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ABSTRACT: The ana lys is of more than 100 blasting demolit ion yards accomplished 
since 1994,  sta t ist ically confirms that  the ma in Safety problem perceived from T echnica l 
supervisors and Persons in charge is due to the pr esence itself of High explos ives on the 
field.  
This wrong way to evaluate the r eal Safety problems in situat ions l ike b lasting 
demolit ions of structures in act ive power p lants or  in thickly built -up urban areas,  is  
often because of a  wide technical unpreparedness of people delegated to manage and 
control our  activit ies on the f ield.  
This is  why it ’s very important ,  for  the growth of a ll profess iona ls,  to focus our  attent ion 
on the r eal r isks involved,  to trace helpfu l guidelines for  a  correct  assessment and 
analys is of r isks;  the awareness and knowledge of differ ent orders of r isks,  the effective 
approaches for  their  mit igation and the ma in features of mater ia ls and High explos ives,  
might to be included in the t echnica l cu ltur e of those profess ionals delegated to plan and 
manage Safety problems.  
As the ma in output of their  activity is the calculat ion of Safety distances for  people and 
sensit ive structures and plants,  the only manner  to evaluate them effect ively is to assess 
and analyze r isks and procedures in a  proper  way.  
 
1)  RISKS ANALYSIS OF BLASTING DEMOLITION OF STRUCTURES 
 
The activit ies of blasting demolit ion ins ide of industr ia l working s it es,  active power 
plants (Figure 1) and crowded urban areas (Figures 2,  4 and 5),  hide a  lot  of cr it ical 
aspects not dir ect ly connected to the pr esence itself of High explos ives on the field,  as 
perceived by the most,  but depending pr incipally on the scenery’s character ist ics (for  
example,  in case of underwater  blasting in tanks,  docks and dams or  blasting us ing ropes 
and climbing techniques in chimneys,  boilers  and furnaces ) and on the var ious effects 
caused by the b last  (such as dust ,  f lying fragments,  vibrations and air -b last).  
 
Figure 1.  Decommiss ioning in act ive power p lant.  
 
Figure 2.  Demolit ion of building in urban area . 
 
For  a  correct  assessment and a  proper  analysis of Safety problems,  it ’s basic to def ine 
four  differ ent categories of r isks : direct ,  indirect ,  induced and connected r isks.  
 
1.1  Direct r isks  

 
This category is r elated to the handling of High explos ives by authorized personnel on 
the field,  that  is  to say to the dir ect  interact ion between workers and High explosives.  
 



As a matter  of fact ,  the interact ion by inhalat ion and touch,  especia lly dur ing indoor  
operations,  is  the cause of a  lot  of revers ib le symptoms as weakness,  strong headache and 
sickness;  as revers ib le s igns they can be effectively prevented or  mit igated by wear ing 
proper  l ight Safety masks and nitr i le Safety gloves.               

 
1.2  Indir ect  r isks  
 
They are closely r elated to the character ist ics  of the scenar io in  which we use High 
explos ives;  for  example,  in cases l ike underwater  blasting in tanks,  dams (Figure 3) and 
docks or  blast ing operations us ing ropes and climbing techniques on chimneys  and ins ide 
boilers and b last-furnaces.  
 
This category of r isks,  not r elated to the use itself of H igh explos ives,  can be effect ively 
mit igated by the use of specif ic equipments and proper  t echniques  of intervent ion.  
 
Figure 3.  Underwater  blasting in dam.  
 
1.3  Induced r isks  
 
The induced r isks are closely r elated to the effects of the detonat ion of High explos ives ;  
consequent ly,  they ar e str ict ly depending on the features  and condit ions of mater ials 
(concrete,  br ick,  ir on,  pig,  slack),  as well as on the features of  the High explos ives used.  
 
Excluding circumstances  caused by inexpertness and inattent ion,  because of the highly 
skil led technicians involved on the f ield,  as well as events r elated to t error ism and 
sabotage acts,  the induced par t  of r isks in such blasting demolit ions  comes out from the 
over -output of phenomena l ike:  
 

 r ising of dust  ( incidenta l obstruct ion of suction and absorbing f i lt ers);  
 flying fragments ( incidental heavy injury/damage to people and proper t ies ) ;  
 air -blast  ( incidental br eakage of glasses and diaphragms );  
 vibrations ( incidental damages to weak structures,  plants and precis ion 

equipments).  
 
1.4  Connected r isks  
 
This c lass refers to problems connected to a  failur e of the b lasting demolit ion process.  
These r isks,  l ike the indir ect  ones,  are not related to the use itself of H igh explos ives,  
but imply a  wide range of Safety problems (Figure 6) to assess and evaluate very 
carefu lly l ike,  for  example:  
 

 danger  of sudden collapse of the building;  
 incidental r ecovery of High explos ives and detonators  in the rubble to crush with 

excavators or  mobile crushers.  
 
Figure 4.  School building in thickly populated area.  
 
Figure 5.  Blast ing demolit ion of school build ing in thickly populated ar ea.  



Figure 6.  Demolit ion failur e: danger  for  the demolit ion cr ew.  
 
2)  PASSIVE/ACTIVE MITIGATION APPROACHES 

 
Focus ing on the category of induced r isks,  we have two differ ent kinds of approach 
available to mit igate an incidenta l over -output of the b lasting effects : the passive 
protect ion approach and the act ive one.  
 
2.1  Passive protect ion approach 

 
As passive protect ion approach,  we mean the whole Safety procedures we can prepare to 
mit igate an over -output of the b lasting effect s soon afterwards the detonation of High 
explos ives in the blast ing demolit ion process .   
It  is  poss ib le to carry into effect  practices l ike,  for  example:  
 

 to use water  fog nozzles;  
 to wrap pil lars with steel mesh and text ile  (F igure 7);  
 to cr eate protect ive banks with activit ies of ground excavation (Figure 8);  
 to stop production cycles;  
 to evacuate  neighbours.  

 
It’s obvious ly true that  a ll these Safety procedures will incr ease decidedly the genera l 
Safety level of the process ,  but it’s  not the r ight way to pursue our  purpose! 
 
Figure 7.  Wrapping of concrete p il lars with s teel mesh and text i le.  
 
Figure 8.  Creation of protect ive banks.  
 
The aim we all must a t ta in is to accomplish b lasting demolit ions in sens it ive contexts 
without us ing passive protect ion procedures or ,  a t  least ,  reducing them as much as 
poss ib le,  answering for  top levels of Safety by the car efu l examinat ion of the project  
phase of the b lasting demolit ion process.  
 
2.2 Act ive protection approach  
 
The active protect ion approach is  the r ight way we all might  follow to guarantee top 
Safety levels,  through the deep knowledge of  the character ist ics of ma ter ials by studies 
and tests on-s it e and off-s it e and the knowledge of the ma in features of the High 
explos ives ava ilable on the market .  
To accomplish an effect ive mit igation of both induced and connected r isks ,  it ’s poss ib le 
to examine carefu lly the ma in character ist ics  of the mater ials  objects of the act ion of 
High explosives by using pract ices  l ike:  
 

 geo-radar  techniques to invest igate the quant ity and quality of concrete and its 
reinforcements  (F igures 9 and 10);  

 test  b lasts  to t est  the hardness and the matter  type of structural steelwork and 
reinforced concrete;  



 on-sit e schlerometer  t ests  (F igure 11) to study the scratch hardness of concrete 
and on-s it e u ltrasonic t ests  (F igure 12) to investigate the degradation level of 
mater ials;  

 analys is of a ir -b last/acoust ic expected va lues  using software tools  (F igure 13).  
 
Figure 9.  On-s ite analys is us ing geo-radar  techniques.  
 
Figure 10.  Outputs of the geo-radar  analysis .  
 
Figure 11.  Schlerometer  for  on-s it e t ests.  
 
Figure 12.  Equipment for  ultrasonic on-s it e t ests .  
 
Figure 13.  Analys is of a ir -blast/acoust ic expected va lues.  
 
The addit ional step to the examinat ion of the ma in character ist ics of mater ials ,  to 
complete an effect ive way to mit igate the induced par t  of r isks,  is  the study of the ma in 
features of High explos ives;  those features that  sta te their  effect iveness and,  r elating to 
the mater ia ls,  their  effic iency.  
 
3)  EFFECTIVENESS OF HIGH EXPLOSIVES  
 
The performance potent ial of High explosives  cannot be expressed by means of a  single 
character ist ic parameter .  
It  is  determined by:  

 the amount of gas l iberated per  unit  weight,  the energy evolved in the process;  
 the propagat ion rate of the energet ic mater ial .  

 
The ma in parameters and their  result ing proper t ies of High explosives,  straight 
“performance indicators” that  inf luence very much the output effects of b lasting,  in 
connect ion to the mater ials subject  of the fragmentat ion,  are basica lly:  
 

 Detonation velocity;  
 Detonation pressure;  
 Heat of explosion;  
 Brisance;  
 Strength.  

 
A number  of convent ional t ests and calculation methods exist  for  determining the 
comparative performance of dif fer ent explosives ;  the determinat ions of the detonat ion 
rate and dens ity do not r equir e convent ions,  since they are both specif ic phys ical 
parameters.  
 
3.1 Detonat ion velocity 
 
The detonation velocity is the rate of propagation of  a  detonation in an explosive.  



If the dens ity of the explos ive is as its  maximum va lue,  and if the explos ive is charged 
into columns which ar e cons iderably wider  than the cr it ica l diameter ,  the detonation 
velocity is a  character ist ic of each individual explos ive and is not inf luenced by external 
factors;  it  decreases with decreas ing dens ity of packing in the column.  
 
3.2 Detonat ion pressure 
 
The detonation pressure in the wave front is  proportiona l to the product of the density,  
the detonation rate,  and the fume velocity or ,  since the fume velocity is proportional to 
the detonation rate,  to the square of the detonation rate.  
For  a  given explos ive,  the detonat ion velocity r ises with increas ing dens ity;  the 
detonat ion pressure increases very cons iderably if the init ia l dens ity of the explos ive can 
be raised to its  maximum value (by cast ing or  pressing) or  if the dens ity  of the explos ive 
is  intr ins ica lly high (TNT, RDX, HMX). 
High dens ity of the explos ive is important if high Br isance is needed,  whereas the 
blasting performance is less affected by it .  
 
 3.3 Heat of explosion  
 
The heat of explos ion of an explos ive mater ial  is  the heat l iberated during its  explos ive 
decompos it ion.  
Its  magnitude depends on the thermo-dynamic state of the decompos it ion products;  the 
data  used in practica l calculations usually have water  (which is a  product of the 
explos ion) in the form of vapor  as the r efer ence compound.  
The heat of explos ion may be both theoret ica lly calculated and exper imentally 
determined: the calculated va lue is the difference between the energies of format ion of 
the explos ive components (or  of the explos ive itself if chemica lly homogeneous) and the 
energies of format ion of the explos ion products.  
 
3.4 Brisance 
 
Brisance is the destruct ive fragmentation effect  of a  charge on its  immediate vicinity.  
The relevant parameters are the detonation rate and the loading dens ity  (compactness ) of 
the explos ive,  as well as the gas yield and the heat of explosion.  
The higher  the loading dens ity of the explos ive is (molding or  press ing dens ity),  the 
higher  its  performance concentration is per  unit  of volume; also,  the faster  the r eact ion 
rate is,  the stronger  the impact effect  of the detonat ion is.  
Moreover ,  an increase in dens ity is accompanied by an increase in the detonat ion rate of 
the explos ive,  while the shock wave pressure in the detonation front var ies with the 
square of the detonation rate.  
Thus it’s very important to have the loading dens ity as high as poss ib le.  
 
3.5 Strenght  

 
If an explos ives is to be detonated in a  borehole,  the r elevant parameter  is  its  “strength”.  
Here the cr it er ion of the performance is not so much a  high detonat ion rate as a  high gas 
yield and a  high heat of explos ion; if,  on the other  hand,  a  strong dis integration effect  in 
the nearest  vicinity of the detonat ion is r equired,  the most important parameters are the 
detonat ion rate and the dens ity.  

 



4)  CONCLUSIONS 
 
To sum up all pr evious considerat ions ,  the r ight  way for  a  proper  and effect ive r isks 
analys is in sens it ive activit ies l ike the use of  High explos ives for  blasting demolit ion in 
urban areas and active industr ia l s it es,  might proceed along the following steps :  
 

a . to ident ify the structures and p lants r eally to be protected;  
b.  to character ize carefu lly the mater ials object s of the act ion of High explos ives  by 

on-sit e t ests and studies;  
c.  to be aware of the ma in character ist ic features of the High explos ives to be used;  
d.  to ca lculate theoret ica lly the expected a irblas t/acoust ic values;  
e.  to expect,  only if necessary,  to equip passive protect ions made of steel mesh and 

text i le.  
 
The ma in output of this way to proceed might  be the r ight ca lculat ion of Safety distances 
and areas (Figure 14),  that  is  to say important values that  are very often wrongly over -
estimated.  
 
Figure 14.  Correct  (???) assessment of Safety distances and areas.  
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