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1 INTRODUCTION 

Ferrous metallurgy restructuring in Romania has 
led to the closure of numerous companies or plants 
owned by them, mainly because of high produc-
tion costs and high pollution levels. 

In recent years, ‘Siderurgica’ Hunedoara, one 
of the most important ferrous metallurgical     
companies, started the demolition of their primary 
production flow with the intention of having the 
area cleaned up for the development of an           
industrial park. 

From a technical point of view, the most        
interesting demolition work was that on construc-
tions with a metallic structure, such as cast iron 
furnaces. Owing to the complexity of these    
structures, a mechanical demolition would have 
been difficult, and therefore the chosen solution 
was demolition by blasting. 

For most cases, metallic construction demoli-
tion by blasting implies several problems        
compared with the situation of classic demolition 

of constructions. This is due to the complicated 
balance systems of these structures, to the safety 
measures that need to be taken and to peculiarities 
related to the type of explosives and initiation 
used, as well as to the manner of their location. 

Successful demolition of five furnaces located 
on the premises of ‘Siderurgica’ demonstrated 
that, by studying and correspondingly preparing 
the structures, they may be demolished success-
fully and safely with the aid of explosives. 

2 FURNACE DESCRIPTION 

Cast iron furnaces (Fig. 1) weigh about 2000 t and 
are mainly composed of the furnace body, the dust 
bag and the pipe connection. 

2.1 The furnace body 

The furnace body itself is composed of the interior 
masonry of refractory bricks, followed by the  
cooling elements and the exterior armour of steel 
sheet. 

Demolition of metal structures. Experience gained in the demolition of 
five furnaces on the premises of Siderurgica Hunedoara Company 

R. Laszlo & Z. Eckehardt 
Gerominex, Cluj, Romania 

I.M. Ille 
Swiss Trade, Hunedoara, Romania 

 

ABSTRACT: This paper presents the results obtained in the demolition work of five cast iron furnaces,
each requiring a separate approach owing to construction and location peculiarities. The demolition of the 
objects was done by blasting, using applied explosive charges, the construction and quantity of which 
were an established function of the size of the metal structural elements. The maximum metal support  
pillar profile width was 40 mm. To facilitate the tilting of the assembly, several weakening operations of 
the structure were performed beforehand, and, in addition, metal section elements were removed where 
the explosive material was to be placed. To avoid any risk, these weakening operations and the removal of 
structural elements were performed according to results obtained from a computer simulation program of 
the stability of the construction. In the demolition of the five furnaces, various applied explosive charges 
were experimented upon, made up either of pressed TNT, plastic or linear-shaped charge explosives. 
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The support pillars of the access platforms and 
of the loading device, 4–7 pieces, are equally 
spaced on a circular circumference around the 
body of the furnace. The pillars are steel coffered 
with a double-T transversal monosymmetrical  
section and are made of 30–40 mm thick sheets. 

Between the pillars there are circulation      
platforms for access to the main installations on 
the furnace. 

Figure 1. Furnace, flanged pipe and dust bag assembly. 

The number and height of the pillars and the 
number and height of the platforms differ accord-
ing to the furnace volume and the year of         
construction. 

2.2 Dust bag 

The dust bag is a cylindrical construction resting 
its lower part on a structure of four reinforced 
concrete pillars, with its upper part connected to 
the flanged pipe. 

2.3 Flanged pipe 

The flanged pipe makes the connection between 
the furnace and the dust bag. It is made of rolled 
sheet with masonry of refractory bricks inside. Its 
main aim is to direct the particles from the furnace 
to the dust bag during the ironmaking process. 

The flanged pipe rests its lower part on the dust 
bag and its upper part on the furnace body. 

3 FURNACE DEMOLITION PROCESS 
The demolition of the furnace was done simulta-
neously with the demolition of the flanged pipe 
and dust bag. 

The entire construction was tilted in one of the 
two directions of the construction axis, perpen-
dicular on the line of the ‘furnace–flanged      
pipe–dust bag assembly’ axis. 

The tilting direction was established according 
to the free area available around the constructions. 

With a view to the furnace demolition and the 
fall orientation in the required direction, it was  
decided to section them in two planes by the   
creation of some release wedges. 

Thus, a first release wedge was created in the 
upper part, in the support pillars of the platforms 
and of the furnace loading device, as well as in its 
casing. The largest opening of the wedge was    
oriented from the tilting direction to the back of 
the furnace. 

The second release wedge was created in the 
lower part in the dust bag reinforced concrete   
support pillars. 

4 FURNACE PREPARATION FOR 
DEMOLITION 

With a view to furnace assembly, pipe and dust 
bag tilting by blasting, some prior work was      
carried out (Laszlo et al. 2000–2005), such as: 

− Cutting off any connection between the       
furnace and the ancillary buildings. 

− Cutting platforms and other non-bearing    
construction elements from the release wedge 
area. 

− Cutting the casing horizontally in the area of 
the release wedge with the preservation of 3–4 
uncut portions on the part opposite the tilting 
direction, with lengths of 50–150 mm each. 
Cutting out a 4–5 m high portion of the casing. 
The cutting was thus done so that the       
maximum opening of the cutting plane was 
oriented towards the tilting direction, as this 
closed on the assembly perpendicular to the 
tilting direction (Fig. 2). 

− Removal of the cooling elements and of the  
refractory bricks on the part where the casing 
was cut or cut out. 

− Three or four platform support pillars were   
located in the area of the release wedge. On 
the furnaces with 5–7 support pillars, portions 
of equal height to that of the release wedge 
were cut from 1–2 pillars of the release wedge 
area. 

Flanged pipe 

Dust bag

Furnace 
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− Reduction in the section of the support pillars 
in the location area of the explosive charges, 
by partial or total cutting of the core and     
partial cutting or cutting out of the sole of the 
profile. In the area of maximum opening of the 
release wedge, equal to the height of two      
access platforms, two sectioning planes of the 
pillars were made (Fig. 2). 

 

Figure 2. Cuttings in the furnace body. 

− In the direction opposite to tilting, only one 
sectioning plane was made at the level of the 
lower access platform. 

− Drilling holes in the reinforced concrete     
support pillars of the dust bag, with a view to 
creating the second release wedge, as well as 
cutting the bend fittings from those pillars. 

− Dismembering the transversal stiffening beams 
of the reinforced concrete pillars. 

− Cutting the attachment bolts of the dust bag on 
the support structure made of frames and      
reinforced concrete pillars. 

− All the cutting work was done with a cutting 
flame. 

4.1 Decrease in the section of the platforms, of 
the support pillars and of the support device 

With the demolition of the first two furnaces, in 
the area of the sectioning planes of the platform 
support pillars, their sole and core section         
empirically decreased.  

Thus, lateral parts were cut out from the core of 
the profile, leaving an uncut portion of 200 mm, 

and two cuts were done on each sole, leaving an 
uncut portion of 250 mm. 

The thickness of the core of the profile was 30 
mm, and that of the sole 40 mm (Fig. 3). 

With the demolition of the next three furnaces, 
the section of the profiles was reduced by        
complete cut-out of the profile core and by lateral 
cutting up of the soles to leave a portion of 100–
200 mm (Figs 4, 5). 

 

0.20

0.70

0.04

0.50

0.25

0.03

Figure 3. Sketch with the pillar profile cuttings. 
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Figure 4. Sketch with the pillar profile cuttings after 
modelling of computer data. 

This was done on the basis of results obtained 
after computerized modelling of the structure of 
the furnace assembly and taking into consideration 
the discharge carried out by cutting the non-
bearing construction elements. 

In accordance with the demolition phases, the 
tilting direction could be checked by modelling the 
structure on the platforms and loading device   
support pillars with the aid of the Axis VM 5.0 
computer program (Swiss 2002–2005). 



- 148 -

Figure 5. Pillar profile cuttings after modelling of     
computer data. 

The static scheme was introduced in the spatial 
analysis of the structure with the sectional       
characteristics afferent to the transversal sections 
of the component elements, and, on the portions 
where the section of the pillars was decreased 
(with a view to explosive charge location), the   
sectional characteristics of the cut-out details as 
drawn up by the work designer were taken into 
consideration. 

Only the hypothesis of loading by its own 
weight was taken into consideration for calcula-
tion, without further external disturbances of the 
structure. 

With the modelling it was considered that there 
were no tensions due to forced mounting, and that, 
at the moment of demolition, the resistance    
structure had no connection to other equipment in 
the area. It was thus considered free in the      
structural analysis. 

An example of structural modelling with the 
deformation status of the structure before and after 
being taken out of its balanced position is shown 
in Figures 6a, b. 
 

Figure 6a. Static representation of the furnace structure. 

Figure 6b. Deformation status of the structure after being 
taken out of its balanced position. 

5 EXPLOSIVE TYPES, APPLICATION AND 
INITIATION MODE 

To cut the metallic structures of the first two     
furnaces, applied charges of pressed TNT bars 
were used. For sectioning of the reinforced      
concrete pillars and of the dust bag, the explosive 
used was cartridge dynamite. With the third      
furnace, plastic explosive bars were used, and with 
the last two furnaces, explosive charges with      
cumulative action. 

In the blasting work, the explosive charges 
were protected with wire net. In the protected area, 
rubber bands were placed around the pillars. The 
aim of this protection was to reduce to the maxi-
mum degree the phenomenon of throwing off of 
material pieces under the action of the explosive. 

5.1 Demolition of the first furnace 

The first furnace had seven support pillars. The 
pillar located in the centre of the release wedge 
was removed, making two cutting sections with 
explosives in each of the two pillars located in the 
tilting direction and one cutting section with      
explosives in the two pillars in the direction       
opposite to tilting. The manner of cutting in the 
pillar profile is shown in Figure 3. The other pair 
of pillars, located at the ends of the axis perpen-
dicular to the tilting direction, was previously   
sectioned by flame cutting and left to stand. For 
cutting of the metallic structure of the support   
pillars, pressed TNT bars were used (Ministry of 
National Defence, 1975) in the form of applied 
charges attached to a wooden frame in the core 
and on the two soles corresponding to the cutting 
section of the pillars (Fig. 7). 
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Figure 7. Applied explosive charge made of TNT bars. 

Each applied charge was initiated with two 
NONEL MS blasting caps placed at the two ends 
of the charge. For sectioning of the concrete pillars 
of the dust bag, dynamite was used in charges 
placed in holes (Laszlo et al. 2000). 

Quantities of 53.60 kg TNT and 28.0 kg       
dynamite were used for the demolition of this   
furnace, distributed as follows: 

Dust bag support pillars: 
− 94 holes × 0.30 kg/hole = 28.20 kg dynamite. 

Furnace metallic support pillars: 
− in the tilting direction: 
 (a) 2 pillars × 2 sections/pillar × 2 

soles/section × 3.50 kg TNT = 28.0 kg 
TNT 

 (b) 2 pillars × 2 sections/pillar × 1 core/                   
section × 2.10 kg TNT = 8.40 kg TNT; 

− in the opposite direction: 
 (a) 2 pillars × 1 section/pillar × 2 soles/section 

× 3.50 kg TNT = 14.0 kg TNT 
 (b) 2 pillars × 1 section/pillar × 1 core/section 

× 2.10 kg TNT = 4.20 kg TNT. 

Uncut portions of the casing: 
− 4 portions × 0.10 kg TNT = 0.40 kg TNT. 

The explosive charges detonated fully, and the 
furnace assembly, flanged pipe and dust bag     
collapsed in the established direction. 

As shortcomings, mention may be made of the 
high level of noise produced by the explosive 
charge detonation and also difficulties relating to 
the corresponding attachment of the explosive  
materials in the sectioning areas. 

5.2 Demolition of the second furnace 

From the construction point of view, the second 
furnace was symmetrical to the first, the difference 
being that it was located closer to functioning 
plant, which was why the quantity of explosives 
was decreased. 

The preparation of the metallic structures was 
done similarly to the first furnace. For cutting of 
the metallic structure of the support pillars, in 
comparison with the first furnace, the total     
quantity of explosive was decreased to 38.70 kg 
(Laszlo et al. 2001). The applied charges were    
attached and initiated in the same manner as with 
the first furnace. 

For sectioning of the concrete pillars of the 
dust bag, 19.20 kg dynamite was used in charges 
placed in holes. 

The explosive charges were distributed as     
follows: 

Dust bag support pillars: 
− 64 holes × 0.30 kg/hole = 19.20 kg. dynamite. 

Furnace metallic support pillars: 
− in the tilting direction:  
 (a) 2 pillars × 2 sections/pillar × 2 

soles/section × 2.40 kg TNT = 19.20 kg 
TNT 

 (b) 2 pillars × 2 sections/pillar × 1 
core/section × 1.60 kg TNT = 6.40 kg 
TNT; 

− in the opposite direction: 
 (a) 2 pillars × 1 section/pillar × 2 soles/section 

× 2.40 kg TNT = 9.60 kg TNT 
(b) 2 pillars × 1 section/pillar × 1 core/section 

× 1.60 kg TNT = 3.20 kg TNT. 
Uncut portions of the casing: 
− 3 portions × 0.10 kg TNT = 0.30 kg TNT. 

Upon demolition, the assembly tilted in the de-
sired direction. 

5.3 Demolition of the third furnace 

The third furnace had six support pillars. The   
cutting sections in the support pillars were created 
in the same way as with the first two furnaces, the 
difference being that cut-out of the pillar profile 
was done on the basis of data obtained by       
computer modelling. The manner of cut-out is 
shown in Figures 4–5. 

With a view to reducing the quantity of         
explosive, and accordingly the shock wave, on the 
third furnace a PHF-89 type plastic explosive 
(RDX based), made at the Fagaras Special     
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Products Plant, was used to cut the metallic   
structure of the support pillars. Plastic explosive in 
the shape of bars was introduced into a wooden 
box with no lid and attached with wire to the pillar 
profile faces. 

Every applied charge was initiated with two 
NONEL MS blasting caps placed at the two ends 
of the charge. To ensure concurrent initiation of 
the charges on the two soles of a breaking section, 
they were additionally connected by a detonating 
cord line (Laszlo et al. 2002). For sectioning of 
the concrete pillars of the dust bag, dynamite was 
used in charges placed in holes. 

Quantities of 16.0 kg PHF-89 and 6.40 kg    
dynamite were used for the demolition of this   
furnace, distributed as follows: 

Dust bag support pillars: 
− 32 holes × 0.20 kg / hole = 6.40 kg dynamite. 

Furnace metallic support pillars: 
− in the tilting direction: 
 (a) 2 pillars × 2 sections/pillar × 2 

soles/section × 1.20 kg = 9.60 kg PHF-89; 
− in the opposite direction: 
 (a) 2 pillars × 1 section/pillar × 2 soles/section 

× 1.20 kg = 4.80 kg PHF-89. 
Uncut portions of the casing: 
− 4 portions × 0.40 kg = 1.60 kg PHF-89. 

 The furnace tilted in the desired direction. 
There were difficulties related to the firm attach-
ment of the explosive charges to the metallic  
structures. 

5.4 Demolition of the fourth furnace 

The fourth furnace had four support pillars. Two 
cutting sections with explosives were prepared for 
each of the two pillars located in the tilting         
direction and one cutting section with explosives 
was prepared for each of the two pillars in the    
direction opposite to tilting. The pillar profiles 
were cut out in the manner shown in Figures 4–5. 

With this furnace, to cut the metallic structure 
of the support pillars, a BLADE-type explosive 
with linear-shaped charge was used. This is a    
Romanian product with the trade name ICTRM-
20. The product has an explosive charge of 1.5 
kg/m and a cutting capacity in the metal of up to 
20 mm depth.  

Taking into consideration that the thickness of 
the pillar profile soles was 40 mm, two explosive 
charges were used, applied to both faces of the 
soles (Laszlo et al. 2004). When applying the 

charges, care was taken that they be located     
symmetrically, on both sides of the sole, so that 
the cumulative action of the explosive worked in 
the same plane (Fig. 8). 

Figure 8. Applied explosive charge of ICTRM-20. 

For a better adherence of the explosive charge 
to the metal surface, the latter was well cleaned  
beforehand. In addition, the explosive charges 
were tied to the metallic profile with wire or      
adhesive tape. 

Every charge was initiated with a NONEL MS 
blasting cap, and, to ensure concurrent initiation of 
the charges on the two faces of the soles, they 
were additionally connected by a line of detonat-
ing cord. 

Quantities of 7.20 kg ICTRM-20, 1.60 kg 
PHF-89 and 7.60 kg dynamite were used for the 
demolition of this furnace, distributed as follows: 

Dust bag support pillars: 
− 38 holes × 0.20 kg/hole = 7.60 kg dynamite. 

Furnace metallic support pillars: 
− in the tilting direction:  
 (a) 2 pillars × 2 sections/pillar × 2 

soles/section × (2 charges/sole × 0.30 kg) 
= 4.80 kg ICTRM-20; 

− in the opposite direction: 
 (b) 2 pillars × 1 section/pillar × 2 soles/section 

× (2 charges/sole × 0.30 kg) = 2.40 kg 
ICTRM-20. 

Uncut portions of the casing: 
− 4 portions × 0.40 kg = 1.60 kg PHF-89. 

The furnace tilted in the desired direction. The 
noise level and the shock wave generated on   
detonation of the explosive charges were consid-
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erably diminished. The metallic profiles were   
sectioned as they were cut by flame. 

5.5 Demolition of the fifth furnace 

The fifth furnace was supported by six pillars. 
Preparations were made for tilting of the three   
pillars in the release wedge. 

With these pillars, two cutting sections were 
made, the profiles being cut out in the manner 
shown in Figures 4–5. 

The pillar in the direction opposite to the tilting 
direction was removed by flame cutting. In the 
other two pillars located in the plane opposite to 
the tilting direction, a cutting section was made in 
the same manner as the profile cut-out. 

A peculiarity of this assembly was the fact that 
the dust bag support pillars were metallic, with a 
double-I profile and thicknesses of 15–20 mm of 
the profile sheet. Another peculiarity was the      
location of the furnace close to an inhabited area. 

As explosive material, cumulative charges of 
ICTRM-20 were used, located and attached in the 
same manner as with the fourth furnace. Every 
charge was initiated with a NONEL MS blasting 
cap, and the charges were connected by a line of 
detonating cord (Laszlo et al. 2005). 
 For the demolition of this furnace, 16.20 kg 
ICTRM-20 was used, distributed as follows: 

Dust bag support pillars:  
− in the tilting direction: 
 (a) 1 pillar × 2 sections/pillar × 2 soles/section 

× (2 charges/sole × 0.225 kg) = 1.80 kg 
ICTRM-20; 

− in the opposite direction: 
 (a) 2 pillars × sections/pillar × 2 soles/section 

× (2 charges/sole × 0.225 kg) = 1.80 kg 
ICTRM-20. 

Furnace metallic support pillars: 
− in the tilting direction:  
 (a) 3 pillars × 2 sections/pillar × 2 

soles/section × (2 charges/sole × 0.30 kg) 
= 7.20 kg ICTRM-20; 

− in the opposite direction: 
 (a) 2 pillars × 1 section/pillar × 2 soles/section 

× (2 charges/sole × 0.60 kg) = 4.80 kg 
ICTRM-20. 

Uncut portions of the casing: 
− 4 portions × 0.150 kg TNT = 0.60 kg ICTRM-

20. 

Upon demolition, the assembly tilted in the   
desired direction. 

6 ORDER OF EXPLOSIVE CHARGE 
DETONATION 

With a view to tilting the construction assembly 
composed of furnace support pillars, flanged pipe 
and dust bag, the following order of charge       
initiation was used: 

− furnace support pillars in the tilting direction 
plus the sectioning charges of the remaining 
portions of the casing; 

− the dust bag support pillars in the tilting       
direction; 

− furnace support pillars in the opposite           
direction to tilting plus the dust bag support 
pillars. 
 
The delay time between the groups of            

explosive charges was 5–100 ms. 
As may be noted, the moment of dust bag   

support pillar detonation was timed to occur      
between the detonation moments of the metallic 
pillars in the tilting direction and those located in 
the plane opposite to the tilting direction. 

This was done because, prior to the moment of 
furnace displacement, the need was for the weight 
centre of the flanged pipe to be displaced in the 
furnace tilting direction. 

As the flanged pipe supports the dust bag, by 
blasting the dust bag support pillars in advance, its 
displacement in the tilting direction established for 
the entire assembly was achieved. 

The non-correlation of the delay times in this 
manner could have led to deviation of the furnace 
tilting direction, according to the break and fall  
direction of the flanged pipe. 

An example of delay step placement on the   
explosive charges is shown in Figure 9. 
 

Figure 9. Sketch with order of explosive charge        
detonation. 



- 152 -

In Figure 9, labels 4, 6 and 8 denote the delay 
stages of the Nonel MS detonators, A represents 
the applied explosives charges on the metal pillars 
and furnace body and B represents the in-hole   
explosive charges of the dust bag pillars. 

Figure 10 shows frames from a furnace    
demolition. 
 

Figure 10. Furnace demolition frames. 

7 CONCLUSIONS 

The construction assemblies of furnaces and    
generally buildings made of metallic structures 
will continue to be the object of demolition by 
blasting in the future. 

By static modelling of the structures, prepara-
tion work consisting of cutting the non-bearing 
elements and reducing the section of support     
elements may be established, which will make it 
possible to reduce the explosive charges. Thus, 
massive structures may be demolished by using 
only some tens of kilograms of explosives. 

Also, practical experience has demonstrated the 
obviously superior results obtained by using      
cumulative explosive charges with a view to     
cutting metallic structures. With the use of such 
charges, small quantities of explosives are put to 
work with maximum effect from the point of view 
of sectioning and a minimum shock wave effect. 
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1 DEMOLITION TASK 

1.1 Description of the demolition subject 

The maintenance of the high-rise office building 
(owned by the banking company ‘Sparkasse’) in 
the town of Hagen became too expensive. There-
fore it was necessary to demolish the building and 
to replace it with a lower building. 
 

Figure 1. Sight of the building to be demolished. 

The skyscraper was designed to a skeleton 
principle with a monolithic reinforced prestressed 
concrete shell. Its height above ground reached 93 
m (see Fig. 1). With a volume of 57,640 m³, the 

total mass weighed about 26,700 metric tons. The 
ground area reached 18.5 m  x  37.2 m. A total of 
21 floors stood above ground. Three lines of     
columns supported the storey slabs. Horizontal 
stability was given by a staircase tower in axes ‘A’ 
to ‘C’ and by a wall in axis ‘G’ with a massive 
thickness of  1.72 m, a length of 8.0–9.0 m and a 
height of 93 m (see Fig. 2). 
 

Figure 2. Ground plan of the building. 

1.2 Environment of the demolition subject 

A ground plan of the office building is given in 
Figure 2. The demolition field had a total length of 
125 m and a width of  about 65 m. All sides were 
immediately bordered by streets and places with 
large traffic streams. Across the streets stood 
commercial and residental buildings. 

In this demolition field the scyscraper had a 
forward impact zone of less than 80 m. The rear-
ward distance was less than 30 m (see Fig. 3). 

Structural design and dynamic calculation of the demolition by 
explosives of a 93 m high office building 

R. Melzer 
Design Office of Structural Demolition, Dresden, Germany 

 

ABSTRACT: A 21-storey office building (93 m in height) collapsed and tilted in March 2004 after 250 
kg of explosives was used. The skyscraper stood in a sensitive neighbourhood in the city of Hagen (West 
Germany). As a ‘destructive’ civil engineer, I am able to design and calculate the blast of a stucture with 
regard to its tilting and collapsing behaviour by means a relatively simple dynamic calculation model. I 
was therefore assigned to do this job 6 months before the blast. The solution for this task in a narrow 
demolition area was a multiple blast design on three levels with opposite opening mouths to realise a 
folding ‘zig-zag’ figure with a fairly small impact zone. 
 

Brighton Conference Proceedings 2005, R. Holmberg et al
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Figure 3. Existing impact area of the building. 

2 SOLUTION OF DEMOLITION DESIGN 

2.1 Mechanical demolition  

A conventional demolition by means of saw-
cutting and cranes would have been more than 10 
times as expensive as blast demolition. The total 
time needed, including long periods of traffic     
restrictions, was unacceptably long. 

2.2 Demolition by explosives 

Entirely vertical collapsing is impossible with 
buildings constructed of reinforced concrete 
shells, as in the present case. Only buildings    
constructed with walls of brickwork are able to 
collapse. Consequently, the building in Hagen had 
to be tilted. However, it could not be tilted its full 
length because the length after impact usually     
increases to a maximum of 125 % of the height – 
here, 116 m. The allowed length had to be limited 
to 70 m. The solution was a tilting in a zig-zag 
manner (see Fig. 4). I designed three blasting 
mouths: first detonation at time zero on the 8th 
floor (mouth opening forwards), second detona-
tion 2.5 s later on the 4th floor (mouth opening 
rearwards) and the third detonation another second 
later (total delay 3.5 s) on the ground floor (mouth 
opening forwards). 

Figure 4. Suggested zig-zag collapse of the building. 

2.3 Modelling of the zig-zag collapse, general 
remarks 

I am able to calculate the tilting behaviour of a 
multiply blasted structure by means of a relatively 
simple dynamic calculation model. The structure 
between blasting zones is reduced to a single mass 
with translation and rotation inertia and a rigid 
beam with eccentric and ductile hinges on top and 
at bottom. Blasting forces do not exist. Only mass 
inertia forces and gravitation are acting. One  
problem is the definition of the eccentricity and 
the ductile momentum acting on the model hinge 
because of the asymmetric position of the         
columns, of the staircase tower and of the ‘large 
wall’ in axis ‘G’. A further problem is the stability 
and load capacity of the model hinges during the 
tilting. An early crash of the carrying elements 
would progress the collapsing and reduce the    
tilting momentum.  

Figure 5. Blasting zone on the 8th floor. 

 
Figure 6. Regular model with three single masses and 
eccentric hinges in the ground, 4th and 8th floor. 
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In Figure 5 the blasting zone (the lightning 
symbols denote blasts) and the resisting rearward 
structural elements are shown. It is easy to see that 
the slim columns will not be able to carry the  
massive structure for a long time. 

With the help of computation, the element 
number, the element height and the blasting       
sequences can quickly be varied. The parameters 
of mass, eccentricity and ductile momentum have 
to be derived in each case. 

2.4 Structural model of folding of the building to 
a zig zag figure (three-mass system with 
designations and parameters): 

m3 mass of the third part 
J3 moment of rotation inertia of the third part 
a3 mass centre of the third part 
c3 eccentricity of the third hinge 
MF3 ductile momentum capacity in the third 

hinge 
c3 eccentricity of the third hinge 
t3 blast ignition time of the third part (no hinge 

before blast, ductile hinge after blast) 
 

Figure 7. Derived model with a pendulum bar on the 8th 
floor. 

i 1 2 3

mi (t) 4776 4776 15,522 
Ji (tm²) 251,680 238,550 5,100,740 
ai (m) 8.5 8.0 30.0 
ci (m) 8.4 -8.4 8.4 
li (m) 17.0 16.0 60.0 
MF (MN m) 79.65 54.65 79.65 
ti (s) 0 2.5 3.5 

For the first time steps the important tilting   
behaviour of the upper building part is better  
characterised by the following model (see Fig. 7) 
with a pendulum bar of height h3 =  4.0 m on the 
8th floor instead of the hinge. 

A result of variation with the regular model is 
shown in Figure 8. 

Figure 8. Simulation of the collapse at a time of 1.8 s. 
Blast times: 0, 1.0 and 1.0 s; central axes of the       
structural parts are shown. 

2.5 Vibrations of ground impact 

To avoid fears and problems in the neighbour-
hood, a prognosis of the vibrations caused by the 
impact was necessary. The potential energy of the 
impacting mass and the distance, R, between the 
emission and the immission have an influence on 
the velocity, v, of vibration. 

Of great interest is the possibility of dividing 
the following events: 

− firstly, the impact after the vertical collapse of 
the large upper part with a mass of 15,500 
metric tonnes from a height of about l1 + l2 =
33 m; 

− secondly, the impact after tilting of the upper 
part with a mass of 15,500 metric tonnes from 
a second height of its centre of gravity of 
about 30 m. 
 
Under these assumptions and with a good ‘fal-

ling bed’ (impact cushion), the following progno-
sis of velocities v1 (first collapse) and v2 (second 
tilting) affecting the foundations of neighbouring 
buildings at certain distances R could be made: 

t2 , MF2 

m3,
J

m2,
J

m1, J1

t3

c1 c2

l3

l2

l1

a3

a2

a1
t1 , MF1

h38. floor

4. floor

groun
d level
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Building 

R
(m) 

v1

(mm/s) 
v2

(mm/s) 

Car park, Körnerstr.   60 11.3 15.5 

Building, Körnerstr. 27   58 11.6 16.1 

Körnerstraße. 23   84   9.0 10.8 

Build., Hohenzollernstr. 4 106   7.6  8.4 

Build., Hohenzollernstr. 6 115   7.2  7.7 

Build., Hohenzollernstr. 5 130   6.6  6.8 

Building, Fr.-Ebert-Pl. 2 152   5.9  5.7 

Building, Fr.-Ebert-Pl. 11 191   5.0  4.5 

Municipal centre 174   5.4  5.0 

3 REALISATION OF THE DEMOLITION BY 
USING EXPLOSIVES 

3.1 Preweakening and structure fitting 

In order to minimize blast work, it was necessary 
to preweaken the large walls in the blasting zones. 
Figure 9 shows, as an example, the large wall in 
axis ‘G’, but it was to avoid a decrease in the    
carrying capacity of the structure as a whole. It 
was nessesary, too, to cut some of the very dense 
reinforcement in the blasting zones to ensure the 
efficiency of the explosive charges (see Fig. 10). 

To avoid a shear break of the upper part in the 
middle zone (axes ‘E’ and ‘F’) during tilting, a 
framework of steel ropes was inserted from the 
10th to the 20th floor (see Fig. 11). All these       
difficult tasks were carried out by the demolition 
company P & Z (Prangenberg & Zaum), with out-
standing results. 
 

Figure 9. Preweakening of the thick wall in axis ‘G’. 

 

Figure 10. Cutting of the drilled wall in axis ‘G’. 

 

Figure 11. Framework of steel ropes against shear break. 

3.2 The blasting job 

The explosive experts of the company Thueringer 
Sprenggesellschaft used an excellent-quality   
management system with regard to: 

− exact drilling – at strongly reinforced zones 
they used diamond core drilling or oxygen 
lances, and slim walls were drilled in the    
longitudinal direction; 

− controlled implementation of explosives; 

− the electronic ignition system DYNA-
TRONIC on the ground and fourth floors     
because of the need to split the long delayed 
ignition more than usual; 

− the non-electric ignition system DYNA-SHOC 
on the eighth floor; 

− multiple protection of all blasting zones. 

3.3 Blast result 

All expectations concerning the blast were fully 
satisfied. Figures 12–15 show the fine result. The 
positive influence of the rearward tilting columns 
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on the 8th floor for a right tilting of the upper part 
is shown by Figure 13. The upper building part 
acted as a rigid body without shear breaks. Both 
lower parts of the building were more collapsing 
than tilting. 

The maximum length of impact reached a for-
ward distance of only 50 m (150 ft) and the rear-
ward distance was only 8 m (25 ft). A photo as-
sembly (see Fig. 16) completed with the calculated 
figures gives an impression of the sequences as the 
building sank down. An interesting effect was a 
left deviation to the falling direction 
 

Figures 12–15. The 93 m scyscraper ‘long Oscar’ blasted 
on 7 March 2004: folding, collapsing and tilting. 

Figure 16. Photo assembly of the collapse sequences 
with calculated middle axes of the building. 

at the beginning, but happily it was compensated 
for later. 

The reasons for this effect may be the early 
contact of the blasted wall ‘G’, but later this was 

equalised by the folding effect resulting from the 
second and third blasts. 

No damage at all was recorded by the vibra-
tions of the blasts or by the impact on the ground 
or by fly rock. The cloud of dust sank quickly    
because of the huge amount of water spread by the 
fire services (3 l/min, powered by seven fire       
engines and dozens of water guns). 

 

Figure 17. The 27,000 t debris heap of the skyscraper in 
its ‘falling bed’. 

 

3.4 Vibration results 

As a result of the folding and collapsing, the 
measuring instruments showed fairly low levels. 
On average they reached only 14 % of the         
predicted levels. 

Therefore, there was no fear of damage in the 
neighbourhood as a result of. The reasons for the 
low level were the energy divergence by self-
destruction of the structure and the longer time of 
input of energy into the ground with the effect of 
energy splitting. 



- 158 -

4 CONCLUSIONS 

With a considerable expenditure, the multiple blast 
demolition of a 93 m high building by means of 
250 kg of explosives was very successful. Com-
pared with a mechanical demolition, the costs of 
blasting would come only to about 10%. 

Multiple blast or ‘blast folding’ of high-rise 
buildings constructed with reinforced concrete is 
an excellent solution to the problem of collapse in 
narrow demolition circumstances. A simple tilted 
skyscraper needs about 125% of its height for 
length of ground impact. The creation of a blast 
folding with a zig-zag collapse figure produces an 
impact length that is a fraction of the height of the 
building. 

There are fewer problems with deviation from 
the planned tilting direction, because the structure 
is more collapsing than tilting and its behaviour is 
more in accordance with the principle of minimum 
energy. 

Vibrations by ground impact will also be       
reduced because of energy divergence by the self-
destruction of the structure and because of the 
longer time of energy input into the ground      
(energy splitting). 
The problems of blast zones of large height with 
regard to fly rock can be solved by careful        
protection using geotextile and wire netting. 

By the way, the method of blast folding can be 
used as a safe and economic application for tall 
industrial smokestacks as well. 

According to the basic 
principle of blast folding, I 
have designed a new sign for 
this job. 
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1 INTRODUCTION 

The Roman aqueduct was built at the same time as 
the Diocletian Palace at the end of the third and 
beginning of the fourth centuries. It supplied water 
to the Emperor’s residence, to spinning mills 
within the palace and probably to the neighbour-
ing settlements too. The length of the aqueduct 
from the source of the Jadro river to the palace is 9 
km, with a height difference between the end-
points of 33 m and an average inclination of the 
canal bottom of 0.37%. The average cross-section 
of the canal amounts on average to 0.75 x 1.60 m 
but varies according to the part of the route. A 
small part of the route is above ground on the built 
construction of pylons and arches, whereas a     
larger part is partially or completely underground. 
In the parts where the tunnel was excavated in the 
hard rock terrain, the canal is wider and higher, 
whereas its cross-section on or near the surface is 
aligned to the built construction. Figure 1 shows 
the aqueduct underground section. 

The buildings of the former ‘industrial giant’ 
Jugoplastika were pulled down along one of the 
busiest streets in the centre of Split. Out of 12 
buildings, the five tallest ones (higher than 15 m) 
were pulled down by blasting. The old Diocletian 
Aqueduct, a cultural monument, passes diagonally 
through the entire construction site. The Regional 
Institute for Protection of Cultural Monuments   
required a blasting method that would not endan-
ger the Diocletian Aqueduct, which made the work 
more difficult and required a blasting procedure 

where the ground oscillations caused by blasting 
would be within the standard limitations for       
cultural monuments, including the mass impact of 
the blasted objects, which had to be within the 
same standard limitations also. The blasting 
method had to meet the following criteria: 

 

Figure 1. Aqueduct underground section. 

Dual method of demolition of industrial buildings by blasting, performed 
above the Diocletian aqueduct protected by UNESCO 

Z. Ester, M. Dobrilović & B. Janković
Faculty of Mining, Geology and Petroleum Engineering, Zagreb, Croatia 
 

ABSTRACT: A new dual method of demolition blasting is described in the paper. The industrial 
buildings were pulled down by means of two known methods: rotation and coving in. This procedure was 
carried out in the centre of Split, Croatia. Residential buildings are placed near the pulled-down 
buildings, with the Diocletian Aqueduct (a cultural monument) passing under the construction site. 
Because of these specific conditions, special precautions and monitoring of seismic effects were applied. 
 

Brighton Conference Proceedings 2005, R. Holmberg et al
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− Seismic effects of blasting and impact of the 
material upon blasting were not to endanger 
the Diocletian Aqueduct which passes diago-
nally through the construction site. The       
Regional Institute for Protection of Cultural 
Monuments determined the maximum allowed 
ground oscillations according to the DIN 4150 
standard. 

− The end and gable walls of all the buildings 
face the busy streets (Ulica Domovinskog rata 
and  Put Brodarice). The housing and other 
buildings (HT, ‘Poštanska zgrada’, ‘Musli-
manka’) are at a distance of 10–20 m from the 
blasted buildings, which meant that the end 
and gable walls could not be blasted. 

− The investor required a safe method of pulling 
down with adequate granulation of the blasted 
material for loading and transportation from 
the site. 

 

Such conditions, which are contradictory to 
one another, required the application of a new 
method of demolition blasting, since the existing 
ones (object rotations with caving in of the ground 
plan of the building) could not be applied consid-
ering the determined conditions. 

Figure 2 shows the situation map with build-
ings and phases of demolition blasting, the      
Diocletian Aqueduct and the position of the   
measurement points upon test and main blastings. 

2 EXISTING METHODS OF DEMOLITION 
BLASTING 

2.1 Object rotation 

Object rotation is the simplest and safest method 
of pulling down buildings by blasting in cases 
where there is enough free space for the entire   
object to fall in the direction of pulling down. The 
direction of pulling down is well controlled and 
the energy is rather high because the complete 
mass of the object takes part in the pulling down. 
It is carried out along the object by a ‘V’ cut with 
sufficient height H, which provides the fall with 
acceleration of 1g (free fall) and enough total     
energy of pulling down: 

pE +
kE = nm gh + n m v

2

2
= const  

where Ep = potential energy; Ek = kinetic energy; 
m = object mass; h = height of centre of gravity of 
object. 

The condition for rotation around the previ-
ously determined fixed point R is simultaneous 
blasting of the entire cut. The disadvantage of this 
method is that upon the calculated large cut height 
H there is a strong impact upon falling, resulting 
in considerable ground oscillations. Here, the    
calculated    low    cut   height   H can   result   in   

Figure 2. Situation map with buildings and phases of demolition blasting, the Diocletian Aqueduct and the position of 
the measurement points upon test and main blastings. 
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unsuccessful, partial pulling down owing to the 
low total energy of pulling down (Krsnik et al. 
1989). Figure 3 presents the scheme of the demoli-
tion blasting method by object rotation, where M =
rotation moment, G = object weight, H = fall 
height and R = rotation axis. 

Figure 3. Scheme of demolition blasting method by    
object rotation. 

2.2 Coving in of the building in its own ground 
plan 

In this method, parts of the object are pulled down 
at various time intervals of blasting (beginning of 
the interval at the end or in the middle of the     
object). In each interval some of the object floors 
are completely blasted. 

The disadvantage of this method is the fact that 
the explosive charge is placed according to the 
height of the object, often along the entire height 
of a particular part of the object (interval),         
because, upon pulling down of the specific         
interval, only its energy (mass) takes part, which 
increases the risk of throwing off blasted material 
in the surrounding area. Explosive charges are 
concentrated on the first two or three floors. The 
floors are blasted without continuity according to 
the height of the object, whereby the highest floors 
are not blasted in the highest objects (10 or more 
floors). Intervals are placed diagonally and       
longitudinally according to dimensions and      
construction of the object. 

Figure 4 shows the scheme of the method of 
coving in of the object into its own ground plan. 

Both blasting methods have three common 
phases which are clearly visible upon analysis of 
photographs of blasting: 

First phase – after blasting, the blasted object 
starts moving at an acceleration of 1g (free fall) up 
to the moment it touches the blasted material. The 
phase lasts between 1 and 1.5 s. 

Second phase – the object stops falling, and the 
upper, non-blasted parts remain intact. 

 
Figure 4. Scheme of the method of coving in of the     
object into its own ground plan. 

Third phase – the construction elements start 
breaking and the acceleration of falling rises     
progressively. 

3 NEW METHOD OF DEMOLITION 
BLASTING 

None of the above-stated methods could be        
applied in this case. Rotation was out of the    
question owing to large ground oscillations, which 
would cause falling of the entire building, and it 
was not possible to make the complete longitudi-
nal ‘V’ cut because the gable walls could not be 
blasted on any of the objects. Coving in could not 
be applied because the end wall facing the objects 
at a very small distance from the glass surfaces  
(1–20 m) could not be blasted. 

A new dual method of demolition blasting – a 
combination of rotation and coving in – was      
applied. This was achieved by the combination of 
a horizontal ‘V’ cut on the first two floors of the 
blasted object and a vertical ‘V’ cut set up in the 
axis of the objects (Ester & Dobrilović 2003). 

By means of ETABS software, displacements 
of the object in a characteristic cross-section were 
calculated, simulating a rotation along the longitu-
dinal ‘V’ cut because a complete dynamic model 
(space and time) could not be made owing to the 
complexity (Frgić & Ester 2003). The achieved  
results were acceptable. Figure 5 shows demoli-
tion simulation for one of the buildings. Figure 6 
shows displacements made by blasting of the first 
and second rows of pillars in the characteristic 
cross-section. 

By blasting with millisecond shooting inter-
vals, parallel with a vertical cut, the masses of the 
blasted material were evenly lined up, which      
enabled a minimum impact of the blasted material 
upon the ground. Figure 7 shows the scheme of 
the cut location and sequences of blasting.         
Explosive charge was placed at least 15 cm above 
the ground in order to diminish the seismic effect 
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of blasting. The basements in building 1 – ‘Stara 
galanterija’ –and in building 5 – ‘Termoplastika’ – 
were not blasted owing to the direct impact wave 
in the direction of the Diocletian aqueduct that 
would be initiated by such blasting. Table 1      
presents blasting parameters for one of the     
buildings. 

Figure 5. Demolition simulation – ETABS. 

 

Figure 6. Displacements after blasting (a) of the first   
pillar row and (b) of the second pillar row. 

Figure 7. Scheme of the cut location and sequences of 
blasting. 

A non-electric initiation system, produced by 
Detines, Sisak, Croatia, and a C-6 low-energy 
detonation fuse (explosive charge 6 g/m) were 
used. Main detonating cord leads were covered 
with textile and sand. These measures obviated air 
impact. Protection against thrown-off concrete was 
made by triple covering of blasted construction 
elements. Figures 8–10 show the demolition 
phases. 

4 MEASUREMENT OF SEISMIC EFECTS, 
AIR IMPACT AND NOISE LEVEL 
CAUSED BY BLASTING 

Protection measures against these undesirable  
consequences of blasting were predicted project by 
project and proved during the test and production 
blasting. Monitoring of seismic effects, air impact 
and level of noise was performed for each     
demolition blasting on and near the construction 
site. All measured values were subject to the     
rigorous demands of DIN 4150 standard. Blasting 
of all phases is carried out without any damage to 
nearby structures. The position of the measure-
ment points is given in Figure 1. Ground            
oscillation velocities were measured with mobile 
seismographs – White Digital Seismograph    
Mini-Seis II 2D2G, Instantel Blast Mate II DS-447 
and Instantel Blast Mate Series III. 

From the ground oscillation graph it can be 
seen that velocities are below the limit values pre-
scribed by standard DIN 4150 for cultural monu-
ments. (Standard DIN 4150 is valid in Croatia.). 
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Table 1. Number of blastholes and quantity of explosive mass for blasting of building 2. 

 
Blasted           
element 

Number 
of       
elements 

Number 
of blast 
holes 

Explosive 
charge per 
hole (kg) 

Total explosive 
charge        
(kg) 

Non-electric 
detonators 
(pieces) 

Detonating 
cord 6 g/m   
(m) 

Pillar 0.40 x 
0.30 m 42 441 0.045 19.80 441 360 

Pillar 0.35 x 
0.25m  2 21 0.035   0.73   21   30 

Concrete wall 
0.3 m 24 m2 110 0.025   2.75 110   20 

Total, building 2, dilatation 
north 572  23.28 572 410 

Figure 8. Phase I. 

Figure 9. Phase II. 

Figure 10. Phase III. 

Table 2. Acceleration and displacement during the blasting of phases I–III. 

 

Phase 

Measure-
ment 
point 

 
Acceleration 
(g) 

 
Displacement 
(mm) 

transversal vertical longitudinal transversal vertical longitudinal 

MO-3 0.292 0.809 0.358 0.0250 0.0580 0.0296 

 

I
MO-4 0.063 0.172 0.119 0.00614 0.0113 0.00862 
 
MO-3 0.106 0.212 0.119 0.00633 0.00744 0.00949 

 
II 

MO-4 0.105 0.685 0.103 0.00285 0.0109 0.00440 
 
MO-3 0.119 0.0928 0.106 0.00347 0.0109 0.00366 

 
III 

MO-4 0.0133 0.0133 0.0 0.00006 0.00006 0.0 



Figure 11. Characteristic trajectories of component ground oscillation velocities during phase II blasting. 

 

  
 
The results of measurements (acceleration and 

displacement) at measurement points MO-3 and 
MO-4 for blasting of all three phases are presented 
in Table 2. Figure 11 shows characteristic trajecto-
ries of component ground oscillation velocities 
during phase II blasting. 

5 CONCLUSION 

According to the results of measurements it has 
been determined that all the measured values of 
ground oscillations are within the permitted range 
according to the DIN 4150, USBM and RI 8507-
1980 standards for housing facilities and protected 
historical buildings. 

The measured oscillation velocities did not    
exceed 2.0 cm/s in a blasting regime in a 10 m    
radius from the mining field, which is the upper 
limit velocity for housing facilities and buildings 
according to the DIN 4150 standard. 

The applied blasting method does not cause 
ground oscillations which could damage either the 
Diocletian Aqueduct or the surrounding housing 
facilities. 

The measures for protecting the surrounding 
buildings from thrown-off blasted materials were 
efficient. Upon blasting there was no case of 
thrown-off materials, nor was there any damage to 
surrounding objects. Explosive charge was placed 
at least 15 cm above the ground in order to dimin-
ish the seismic effect of blasting. The basements in 
the  building  ‘Stara  galanterija’  were  not  blasted 
16
 

owing to the direct impact wave towards the    
Diocletian Aqueduct that would be initiated by 
blasting of the foundations. 

Air impact and noise were diminished by using 
the non-electric initiation system LP, produced by 
Detines, Sisak, and by using a C-6 low-energy 
detonating cord (with an explosive charge of 6 
g/m), as well as by covering the main detonating 
cord leads with textile and sand. Protection against 
thrown-off blasted materials was achieved by triple 
covering of all the blasted construction elements. 

Granulation of deblasted concrete is suitable for 
disposal. 

The application of the new method of object 
demolition by blasting with a combination of    
rotation and coving in has proved rather efficient. 
The direction of object fall was well controlled and 
the distribution of masses upon impact on the 
ground was acceptable. Once again it has been 
proved that demolition blasting is not a routine job 
and that the construction of each object should be 
thoroughly analysed taking into consideration all 
the circumstances in the area and finding the most 
suitable method of demolition blasting. 

REFERENCES 
Ester, Z., Cirković, G. & Krsnik, J. 1997. Demolition of 

reinforced concrete bridges during reconstruction of 
the motorway Zagreb–Krapina. Proceedings of the 
Conference on Explosives and Blasting Technique,
Las Vegas, 133–144. 
4



165

Ester, Z. & Dobrilović,M. 2003. Design for demolition 
of former factory Jugoplastika, University of        
Zagreb, Faculty of Mining, Geology and Petroleum 
Engineering, Zagreb. 

Ester, Z. & Dobrilović, M. 2003. Design for demolition 
of hotel Brijuni, University of Zagreb, Faculty of 
Mining, Geology and Petroleum Engineering,      
Zagreb. 

Frgić, L., Ester, Z. & Dobrilović, M. 2003. Calculation 
for demolition of former factory Jugoplastika using 
software ETABS, University of Zagreb, Faculty of 
Mining, Geology and Petroleum Engineering &  
Faculty of Civil Engineering, Zagreb. 

Krsnik, J., Ester, Z. & Petrov, M. 1993. Rušenje          
armirano-betonskog silosa miniranjem. Rudarsko-
geološko-naftni Zbornik, Zagreb 5, 197–200. 

Sjöberg, C. & Dellgar, U. 1993. Study of progressive 
collapse of high structures in connection with demo-
lition blasting. In Rossmanith (ed.), Rock Fragmen-
tation by Blasting: 449–454. Rotterdam: Balkema. 

 



166



167

1 GENERAL 

In demolition blasting, the assured complete     
collapse is the main objective, being very costly 
and dangerous to re-work a partly demolished 
building. When the side toppling method is 
adopted, it is commonly believed that the           
existence of a simple geometrical condition,     
proposed by Oehm (1992) (Fig. 1), guarantees 
complete collapse; it is presumed, however, that 
the formula refers to an ideal, rigid, massive    
structure, as the cited paper warns. 

The study of an actual collapse provides a 
somewhat more complex picture of the phenome-
non. Here, the building, the preparation work and 
the blasting plan is briefly described. 

1.1 The building and surrounding structures 

The 40-year-old building, located in Via F.lli  
Garrone 73, Turin, Italy, was intrinsically hard to 
blast down. Indeed, it was not a conventional tall 

building with a bearing skeleton made of            
reinforced concrete pillars and beams, but a   
structure made of superposed layers of cells,   
composed of factory cast reinforced concrete walls 
(15 cm thick) and slabs (20 cm thick) assembled 
according to the prefabrication method 
TRACOBA, popular in the 1960s. 

The concrete was of excellent quality: cores 
taken before the blast showed a compressive 
strength of 40–50 MPa; the reinforcement        
consisted of one or two electro-welded steel 
meshes (diameter of wire 4 mm) and steel bars 10–
12 mm in diameter. Four elevator towers, also 
made of factory cast reinforced concrete elements, 
further increased the stiffness of the building. 

Geometrical and mass features were: gross  
volume: 22,000 m3; mass: approximately 8000 t; 
number of floors: 10; total height: 36 m; length: 
57 m; width: 11.5 m. There was one expansion 
joint at mid-length. 

The original drawings and static calculations 
were not available. Other buildings, at 30–40 m 

Analysis of the collapse of a building demolished by explosive blasting 
and mechanical weakening 

M. Cardu & R. Mancini 

DITAG, Politecnico di Torino, ITALY; CNR IGAG, Torino, ITALY 

I. Druscovic 
DITAG, Politecnico di Torino, ITALY 

 

ABSTRACT: The case studied is the side toppling of a 36 m high building, whose bearing structure was 
made of reinforced concrete factory cast walls and ceilings. 
Upon removal by mechanical cutting of a part of the walls, the remaining part of the bearing structure was 
blasted, inducing the collapse. 
The fall was studied through motion picture analysis, vibrometric record and numerical analysis, with the 
main aim of obtaining information on the resisting forces acting during the collapse. The practical        
objective was to obtain information and possible rules for the design of the basal notch and of the        
preliminary weakening, in similar cases, allowing a control of the fall direction and of the distance 
reached by the falling object. 
In the concluding remarks, the advantages of combined mechanical cutting/drilling and blasting methods 
in building demolition, as in the case studied, and the importance of a reliable forecast of the collapse   
dynamics, are properly underlined.  
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distance, did not cause concern, but an important 
road, with underlying piping, was dangerously 
close. A wide enough free area was available for 
receiving the rubble on the toppling side, apart 
from a limited overlap, to be avoided, on the said 
road. 

1.2 The preparation work 

In the fall area, three parallel trenches 2 m deep 
were excavated, and three earth mounds were 
erected with the excavated material, to dampen the 
impact of the falling building and the ensuing 
earth vibration. The measure proved to be very 
successful, as the vibration levels due to the      
collapse were lower by approximately 50 % with 
respect to the values predicted by current          
formulae. 
 

G

Figure 1. Up: nomogram (Oehm 1992) to determine the 
minimum height of the notch; down: explanations, with 
reference to a tower-like object; bracketed numbers refer 
to our case. 

M = height of the notch; G = centre of mass; y = height 
of centre of mass; x = distance of the centre of mass to 
the front wall; e = eccentricity; y/x = slenderness ratio. 

To establish the height of the notch M, using the nomo-
gram: calculate the slenderness ratio (in our case, 3.13), 
select the appropriate e/x curve (in our case, 0.75) and 
read, on the vertical axis, the ratio m (in our case,        
approximately 0.7) which has to be multiplied by x (in 
our case, 5.75 m) to obtain M (in our case, 4 m, which 
practically means two floors, being the height of a single 
floor approximately 3 m). 

A big problem was posed by the very structure 
of the building, resting on thin but strong bearing 
walls instead of pillars. To crush efficiently a thin 
wall requires an enormous number of small, 
closely spaced (and poorly stemmed) charges; in 
this case, it was calculated that, to open a reason-
able notch at the basis of the building, more than 
20,000 charges had to be used. 

It was decided, therefore, on calculation of the 
percentage of the load bearing area that could be 
safely removed (i.e. still assuring a safety factor of 
approximately 3) to open windows in the bearing 
walls of the two lower floors; in so doing, the 
building bearing structure was changed from one 
based on bearing walls to one based on pillars 
with a rectangular or cross-shaped section and 
therefore much easier to blast. Even so, the     
number of charges needed was very large,          
approaching 5400, but was considered acceptable: 
indeed, it was possible to charge in one shift. 

The preliminary weakening work, to prepare 
buildings for explosive demolition, is usually 
made by pneumatic pick, and by cutting the bars 
with a torch. It was proposed, in this case, to cut 
the reinforced concrete by diamond disc saw, 
which proved to be quicker and caused less       
disturbance. 

The facades, having no bearing function, were 
completely removed from the two lowest floors on 
the fall side, mainly to provide easier access and 
more light to the operators; the removed facade 
panels were replaced by a double layer of strong 
wire mesh to stop fly rock, a measure which 
proved to be very effective. 

The problem remained of safeguarding the 
road. To this end, a vertical joint was created by 
cutting the building by means of a diamond wire 
saw (a single loop of wire was used), dividing the 
building into two parts, so that the largest part 
could be blasted first, finding enough free space to 
avoid invading the road, and the smaller, immedi-
ately after the collapse of the first, could be blasted 
with a fall direction at right angles to the first,    
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towards the freshly formed rubble heap. The se-
quence is explained in Figure 2. 

The cut was completed in a surprisingly short 
time (six hours of machine work) and went         
according to plan; no displacements were          
observed, but some timber props were installed, to 
exclude any danger of instability of the working 
floors (first, second and, part of the third storeys). 
Apart from the bearing wall sections, mechanically 
removed, no rebar was cut. 
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Figure 2. - 1. The toppling of the whole building was due 
to intercept a road (via Garrone), with the fall area; 2: A 
vertical joint, created by means of a diamond wire saw, 
divided the building into two sections; 3: the largest  
section of the building had to be blasted first; 4: the 
smaller section had to be blasted after the collapse of the 
first, with a fall direction at right angles to the first. 

1.3 The drilling and charging 

Elevator and stair towers were drilled and charged 
up to the third floor, the remaining part up to the 
second floor on the front wall (fall direction) side, 
and 2 m were spared, adjacent to the opposite 
wall, to provide a firm enough hinge to the          
rotating body (see Fig. 3). Cellars were spared too, 
to exclude a vertical, or near vertical, collapse. 
The vertical collapse option had been discounted 
in the preliminary discussion, because it required 
blasting work at higher levels than the third floor, 
with fly rock problems, in order to complete      
destruction. This would have involved more    
drilling and mechanical cutting work, and did not 
guarantee the safety of the available fall area. 

Drilling was made with hand-held drills; most 
of the holes were no more than 10 cm long, owing 
to the small thickness of the bearing walls and to 
the impossibility of drilling holes parallel to the 
wall surface. Longer holes were possible only in 
special areas, such as in the walls of the elevator 
towers. 

A total of around 5400 holes were drilled.    
Diameters were 25–30 mm. Charges were        
typically 35 g of GD, obtained by cutting conven-
tional cartridges. Stemming was minimal (a few 
centimetres of sealing foam), the main function  
being to keep in place the charge and the cord. 
 

A

B

Figure 3. A section of the building located in Via F.lli 
Garrone 73, Turin, Italy. A: sections weakened by     
mechanical means; B: sections demolished by explosive. 

Each structural element, meaning the spared 
sections of the former bearing walls, was prepared 
with 15–30 charged holes, arranged in bands, and 
connected with detonating cord. Detonating cord 
ends were then grouped and connected to HU 
short delay detonators: nine delay times were used. 
Care was taken to establish cord paths, thus    
minimizing the danger of cut-off and protect the 
critical stretches of the cord path. 

With regard to the section of the building to be 
blasted after the collapse of the first part, some 10 
s later, say, the blasting was prepared in the same 
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way, apart from the fall direction but compatible 
detonators being unavailable given so long a delay 
time, it was decided to use a separate blasting line, 
to be powered after the fall of the first section. 
This caused some trouble: in spite of the care 
taken in selecting a safe path for the line and to 
protect the ignition system, the circuit was      
damaged by the first explosion. For a while (30 
min were needed to find out the defect and to     
re-establish the connections) a quarter of the 
building stood undamaged, close to the rubble 
heap, showing, at the upper floors, the sections of 
some sanitary-ware neatly cut by the diamond 
wire, still hanging to the walls. Therefore, no   
friction occurred and no forces were exchanged 
between the collapsing and the still-standing     
section. Apart from some difficulty in restraining 
curious onlookers, the blast was completed        
according to plan, and the effects were as          
predicted: no rubble (not even fly rock) outside the 
design perimeter, vibration levels within the       
anticipated limits, and some predicted window 
breakage. 

The total consumption of explosives was 220 
kg; the height of the rubble heap was 8–10 m; the 
noise was fairly loud owing to the heavy use of 
detonating cord. 

2 THE ANALYSIS OF THE COLLAPSE 

The following section refers only to the collapse of 
the main part of the building. Indeed, the event, 
being the first large demolition  work by            
explosives in Turin, was captured in detail on local 

television, from a number of vantage points, and 
the records have kindly been made available for 
study; but this applies only to the main event – the 
collapse of the main part of the building. Due in 
part to the unpredicted delay, the second event was 
not so well recorded. 

Information on the timing of the stages of the 
collapse was obtained, in addition, from the        
vibrometric records, especially for the latter stages. 

It must be remembered that, owing to the   
presence of an expansion joint, in effect, two      
independent bodies toppled separately, if simulta-
neously: the part between the diamond wire cut 
and the expansion joint, and the part behind the 
expansion joint (see Fig. 4). 

The study of the motion of the falling building 
has been based on 25 frames/s TV pictures taken 
from a point close to the long axis of the building, 
parallel to the ideal hinge of the rotation, having as 
fixed reference the still-standing part of the   
building, to be blasted in a later stage. 

The upper part of the building behaved as a 
rigid body, with no apparent deformation or 
breakage up to the impact. 

To effect the calculation of the forces            
exchanged between the falling object and the 
ground, the mass, the position of the centre of 
gravity and the barycentric moment of inertia of 
the falling part of the building (not of the standing 
building) have been determined, referring to a  
vertical slice of it, of unit thickness (the problem is 
assumed to be bi-dimensional). The scheme, in an 
arbitrary instant of the collapse, is shown in Figure 
5; note the intersection of the axis of the reaction 
force with the ground changes during the collapse. 

Figure 4. Horizontal section of the building, showing the position of the vertical cut, P, made by the diamond wire (the 
rails of the sawing machine are indicated by S), the expansion joint G, the fall directions of the parts (arrows). 
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The dynamic equilibrium equations, referring 
to horizontal and vertical displacements and to   
rotation, are: 
 

0=− xmH && (1) 

0=−− mgymV && (2) 

( ) ( ) 0cos =−−+−+ MIHbVbsen ϑβϑβϑ && (3) 

where  

m = mass; x&& , y&& = acceleration along x and y axis; 
b = distance between the axis of forces application 
and the barycentre of the mass; g = gravity accel-
eration; ϑ = inclination angle of the building      
referred to the vertical; ϑ&& = angular acceleration of 
the building, and β = inclination angle of the b
segment referring to the direction of the lateral 
walls. 

 
From these equations are obtained: 

 
xmH &&= (4) 

ymmgV &&+= (5)

( ) ( ) ϑβϑβϑ &&IHbVbsenM −+−+= cos  (6) 
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Figure 5. Scheme of the dynamic model of the structure, 
in an arbitrary instant of the collapse. Forces and       
momentums agents on the structure are indicated. 

Vertical, horizontal and angular displacements, 
as a function of the elapsed time, were obtained 
from the kinematic description of the motion    
provided by the kinematic record (TV frames,  
corrected for perspective and scaled). 

2.1 Kinematics 

Three stages can be distinguished, starting from 
the blast: 

1 the build-up of a hinge; 

2 the first contact and the crushing of the lip of 
the notch, which could also be termed ‘the mi-
gration of the hinge’; 

3 the final rotation, up to the final impact. 
 

The temporal succession of the stages can be 
related also to the vibrometric record, with good 
agreement with the analysis of the frames; this 
proved especially useful in the reconstruction of 
stages 1 and 2. 

Figure 6 shows the position of the centre of 
gravity, as a function of the elapsed time, at        
intervals of 4/25 s (four frames): stage 1 is mainly 
a downward motion associated to a rotation; in 
stage 2, starting approximately 40/25 s after the 
blast, the path of the centre of gravity gradually 
changes, reaching stage 3, where the path is       
circular. 

Figure 7 shows the positions of the falling 
building in stages 1–3 at selected instants, as      
reconstructed from the frames; obviously, the 
crushing of the lips of the notch has not been     
observed directly: it is inferred from the geometry 
of the observable part and from the seismic       
disturbance record. 
 

Figure 6. Positions of the centre of gravity, as a function 
of the elapsed time, at intervals of 4/25 s. 
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C
D

B
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E
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Figure 7. Positions of the falling building in            
stages 1–3 at selected moments, as reconstructed      
from the frames. 

A: 0.2 s; B: 0.69 s; C: 0.84 s;  
D: 1.16 s; E: 1.64 s; F: 2.04 s;  
G: 2.23 s. 

2.2 Dynamics 

Using, as the unit for the time scale, the interval 
between successive frames (1/25 s), Figure 8 
shows the calculated values of the vertical          
reaction, i.e. the vertical force exchanged between 
the ground (and already fallen rubble) and the   
falling building during the fall.  

Note, it was anticipated that the spared part of 
the bearing section would suddenly lose its     
bearing capacity against vertical loads, and that the 
bearing capacity be abruptly resumed upon     
compaction of the accumulated rubble bed; i.e. 
starting from a finite value (the initial strength of 
the spared pillar), a no-reaction (free fall) interval 
would be followed by an abrupt rise. 

Calculation based on the kinematic reconstruc-
tion of the fall shows a different picture. 

The loss of the bearing capacity is not abrupt 
but gradual, being distributed in a time interval of 
perhaps 25 frames: almost free fall conditions,    
indicated by a very low reaction, last for a very 
short time lapse, and are stopped by a gradual     
increase of the vertical reaction, which can be    
explained as the result of a gradual compression of 
the rubble and crushing of the impacting body. 

If the non-abrupt disappearance of the load- 
bearing capacity of the overstressed spared pillars 
has to be seen as a consequence of specific 
strength loss rate of the building material, it has 
here been calculated that the rate is approximately 
355 daN/cm2.s (this, obviously, is not a general 
rule; rather, a suggestion of further investigations). 

Figure 9 shows the calculated values of the 
horizontal reaction during the collapse, counter-
acted mainly by the spared rebars and, to a lesser 
extent, by friction.  

It is interesting to observe that, at the end of 
the collapse, the horizontal reaction becomes 
negative: the spared rebars and friction counteract 
a tendency of the mass to move backwards in most 
of the falling time, and forwards at the end. 

With regard to the displacement of the ideal 
hinge, at the very start it is to the outside (right, in 
the drawings) of the spared pillar, because the pil-
lar initially retains some capability of counteract-
ing bending but, almost immediately, it transferred 
within the boundaries of the collapsing pillar, 
where it remains in the critical stage 1, before 
moving forward, in the closed mouth of the notch. 

3 CONCLUSIONS 

The behaviour of a structure after the destabiliza-
tion induced by explosive charges is hard to     
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predict, depending on the structure, the notch    
geometry and the working of the explosive: there-
fore, it is unwise to generalize. Strictly speaking, 
what was learned from the study of this individual 
case is irrelevant given that the building is demol-
ished and it is extremely unlikely that a similar 
building will be demolished using the same 
method (although a similar building in the same 
area has recently been demolished by mechanical 
means, owing to the extreme proximity of         
sensitive targets). 
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Figure 8. Calculated values of the vertical reaction     
during the collapse. 
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Figure 9. Calculated values of the horizontal reaction 
during the collapse. 

The operation here described was successful, in 
respect of observed behaviour of a falling object; 
however, some improvement in the design of the 
mechanical weakening and of the notch could 
have given an even better result. Too much       
material was removed mechanically, and the 
spared sections of the bearing walls adjacent to the 
back of the building should have been left larger: 
the stage 1, almost vertical fall, was too long-
lasting, with an excessive vertical downward     
displacement which, paradoxically, could have 
produced an incomplete collapse: it is clear that, 
when the notch closed, the vertical projection of 

the barycentre was still within the notch area,     
because rotation started too late; only the already 
accumulated forward momentum and the crushing 
of the lip of the notch assured a complete collapse. 

In retrospect, the decision to preserve the      
rebars of the spared walls was wise: a noticeable 
undesirable backward movement and poor control 
of the rotation could have taken place in the case 
of preliminary rebar cutting. 

It proved important to have access of the   
original drawings and calculations: these are often 
difficult to retrieve, even for a mere 40-year-old 
building, but are essential. The availability of such 
documents avoids the dangerous necessity of 
guessing safety factors: in this case, they enabled a 
better design of the demolition work. 
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