby
c) v lavej polovici Cely

Na zaklade tychto roznych umiestneni zdlomu sa meni aj rozmiestnenie pribierkovych vrtov.

a) b) c)

Obr.7 — Rdzne moznosti umiestnenia zalomu v ¢elbe

Parametre vitania:

- dizka vrtov: 3m
- priemer nabitych vrtov: 51 mm
- priemer volnych vrtov: 102 mm

12DOJCAR O. a kol.: Trhacia technika, Ostrava, 1996, str. 282-283
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b)trhacie prace na nultej lavke

Samotné trhacie prace, t. j. nabijanie a odstrel sa vykonavaju po ukonceni vrtnych prac. Na
trhacie prace pri razeni vodorovnych banskych diel (€o je podobna ¢innost’, ako dobyvanie na nultej
lavke) sa najcastejSie pouZivaju trhaviny Zelatinové'? (plastické, dynamity'#) alebo sypké (trhaviny
typu DAP'S). V mensej miere sa pouzivajli aj emulzné trhaviny. Z ekonomického hl'adiska prave tieto
tri druhy najviac vyhovuju pre tento ucel. V naSich podmienkach - hlavne z ekonomickych dovodov
- na rozpojenie hornin pri dobyvani na nultej ldvke pouzivame vyluéne Zelatinové trhaviny!'®.

V sucasnosti pouzivame banskt skalnt trhavinu POLADYN 31 ECO. Najdolezitejsie technické
parametre tejto trhaviny su uvedené v tabulke 1:

Néazov: POLADYN 31 ECO
Vyrobca: NITROERG SA, Pol’'sko
Detona¢na rychlost’ (m.s™): 5000 pri ¢ 32 mm
Hustota trhaviny (kg.m?): 1400

Priemer naloziek (mm): 36

Hmotnost’ naloziek (kg): 0,45

Tab.1 — Technické parametre trhaviny Poladyn 31 Eco

Roznet je elektricky. Pouzivame elektrické rozbusky milisekundové typu ERGODET 25
a polsekundové ERGODET 500. Milisekundové elektrické rozbusky pouzivame v zalomovych
vrtoch a polsekundové v pribierkovych a obrysovych.

Tak ako pri razeni banskych diel, aj pri dobyvani pomocou trhacich prac na nultej lavke
pouzivame upchavky!” typu SMU-02W!8 od spolo¢nosti WESECO CZ s.r.o0. Ostrava. Upchavky su
vyrobené¢ z plastu a plnia sa studenou vodou. Pouzivame ich uz niekol’ko rokov a mame s nimi vel'mi
dobré sktsenosti.

13 Tieto trhaviny obsahujii ako hlavnu vybusnu zlozku nitroglycerin alebo nitroglykol, oby¢&ajne ich zmes vo forme trhacej
zelatiny (18-60%). Toto mnozstvo trhacej Zzelatiny im udeluje trvalé plasticki konzistenciu. Hustota sa pohybuje
v rozsahu od 1400 do 1 600 kg.m-3. Maji pomerne vysoku vodovzdornost. Ich vyhodou je vysSia brizancia a nizky
kriticky priemer, ¢o umoznuje ich Siroku pouzitel'nost’. Pouzivaju sa rovnako na povrchu aj v podzemi, pri destrukciach
ako aj pri inych druhoch trhacich prac. (Zdroj: MUNCNER A KOL.: Prirucka pre strelmajstrov a technickych vediicich
odstrelov. Banska Bystrica, 2006, str. 38)

4 LORINCZ A.: Prvd mimoriadna udalost od zaciatku pouzivania dynamitu v baniach na Gemeri, Zbornik prednasok
z medzinarodnej konferencie Trhacia technika 2015, Stara Lesna, 2015, str. 111-116

15 Tieto trhaviny sa pri trhacich pracach na povrchu pouzivaji uz desiatky rokov, v poslednom obdobi aj v podzemi. St
to zmesi dusiénanu aménneho a paliva v pomere 94,5% dusi¢énanu aménneho a 5,5% paliva. Ako palivo sa najcastejSie
pouziva motorova nafta alebo vykurovaci olej. (Zdroj: MUNCNER A KOL.: Prirucka pre strelmajstrov a technickych
veducich odstrelov. Banska Bystrica, 2006, str. 38)

16 LORINCZ A.: Nabijanie malopriemerovych vyvrtov pri razeni banskych diel, Zbornik prednasok z medzinarodnej
konferencie Trhacia technika 2016, Stard Lesna, 2016, str. 163-168

7 Hlavnou Glohou upchéavky je utesnit’ priestor v ktorom sa trhavina privadza k vybuchu a tak ziskat' ¢o najvicsie
mnozstvo energie trhaviny na vykonanie uzito¢nej prace. Upchavkovy material musi klast” dostatoény odpor prechodu
vin napiti a unikaniu splodin vybuchu. Musi byt Pahko dostupny, dobre spracovatelny a nesmie zhor§ovat’ hygienické
podmienky na pracovisku. (Zdroj: MUNCNER A KOL.: Prirucka pre strelmajstrov a technickych vediicich odstrelov.
Banska Bystrica, 2006, str. 65)

18 Samosvorna mékka ucpavka SMU-02W- druh WESECO je uréena k utésfiovani naloze ve vyvrtu o priméru 38 — 45
mm pfi trhacich pracich na povrchu a v podzemi ve vybusném prostredi.

(Zdroj: https://www.weseco.cz/index.php/produkty/ucpavka-smu/), Stiahnuté: 21.02.2023
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Obr.8 — Upchavky SMU-02W

a) prazdne upchavky
b) upchavky naplnené studenou vodou

Vybrané ukazovatele trhacich prac v roku 2022 pri dobyvani na nultej lavke st uvedené
v tabul’ke 2:

Merna spotreba trhavin - 0,529 kg.t'!

(Mnozstvo trhavin potrebnych na rozpojenie 1 t horniny)

Merna spotreba rozbusiek - 0,173 ks.t™!
(Pocet rozbusiek potrebnych na rozpojenie 1 t horniny)

Merna spotreba vrtov - 0,518 m.t™!

(Potrebn4 dizka odvitanych vrtov na rozpojenie 1 t horniny)

Nalozova hustota - 1,020 kg.m!

(Mnozstvo trhavin v 1 m vrtu)

Tab. 2 — Vybrané ukazovatele trhacich préac

Pre zaujimavost’ uvediem, ze merna spotreba trhavin v zdvode SMZ JelSava v roku 2003 (na
nultej lavke vystupkového dobyvania) bola 0,93 kg/t, merna spotreba rozbusiek bola 0,19 ks/t
a nalozova hustota 1,21 kg/m."”

Jednozna¢ne mdzem konStatovat, ze na zdklade tychto sktsenosti, okrem vrtnej schémy,
vyberu vybusnin resp. vyhovujtcich prostriedkov trhacich prac, na kvalitné a ekonomicky vyhodné
vykonanie trhacich prac pri razeni banskych diel maja vel’ky vplyv aj nasledovné ¢innosti:

a) kvalitné vykonanie vrtnych prac

- uréenie vyhovujuceho zalomu

- presné urcenie smeru, stipania (klesania) postupu
- presné nakreslenie vrtnej schémy na celbu

b) kvalitné vykonanie trhacich prac
- pouzivanie vhodnej upchavky
- pouzivanie vyhovujucich vybusnin

191 ORINCZ A., BIRKA M.: Trhacie prdce pri tazbe magnezitovej suroviny na vystupkovom dobyvani SMZ, a.s. Jelsava,
Zbornik prednasok z medzinarodnej konferencie Trhacia technika 2004, Stara Lesna, 2004, str. 168-173
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4. Zaver

Rozpojenie hornin patri medzi najdolezitejsie Cinnosti v procese dobyvania lozisk, ktoré sa vo
véacsine pripadov vykonava pomocou vrtno-trhacich prac. Spravne a kvalitné vykonanie tychto prac
zarucuje pozadovanu kusovost’ rozpojenej ribaniny resp. celistvost’ a neporusenost’ pilierov, ktoré st
vel'mi dolezité z hl'adiska bezpecnosti pracovisk. Z tychto dovodov je vel'mi dolezité tuto ¢innost’
realizovat’ dokladne a kvalitne, a nezabudnut’ na zdanlivo ,,malickosti“, ktorych zanedbavania mézu
celu ¢innost’ ovplyvnit’ vel'mi negativne.
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Posudenie negativnych vplyvov trhacich prac v lomoch na vodné zdroje
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Abstrakt

Vibracie st jednym zo zakladnych problémov v lomoch, pretoze ich u€inky moézu sposobit’ kritické skody na
zivotnom prostredi v blizkosti lomu. Z tohto dovodu je potrebné neustale sa zaoberat’ vyhodnocovanim ucinkov
odstrelov a optimalizaciou technickych parametrov odstrelov. Clanok prezentuje vysledky experimentalneho
vyskumu zameraného na optimalizaciu trhacich prac v lomoch na Slovensku. Pomocou zdkona tutlmu seizmickych
vin bola v lomoch vypogitand maximalna hmotnost’ naloze vybusnin na asovy stupen tak, aby trhacie prace
nespoOsobili negativne ucinky na vodné zdroje. Vysledky vyskumu prezentované v ¢lanku a optimalizacia
technickych parametrov trhacich prac umoznia opakovanie odstrelov v lomoch bez negativnych vplyvov na blizke
prirodné javy a celé blizke okolie.

Abstract

Vibration is one of the basic problems in quarries because its effects can cause critical damage to the environment
near the quarry. For this reason, it is necessary to constantly deal with the evaluation of the effects of blasting and
the optimization of technical parameters of blasting. The article presents the results of experimental research aimed
at optimizing blasting work in the quarries et Slovakia. Using the law of attenuation of seismic waves, the
maximum mass charge weight explosives per timing stage was calculated in the quarries so that blasting works
did not cause negative effects on the water resources. The results of the research presented in the article and the
optimization of the technical parameters of the blasting works will make it possible to repeat the shots in the
quarries without negative effects on nearby natural phenomena and the entire near area.

1. Uvod

Tazba nerastov je jednou z hlavnych &innosti svetovej ekonomiky, ktora sa podiel’a na
vytvarani socidlnych statkov. Tato Cinnost’ vSak poSkodzuje Zivotné prostredie, a preto je
posudenie vplyvov na environment v sucasnosti vel'mi dblezité. Rastuci pocet bani iniciuje
rozsiahle preventivne opatrenia zamerané na bezpec¢nost’ aktudlnou, periodickou alebo trvalou
dokumentéciou vplyvov na zivotné prostredie. Touto problematikou sa zaoberaju odbornici
(fazobné spolo¢nosti) na celom svete a hl'adaji vhodné rieSenia a metddy pre environmentalnu
bezpecnost’ v tazobnom priemysle.

Pri posudzovani technickej seizmicity je potrebné riesit’ tri vplyvy:
» Vplyv seizmickych otrasov a vibracii na povrchové objekty.
» Vplyv seizmickych otrasov a vibracii na podzemné diela.
» Vplyv seizmickych otrasov a vibracii na pocity a psychiku obyvatel’stva.

Predchéadzajuce vyskumy tcinkov trhacich prac (Kondela a Pandula, 2013) ukazuju, Ze pri

clonovych odstreloch je potrebné vziat’ do Givahy niekol'ko faktorov, a to:
» definovat’ mieru ohrozenia objektov v okoli lomu,
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» identifikovat’ objekty, ich pocet a ucel (priemyselné budovy, obytné a uzitkové budovy,
chranené budovy),

» frekvencia trhacich prac a ich parametre,

> parametre odstrelu (priemer vrtov, sklon vrtov, hibka vrtov, rozstup vrtov, zéber,
hmotnost’ ndloze v jednom vrte, celkovd ndloz, Casovanie jednotlivych nalozi pri
odstreloch),

» stanovenie pripustného zat'aZenia,

» predpoved zat'aZenia,

» urCenie rizika, pripadne bezpecnej vzdialenosti a d’alSich parametrov,

» pasportovanie (vratane fotodokumentacie) najmé pri historickych a poskodenych
objektoch,

» seizmické meranie otrasov,

» posudenie bezpecnosti pri zistenom zat'azeni (naprava aktualneho stavu).

Prispevok popisuje vysledky vyskumu, ktory bol realizovany v lome Trencianske
Mitice - Skali¢ky a jeho okoli. Ciel'om nasho vyskumu bolo posudenie seizmickych ucinkov
trhacich prac na vodné zdroje v okoli lomu Trencianske Mitice - Skalicky a navrhnat” d’alsi
postup trhacich prac tak, aby neboli narusené kolektory vodnych zdrojov.

Experimentalne meranie a posudenie technickej seizmicity vybudenej odstrelmi malého
rozsahu 1/TM/23, 2/TM/23 a 3/TM/23 bolo uskutoénené v okoli lomu Trenéianske Mitice -
Skali¢ky. Z nameranych hodndt sme zhodnotili u¢inky umelo vybudenej seizmicity vplyvom
odstrelov 1/TM/23, 2/TM/23 a 3/TM/23 na blizke vodné zdroje a bytové objekty v obci
Trencianske Mitice (Pandula a kol., 2023).

3. Stru¢na geologicka stavba okolia lomu Trencianske Mitice - SkaliCky (prenosové

prostredie)
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Obr. 1 Geologicka stavba SirSieho okolia dobyvacieho priestoru. Kvartér:1- hliny, piescité hliny, ily, hlinité
piesky a Strky niv riek a potokov, 2- hlinito-kamenité (sporadicky piescito-kamenité) svahoviny a sutiny,
3- spraSové hliny s polohami sprasi, 4- prevaZne hlinité a piescité Strky, piesky a piescité hliny s ulomkami
hornin v niZSich strednych ndplavovych kuZeloch s pokryvom spraSovych hlin a splachov; KryStalinikum
Povasského Inovca: 5- muskovitické svory as svorové pararuly s vyrastlicami staurolitu a/alebo grandtu, Casto
diaftorizované a chloritizované, 6- krivosudske suvrstvie- vulkanoklastické droby, drobnozrnné zlepence v
prevahe svetlozelenkavé jemnozrnné pieskovce, lokdlne fialové prachovce; Mezozoikum chocského prikrovu:
7- dolomity, 8- wettersteinské viapence, 9- tmavoSedé vapence, 10- luZiianské suvrstvie- ruZové, sivobiele a biele
jemno- aZ hrubozrnné kremence (kremenné pieskovce), ojedinele zlepencovité; Mezozoikum kriZiianského
prikrovu:11- slienité vapence a sliefiovce, 12- sivé organodetritické vdapence, 13- sivé slienité vapence, 14-
piescité krinoidové vapence, 15- hranica dobyvacieho priestoru.

207



Lom TrenCianske Mitice - Skalicky je situovany v triasovych karbonatovych
sedimentoch choc¢ského prikrovu, hlavne dolomitoch a wettersteinskych vapencoch (Obr. 1).
Horninové prostredie vapencov aj dolomitov je zna¢ne porusené. Horninovy masiv vapencov
je menej poruseny ako masiv tvoreny dolomitmi. Na juhu je lom ohrani¢eny neogénnymi
sedimentami bédnovskej pahorkatiny. Na kvartérnych sedimentoch v blizkosti byvalych
prirodzenych vyverov minerdlnych vod sa nachadza chraneny prirodny utvar - raSelinisko
Miticka Slatina. V blizkom okoli lomu Trencianske Mitice - Skalicky je niekol’ko vodnych
zdrojov. Medzi zakonom chraneny od roku 2002 a vyuzivany je vodny zdroj MP-1, zachyteny
vrtom v roku 1992 (Melioris, Drexler, 1996). Hydrogeologicka Struktira v Trencianskych
Miticiach je otvorend hydrogeologicka Struktira s polozakrytou vyverovou oblast'ou (Obr. 2).

Obr. 2 Schematicky hydrogeologicky rez vyverovou oblastou minerdlnej vody (Melioris, 2001).
1-Neogén, 2 - Chocsky prikrov, 3 - KriZiiansky prikrov, 4 -zlomy, 5 - smer prudenia podzemnej vody.

4. Metodika merania a pouZita aparatira

Na meranie seizmickych ucinkov odstrelu boli pouzité digitalne Stvorkanalové
vibrografy:

e vibrograf ABEM Vibraloc a seizmosnimace §védskej firmy ABEM,
e vibrograf Vibracord Tellus a seizmosnimace Spanielskej firmy Tellus,
e vibrograf Svantek a seizmosnimace pol'skej firmy Svan.

Vibrografy ABEM Vibraloc Svantek a Vibracord Tellus maji AD prevodnik
s automatickym 14 bitovym dynamickym rozsahom, ktory zodpoveda 0,01 + 250 mm.s™'. Pre
tieto merania boli pouzité elektrodynamické geofony s frekvenénym rozsahom 2 + 1000 Hz
a citlivostou 20 mV/mm.s™!. Geofény boli umiestnené na $pecialnej podlozke s ocelovymi
ostrymi hrotmi, ktoré zabezpecovali nepretrzity kontakt s podkladom.

Kazdy odstrel bol zaznamenany individualne na kazdom meracom stanovisku a jeho ucinky
boli hodnotené samostatne.
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5. Meracie stanoviska pri odstreloch

Obr. 3 Pozicia odstrelov 1, 2 a 3 v lome Trencianske Mitice — Skalicky voci meracim stanoviskam 0 a7 7
situovanym v okoli lomu

Meracie stanovisko V0 lom Trencianske Mitice - Skalicky. Meraci pristroj Vibracord
s trojzlozkovym snimacom bol situovany na horninovom podklade 15 m od inicia¢ného vrtu
odstrelu ¢. 3, 28 m od iniciaéného vrtu odstrelu €. 2 a 45 m od inicia¢ného vrtu odstrelu €. 1
(obr. 4).
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Obr. 4 Meracie stanovisko VO lom Trencianske Mitice - Skalicky a meracia aparatira Vibracord s
trojzloZkovym snimacom vo vzdialenosti 15 m od iniciaéného vrtu odstrelu & 3, 28 m od iniciacného vrtu
odstrelu ¢. 2 a 45 m od iniciacného vrtu odstrelu é. 1.

L . " -~

Meracie stanovisko V3a a V3b vodny zdroj zadna studna pramen (SVAN958A) a vodny zdroj
zadna studia Cerpacka (SVAN979B). Snimace meracich aparatir Svantek boli situované na
betonovom zaklade (obr. 5).

Obr. 5 Meracie stanovisko V3a a V3b vodny zdroj Za
Svantek so snimacmi.

Meracie stanovisko V5 prirodny minerdlny zdroj vrt MP-1. Vibrograf Svantek
s trojzlozkovym snimacom SVAN979A bol situovany v objekte vodného zdroja MP-1 (obr.
6).

Obr. 6 Meracie stanovisko V5 vodny zdroj MP-1 a meracia aparatiira Svantek so situovanim trojzloZkového
snimaca SVAN979A.
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6. Zdroj seizmickych ucinkov - otrasov

Zdrojom seizmickych tacéinkov boli odstrely malého rozsahu 1/TM/23, 2/TM/23 a 3/TM/23
v lome Trencianske Mitice — Skalicky.

Parametre skasobnych odstrelov 1/ML/23, 2/ML/23 a 3/ML/23

Odstrely malého rozsahu dna 24.03.2023 o 13:36, 13:38, 13:40, celkova naloz v jednotlivych
odstreloch 150,0 kg trhaviny Emulex, néloz na 1 Casovy stupenn 50 kg trhaviny Emulex,
casovanie jednotlivych vrtov 25 a 42 milisekund, priemer vrtov 90 mm, hlbka vrtov 15m.

Trojsekundovy graficky zdznam z vibrografu Vibracord z meracieho stanoviska v lome je
na obrazku 7.

Equipenent Vibrscord Telus Sampling rate: 2048 sos
Date & Time J023.08.24 ) 1323638 Protrigger: 50 ms (13:36 35 8106)
Time ds
L.09 iy Veor
———
552 i - 3 2
"

Obr. 7 Graficky zaznam priebehu jednotlivych zloZiek seizmického vinenia odstrelu ¢. 1 v lome Trencianske
Mitice - Skalic¢ky zo dria 24.03.2024. Zdaznam je 7 meracej aparatury Vibracord na meracom stanovisku lom,
45 m od iniciacného vrtu odstrelu ¢. 1.

Na zéklade nameranych hodnét rychlosti a frekvenciii jednotlivych zloziek vinenia pri
odstreloch malého rozsahu 1/TM/23, 2/TM/23 a 3/TM/23 v lome Trencianske Mitice zo dia
24.03.2023, sme mohli vyhodnotit podla STN EN 1998-1/NA/Z1 uc¢inky jednotlivych
odstrelov a posudit’ ich vplyv na vodné zdroje v pasme hygienickej ochrany I. stupiia, a objekty
nachadzajuce sa v blizkosti lomu Trenc¢ianske Mitice - Skalicky.

Tab. 1 Namerané hodnoty vrcholovej rychlosti vibrdcii vpeak.x, Vpeak.y @ Vpeak.z na meracich stanoviskdch pocas 1.
odstrelu o 13 h: 36 m: 46 s.

1. odstrel /24.03.2023 ¢as 13 h:36 m:46 s
Meracie Vpeak.x f d,x Vpeak,y f dy Vpeak,z f d.z LCpeak
stanoviSte [mm/s] [Hz] [mm/s] [Hz] [mm/s] [Hz] [dB]
VO 15,5 5,0 23,6 5,0 5,09 13,0
HV1 1,02 5,89 1,01 5,89 0,46 5,89 92,4
HV2 1,91 5,89 0,59 11,72 0,79 5,89 99,0
V3a 0,68 4,0 0,72 4,0 0,39 4,0
V3b - - - - 0,27 4,0
V4a 0,55 5,9 0,93 5,5 0,26 4,2
V4b 0,48 7,0 0,75 6,0 0,20 2,8
V5 - - - - 0,32 12,5
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Tab. 2 Namerané hodnoty vrcholovej rychlosti vibrdcii vpeak.x, Vpeak.y @ Vpeak.z na meracich stanoviskdach pocas 2.
odstrelu o 13 h: 38 m: 48 s.

2. odstrel /24.03.2023 ¢as 13 h:38 m:48 s
Meracie Vpeak.x f d.x Vpea.k,y f dy Vpeak,z f d.z LCpeak
stanoviska [mm/s] [Hz] [mm/s] [Hz] [mnvs] [Hz] [dB]
VO 24,83 8,0 27,63 6,0 9,1 9,0
HV1 2,06 5,89 0,99 8,89 0,58 5,89 93,2
HV2 2,04 5,89 0,94 5,89 0,77 5,89 94 4
V3a 0,81 5,0 0,72 5,0 0,38 5,0
V3b - - - - 0,29 4,0
Vda 0,84 6,6 1,38 5,7 0,35 5,8
V4b 0,71 8,3 1,37 6,7 0,41 5,8
V5 - - - - 0,40 10,0

Tab. 3 Namerané hodnoty vrcholovej rychlosti vibracii vpeak.x, Vpeak.y @ Vpeak.: Ra meracich stanoviskdach pocas 3.
odstrelu o 13 h: 40 m: 46 s.

3. odstrel /24.03.2023 ¢as 13 h:40 m:46 s

Meracie Vpeak.x f d,x Vpeak,y f d,y Vpeak,z f d.z LCpeak
stanoviska [mm/s] [Hz] [mm/s] [Hz] [mm/s] [Hz] [dB]

VO 231,5 54 80,0 5,0 224,64 4,0

HV1 1,02 5,89 1,01 5,89 0,46 8,89 94,6

HV2 3,39 5,89 1,97 8,79 1,53 5,86 95,3
V3a 1,08 4,0 1,12 5,0 0,56 4,0

V3b - - - - 0,48 4,0

Vda 1,54 7,02 2,0 5,52 0,55 5,2

V4b 1,94 8,77 2,96 7,3 0,46 5,2
Vs ; y } i 0.48 6.3

7. Pripustna rychlost’ kmitania pre svahy, banské a inZinierske diela

Pre posudzovanie povrchovych a podzemnych banskych a inzinierskych diel budovanych
priamo v horninovom masive, nemame u nas zatial’ nijaké odporacania. Tieto diela sa obvykle
posudzuju ako stavebné objekty na povrchu, ¢o zd’aleka nevystihuje skuto¢né pomery, pretoze
horninovy masiv v porovnani so stavebnymi objektmi vydrzi ovela vyssie rychlosti kmitania.

Zaistenie seizmickej bezpecnosti tychto diel pri trhacich pracach spoc¢iva v zamedzeni vzniku
zostatkovych deformacii v masive hornin, na ktorych sa buduju tieto diela. V horninovom
masive s pripustné iba také napitia, ktoré nevyvolavaju trvalé deformacie. Hodnotenie
stability hornin jam, $t6lni, podzemnych komor, ochrannych pilierov, hydrotechnickych $tolni,
svahov, zarezov, etazi (poschodi) lomov, hald, atd’., vychadza teda z deformacnych vlastnosti
hornin. Kritériom je pomerna deformécia a meradlom je opit’ rychlost’ kmitania. Niektori autori
vychddzaji z obecného deformacného modelu hornin, ako spojitého pruzno-plastického
prostredia. Pri ur€itom napéti zat'aZenie i1 odlahcenie horniny prebieha pruzne, kym pri
prekroceni urcitej hranice vznikaju trvalé zostatkové deformacie. Ich nahromadenie v dosledku
periodickych odstrelov méze viest' k strate stability azavalu hornin. Potom pomerné
deformacie o< 0,0002 + 0,0003, st eSte v medziach pruZnosti.

Pre diela, ktoré¢ musia mat’ dlha Zivotnost’ (zarezy a pod.), podmienku seizmickej bezpecnosti
je mozné vyjadrit' v zavislosti na rychlosti pozdiznych vin v masive c,:

v, =0,0001c¢, [m.s']
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Pre podzemné a iné banské diela s oh'adom na ich r6znu pozadovanu zivotnost, mézu byt
hrani¢né podmienky kmitania iné. Diela st odporacané triedit’ do Styroch tried, v okoli ktorych
v zavislosti na ase Zivotnosti s pripustné relativne deformacie 10 +5.10* .

Podrla funkcie pruzno-plastickych vlastnosti hornin a pripustnej pomernej deformacie sa
pre vypocet pripustnej rychlosti kmitania odporaca vztah:

) 375-(c$ —:~c§j-{[l+(1—2-u)-ao]§—1}

P ¢, [1+(1-2-p)g]

kde: v; je pripustna rychlost’ kmitania [mm.s™'],
Cp, Cs st rychlosti pozdiznych a prieénych vin v masive [mm.s™'],
u je Poissonove Cislo,
€o0je pripustna pomernéa deformacia.

Hodnoty v; vypocitané zo vzorca pre jednotlivé triedy banskych diel st v tabul’ke 4. Tieto s
v dobrom stilade s hodnotami cp nameranymi astanovenymi pre celistvé horniny v réznych
podzemnych baniach (300 + 500 mm.s!).

Pri periodicky uskuto¢novanych odstreloch sa odporica znizit’ pripustné rychlosti vibracii
v tabul’ke 5 a 6, koeficientom bezpecnosti ks, (vp/ks), v zavislosti na triede objektu T:

Tab. 4 Sucinitel’ bezpecnosti pre jednotlivé triedy objektov

Trieda objektu T

Koeficient bezpecnosti ky,

Kvalita stavebnych objektov (k) je vtabulke 6. Celkova kvalita sa skladd zo Styroch
ciastkovych hodnot: k = ki + ko + k3+ ka.

Kvalita k sa dosadzuje do vzt'ahu pre vypocet pripustnej rychlosti vibracii. Odportc¢ané
pripustné vibracie su v tabulke 6. V tabulke 5 si uvedené pripustné rychlosti vibracii
v horninovom prostredi s réznym stupniom porusenosti, vyjadrenom koeficientom pevnosti k¢
a rychlost'ou $irenia pozdiznych vin c,.

Tab. 5 Rychlosti vibracii pri periodicky uskutocfiovanych odstreloch

. Pripustné rychlosti kmitania vy
Koeﬁqent [mm.s']
pevnosti ky

Silne trhlinovité a porovité 0,5+1 : 41 82 122
Silne trhlinovité a pérovité 1+3 : 68 136 203
Skalné, silne trhlinovité 3+5 : 95 190 284
Relativne celistvé, trhlinovité 5+9 : 244 367
Celistvé, malo trhlinovité 914 : 2908 445
Vel'mi pevné, celistvé 14 +20 : 356 533

Charakteristika hornin

*Triedy inZinierského diela:

1) Zvlast dolezité diela zivotnosti nad 10 rokov, o =0,0001, (hydrotechnické §tolne, jamy,
hlavné banské diela, odvodiiovacie a iné vodohospodarske diela).

2) Délezité diela zivotnosti od 5 do 10 rokov, g = 0,0002, (naraziska, prekopy, stropné
piliere, stabilné svahy etdzi a hald a pod.).

3) Diela s kratkou zivotnost'ou od 1 do 5 rokov, gy = 0,0003, (chodby, komory apod.).
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4) Diela s zivotnostou do jedného roka, go = 0,0004, (dobyvky, svahy pracovnych etazi
a pod.).

Tab. 6 Rychlosti vibracii pri periodicky uskutocriovanych odstreloch.

Pripustné rychlosti vibrdcii vy [mm.s*'] pre kvalitu objektu k

Trieda objektu T
1 2 3 4 5 6 7

27,6 16,5 10 6 3,7 2,2 1,3
46 27,6 16,5 10 6 3,7 2,2

75,6 46 27,6 10 6 3,7
120 75 46 10 6

Zdroje pitnej vody su situované v horninovom masive a ich zZivotnost’ sa predpoklada na
niekol’ko desatroci. Uskutocnované odstrely v lome Trencianske Mitice Skalicky povazujeme
za periodické vzhl'adom k tomu, Ze p6jde o permanentnu t'azbu v lome. Triedu posudzovaného
objektu — zdroje pitnej vody zarad'ujeme medzi zvlast’ dolezité diela Zivotnosti nad 10 rokov
T-1. Hodnotenie kvality objektu zavisi od viacerych faktorov. Vychddza zo spdsobu jeho
zakladania, konstrukcie, pouzitého materidlu a fyzického stavu objektu v Case merania.
V pripade posudzovania seizmickych ucinkov trhacich prac na zdroje pitnej vody nejde len o
posudenie fyzického stavu vodohospodarskeho diela, ale hlavne o posudenie horninového
prostredia, ktoré je kolektorom. Z uvedenych dovodov sme pre parameter kvality objektu
k stanovili hodnotu 6, kde je pripustna rychlost’ vibracii jednotlivych zloziek 2,2 mm.s™ (Tab.
6). Pri hodnotach rychlosti kmitania mensich ako 2,2 mm.s"! nedochddza k vzniku d’al$ich
poruch ani v porusenom horninovom prostredi.

8. Dovolena rychlost’ vibracii pre chranené vodohospodarske objekty a stavby

Vychadzajuc z odporaani STN EN 1998-1/NA/Z1 Seizmické zatazenie stavebnych
konstrukcii, s oh'adom na naloze pouzivané pre clonové odstrely v lome Tren¢ianske Mitice
Skali¢ky, ktoré predstavuji radovo stovky kilogramov, kedy frekvencie kmitov byvaju obvykle
f < 10 Hz a na zéklade odolnosti vodohospodarskych objektov voci technickej seizmicite je
mozno vodny zdroj v okoli lomu Trencianske Mitice Skali¢ky zaradit’ medzi zvlast® délezité
diela Zivotnosti nad 10 rokov T-1.

Co sa tyka kvality objektu tito vzhladom na absenciu konkrétnejsich charakteristik
a udajov, mézeme zatriedit’ do kvality objektu k-6.

Na zdklade uvedené¢ho a vzhladom na dlhodobejsi charakter odstrelov na lozisku
vapenca TrenCianske Mitice asohladom na charakter prenosového prostredia, pre
rozpojovanie clonovymi odstrelmi na lozisku Trencianske Mitice a pre vodohospodarske
objekty v blizkosti lomu Tren¢ianske Mitice Skalicky, mozno maximalnu dovolenu rychlost’
vibracii (zlozku rychlosti) stanovit’ hodnotou

va £ 2 mm.s.

Vychéddzajiac z odpori¢ani STN EN 1998-1/NA/Z1 Seizmické zataZenie stavebnych
konstrukcii, s oh'adom na naloZe pouzivané pre clonové odstrely, ktoré predstavuju rddovo
desiatky kilogramov, kedy frekvencie kmitov byvaji obvykle f >10 Hz a na zéklade odolnosti
stavebnych objektov voci technickej seizmicite je moZno stavebné bytové objekty v obci
Trencianske Mitice zaradit’ do triedy odolnosti B.

Co sa tyka druhu a kategérie zakladovej pody chranenych objektov, tito vzhl'adom na
absenciu konkrétnejSich charakteristik a idajov, mozeme zatriedit do kategoérie b, Co je
najblizSie ku skutocnosti (hladina podzemnej vody je viac ako 3 m pod uroviiou povrchu).
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Na zéklade nameranych udajov pri odstreloch v lome Trencianske Mitice Skalicky, kde
frekvencie kmitov boli f < 10 Hz a vzhl'adom na dlhodobejsi charakter odstrelov na lozisku
vapenca lom Trencianske Mitice Skalicky a s ohladom na prevazne vyssi vek stavebnych
objektov, pre rozpojovanie clonovymi odstrelmi na lozisku lom Tren¢ianske Mitice Skalicky
a pre stavebné bytové objekty v obci Trencianske Mitice, mozno maximalnu dovolent rychlost’
vibracii (zlozku rychlosti) stanovit’ hodnotou

va< 6 mm.s.

9. Namerané seizmické ucinky clonovych odstrelov a ich analyza

Na zédklade nameranych hodnét rychlosti a frekvencii jednotlivych zloziek vinenia pri
skasobnych odstreloch sme mohli vyhodnotit' podla STN EN 1998-1/NA/Z1 (Seizmické
zatazenie stavebnych konstrukcii) u¢inky jednotlivych odstrelov na blizku infrastruktiru lomu
Trencianske Mitice Skalicky.

Z frekvencnej analyzy jednotlivych zloziek rychlosti kmitania na meracich stanoviskach
vyplynulo, Ze energia odstrelu pdsobiaca na posudzované objekty mala frekvenciu mensiu ako
10 Hz (Obr. 7). To znamena, Ze pri prechode seizmickych vin podlozim posudzovaného
objektu, pdsobia tieto viny na posudzovany objekt vicSou energiou, ako pri frekvenciach nad
10 Hz. To bol dovod na stanovenie pripustnej rychlosti vibracii 2,0 mm.s1,

Namerané¢ maximalne hodnoty seizmickych t¢inkov generované clonovymi odstrelmi,
ktoré boli uskuto¢neny v lome Trencianske Mitice Skalicky su v tabulkéch 7, 8 a 9. Tieto
hodnoty nam posluzili ako podklad na stanovenie zakona utlmu seizmickych vin v lome
Trencianske Mitice Skalicky (Pandula, Kondela, 2010).

Tab. 7 Namerané maximdlne hodnoty zloZiek rychlosti vibrdcii odstrelov v lome Trencianske Mitice
Skalicky na rodinnom dome ¢ 96 v obci Trencianske Mitice.

L [m] | Q[kg] | Lr =L/Q% [m/kg’] | vx [mm/s] | vy [mm/s] | v, [mm/s]
45 50 6,36 15,5 23,6 5,09
28 50 3,96 24,83 27,63 9,1
15 50 2,12 231,5 80,0 224,64
285 50 40,3 1,02 1,01 0,46
285 50 40,3 2,06 0,99 0,56
285 50 40,3 1,02 1,01 0,46
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Obr. 8 Zikon titlmu seizmickych vin pre lom Trencianske Mitice Skalicky a rodinny dom & 96 v obci
Trencianske Mitice

Tab. 8 Namerané maximalne hodnoty zloZiek rychlosti vibracii odstrelov v lome Trencianske Mitice Skalicky
a na vodnom zdroji Zadny prameri v obci Trencianske Mitice.

L [m] | Q[kg] | Lr = L/Q% [m/kg®] | vx [mm/s] | vy [mm/s] | v, [mm/s]
45 50 6,36 15,5 23,6 5,09
28 50 3,96 24,83 27,63 9,1
15 50 2,12 231,5 80,0 224,64
589 50 83,31 1,08 1,12 0,56
572 50 80,90 0,81 0,72 0,38
559 50 79,86 0,68 0,72 0,39
597 50 84,44 0,27
580 50 82,04 0,29
567 50 81,20 0,48
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Obr. 9 Zikon titlmu seizmickych vin pre lom Trenéianske Mitice Skalicky a vodny zdroj Zadny prameii v obci
Trencianske Mitice

Tab. 9 Namerané maximdlne hodnoty zloZiek rychlosti vibrdcii odstrelov v lome Trencianske Mitice a na
vodnom zdroji MP — 1 pri obci Trencianske Mitice.

L [m] | Q[kg] | Lr = L/Q% [m/kg®] | vx [mm/s] | vy [mm/s] | v, [mm/s]
45 50 6,36 15,5 23,6 5,09
28 50 3,96 24,83 27,63 9,1
15 50 2,12 231,5 80,0 224,64
857 50 121,2 - - 0,32
857 50 121,2 - - 0,40

857 50 121,2 - - 0,48
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Obr. 10 Zikon ttlmu seizmickych vin pre lom Trenéianske Mitice Skalicky a vodny zdroj MP - 1 pri obci
Trencianske Mitice

Meranie seizmickych ucinkov odstrelov v lome Trencianske Mitice Skalicky dna 24.
03. 2023 bolo uskutocnené v podmienkach malo zavodneného prenosového horninového
prostredia. Namerand maximalna hodnota zloziek rychlosti vibracii odstrelov v lome
TrencCianske Mitice Skalicky je v tabul’ke 3. Podl'a STN EN 1998-1/NA/Z1 plati:

v:K.%

Vv - je namerand maximalna rychlost’ vibracii (maximalna zlozka rychlosti vibrécii) generovana

odstrelom, [mm.s'],
Z uvedeného vztahu, potom koeficient nezavodneného prenosového prostredia K pre

lom Trencianske Mitice Skali¢ky a sledované vodohospodarske a bytové objekty bude

9

K=v.L/VQ«& =3,39.273 /50 = 130,9

Na zaklade takto vypocitaného koeficientu prenosového prostredia je mozne vypocitat
maximalnu dovolenu ndloz na ¢asovy stupen, tzv. ekvivalentni ndloZ Qeymax pre najblizsiu
vzdialenost’ zdroja - trhacich prac v lome Trencianske Mitice Skali¢ky a receptora — vodného

zdroja Zadny prameii:

Qevmax= V2. LYK? = 22, 544%/130,9* = 69,1 kg.

Na zdklade udajov ztabulky 7 a hodnoty koeficientu nezavodneného prenosového
prostredia, bola zostrojend grafickd zavislost maximalnych zloZiek rychlosti vibracii na
redukovanej vzdialenosti pri monitorovanych odstreloch (Pandula a kol., 2012). Graf na obr. 8
predstavuje tzv. zakon tlmu seizmickych vin pre lom Trengianske Mitice Skali¢ky, v ktorom
bola pouzitd hodnota Q v tvare
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kde ,,v*‘ je maximalna rychlost’ vibracii (maximalna zlozka rychlosti vibracii) generovana
odstrelom, [mm,s'],
» L/Q% je tzv. redukovana vzdialenost, [m.kg
» L je najkratSia vzdialenost’ zdroja otrasov od ich receptora, [m],
= (Q je hmotnost naloze ¢asového stupna, [kg],
= K je suCinitel’ zavisly od podmienok odstrelu, vlastnosti prenosového prostredia,
druhu trhaviny a pod.,
= nje ukazovatel utlmu seizmickych vin.

—0,5]
2

Zo zakona utlmu seizmickych vin je mozné stanovit’ pre konkrétny receptor velkost’ naloze
pri znamej vzdialenosti tak, aby maximélne hodnoty jednotlivych zloziek rychlosti vibracii
nepresiahli stanovené maximalne dovolené rychlosti vibracii.

Zo zakona tlmu seizmickych vin pre lom Trenéianske Mitice Skali¢ky je redukovana
vzdialenost’ pre maximalne dovolent rychlost’ vibracii prevodné zdroje v obci Trencianske
Mitice Vmax = 2 mm/s vyjadrend hodnotou Lr = 60. Potom je mozne vypocitat maximalnu
dovolent naloz na Casovy stupen, tzv. ekvivalentni naloZz Qevmax pre vzdialenost’ zdroja -
trhacich prac v lome Trencianske Mitice Skali¢ky a receptora — vodny zdroj Zadny pramen
takto:

pre vzdialenost’ 1000 m Qeymax= (L/LR)* = (1000/60)> = 277,75 kg,
pre vzdialenost 900 m Qeymar= (L/Lr)* = (900/60)> = 225,0 kg,
pre vzdialenost 800 m Qeymax= (L/Lr)* = (800/60)> = 177,75 kg,
pre vzdialenost’ 700 m Qeymar= (L/Lr)* = (700/60)> = 136,0 kg,
pre vzdialenost 600 m Qeymar= (L/Lr)* = (600/60)> =100,0 kg,
pre vzdialenost’ 500 m Qeymax= (L/Lr)* = (500/60)> = 69,5 kg,
pre vzdialenost’ 400 m Qeymax= (L/Lr)* = (400/60)> = 44,5 kg,
pre vzdialenost’ 300 m Qevmax= (L/Lr)* = (300/60)> = 25,0 kg.

Zo zakona titlmu seizmickych vin pre lom Trengianske Mitice Skali¢ky je redukovana
vzdialenost’ pre maximdlne dovolent rychlost’ vibracii pre vodny zdroj MP — 1 pri obci
TrenCianske Mitice vimax = 2 mm/s vyjadrena hodnotou Lr = 50. Potom je mozZne vypocitat’
maximalnu dovolenu néaloz na Casovy stupen, tzv. ekvivalentni naloz Qevmax pre vzdialenost
zdroja - trhacich prac v lome Trencianske Mitice Skalicky a receptora — vodny zdroj MP - 1
takto:

pre vzdialenost’ 1000 m Qeymax= (L/Lg)* = (1000/50)> = 400,00 kg,
pre vzdialenost’ 900 m Qeymax= (L/Lr)* = (900/50)> = 324,00 kg,
pre vzdialenost’ 800 m Qeymax= (L/Lr)* = (800/50)> = 256,00 kg,
pre vzdialenost’ 700 m Qeymax= (L/Lr)* = (700/50)* = 196,0 kg,
pre vzdialenost 600 m Qeymar= (L/Lr)* = (600/50)> =144,0 kg,
pre vzdialenost’ 500 m Qeymar= (L/Lr)* = (500/50)> = 100,0 kg,
pre vzdialenost’ 400 m Qeymax= (L/Lr)* = (400/50)> = 64,0 kg,
pre vzdialenost’ 300 m Qevmax= (L/Lr)? = (300/50)> = 36,0 kg.
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Takymto sposobom je mozné vypocitat’ pre konkrétnu vzdialenost’ zdroja seizmickych
ucinkov — trhacich prac v lome Trenc¢ianske Mitice Skalicky maximdlnu dovolent naloz na
casovy stupen, tzv. ekvivalentni naloz Qevmax.

10. Zaver

Tazbu vlome Trenéianske Mitice Skali¢ky je planované uskutoéiiovat’ clonovymi
odstrelmi. Tejto skutocnosti potom zodpoveda v zavislosti na vzdialenosti zdroj — receptor aj
intenzita seizmickych ucinkov.

Vysledky merani seizmickych ucinkov skusobnych odstrelov, ktoré boli uskuto¢nené
v lome Trencianske Mitice Skalicky potvrdili, Ze intenzita seizmickych U¢inkov neprekrocila
hodnoty rychlosti vibracii, ktoré stanovuje platna technickd norma STN EN 1998-1/NA/Z1
Seizmické zat'azenie stavebnych konstrukcii v, < 2,2 mm.s™! pre frekvencie mensie ako 10 Hz
a pre zvlast dolezité diela zivotnosti nad 10 rokov T-1, s koeficientom kvality objektu k6 (Tab.
6).  Z detailného rozboru casového priebehu vibracii bola zistena pri vzdialenosti zdroj —
receptor 273 m maximaélna rychlost’ vibracii vx = 3,39 mm.s pri frekvencii 5,89 Hz na
rodinnom dome ¢. 99.

Zo zékona utlmu seizmickych vin je potrebné pri projektovani trhacich prac stanovit’ pre
konkrétny receptor velkost’ ndloze na jeden Casovy stupenn pri zndmej vzdialenosti zdroj -
receptor tak, aby maximalne hodnoty jednotlivych zloziek rychlosti vibracii nepresiahli
stanovené maximalne dovolené rychlosti vibracii na bytové objekty a vodné zdroje.

Pri dodrzani podmienok pre vzdialenost’ vodnych zdrojov 500 m pri maximalnej nalozi
69,5 kg na jeden casovy stupent neddjde k poruseniu horninového prostredia kolektorov
vodohospodéarskych objektov obce ani k poruseniu bytovych objektov obce Trencianske Mitice
z dovodu vyvolanej technickej seizmicity v lome Tren¢ianske Mitice Skalicky.

Znizenie seizmickych u€inkov je mozné dosiahnut' aj optimalizdciou c¢asovania
jednotlivych odstrelov. Pri optimalizacii ¢asovacej schémy, rozstupu vrtov a zaberu odstrelu je
pravdepodobné, ze naloz na ¢asovy stupen bude moct’ byt’ vyssia ako je teraz stanovena.

Odporucania na znizenie u¢inkov vibracii od odstrelov:
e 7znizit’ vysku etdZe v lome na 10 m pri odstreloch, ktorych vzdialenost’ od vodnych
zdrojov alebo trvalo obyvanych objektov (rodinnych domov) je mensia ako 400 m,
e ak je odstrel situovany do vzdialenosti do 400 m od stavebnych objektov a vodnych
zdrojov monitorovat ucinky vibracii prevadzkovych odstrelov,
e dodrziavat’ pri ndvrhu vrtnej schémy odstrelu vzt'ah rozstup/zaber tak, aby bol vacsi
ako 1.
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AKTUALNY STAV VYSKUMNYCH PRAC NA PROJEKTE MINETALC

Marian Sofranko®”, Jan Fehér?, David Fehér?, Jozef Cambal), Gabriel Wittenberger?,

UTechnickd univerzita v Koiciach, Fakulta banictva, ekoldgie, riadenia a geotechnoldgii, Kosice,
Slovenskd Republika

*Kore$pondencny autor: e-mail: marian.sofranko@tuke.sk, Tel.: +421 55 602 2955, Technickd
univerzita v Kosiciach, Fakulta banictva, ekoldgie, riadenia a geotechnoldgii, Ustav zemskych
zdrojov, Oddelenie montdnnych vied, Park Komenského 19, 042 00 Kosice, Slovenskd Republika

Abstrakt

V sucasnej dobe sa taZzobné podniky musia vyrovnavat so zlozitymi ekonomickymi
podmienkami a velkou konkurenciou mimoeurdpskych krajin v ramci doddvok surovin do
priemyselnych odvetvi a dodrzat bezpecnostné podmienky tazby surovin. V ramci tychto
neustdle sa zvysujucim poziadavkam je nevyhnutné optimalizovat technoldgie tak, aby
vyhovovali podmienkam ekonomickej efektivnosti tazby, boli environmentdlne
akceptovatelné a zaroveri spifiali bezpecnostné poziadavky. Prispevok sa zaoberd
projektom MineTALC, ktory mozZe byt prikladom toho, ako ziskat financné prostriedky na
vyskum s ciefom optimalizacie efektivnosti tazby surovin a zaistenie udrZatelnosti
tazobného priemyslu v rdmci SR a EU. S otvérkou, pripravou a taibou v podzemnych
priestoroch sa nam otvara a spaja problematika vypifiania vydobytych priestorov.
Dovodov pre realizaciu moze byt viac, ale fundamentalne su akymsi premostenim pre
pokracovanie tazby, alebo rekultivaciu v neskorsSich etapach Zivotného cyklu diela.
Optimalizacia zdkladkovych zmesi je ako sledovany proces v tejto praci, komplexnym
suhrnom odvetvi zo SirSieho spektra, sustrediacich sa na taZbu nerastov. Vystupom
respektive cielom vyskumu bolo urcenie vhodnych materidlov zakladky, pripadne ich
moznych kombindcii pre prostredie s taZbou mastenca. Takéto zameranie tazby, ako aj
mnohé iné, ma svoje Specifikd kvoli zachovaniu Cistoty suroviny. Samozrejmostou su
kvalitné vysledky vdaka realizovanym skiskam a stretom s realnym prostredim.

Klacové slova: MineTALC, vyskum, zakladanie vydobytych priestorov, striekany betén,
optimalizacia, zakladkovd zmes

Uvod

V ramci vyskumnych aktivit fakulty BERG v odbore Ziskavanie a spracovanie
zemskych zdrojov sa v obdobi rokov 2020-2023 rieSi vyznamny medzinarodny projekt EIT
RM (European Institute of Innovation and Technology RawMaterials) pod nazvom
MineTALC — Backfill Mining Optimisation for Low- and Medium- Strength Deposits
(Optimalizacia dobyvania so zakladanim vydobytych priestorov pre nizko-
a strednopevnostné lozZiska), ktorého lidrom je Technicka Univerzita v KoSiciach. [1-6].

Hlavnym cielom projektu je vytvorit systém tazby a zakladania vydobytych
priestorov, ktory umozni ekonomicky Zivotaschopnu, environmentalne udrzatelnd a
spolocensky akceptovanu tazbu surovin z nizko a stredne pevnostnych loZisk nerastnych
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surovin. Systém bude integrovat tri inovované technoldgie, ktoré mozu byt pouZivané
samostatne, alebo ako komplexny systém tazby so zakladanim vydobytych priestorov
odpadovym materialom a Upravy suroviny [1-6].

Prvou skiimanou technolégiou je tazba s viacvrstvovou technoldgiou vyplriovania
vytaZzenych priestorov kombinujicou vrstvy tuhnucich zakladkovych beténovych zmesi a
vrstiev fragmentovaného materidlu s réznymi vlastnostami. Druhou technolégiou je
uzavrety flotacny obvod, ako vysoko vsestranna dprava nerastnych surovin. Tretou
technolégiou je predikény model distriblcie priestorovej mineralizacie a dalSich
geologickych javov zobrazujuci najlepsie miesta mineralizacie a urcujuci technoldgiu tazby
komplexnou analyzou kritickych faktorov tazby nerastov. Vsetky tieto technolégie maju
umoznit ekonomicky prijatelnu extrakciu nizko a stredne pevnostnych loZisk zameranu na
bezodpadovu prevadzku, kde odpad vzniknuty pri tazbe a Uprave suroviny (vratane
technologickej vody) sa vyuZije pri vyrobe zakladkovych materidlov a dopravi sa spat do
bane, kde sa aplikuje na vyplnenie vydobytych priestorov. Prakticka Cast rieSenia projektu
je realizovana v banskej prevadzke na tazbu a Upravu mastenca v Gemerskej Polome [1-6].

Partnermi pri rieSeni projektu su podniky a viaceré eurdpske univerzity [1-6].:

> EuroTalc - prevadzkuje mastencovu banfiu nachadzajucu sa pri obci Gemerska
Poloma na Slovensku, obsahujucu najbohatsie loziska mastenca v Eurépe.
> Akademia Goérniczo-Hutnicza im. Stanistawa Staszica w Krakowie — je polska

univerzita z Krakova, ktora uZ roky vychovdva odbornikov pre polské banictvo
a zucastnuje sa viacerych medzinarodnych projektov v oblasti tazby surovin.

> BASF— vyrobca viac ako 220 réznych produktov najma stavebnej chémie. Siahaju
od prisad do betdnu, surovin pre prisady do betdnu a prisad do vyplfiovych zmesi az po
omietky a malty a vyrobky pouzivané pri vyrobe ropy a plynu.

> DMT GmbH & Co. KG - DMT je popredna banska konzultacna a inZinierska skupina
so 14 medzinarodnymi pobockami po celom svete. Sluzby zahfnaju inZinierske, testovacie,
vyskumné a vyvojové cinnosti v sektoroch tazby a prieskumu prirodnych zdrojov,
technolégie koksovni, civilného a strojného inZinierstva, ako aj bezpecénosti vyrobkov a
budov.

> Technicka univerzita v Lappeenrante - Univerzita LUT sa zameriava na narocné
aktualne otazky, ako je zmierriovanie zmeny klimy a neustala dostupnost Cistych vod.
Univerzita LUT ma rozsiahle skusenosti s odvodiovanim mineralnych koncentratov a
hlusiny a s témami suvisiacimi s procesmi Upravy vody v banskych prevadzkach.

> Metso Minerals Oy - Metso je popredna svetovd priemyselnd spoloc¢nost
ponukajuca zariadenia a sluzby pre udrzatelné spracovanie a tok prirodnych zdrojov v
tazobnom, kameninovom, recykla¢nom a technologickom priemysle.

> Univerzita v Miskolci - bola zaloZzena v roku 1735 ako prva technicka vysoka skola
na svete. Ustav pripravy surovin a environmentalneho spracovania ma medzindrodne
uznavané vedecké a inovacné skusenosti s rozdrobenim, separaciou tuhych a pevnych
latok a faz, odberom vzoriek, bio a chemické spracovanie v rdmci osobitnej kompetencie v
oblasti flotacie a reolégie/hydraulickej dopravy.
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Obr. 1 Logd partnerov pri rieseni projektu MINETALC [1-6]

1. Charakteristika vyskumnych prac — optimalizacia zakladkovych zmesi

S otvarkou, pripravou a tazbou v podzemnych priestoroch sa otvara a spaja
problematika vyplfiania vydobytych priestorov. Dévodov pre realizaciu mdze byt viac, ale
fundamentalne su akymsi premostenim pre pokraCovanie tazby, alebo rekultivaciu v
neskorSich etapach Zivotného cyklu diela. Optimalizdcia zakladkovych zmesi je ako
sledovany proces vyskumnych prac, komplexnym sihrnom odvetvi zo SirSieho spektra,
sustrediacich sa na tazbu nerastov. Vystupom respektive ciefom vyskumu bolo urcenie
vhodnych materialov zakladky, pripadne ich moznych kombinacii pre prostredie s tazbou
mastenca. Takéto zameranie tazby, ako aj mnohé iné, ma svoje Specifika kvoli zachovaniu
Cistoty suroviny. V projekte su zahrnuté metddy zakladania vydobytych priestorov,
analyzy vhodnych materidlov pre zakladku a ndvrh zmesi pre potreby zakladky. [zdroj:
Autor].

2. Navrh zakladkovych zmesi

Podla prieskumu a vykonanych skusok s roznymi typmi véd a davkovania cementu
a cementovych odpraskov pre potreby zakladkovych zmesi. Sme sa empiricky dopracovali
k vyvodeniu zdveru, s prihliadanim na ekonomické, technologické-technické, chemické a
praktické doévody, Ze je vhodné priklonit sa k pouZitiu banskych upravenych véd alebo
pitnej vody. Banské vody prv absolvuju ocistu uz existujucov flotacnou sustavou, tzv.
uzavrety okruh s pradenim spat. Hlavnymi aspektmi preco pouzit spominané druhy vod je
ich pozitivny vplyv na pevnost zdkladky po vytuhnuti. Po danom c¢asovom intervale
nedochddza k popukaniu alebo popraskaniu skisanych vzoriek a strate ich pozadovanych
vlastnosti. Pevnost zakladky, ktoru je potrebné dosiahnut je medzi 4 — 5 MPa. Vysledne
grafy (niZsie) s porovnanim vsetkych pouZzitych receptur a zobrazenim priebehu dni, pocas
ktorych boli vzorky skiumané. Zaroven su vy zobrazené hodnoty dosiahnuté v ramci
skusok pevnosti v tlaku a v ohybe, s najvyssimi vysledkami, ktorym odoldvala vyrobend
zakladkova receptura od receptury €. 1 az po recepturu €. 9. [zdroj: Autor].
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Obr. 2 Sumdrny graf receptur — pevnost v ohybe /MPa/, zdroj: Autor
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Obr. 3 Sumdrny graf receptur - pevnost v tlaku /MPa/, zdroj: Autor
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Obr. 4 Sumdrny priebehovy graf receptur — pevnost v ohybe /MPa/, zdroj: Autor
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Obr. 5 Sumdrny priebehovy graf receptur — pevnost v tlaku /MPa/, zdroj: Autor
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3. Optimalna receptura z vyskumnych prac — Receptura ¢.9

Tab. ¢.1 Optimdlna receptura z vyskumnych prdc — Receptura ¢.9, zdroj: Autor

Receptura ¢.9

Zlozenie a vlastnosti zakladkovej zmesi

TU Kosice
MIESTO NAMIESANIA ZMESY F- BERG
omv
KAL: DAVKA 1600g
VLHKOST 0%
KAMENIVO: DROBNE: 0-10 mm -
HRUBE: 10 -30 mm -
CEMENT: DRUH CEMENTU CEMII/A-S42,5
N
DAVKA CEMENTU 200 g
CEMENTOVE ODPRASKY 100 g
VODA: Pitna voda I Vodny sucinitel w=1,75 525 ml
PRISADY: -
PRIPRAVA VZORIEK: odobrané
Datum miesania vzoriek 02.11.2021
Cas miegania vzoriek 16.11.2021
MiesSanie suchej zdkladkovej zmesi 10:00 - 10:30
MiesSanie s vodou 2,0 min
Doba od pridania vody po ukoncenie vyroby vzoriek 4,0 min
Teplota okolitého prostredia 20 min
Ddtum a &as vybratia vzoriek z foriem 19 °C
23.11.2021 0
10:00
OSETROVANIE VZORIEK: 3-28dni

FORMA: kovové steny bez mastenca 40x40x160 mm
Skusky vzoriek po 72 hodinach - Receptura .¢9
Oznacenie m $ v h p Pevnost v tlaku Pevnost v ohybe
Namerané vzorky [e] | [mm] ] [mm] | [mm] | [kg.m [Mpa] [Mpa]
hodnoty 3]
zo diia 9.3.1 a0 | 40 | 160
19.11.2021 9.3.2 40 40 160
10:00
9.3.3 40 40 160
Priemer 9.3 40 40 160
Skusky vzoriek po 7 dnoch — Receptura ¢.9
Oznacenie m $ v h p Pevnost v tlaku Pevnost v ohybe
Namerané vzorky [e] | [mm] ] [mm] ] [mm] | [kg.m [Mpa] [Mpa]
hodnoty 3]
zo diia 9.7.1 453 40 40 160 1770 3,04 2,77 0,86
23.11.2021 9.7.2 446 40 40 160 1742 2,83 2,75 0,73
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10:00 9.7.3 441 40 40 160 1723 2,77 3,02 0,8
Priemer 9.7 446,6 | 40 40 160 1745 2,9(0,1) 0,9 (0,1)
Skusky vzoriek po 14 dihnoch - Receptira ¢.9
Namerané | Oznacenie m $ v h p Pevnost v tlaku Pevnost v ohybe
hodnoty vzorky [g] | [mm] ]| [mm] | [mm] | [kg.m [Mpa] [Mpa]
zo dna 3]
30.11.2021 9.14.1 442 | 40 | 40 | 160 | 1726 4,64 4,69 1,67
10:00
9.14.2 432 40 40 160 1687 4,47 4,83 1,55
9.14.3 426 40 40 160 1 664 4,76 4,79 1,64
Priemer 9.14 433,3 40 40 160 1693 4,7 1,6 (0,1)
Skusky vzoriek po 21 drioch — Receptira ¢.9
Namerané | Oznacenie m $ v h p Pevnost v tlaku Pevnost v ohybe
hodnoty vzorky [e] §|[mm] ] [mm] | [mm] ] [kg.m" [Mpa] [Mpa]
zo dna 3]
9.21.1 432 40 40 160 1687 3,74 459 1,35
07.12.2021
10:00 9.21.2 420 40 40 160 1640 3,88 4,27 1,08
9.21.3 437 40 40 160 1707 4,07 4,02 1,2
Priemer 9.21 429,6 | 40 40 160 1678 4,02 (0,2) 1,2 (0,1)
Skusky vzoriek po 28 diioch — Receptura ¢.9
Namerané Oznacenie m $ v h o Pevnost v tlaku Pevnost v ohybe
hodnoty vzorky [e] §[mm] ] [mm] ] [mm]] [kg.m [Mpa] [Mpa]
zo dna 3]
9.28.1 440 40 40 160 1719 4,49 4,77 1,3
14.12.2021
10:00 9.28.2 439 40 40 160 1715 4,63 5,02 1,48
9.28.3 442 40 40 160 1726 4,51 4,39 1,82
Priemer 9.28 440,3 40 40 160 1720 4,6 1,5
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Obr.7 Laboratdrne skusky zmesi - Skuska vzorky - pevnost v ohybe, zdroj: Autor

Z grafov mozeme vyvodit vysledky a nasledovny zaver, Ze posledna vyrobena a
skusana zakladka receptury €. 9 dosiahla bez akychkolvek pochyb najlepsSie vysledky v
celkovom priemere. Presné hodnoty tejto receptury dosahovali pre ohyb rozmedzie od
minima 0,9 [MPa] az po maximum 1,6 [MPa]. Skusky pevnosti pri zatazi v tlaku dosiahli
hrani¢né napatia rozmedzia 2,9 [MPa] az 4,7 [MPa]. V oboch pripadoch sme namerali
minimum v 7. dni od zatuhnutia vzorky. Namerané maximum nastalo tyZden na to, Cize
14. denn od namieSania vzorky. Sledované atribity nasledne klesli na 4,02 [MPa] pri
pevnosti v tlaku a 1,2 [MPa] v pevnosti pri ohybe. Findlne meranie v 28. den nam ukazalo
hodnoty 4,6 [MPa] (tlak), 1,5 [MPa] (ohyb), ktoré povaziujeme za konecné pre danu
recepturu. Z tychto vysledkov mézeme relevantne vyvodit, Ze zakladkova zmes dosiahla
svoje maximum, 2 tyidne po namieSani a teoreticky sa ustdlila v laboratérnych
podmienkach po 4. tyzdni na kone¢nd nameranu a zaznamenanu veli¢inu. Prostredie
malo v ¢ase merania 19 °C. Materidly pouzité pre recepturu ¢. 9 s najvhodnejsSimi
vysledkami: [zdroj: Autor]

e cementové odprasky — 100 g,

e cement CEMII/A-S42,5N - 200g,
e pitnd voda—525mi,

e Kal-1600g.
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4. Charakteristika vyskumnych prac — optimalizacia striekaného betonu

K vyskumnym pracam projektu patri aj testovanie a vyhodnocovanie striekanych
betonov v laboratérnych podmienkach. Vyskum poukazuje na jednotlivé rozdiely v
konkrétnych vysledkoch merania Cerstvych a vytvrdnutych betonovych zmesi pomocou
stanovenych meracich metdd. Vyskumné prace striekanych beténov sa pripravuju podla
konkrétnych betdnovych zmesi a podla presne stanovenych receptur tak, aby vyhovovali
pouzitiu v podmienkach v predmetnej banskej prevadzke. Vyskum prezentuje vSeobecné
spoOsoby pripravy striekanych betdnov, ich vystuZzovanie a nasledné testovanie za dodrzani
vSetkych stanovenych podmienok. [zdroj: Autor].

5. Skusky cerstvého betonu pomocou Abramsovho kuzela

Pre stanovenie kvality beténovej zmesi je potrebné vykonat stanovené typy
skusok. Pre Cerstvu beténovu zmes su to nasledovné skusky: [7]
e Skuska sadnutim
e Skuska rozliatim

Obr.7 Laboratorne skusky - Skuska Cerstvého betonu — Abramsov kuZel, zdroj: Autor

Tab. 2 Klasifikacia podla sadnutia kuZela [7].

Stupen Sadnutie (mm)
S1- tuhd zmes 102z 40
S2- plasticka zmes 50az 90
S3- makka zmes 100az 150
S4- velmi makka zmes 160az 210
S5- tekuta zmes 2220
Tab. 3 Klasifikdacia podla rozliatia kuZela [7].
Stupen Priemer rozliatia [mm]
F1 <340
F2 350-410
F3 420-480
F4 490 - 550
F5 560-620
F6 >630
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6. Optimalna receptura z vyskumnych prac — Receptura ¢.5

Receptira €. 5 -
ZlozZenie a vlastnosti striekaného beténu
TU Kosice
Miesto namieSania zmesi F- BERG
omv
Mnoistvo kalu -
Mnoistvo a druh kameniva Drobné: 0-10mm 1500 g
Vihkost 20%
Druh cementu CEMII/A-S42,5N
MnoiZstvo cementu 410¢g
Mnoistvo cementovych odpraskov 100¢g
Mnoistvo pitnej vody | Vodny sucinitel w=0,63 260 ml
Prisady | Master Glenium SKY 504 5ml
Master ROC HCA 20 3,5ml
Priprava vzoriek: odobrané 31.01.2022
Datum miesania vzoriek 04.02.2022
Cas miesania vzoriek 10:00 - 10:30
Miesanie suchej zakladkovej zmesi 2,0 min
Miesanie s vodou 4,0 min
Doba od pridania vody po ukoncenie vyroby vzoriek 20 min
Teplota okolitého prostredia 19°C
Datum a Cas vybratia vzoriek z foriem 07.02.2022 0 10:00
Osetrovanie vzoriek 3-28dni
Forma: kovové steny bez mastenca 40x40x160 mm
Skuskyvzoriek po 72hodinach - Receptura ¢. 5
Oznalenie] m $ v h p Pevnost v tlaku Pevnost v ohybe
Namerané| vzorky (8] [mm] | [mm] | [mm] ] [kg.m?] [MPa] [MPa]
hotnvotv 5.3.1 580 40 40 160 | 2266 9,50 9,19 2,70
sen 5.3.2 531 40 40 160 2074 9,00 8,25 2,10
07.02.2022
10:00 5.3.3 597 40 40 160 2332 9,20 8,70 1,7
Priemer 5.3 569,3 40 40 160 2224 8,98 (0,3) 2,17 (0,2)
Skuskyvzoriek po 7 dioch — Recepttra ¢. 5
Namerané| Oznaéenie| m § v h P Pevnost v tlaku Pevnost v ohybe
hodnoty vzorky [g] [mm] | [mm] | [mm] |[kg.m?3] [MPa] [MPa]
zdia 5.7.1 591 40 40 160 | 2308 | 16,20 16,82 3,40
11.02.2022 5.7.2 594 40 40 160 2320 18,40 15,94 3,13
10:00 5.7.3 593 40 40 160 2316 17,87 15,80 3,44

Obr. 8 Optimdlna receptura z vyskumnych prdc — Receptura ¢.5, [zdroj: Autor]
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Receptiira €. 5 — ZloZenie a vlastnosti striekaného beténu
Priemer 5.7 592,6 40 40 160 2314 16,83 3,32
Skuskyvzoriek po 14 diioch — Receptura ¢.5
Namerané | Oznaéenie m $ v h p Pevnost v tlaku Pevnost v ohybe
hodnoty vzorky [g] [mm] | [mm] | [mm] ] [kg.m?3] [MPa] [MPa]
zdfia 5.14.1 585 40 40 160 2285 17,35 17,91 4,70
18.02.2022 5.14.2 583 40 40 160 2277 19,18 19,20 3,86
10:00
5.14.3 573 40 40 160 2238 18,48 20,15 3,19
Priemer 5.14 580,3 40 40 160 2267 18,72 3,92
Skuskyvzoriek po 21 dnoch — Recepttra ¢.5
Namerané | Oznacenie m 3 v h p Pevnost v tlaku Pevnost v ohybe
hodnoty vzorky [g] [mm] | [mm] | [mm] |[kg.m?] [MPa] [MPa]
zdfia 5211 - 20 | 40 | 160 - - - -
5.21.2 - 40 40 160 - - - -
5.21.3 - 40 40 160 - - - -
Priemer 5.21 - 40 40 160 - - -
Skuskyvzoriek po 28 drioch — Receptura ¢.5
Namerané | Oznacenie m 3 v h p Pevnost v tlaku Pevnost v ohybe
hodnoty vzorky [g] [mm] | [mm] | [mm] | [kg.m?3] [MPa] [MPa]
zdfia 5.28.1 599 40 40 160 2339 18,80 26:85 3,83
04.03.2022 5.28.2 597 40 40 160 2332 18,56 18,96 2,10
10:00
5.28.3 581 40 40 160 2270 17,81 17,72 2,99
Priemer 5.28 592,3 40 40 160 2314 18,78 (0,5) 2,97 (1,0)
Obr. 9 Optimdlna receptura z vyskumnych prdc — Receptura ¢.5, [zdroj: Autor]
F i
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Obr. 10 Grafické zndzornenie priebehu skusky — pevnost v tlaku /MPa/, [zdroj: Autor]
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Obr. 11 Grafické zndzornenie priebehu skusky — pevnost v ohybe /MPa/, [zdroj: Autor]
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Obr. 13 Grafické zndzornenie receptur — pevnost v ohybe /MPa/, [zdroj: Autor]

Medzi najvhodnejsSie receptury z hladiska pomeru pevnosti v tlaku, pevnosti
ohybu a cene patria vzorky podla receptur ¢.5 a ¢.1. Hlavnym dovodom vysokej kvality
tychto receptur je velmi rychly narast pevnosti betonu pri tuhnuti. Pomocou nameranych
hodnét pevnostnych a kvalitativnych charakteristik sme stanovili najviac optimalne
betéonové zmesi vzhladom k pomere ich ceny a kvality. Striekany betén pouzity v
banskych dielach vyrazne ovplyvriuje bezpecnost takychto stavebnych objektov. Je velmi
dolezité dbat na kvalitu pouZitych materidlov a pevnostné vlastnosti tak, aby vyhovovali
geologickym podmienkam a neohrozovali bezpeénost v banskej prevadzke. [zdroj: Autor]
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Zaver

V ramci tazobného priemyslu je nevyhnutné neustale optimalizovat procesy,
vyvijat askumat nové technoldgie, materidly azariadenia tak, aby bola udrzana
konkurencieschopnost tazobnych podnikov. Takyto vyskum v ramci tazobného priemyslu
si vSak vyZaduje nemalé financné prostriedky, ktoré mozu tazobné podniky velmi zatazit.
Vramci rieSenia v dosledku zdavislosti Eurdpskej unie od doddvok surovin
z mimoeurodpskych Statov sa jej jednotlivé organy dohodli na podpore ziskavania surovin
z vlastnych zdrojov. V ramci roznych schém a operaénych programov tejto podpory sa tak
vytvorili pre tazobné podniky podmienky na ziskanie finanénych prostriedkov
prostrednictvom réznych vyskumnych projektov, ktorych cielom je optimalizacia procesov
a zavadzanie novych technologii za ucelom zvysenia konkurencieschopnosti
a udrZatelnosti tazby surovin v Eurépe. Projekt MineTALC je prikladom toho, Ze takymto
sposobom popri prostriedkoch vynaloZenych na bezné fungovanie pracovnych procesov,
je moiné ziskat aj nemalé financné prostriedky ztakychto grantovych schém,
prostrednictvom ktorych je realizovany vyskum na zaistenie vyssej efektivnosti tazby
nerastov. Zaroven je tym zabezpeceny aj tim odbornikov zroéznych partnerskych
organizacii, ktory umoznuje komplexnejsie rieSenie optimalizacie tazby a Upravy nerastnej
suroviny.
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www.slovdrill.eu | slovdrill@gmail.com
SlovDrill s.r.o. | Matuskova 505, 97631 Vlkanova, Slovensko | +421 948 026 380



I Vlastnosti:

Naplnenie Smernice
EU 2008/43/ES

Univerzalny
On-line archiv
Synchronizacia

Rozhranie XML
stuborov

V slovenskom jazyku

Evidovanie
vybusnin od:

AUSTIN
DAPMON
EXPLOSIA
NITROERG

ORICA
SSE
STV GROUP
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SYSTEM FOR
WAREHOUSE EVIDENCE OF EXPLOSIVES
ANT
EXPLOSIVES TRACING

Systém pre skladovu evidenciu vybusSnin
a sledovatel’nost’ vybusnin

Systém funguje nezavisle od vyrobcov, od typu
pouzitého kodu, od Citacieho zariadenia, od systému
koédovania a dodrzania odportcania znacenia vybuSnin
FEEM (Federation of European Explosives
Manufacturers). SWEEET bol od zaciatku vyvijany s
ohl'adom na spotrebitel’a a za G¢elom splnenia platnej
legislativy:

- Smaormica komisie 200843/ES
_ Naripdonio viddy SR 6. 2082012 Z 2

SWEEET pozostava z:

* SWEEET Mobile, ktory je nainsStalovany na
PDA Motorola MC67. Umozinuje vykonavat’ e s

vSetky skladové pohyby — prijem, vydaj, vratka. Er——
Pracuje v rezime off-line (bez internetu) a po P
skonceni prace sa tidaje synchronizuju na e

zabezpedené tlozisko. Skladnik nemusi mat’ o it
vyhradeny pocitac. .

* SWEEET Web je webova sluzba, pomocou
ktorej sa moze pouzivatel’ prihlasit’, kontrolovat’,
vyhladavat’ a spravovat’ zabezpecené ulozisko cez . it
I'ubovolny pocitac s internetom.

wit Frmpms, Lypna

LUVEMA, spol. sr.o. Ing. Marian Beriovsky
M. R. Stefénika 43 Tel: +421 903 830 927
968 01 Nova Bana luvema@luvema.sk
Slovensko www.sweeet.sk




AUSTIN POWDER SLOVAKIA
BEZPECNOST - KVALITA - TRADICIA - PARTNERSTVO

Austin Powder Slovakia, s.r.o. je spolahlivym dodavatelom prostriedkov trhacej techniky a servisnych
sluZieb v oblasti trhacich prac. Spolo¢nost sa aktivne podiela na zavadzani progresivnych technoldgii
a postupov pri vykondvani trhacich prac na Slovensku.

Austin Powder Slovakia, s.r.o. ponuka: Austin Powder Slovakia, s.r.o. sa zaobera predajom:

+ kompletné dodavky trhacich a vftacich prac

+ odborni a poradensku ¢innost pri pouzivani
prostriedkov trhacej techniky a vykone trhacich prac

+ projektovanie trhacich prac

+ projektovanie a navrhovanie zariadeni a prdc, ktoré
sU stcastou banskej ¢innosti a ¢innosti vykonavanej

*

priemyselnych trhavin

*

neelektrickych rozbusiek

*

elektrickych rozbusiek

banskym spésobom + elektronickych rozbugiek
+ medzinarodnu a vnutroStatnu cestnu dopravu ADR
vozidlami uréenymi na prepravu vybusnin + pomocok trhacej techniky

Austin Powder Slovakia, s.r.o. je sitastou korporacie Austin Powder Company, so sidlom Cleveland, Ohio, USA

&§B> AUSTINPOWDER

Austin Powder Slovakia, s.r.0., Rybni¢na 40, 831 06 Bratislava
tel.: +421244 882 347, austinslovakia@austinpowder.sk
www.austinpowder.sk
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