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Historically the stone was worked with manual systems 
after the quarrying. The processing phases included coarse 
or preparatory roughness, detailed or final roughness and 
completion.
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The preparatory phase allows to confer the 
desired shape and size to the extracted stone 
blocks (Boeri, 1996, p. 28; Menicali, 1992, p. 
28). The roughness could be carried out by 
cracking, by crushing and by sawing (Fig. 1): 
the adoption of one of these systems was 
linked to the quality of the rock and to the 
final use of the stone products. 

The cracking pattern was performed by 
drilling small diameter holes or incisions 
along the line of division of the block. This 
system was used for various types of rocks. 
For those with schistosity or fracture planes, 
the wedge technique forced into the holes 
was only used for cutting along the perimeter 
sides. 

Natural stone processing
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The separation into slabs was carried out, 
instead, with the bac, an elongated wedge 
with a handle: the cutting edge of this 
instrument was placed at the cracks and, 
subsequently, the bac was beaten with a club 
(Menicali, 1992, p. 28). The slit for crushing 
was used to obtain sheets of low thickness 
from blocks of slate (Menicali, 1992, pp. 28-
29). The system was based on the use of thin 
chisels that were beaten with a metal stick. 
The split for sawdust, however, was practiced 
mainly for soft and semi-hard rocks. 

For the soft stone materials it was common 
to use a toothed blade inserted in a frame, 
while for the more compact materials it 
was common to use a smooth blade and 
a mixture of water and siliceous sand: this 
mixture had an abrasive function and was 
carried away by the alternative movement of 
the blade. The sand was replaced by sand for 
the sawing of harder rocks. To reduce large 
blocks into slabs, instead, the arm saw was 
consisted of more than 4m blades arranged 
in a frame (Menicali, 1992, p. 29).  

Figure 1. The coarse rough sketch [Menicali, 
1992, p. 28]  5  The detailed roughness allowed 
to obtain blocks of regular shape, with precise 
dimensions and with right edges (Fig. 2). 

It could foresee several sub-phases called 
bathrobe, chamfer, notch, groove and 
overflow. The main sub-phase was the 
bathrobe, which allowed the stone tanning 
surfaces to be flattened and the edges 
of the stone to be shaped at right angles 
(Boeri, 1996, p. 29; Menicali, 1992, p. 30). The 
other sub-phases allowed, instead, to obtain 
shaped elements. 

Natural stone processing
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To create blocks with orthogonal faces, a first 
straight edge was drawn with a chisel and a 
wooden ruler and only then on the opposite 
edge: after that it is possible to remove the 
material between the two worked edges to 
create a flat face. 

The tracing of the other sides was carried 
out with the Quartobono: this instrument 
consisted of a team with a side in relief that 
was placed on the first face. (Menicali, 1992, 
p. 30).  Figure 2. 

The detailed sketch [Menicali, 1992, p. 31]  
The completion provided, like the detailed 
outline, different sub-phases and allowed to 
gradually refine the parts of the work that 
had to remain visible (Menicali, 1992, p. 32): it 
was realized, in fact, using in succession tools 
of different types. (Boeri, 1996, p. 29; Menicali, 
1992, p. 32). 

Other finishing operations were sanding 
and polishing. Sanding was performed on 
sculptural works and on polished stone 
materials used for coverings, paving and 
columns, to smooth the surface (Menicali, 
1992, p. 33). 

The sanding operations were based on 
the use of abrasive substances initially 
coarse and then progressively finer: these 
substances were rubbed successively on the 
stone surfaces to remove the irregularities. 
The first sub-phase of the work was called 
‘’orsatura’’ and consisted in dry rubbing the 
floors of the stone elements with pieces of 
sandstone called bears. 

The intermediate sub-phase of the sanding 
was the filling of cracks and vacuoles created  
6  during the bear or rotation and it was 
based on the use of mastics. 

Natural stone processing
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The last sub-phase of the sanding was the 
‘’pomiciatura’’ that was carried out rubbing 
the floors with wet pumice stone. The 
polishing was carried out to give the matt 
surfaces of the polished elements “the 
highest degree of gloss” (Menicali, 1992, p. 
33). 

It was based on the use of a block of lead and 
abrasive substances: the block was rubbed 
on the tops of the stone elements in order 
to drag grains of emery mixed with water 
or a mixture called spoltriglio, obtained as a 
result of the cutting operations. 

The final sub-phase of polishing was 
burnishing: it was carried out by rubbing 
the surfaces with a compact cloth bearing 
called ‘’struffolo’’, wet and strewn with lead 
and tin oxides (Menicali, 1992, p. 33).
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The processing of natural stone begins with the extraction 
of quarry blocks and their transfer to processing plants. The 
term transformation means “all the operations carried out 
on the blocks in order to arrive at semi-finished products or 
components to be used within the different architectural 
fields” (Acocella, 2004, p. 604).
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The main fields of application concern the 
“production of “solid” elements (columns, 
ashlars, frames, etc.)” (Acocella, 2004, p. 
604) and the production of semi-finished 
products or finished elements in the form of 
slabs or solid wood.

The first field is quantitatively less important 
and can foresee the use of machines 
specifically made for the specific project 
work. 
For example, the perforation of the mini-
ashs forming the structural arches of Padre 
Pio’s Liturgical Hall, designed by Renzo 
Piano for San Giovanni Rotondo, required the 
construction of computerized perforators.

The second field of application – that in 
recent decades has maintained high levels 
of production - employs both regular and 
formless quarry blocks.

Generally, the transformation cycle of blocks 
is divided into five stages indicated by terms 
of squaring, sawing, surface treatment, 
cutting and trimming, finishing (Acocella, 
2004, p. 604).

Current processing techniques



13

TRIMMING

The squaring allows to reduce the formless 
quarry blocks in regular parallelepiped 
volumes that have adequate dimensions for 
subsequent cutting operations (Acocella, 
2004, p. 605). It can be made by the single-
blade frame or by the fixed cutting machine 
with diamond wire. 

The first type of mechanical equipment is 
used not only for the squaring of marble 
blocks, travertine and similar rocks, but also 
for the sawing of thick slabs (Fig. 3). It consists 
of one or two diamond blades with a straight 
motion. The processing cycle involves the 
use of water to spray the machine (Acocella, 
2004, p. 605).

The fixed cutting machine with diamond 
wire uses, instead, a steel cable covered 
with synthetic diamond beads that, sliding 
between two pulleys, progressively engraves 
blocks of marble, travertine or granite. Water 
is used in the process to cool the machinery 
and to remove the waste produced by the 
cut. The equipment can be equipped with 
computerized control devices to carry out 
the cutting of lithic elements “according 
to particular shapes, even curved-linear” 
(Acocella, 2004, p. 605).

Current processing techniques

Figure 3. Block cutting machine: One-piece frame



14

SAWDUST

The sawed blocks are reduced in a series of 
slabs of different thicknesses that constitute 
“the first and most important standard 
product from which - through successive 
stages of processing - it is possible to 
obtain varied and more specialized mass 
production” (Acocella, 2004, p. 606). The 
typical thickness of the slabs is 2-3 cm, while 
the plant size is usually less than 3.50 x 2.00 
m. The degree of productivity depends on 
the relative hardness of the stone: the depth 
of the cut per hour decreases as the hardness 
increases (Dernie, 2003, p. 46).

Sawing can take place with different 
equipment depending on the characteristics 
of the blocks and the type of cut required: 
multi-blade frames are used for regular 
blocks; the shapely blocks - which are 
undersized or characterised by visible 
structural defects that can have a poor 
economic performance when worked with 

multi-blade frames - are sawn with the so-
called block cutting machines; for “more 
specialized cuts such as thick ones” are used 
instead, sawing machines with giant disc or 
diamond belt (Acocella, 2004, p. 605).

In multi-blade frame systems the blocks are 
placed inside large metal structures called 
frames (Fig. 4). Sawing is carried out with 
parallel steel blades called wetsuits whose 
spacing depends on the thickness of the 
slabs obtainable. There are two types of 
multi-blade frame that can be distinguished 
by the different modes of motion of the 
wetsuits. 

In the first type, used for cutting granite 
blocks and similar rocks, the blades have a 
pendular kinematics and sawing “is carried 
out as a result of the combined action of 
blades and the so-called abrasive turbid” 
water, lime and iron or steel grit (Primavori, 
1997, p. 88). 

Current processing techniques

Figure 4. Sawing of a block of marble with a multi-blade frame: Lower and higher vision to the cutting suits



15

In the second type of frame, used for 
cutting marbles and similar rocks, the blade 
kinematics are straight and saw “is achieved 
by the action of diamond segments which, 
welded on the lower edge of the blades, 
abrade the block during the sliding of the 
same” (Primavori, 1997, p. 88). In some 
models the block is held steady, and the 
blades move downwards, while in others the 
block is pushed upwards. In all models, water 
is used to cool the tool and remove the waste 
produced by the cutting operation. The 
number of blades generally varies between 
40 and 80 (Rana et al., 2016).

The machines defined as block cutters 
used to “economically enhance even the 
cutting of defective blocks” (Acocella, 2004, 
p. 606), allow to carry out the first operation 
necessary to produce standard slabs of small 
and medium size marble or granite, indicated 
respectively with the names of modular-
marble and modular-granite (Fig. 5). 

They can also be used for other similar 
lithotypes, but always to create elements 
with unified dimensions and series, which 
can be used in flooring or coatings (Acocella, 
2004, p. 606). 

The block cutting machines are equipped 
with one or more vertically arranged 
diamond discs called moults and with a 
disk placed horizontally at a lower level. The 
vertical rotation of the suit is associated with 
the complementary action of the horizontal 
disc. 

The block is cut by the suit up to a depth 
equal to the radius of the vertical discs in 
order to obtain strips: the maximum radius is 
60 cm. The horizontal disc cuts at the base of 
each sheet. Then the semi-finished products  
obtained are then further subdivided by 
fixed-size cutting units (Acocella, 2004, p. 
606).

Current processing techniques

Figure 4. Sawing of a block of marble with a multi-blade frame: Lower and higher vision to the cutting suits Figure 4. Sawing of a block of marble with a multi-blade frame: Lower and higher vision to the cutting suits
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CUTTING AND TRIMMING

The cutting and trimming operation allows 
to reduce the slabs to the measures imposed 
by the series requirements or by the design 
specifications and is based on the use of 
metal discs with diamond plates, “arranged 
individually, or in line, within cutting 
machines called cutters” (Acocella, 2004, 
p. 606). There are bridge or bench milling 
machines, continuous multidisc milling 
machines and arm or flag milling machines. 
The bridge milling machines, together with 
the multi-blade frame systems, represent 
“the main equipment of every important 
stone processing company” for their high 
flexibility and production capacity (Acocella, 
2004, p. 606). 

These machines consist of two parallel metal 
structures fixed to the ground and equipped 
with upper guides: on the latter there is a 
bridge-beam to which is connected a motor 
group and a spindle with a diamond cutting 
disc. Below the bridge structure there is a 
revolving support pallet that can be moved 
vertically, on which the slabs are positioned. 
In the most recent machines, the movement 
of the pallet and of the disk-bearing bridge 
are electronically controlled.

In multi-disc continuous milling machines, 
diamond discs are fixed to a steel beam and 
the plates are moved at a predetermined 
speed. 

Conveyor belts, rotating benches and 
fixed stations are used to ensure the 
sequential development of the production 
phases (Acocella, 2004, p. 607). Arm or flag 
milling machines are “the oldest and most 
conventional equipment for cutting stone” 
and are used for the limited production of 
thin slabs, semi-finished solid and thick slabs 
(Acocella, 2004, p. 607). 

The lithic material is placed horizontally on 
a pallet that slides on steel guides and is cut 
using a drive unit with disk-holder spindle. 
Water-jet cutting machines (Fig. 6) can be 
used for cutting and trimming, as well as 
milling machines: these machines use a 
very high pressure water jet, up to 3000 
atmospheres (Dernie, 2003, p. 47), for cutting 
slabs and blocks of different sizes. Cutting 
thicknesses are less than 2 mm and depth 
can reach up to 150 mm depending on of the 
stone type (Acocella, 2004, p. 607). To increase 
the cutting capacity of the machine, abrasive 
substances can also be added to the water. 

The most common water-jet machines 
consist of “a water pressurization unit and 
a mobile treatment unit along a single 
direction acting on semi-finished products 
positioned horizontally” (Acocella, 2004, p. 
612).

Current processing techniques
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SPECIAL CUTS AND PROCESSES

The surfaces of the visible plates can be 
characterized with special finishes. For the 
machining of heads and ribs, there are the 
ribbed polishing machines and slotting 
machines. The first ones are used to shape 
and polish the slab ribs. With drilling, slotting 
and kerfatrice machines, on the other hand, 
different types of housings can be realized in 
the lithic panels, called holes, slots and kerf 
respectively (Acocella, 2004, p. 607).

SURFACE TREATMENTS

The main surfaces of stone products can be 
subjected to one or more processes called 
surface treatments or finishes that allow to 
enhance their expressive and performance 
potential and to give them special aesthetic 
or functional characteristics (Acocella, 2004, 
p. 608). 

These treatments can be performed with 
various techniques: the main ones are the 
putty, the resin, the sanding, the polishing, 
the trimming, the bush-hammering, the 
scoring, the sandblasting, the blazing, the 
slit, the treatment with the water-jet or laser, 
antique and brushing.

Grouting and resin are defined as preparation 
treatments. 
The first consists in the sealing of cavities 
or fractures present in the material through 
stuccoes with chromatic characteristics 
similar to the treated lithotype, and is carried 
out mainly on travertines, manually or 
through stucco machines (Acocella, 2004, p. 
608; Boeri, 1996, p. 33). 
The second, instead, is based on the use of 
polyester or epoxy resins on the surface of 
slabs of stone materials and allows to improve 
the technical characteristics (Acocella, 2004, 
p. 608).

The sanding allows to obtain stone products 
characterized by perfectly flat matt surfaces 
and is carried out on all types of stone through 
abrasive tools with different grit. It is usually 
performed in combination with polishing, 
which allows to give the stone surfaces a 
higher degree of shine and to enhance the 
chromatic intensity. 

This Finishing Treatment is carried out with 
continuous belt polishers, bridge polishers 
or manual polishers (Acocella, 2004, pp. 609-
610; Boeri, 1996, p. 32).

Current processing techniques
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Trimming, bush-hammering, scoring and 
sandblasting, on the other hand, are defined 
as shock treatments: they are carried out 
through metal percussion tools or through 
the jet of a mixture of water and abrasive 
substances, and leave dot or linear incisions 
on the surface of stone products. These 
treatments are mainly applied to fine-grained 
materials, particularly marble, limestone, 
sandstone and slate (Acocella, 2004, p. 610).

The flaring is performed through a high 
temperature oxyacetylene flame and 
determines the superficial disintegration 
of the outer layer of the material with 
consequent modification of the chromatic 
characteristics and increase of the roughness 
(Acocella, 2004, p. 611). The cracking can 
be carried out manually or with splitting 
machines, shearing machines or dicers, and 
allows to give stone materials an appearance 
similar to that naturally assumed of the rock 
extracted in quarry (Acocella, 2004, pp. 611-
612).
The laser technique has recently 
been introduced in the field of stone 
transformation and its applications are 
still experimental (Acocella, 2004, p. 612): 
through beam emission units controlled 
by computerized systems, a large amount 
of energy is projected, “at high speed and 
in concentrated beam form”, on the stone 
element to be worked in such a way as to 
characterize the surface with a particular 
type of engraving (Acocella, 2004, p. 613). 
Laser technology such as water-jet can also 
be used for cutting.

Current processing techniques

Table 1. Applicability of the main surface treatments to the different types of natural stones: O - 
generally compatible finishing treatments; OO - frequent use of finishing treatments
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The ageing process is based on mechanical 
friction processes carried out with machines 
with horizontal rotating cylinder or with 
vertical vibrating cylinder, or on chemical 
processes of acidification. It makes the 
surfaces geometrically irregular and modifies 
the chromatic tonality of the material 
(Acocella, 2004, p. 613). Finally, the brushing 
is carried out with metal brushes mounted 
on the same machines used to carry out the 
polishing treatments: the brushes exert an 
abrasive mechanical action that gives the 
stone surface a rough appearance (Acocella, 
2004, p. 613).

Not all types of surface treatment can be 
applied to any type of stone: it must be 
assessed, in fact, the “compatibility” of the 
treatment chosen with the lithoid used 
(Table 1) (Boeri, 1996, p. 32). In particular, 
percussion finishing treatments - such 
as bush hammering - can induce in the 
materials of pathologies: weakening, in fact, 
the surface compactness of the material 
allows a greater penetration of water and 
aggressive compounds with effects of 
acceleration of degradation (Boeri, 1996, p. 8).

Current processing techniques
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The industrial production of agglomerated stones 
takes place in different types of plant that are based on 
different compaction technologies: the latter, allowing to 
reduce the porosity of the fresh dough, are decisive for 
the achievement of artifacts with optimal technical and 
aesthetic properties.
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MANUFACTURING TECHNIQUES

The first technology used in this industrial 
sector is that of compaction by vibration 
to the air that allows to obtain products 
both in the form of plates and in the 
form of blocks (Tassone, 2000, p. 107). The 
subsequent evolutions of this technology 
are vacuum vibrocompaction and vacuum 
vibrocompression (Dal Buono, 2007; Tassone, 
2000, pp. 107, 110). 

The vibrocompaction requires that the 
cement or resinous matrix dough is loaded 
in formwork, transferred into vacuum 
chambers and subjected to vibration: thanks 
to this process that can have a duration 
of between 1 minute and 20 minutes, the 
air present in the interstices between the 
granules is eliminated and the total porosity 
of the material is reduced. 

The physical and mechanical characteristics 
of the final products are therefore isotropic 
and constant (Tassone, 2000, p. 110). 

Plants based on this technology are defined 
as “barrel plants” due to the cylindrical shape 
of the vacuum compression chamber (Fig. 8).

Vibrocompression, on the other hand, 
requires that, in the absence of air, the cement 
or resinous matrix mixture is compacted 
and subjected to vibration: thanks to this 
process, which is carried out with different 
methods and equipment, the present voids 
are reduced, and the density of the material 
is increased (Tassone, 2000, pp. 118-119).

The technological evolution has allowed to 
reduce the amount of binder in the mixture 
by improving the technical and aesthetic 
characteristics of the finished products and 
making them more extensively applicable 
in the construction and furniture sectors 
(Tassone, 200, pp. 11, 98).

Processing of agglomerated stone
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THE PRODUCTION PHASES IN PLANTS 
BASED ON VIBROCOMPRESSION 

TECHNOLOGIES

The production of agglomerated 
stone products in plants based on 
vibrocompression technologies is divided 
into four main phases that are carried out 
in different ways and machines depending 
on the type of binder used and the type of 
product to be manufactured. The first stage 
consists in the preparation of the dough. It 
is followed by the forming, hardening and 
finishing.

Processing of agglomerated stone
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PREPARATION OF THE DOUGH

The dough is prepared by mixing the 
aggregates, the fine powders, the cement 
or resinous binder, the additives and 
possibly the oxides of dyes according to 
predetermined criteria. The aggregates 
must be suitably selected in well assorted 
or continuous granulometric spindles to 
allow the optimal compaction of the dough 
(Tassone, 2000, p. 121). 

In addition, like the other components, they 
must be weighed and transferred to the 
mixing plant, usually consisting of steel tanks 
and a planetary driven by a gear motor (Fig. 
9). On the other hand, in the manufacture 
of agglomerates with large grains, with a 
maximum diameter of about 100 mm, the 
mixing is carried out under vacuum (Tassone, 
2000, p. 111) (Fig. 9).

In order to produce resin-matrix 
agglomerated stones, granules and dyes 
must be loaded into the mixing machines 
first and then the additive resin and catalysts. 

Finally, fine dust should be added. Instead, 
in order to manufacture agglomerated stone 
slabs with cement matrix, granules, dyes 
and fine powders must first be loaded into 
the mixing machines and then the mixing 
water with the fluidizing additives. Finally, 
cement is added (Tassone, 2000, p. 116). At 
the end of the mixing process, the dough is 
homogenized by a crusher, consisting of two 
pairs of counter-rotating rollers, and then 
transferred to the forming plant.

Processing of agglomerated stone
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FORMING

The forming cycle can be used to produce 
blocks or slabs. In the first case, the dough is 
loaded in formwork treated with disarming 
agents and covered on the surface with a 
release sheet of paper (Fig. 10). 

After the creation of the vacuum in the 
vibrocompression chamber, the compaction 
and vibration operations are carried out: as 
a result of this process, the volume of the 
dough decreases by about 15% of the initial 
volume (Tassone, 2000, p. 122). After restoring 
atmospheric pressure, the formwork is 
transferred to the curing station.

In case the moulding takes place in slabs, 
however, the dough is loaded on a detaching 
sheet of paper, inside a containment frame 
placed on a conveyor belt and is leveled 
thanks to the movement of an equipment 
called stasator. Through a vibro-press and 
volumetric pumps, the vibrocompression 
process is then carried out in the absence of 
air (Tassone, 2000, p. 124) (Fig. 11).

Generally, the blocks have dimensions of 125 
x 308 x 87 cm. The plates, instead, can be 
produced in thicknesses ranging from 13 to 
33 mm and can have dimensions up to 140 x 
308 cm (Tassone, 2000, p. 112).

Processing of agglomerated stone
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HARDENING

The hardening process takes place for 
the stone agglomerates with cement and 
resinous matrix in different ways.
In the first case, it depends on the hydration 
reaction of the cement with the dough water 
and then begins at the moment of mixing. 
Semi-finished products must be kept under 
controlled humidity and temperature 
conditions for a minimum of 7 days (Tassone, 
2000, p. 125). 

In the case of resin-matrix agglomerated 
stones, on the other hand, the hardening 
is connected with the cross-linking of the 
resins, which can take place at different 
temperatures and pressures: since the 
temperatures vary from that environment 
up to over 170 °C, cold and hot cross-linking 
processes are distinguished. 

The former is used for the hardening of 
agglomerations produced in blocks; the 
latter, on the other hand, are adopted for the 
hardening of agglomerations manufactured 
in slabs and are made in special heating 
chambers (Fig. 12). The time needed for a slab 
to reach a stone consistency within these 
chambers is about 30 minutes (Tassone, 
2000, p. 128).

THE FINISHING

The finishing phase is carried out at the 
end of the forming and curing process and 
includes various machining operations 
carried out with machine tools placed in 
series. The various operations carried out 
at this stage are aimed at making products 
on the required size and aesthetic and 
functional characteristics (Tassone, 2000, p. 
130).

The first operation carried out in the case 
of agglomerated stone blocks is sawing in 
slabs, with thicknesses ranging from 9 mm 
to 43 mm and more. 

As for natural stones, the equipment used 
is block cutting machines or multi-blade 
frames with horizontal or vertical diamond 
blades (Fig. 13). 

Cooling of the blades and elimination of 
waste from the processing process are 
permitted by the continuous supply of water. 
The straightness and precision of the cut, 
however, are guaranteed by the pulling of 
the blades and their length (Tassone, 2000, 
p. 131). 
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Another type of equipment that can be used 
for sawing are diamond disc systems. The 
operations subsequently carried out on the 
plates generally include calibration, sanding 
and polishing (Fig. 14). 

The first is usually carried out with roller or 
plate calibrators and is aimed at making the 
plates assume the required thickness and 
ensure their flatness. 

The sanding, instead, is carried out with 
batteries of heads with vertical axis to which 
are fixed surfaces with abrasive action: 
through two successive phases, known as 
roughing and finishing, the surface of the 
plate assumes homogeneous characteristics. 

Finally, the polishing is carried out with 
abrasive tools that, depending on the 
respective grain size, can make the surface 
of the satin or mirror polished material.

On agglomerated stones can also be carried 
out superficial processes such as sandblasting, 
bush hammering and hammering, even if 
they are not very common (Tassone, 2000, p. 
137).

The cutting of the plates in the formats 
then marketed takes place with two 
cutting machines, one longitudinal and one 
transverse, working in succession (Tassone, 
2000, p. 137).
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Figure 12. Sawing frames for slab blocks  [Tassone, 2000, pp. 131-132]

Processing of agglomerated stone



28

ANALYSIS OF PROCESSING TECHNIQUES FOR 
THE PRODUCTION OF STONE PRODUCTS

ANALYSIS OF INNOVATIVE METHODS AND 
TOOLS FOR THE DESIGN AND CONSTRUCTION 

OF STONE ARCHITECTURES

GO TO CONTENTS



29

INNOVATIVE DESIGN 

METHODS AND TOOLS



30

STEREOTOMY

This discipline can be defined as “the art that 
teaches how to cut stones for the purpose of 
construction” (Fallacara, 2012, p. 14). 

It allows, in fact, to divide a continuous 
architectural, that is, a stone structure 
resistant by shape, into discrete portions 
through the definition of an appropriate 
equipment, to describe from a geometric 
point of view the individual ashlars that 
compose it and to ensure the equilibrium of 
the system from a mechanical point of view 
(D’Amato Guerrieri, 2006, p. 318).

Currently, the potential of the traditional 
stereotomic technique has been expanded 
thanks to new computer tools and 
computational strategies: stereotomy is 
the subject, in fact, of research related to 
computational modeling, digital form-
finding or digital manufacturing and robotics 
processes. 

The transition from traditional stereotomy 
to digital stereotomy is one of the factors 
that has contributed to the rediscovery of 
massive stone in contemporary architectural 
culture allowing to actualize arched or 
vaulted structures in stone ashlars.

Innovative design methods and tools
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RESEARCH

Until the 1990s the stereotomic construction 
technique that has been the “foundation for 
designing and building vaulted spaces” for 
centuries (Fallacara, Minenna, 2014, p. 21); it 
has been the subject of research by historians 
of science, of architecture, descriptive and 
projective geometry and mechanics of rigid 
bodies. Currently, the interest in stereotomy, 
however, is no longer only “theoretical-
academic” but “design-application” 
(Fallacara, 2012, p. 26): several university 
research centers investigate, in fact, the 
potential of the discipline for the design 
of new architectures. Ongoing research 
is related to computational modeling, 
digital form-finding or digital fabrication 
and robotics processes. Searches related 
to computational modeling are conducted 
with solid modeling software such as 
Autocad, with NURBS modeling software 
such as Rhinoceros, or with parametric or 
parametric-variational software such as 
3Dstudio or Grasshopper. The latter allow 
to investigate the relationship between 
stereotomy and topology.

Form-finding research is conducted with 
software such as Rhinovault which is based 
on the TNA method or Kangaroo Physics 
which is based on a particle-spring system 
(cf. 3.1.2.2.). Finally, research on digital 
and robotic manufacturing processes 
investigates both subtractive manufacturing 
techniques (milling, water jet, cutting with 
robotic diamond head) and additive (3D 
printing, printing and counter-printing, 
fabric formwork).

The research on stereotomy is also carried 
out through the realization of prototypes 
that are subjected to morphological-
constructive and structural tests. The major 
research laboratories in which prototypes 
of stereotomic constructions are made and 
tested are (Fallacara, 2012, p. 28): 

the GSA-Geometrie Structure Architecture 
laboratory of the Ecole Nationale Supérieure 
d’Architecture Paris-Malaquais;
the Architektur und Digitale Fabrikation 
laboratory of the Architecture Department 
of the ETH Zurich;
the medieval Canterìa workshop at the 
ETSAM in Madrid;
the Masonry Research Laboratory at MIT in 
Boston;
the David Wendland laboratory at the TDU 
in Dresden.

In Italy, the research group of the Politecnico 
di Bari has been investigating the relationship 
between stereotomy and topology since 
2006, the year in which the essay by the 
architect Giuseppe Fallacara entitled “Digital 
stereotomy and topological transformations: 
reasoning about shape building was 
published.” presented at the Second 
International Congress on Construction 
History held in Cambridge. 

The principles of this branch of mathematics 
are taken as the basis for the design of 
complex stereotomic systems. A parametric-
variational method has been developed 
whereby new stereotomic systems can 
be obtained through a homogeneous 
deformation of simple stereotomic systems 
such as the Abeille or Truchet plane vaults, 
patented respectively in 1699 and 1704 and 
made up of all the same tannins (Fallacara, 
Ferrero, Minenna, 2015, pp. 10-20) (Fig. 15). 
The flat vault of Abeille has as a concio-type 
“a polyhedron that presents the two axial 
sections, shaped like isosceles trapezium, 
oriented in opposite directions” (Fallacara, 
Ferrero, Minenna, 2015, p. 15). The extrados 
is characterized by a square mesh while the 
intrados has a structural chest of drawers 
with pyramidal holes (Fallacara, Ferrero, 
Minenna, 2015, p. 16). Statically, Abeille’s vault 
functions as a “two-way flat plate that works 
identically in both directions” (Fallacara, 
Ferrero, Minenna, 2015, p. 15). 

Innovative design methods and tools
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The Truchet Canopy Tanning Type, on the 
other hand, is a solid defined by a lower 
square base and an upper base of mixed 
shape “composed of four identical circle arcs 
arranged in pairs on the parallel sides of the 
square to form concave and convex curves.” 
(Fallacara, Ferrero, Minenna, 2015, p. 16). The 
tanning bases are connected through striped 
surfaces. The lower and lower surfaces of the 
vault are both without holes.

The design method developed by the 
researchers of the Polytechnic of Bari is 
based on parametric-variational software 
equipped with “volumetric transformation 
and deformation of the shape”, such as 
Grasshopper or 3D Studio, and allows to 
operate a computer modeling “indirect” of 
the tannins of the project system starting 
from a flat assembly of solid elements 

Innovative design methods and tools

equal derived from the solutions conceived 
by Abeille and Truchet (Fallacara, Ferrero, 
Minenna, 2015, p. 13).

The use of parametric software allows to 
modify project data such as the size and shape 
of the elements that make up the structural 
system, through an instantaneous process of 
propagation of changes (Fallacara, Ferrero, 
Minenna, 2015, p. 13): the change by the user 
of the value of dimensional parameters such 
as radii, angles and distances, due to the 
variation of the geometric entity to which 
the parameters are related and determines 
the propagation of the variations to all the 
geometric entities of the three-dimensional 
model related to the modified entity 
(Fallacara, Ferrero, Minenna, 2015, p. 22; 
Fallacara, Minenna, 2014, pp. 35-37) (Fig. 16).
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The design potential of stereotomy and the 
method based on topological transformation 
or homeomorphism have been explored 
in numerous projects and prototypes 
presented in different publications (D’Amato 
Guerrieri, 2006; Fallacara, Etlin, Tamboréro, 
2008; Fallacara, 2012; Fallacara, Minenna, 
2014; Fallacara, Ferrero, Minenna, 2015). 

In particular, the method based on 
homogeneous topological deformation of 
the flat stereotomic system patented by 
Abeille was applied by the professors of the 
Polytechnic of Bari Claudio D’Amato and 
Giuseppe Fallacara to realize the entrance 
portal to the exhibition “Città di Pietra” held 
in Venice in 2006 on the occasion of the 10th. 

Innovative design methods and tools

International Architecture Exhibition, called 
Portal Abeille (D’Amato Guerrieri, 2006, p. 
323) (Fig. 17). For the same occasion the 
Alexandros obelisk was also created, the 
result of research on the specificity of the 
connection of the various blocks: the obelisk 
is in fact composed of “maxi-ashlars” with 
concave contact surfaces-D’Amato Guerrieri 
(2006, pp. 324-325). 

The ashlars have been defined “osteomorphic” 
since the final shape of the contact surface 
is inspired by the bony joints (Fig. 18). The 
presence of armor consisting of a post-tense 
zenith cable of harmonic steel, contributes, 
together with the spatial joints, to increase 
the resistance in case of earthquakes 
(D’Amato Guerrieri, 2006, p. 333).

Figure 16. Drawings and realization of the Portal Abeille

Figure 15. Parametric-variational process applied to a semisphere by means
 of the Grasshopper software [Fallacara, Ferrero, Minenna, 2015, p. 23]
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The topology is also investigated by other 
researchers as a tool for the design of 
composite materials and textured structures 
made of fragile materials. 
It has been proven, in particular, that 
the topological joint can be made with 
tetrahedra, cubes, octahedra, dodecahedra, 
icosahedra, with all their derivatives, including 
interlockable tubular elements, and with 
“osteomorphic ashlars” characterized by 
concave contact surfaces-convex. 

Structures designed according to this 
principle are held together by a continuous 
perimeter constraint while locally the 
elements that constitute them are maintained 
in position by kinematic constraints imposed 
through the shape and mutual arrangement 
of the elements themselves (Estrin, Dyskin, 
Pasternak, 2011).

Innovative design methods and tools
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COMPUTATIONAL METHODS OF FORM-
FINDING AND STRUCTURAL ANALYSIS

The design of arched or vaulted stone 
systems poses complex structural 
problems due to the low tensile strength 
of the material and the need to define the 
geometry and equipment of the individual 
ashlars. 

At present, however, new methods and 
tools have reduced the design difficulties 
of this type of structure. Among these 
are essential computational methods of 
mechanical analysis and form-finding 
methods based no longer on physical 
models but on digital models, such as TNA 
and particle-based systemsspring, which 
allow the designer to have control over the 
distribution of forces and overall geometry. 

Research shows that these innovative 
methods have expanded the possibilities 
of formal research by allowing the design 
of arched structures with variable cross-
section and free-form vaults. These 
methods, therefore, have contributed 
to the rediscovery of massive stone in 
contemporary architectural culture.

Innovative design methods and tools
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RESEARCH

Digital technologies have provided designers 
with new methods and tools for form-finding 
and structural analysis that have also been 
applied to the study and design of arched or 
vaulted structures in stone.

The new methods and tools for digital form-
finding allow to improve the performance 
of an existing spatial configuration, without 
necessarily implying “the search for optimal 
structural” (Tedeschi, 2014, p. 359). These 
methods are, therefore, modifying the 
original concept of form-finding intended as 
search for the optimal form (Tedeschi, 2014, 
p. 359). Form-finding, therefore, is no longer 
understood as a simple tool for solving 
structural problems but also as a means by 
which the designer can reach innovative 
formal solutions capable of responding to 
architectural and engineering needs. The 
existence of these new tools also allows us 
to imagine a new centrality of stone-vaulted 
structures in contemporary architecture.

Among the new methods used for the form-
finding of structures working in pure traction 
or in pure compression there are the systems 
called Particle-spring, originally developed 
for the realistic simulation of the movement 
of fabrics or clothes and for the animation of 
characters (Kilian, Ochsendorf, 2005). These 
systems can simulate the physical behavior 
of deformable bodies and allow designers 
to study in real time and interactively 
how the shape of the design structure is 
modified to vary the forces, supports and 
physical properties set (Tedeschi, 2014, p. 
361). Through these systems a continuous 
model can be discretized in a finite number 
of masses (particles) connected by perfectly 
elastic springs without mass (spring). The 
simulation proceeds iteratively: the particles 
move from their initial position until they 
reach a state of equilibrium that depends on 
the initial geometry, the force vectors and 
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the properties of the springs (Tedeschi, 2014, 
p. 362). 

Many software packages are available that 
can run a particle-spring simulation including 
Cadenary developed by A. Kilian, D. Chak and 
M. Galbraith in 2002, but most of them are not 
fully integrated with modeling software and 
present difficulties in use (Tedeschi, 2014, p. 
363). A physical engine based on an easy-to-
use, project-oriented particle-pusher system 
integrated into Grasshopper as a plug-in 
is Kangaroo. It was developed by D. Piker 
and allows the designer to interact with the 
structural form obtained through particle-
spring simulations in a direct or parametric-
associative way (Tedeschi, 2014, p. 363). The 
first mode of interaction involves the direct 
manipulation of anchor points, spring forces 
and properties. The second mode allows 
you to modify these data by acting on the 
components of the algorithm used to define 
them.

Some studies have proposed particle-spring 
systems as a new tool for the design of free-
form funicular structures or with variable 
cross-section and for the analysis of historical 
masonry structures such as those of Gothic 
cathedrals (Clifford, 2013; Kilian, Ochsendorf, 
2005). They have shown that these systems 
allow to generate structurally optimal forms 
but also to determine solutions with a lower 
degree of structural optimization that are, 
however, more responsive to other formal 
project constraints, acoustic or regulatory. 
They highlighted, in fact, the flexibility of 
the instrument that can also be applied 
according to a form-Responding approach 
that assumes as initial data not modifiable 
a desired shape to generate structures 
working at pure compression (Clifford, 2013).
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Another computational method of form-
finding based on digital models is called 
Thrust Network Analysis (TNA) and was born 
as an extension of the graphical method of 
tracing the curve of the pressures used for 
the verification of the arcs (Block, Van Mele, 
Rippmann, 2015; Rippmann, Lachauer, Block, 
2012). 

The method is inspired by O’Dwyer’s work 
on funicular analysis of vaulted masonry 
structures and is based on the safety theorem 
formulated in 1982 by Jacques Heyman in 
the work “The Masonry Arch”, which states 
that a masonry structure is in safe condition 
if a funicular loading can be determined 
- which is in equilibrium with the loads 
applied including the own weight and which 
is entirely contained within the geometry of 
the structure (Block, Van Mele, Rippmann, 
2015). The method allows not only to evaluate 
the stability of historical voltate structures 
but also to design voltate structures of 
complex shape using an intuitive approach 
based on graphic representations that allow 
the designer to have a bidirectional control 
over the distribution of internal forces and 
overall geometry (Block, Ochsendorf, 2007; 
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Rippmann, Lachauer, Block, 2012). The basic 
elements of the method are reciprocal 
diagrams called form diagrams and force 
diagrams or Maxwell-Cremona diagrams. 

The first represents the geometry of the 
structure with nodes and linear elements 
while the second represents the balance 
of the internal and external forces of the 
structure (Rippmann, Lachauer, Block, 
2012). The two diagrams are reciprocal or 
dual figures in that, according to Maxwell’s 
definition, “are composed of an equal 
number of lines such that the corresponding 
lines in the two figures are parallel and the 
corresponding lines that converge in one 
figure at one point form a closed polygon 
in the other” (Block, Ochsendorf, 2007). 
Consequently, the equilibrium of a node in 
the first diagram is represented by a closed 
polygon in the second diagram and vice 
versa.

Through these diagrams it is possible to 
generate funicular solutions or working with 
single compression for structures subject to 
vertical loads (Fig. 19).
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The phases of a typical design process 
include (Rippmann, Lachauer, Block, 2012):
The definition by the user of the form 
diagram which represents the topology of 
the forces of the plane structure and which is 
the horizontal projection of the final solution;
The generation of the force diagram by 
connecting the barycentres of the areas of the 
form diagram and by rotating the diagram 
obtained by 90, to impose the parallelism 
between the corresponding edges of the two 
diagrams. The length of linear elements in 
the force diagram is, less than a scale factor, 
equal to the axial force module in the linear 
elements of the form diagram;
Modification by the user of one of the two 
diagrams by moving, scaling or rotating one 
or more nodes or linear elements;
The adaptation of the diagrams in the process 
of determining horizontal equilibrium;
The definition, from the obtained reciprocal 
diagrams, of a scale factor and the height of 
the boundary constraints;
The calculation of the height of the solution 
nodes (thrust network) to ensure vertical 
equilibrium for the loads applied to them;

Verification and evaluation of the solution 
with respect to design intentions through 
three-dimensional visualization of the thrust 
network.
During the digital design process, two 
sequential resolution procedures are 
repeated and reflect the two phases of 
balance research (Rippmann, Lachauer, 
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Block, 2012): the first ensures horizontal 
balance; the second one determines the 
vertical balance of the thrust network from 
the horizontal equilibrium obtained in the 
first phase, for a given scale factor.

The user-driven modification of the 
reciprocal diagrams, followed by the two-step 
resolution procedures that impose horizontal 
and vertical equilibrium, is repeated until the 
resulting thrust network shape responds to 
the project requests. The active control of 
the reciprocal diagrams allows, therefore, to 
explore different voltate geometries, at the 
same time comparing the overall amplitude 
of the forces in the obtained solutions.

Recent studies have shown that the TNA 
method can be used for the design of 
expressive and efficient voltate structures, 
working with pure compression and made 
with poor quality materials or with a minimum 
amount of material, augmented only where 
locally needed (Block, Ochsendorf, 2007; 
Block, Van Mele, Rippmann, 2015; Rippmann, 
Lachauer, Block, 2012). 

They also implemented the method by 
creating a plug-in of the Rhinoceros CAD 
modeling software called Rhinovault (Fig. 
49). Through this program the Armadillo 
Vault was designed and exhibited at the 
Venice Biennale in 2016 (Frearson, 2016) (Fig. 
20).

Figure 19. Schermate del plug-in Rhinovault [Rippmann, Laucher, Block, 2012, p. 227]
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Currently, in addition to the form-finding 
methods based on digital models, 
computational methods of mechanical 
analysis are applicable to voltate structures 
composed of blocks separated by minimum 
thickness interfaces filled with mortar. The 
existing methods are of different types and 
are distinguished by the different modeling 
of the ashlars and interface elements 
(Brocato, Mondardini, 2012).

If the blocks and joints are considered to be 
deformable solids with non-linear behaviour, 
an equivalent homogeneous model may 
be developed. If, on the other hand, the 
masonry is considered to be composed of 
a material not resistant to traction or with 
diffuse cracks, a non-linear analysis can be 
performed. Alternatively, it can be assumed 
that the displacements occur only at the 
interface between the blocks considered as 
rigid elements or a non-linear heterogeneous 
model of the structure in which the blocks 
and interfaces are considered deformable.
The models for block structures that 
have returned results compatible with 
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the experimental ones are of three types 
(Brocato, Mondardini, 2012): 
finite element models in which discontinuities 
characterizing the structures are considered, 
made under appropriate hypotheses with 
software such as Cast3m;
continuous finite element models made 
with software such as ABAQUS, in which the 
structure is composed of a homogeneous 
material with diffuse cracks;
discrete elements models made with 
software such as UDEC.

With reference to stone vaulted structures, 
some studies have focused on the mechanical 
analysis of structural systems derived from 
the patent of 1699 by Joseph Abeille for once 
flat (Brocato, Mondardini 2012, 2015). It has 
been investigated the behavior of families 
of flat or spherical vaults in stone blocks 
obtained by modifying some geometric 
parameters to understand according to 
which 
mechanism withstand loads or to identify 
parameters for optimization through 
tracking radar graphs (Kiviat diagrams). 

Figure 20. The Armadillo Vault exhibited at the Venice Biennale 2016 and designed with Rhinovault by 
the research group of Professor Block of ETH Zurich [Frearson, 2016, on https://www.dezeen.com, photo 
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Integrated CAD/CAM/CNC processing 
systems for material removal

The most important innovation in the stone 
industry, after the diffusion of machines that 
use diamond, is linked to the introduction of 
electronic and computer technologies that 
have made available many processing of 
stone in considerable thickness “that until 
recently were of high handicraft content and 
were extremely long and expensive” (Acocella, 
2004, p. 607). The so-called numerical control 
machines (CNC, Computerized Numerical 
Control), machines under the automatic 
control of a computer, have allowed, in fact, 
not only the programming and automation 
of production cycles but also the simple 
realization of stone products characterized 
by “concavity, convexity, irregular curves 
and shapes of various kinds that previously 
required laborious manual work” (Acocella, 
2004, p. 607) (Fig. 22).

Although CNC machines have been available 
since the late 1960s, they have only been 
acquired in the stone industry since the 1990s 
(Dernie, 2003, p. 47). At present, they have 
taken on great importance both in the field 
of design and in that of architecture: they are 
used, in fact, mainly to create “structural and 
special pieces for architecture”, furniture and 
sculptures (Acocella, 2004, p. 607).

Innovative stone manufacturing systems

The operations of these innovative machines 
are managed by CAD/CAM software: these 
programs, in fact, guide the movements of 
multiaxial diamond wire cutting machines, 
shaping cutters, lathes, copiers, contouring 
machines and “”graphically edit” the 
drawings of the elements to be realized and 
elaborated in the three-dimensional plan 
and space” (Acocella, 2004, p. 607).

CAD (Computer Aided Design) systems are 
software systems for computer-assisted 
design and allow three-dimensional 
computer modelling of the object to be 
produced while CAM (Computer Aided 
Manufacturing) systems are computer-aided 
manufacturing software systems. Integrated 
CAD/CAM systems use CAD drawing tools to 
define the geometries of objects to be made 
so that they can be processed by the CAM 
portion of the program to define the machine 
path (Dernie, 2003, p. 47) that is significantly 
different depending on the tool (Beltrametti, 
Gasparre, 2014). 

Thanks to these systems, a large amount 
of numerical data can be transferred to the 
machine arm in order to define the position 
of the cutting point in space with a precision 
to the millimetre (Dernie, 2003, p. 47). 

Figure 21. CNC machine (diamond wire cutting machine) in action; solid wood 
curved elements after cutting operations [Acocella, 2004, p. 607]
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The different existing machines must be 
prepared for each specific process and have 
specific characteristics that are very relevant 
in the definition of the work (Beltrametti, 
Gasparre, 2014).

CAD/CAM/CNC systems based on positive 
cutting techniques for material removal allow 
to realize “concave” artifacts with natural 
stone - they are devoid of strong sub-frames 
and do not require internal machining cycles 
at the volume of the object, characterized 
by at least a flat surface to be fixed to the 
worktop (Fallacara, 2012, p. 18).    

Thanks to these new technologies 
many limitations to the design of stone 
architectures have been removed allowing 
to conceive and realize works that until a 
few years ago were considered impossible in 
terms of timing and economy. 

These tools, therefore, can be considered one 
of the factors that have made possible the 
rediscovery of massive stone in contemporary 
architectural culture.

Innovative stone manufacturing systems
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Types of CNC machines working 
by material removal

The CNC machines available in the field of 
cutting processes for material removal, allow 
to obtain different degrees of geometric 
flexibility, precision and surface uniformity 
and are therefore suitable for the realization 
of different products.

The machine that allows the least geometrical 
flexibility is the circular saw: with this type 
of machine you can obtain manufactured 
products defined exclusively by flat faces 
(Rippman, Block, 2011a).

Milling machines are suitable for making 
complex objects, with large local curvatures 
and a high degree of surface uniformity. If 
multi-axial, they can use different tools in 
different axes (Dernie, 2003, p. 47). A disc 
cutter can approximate double-curvature 
surfaces with a series of parallel cuts while a 
vertical 5-axis disc cutter can move linearly 
in three directions and rotate intron to two 
distinct axes. 

The movement along or around each axis 
is controlled numerically by importing a 
code called ISO-G code. The 5-axis robotic 
milling machines allow to obtain the 
maximum degree of geometric flexibility in 

the generation of free-form products that 
can also be equipped with double-curvature 
faces (Rippman, Block, 2011a).

Among all the machines that can be used 
to make solid ashlars, diamond wire cutting 
machines are the most interesting equipment 
(Rippman, Block, 2011a). Compared to milling 
cutters, in fact, they are characterized by 
greater geometric flexibility and greater 
accuracy and speed. Another advantage lies 
in the efficient use of the material: unlike the 
milling process, in fact, the removed material 
is in the form of a block and can, therefore, 
be used to make other elements of smaller 
size.

Diamond wire cutting machines can have 
from 2 to 4 axes: two-axis cutting machines 
allow to describe single curvature surfaces 
while 3 or 4-axis cutting machines allow to 
describe striped surfaces. The high degree 
of geometric flexibility of the 4-axis shearers 
makes them suitable for the realization of 
free-form shearing (Rippman, Block, 2011a). 

The four degrees of freedom that characterize 
these machines are represented by the axis 
along which the frame moves, by the two 
axes along which the wire moves and by the 
axis of rotation of the support plane of the 
artifact (Fig. 23).

Figure 22. Schematic representation of a 4-axis numerically controlled diamond wire cutting machine

Innovative stone manufacturing systems
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RESEARCH

The possibility offered by CAD/CAM/CNC 
systems to realize stone products efficiently is 
one of the factors that has led contemporary 
architectural culture to rediscover the 
expressive value of arches, vaulted roofs and 
structures in elevation in stone blocks. 

The potential of CAD/CAM/CNC systems, 
in fact, they were highlighted above all in 
research relating to the design of free-form 
vaulted systems for which it is essential to 
optimize the design of the tanning, taking 
into account both structural needs and 
construction constraints. Studies have 
developed the existing digital manufacturing 
processes by reducing machine process 
preparation and single tanning production 
times and increasing the precision achievable 
in the cutting process (Rippmann, Block 
2011a, 2011b, 2012; Rippmann et al., 2013). 

In particular, the optimization strategies 
developed through prototypical and 
customized software settings, allow to 
determine the best arrangement of the 
volume of the tanning inside the block, and 
to identify the surfaces to be processed in 
different ways. 

Innovative stone manufacturing systems
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3D printing

3D printing is a technology for additive 
manufacturing that allows, starting from 
a CAD drawing, the realization of three-
dimensional objects by generation and 
overlapping of successive layers of material 
(Beltrametti, Gasparre, 2014; Tedeschi, 
2014, p. 316). In contrast to the processing 
techniques for material removal, therefore, 
with this technology the cost reduction and 
the “maximization of production efficiency” 
are obtained by limiting to the minimum 
the amount of material used (Beltrametti, 
Gasparre, 2014).
The manufacturing process comprises three 
successive phases: the creation of a digital 3D 
model, the conversion of the 3D model into 
a machine-readable code and the printing 
of the physical object (Tedeschi, 2014, p. 316). 
The digital model is created with modelling 
software such as Rhinoceros and must be 
divided into layers to define the deposition 
path of the material used by the printer.
The advantages of 3D printing compared 
to traditional technologies lie in the ability 
to easily produce objects with particularly 
complex geometry, without the need to 
“arrange complex processing and elaborate 
previously dedicated artifacts” as moulds 
(Beltrametti, Gasparre, 2014). 

RESEARCH

Among the additive manufacturing systems, 
3D printing is becoming increasingly 
important also in the stone sector: this new 
robotic construction system is linked, in fact, 
to research on innovative artificial materials, 
often obtained from waste from natural 
stone processing or designed to have higher 
performance than the lithotypes of origin.

The advantages compared to other 
manufacturing systems lie in the reduction 
of construction costs also thanks to the 
elimination of formwork or providential 
equipment, in the high degree of precision 
obtainable which results in tolerances of the 
order of 5-10 mm, in the possibility of using 
waste materials in a circular economy optic 
and to easily and quickly realize concave-
convex free forms. The possible applications 
concern not only the field of design but also 
that of architecture.

In Italy there are companies and research 
groups dealing with 3D printing in pietra. 
In Lazio, in particular, there is the Marble 
Ecodesign platform that is studying a new 3D 
printing technique that uses the waste dust 
as building material generated by operations 
for the extraction of marble in the quarries of 
Coreno Ausonio: this special waste, difficult 

Figure 23. Filaments in PLA (B) and composite material based on PLA and Lecce stone powder (C) 
produced through an extruder (A) for use in deposition printing processes 

[Esposito Corcione et al., 2018, p. 281]

Innovative stone manufacturing systems
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to dispose of, is mixed with special resins and 
catalyzed with UV rays, to become material to 
be extruded in 3D printers suitably adapted 
to the purpose. 

The new 3D printer created by Frosinone 
Design Lab is hybrid and is based on FFF 
technology. The recovery of stone dust was 
also proposed in relation to 3D printing 
processes based on FDM technology: it was 
developed, in fact, a polymeric composite 
material based on PLA (Polylactic acid), using 
as filler powder of Lecce stone (Esposito 
Corcione et al., 2018) (Fig. 24). 

It has been shown experimentally that the 
presence of stone dust does not adversely 
affect the workability of the composite 
material which has been found, therefore, 
suitable for use in deposition printing 
processes.

At the European level, however, the D-Shape 
technology - developed by the Pisan engineer 
Enrico Dini who registered two patents in the 
United Kingdom concerning a plotter and 

an environmentally friendly binder - used to 
print artificial stone objects (Chiellino, 2010; 
Tassinari, 2014). 

The printing process is based on the technique 
of stereolithography: the machine used can 
print complex objects by overlapping 5 mm 
thick sand layers or other granular materials, 
to an ecological inorganic binder based on 
salts that has been patented with the group 
Fedeli (Chiellino, 2010). 

The new solidified moulded material was 
subjected to tensile, compression and 
flexion tests and showed optimal strength 
properties: for its tensile strength, much 
higher than that of Portland cement-based 
concrete, the material does not need metal 
reinforcement.

The D-Shape printer, which uses CAD-
CAE-CAM design technology, is formed 
by an aluminum reticular structure, easily 
transportable, assembled and removable, 
and 300 nozzles that extrude the material 
(Tassinari, 2014). 

Figure 24. The radiolary pavilion designed by A. Morgante and the D-Shape3d printer

Innovative stone manufacturing systems
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Initially, it could realize objects with a 
maximum width and a height of 6 m while it 
did not place constraints on the length since 
a trolley allowed its handling (Chiellino, 2010) 
(Fig. 25). 

The work of the architect Andrea Morgante 
called Radiolaria and realized in 2008 with the 
printer D-Shape, represents a first example 
of monolithic pavilion printed directly from 
the model CAD (Tedeschi, 2014, p. 421) (Fig. 
25).

The first house - made in a single block 
– was printed with D-Shape in 2010 and 
called Casatuttadiunpezzo (Fig. 26): the 
house, designed by designer Marco Ferreri, 
measures 2,40x4,00x3,50 m and has a 
bedroom, a bathroom and a kitchen. It was 
made in three weeks and exhibited at the 
Milan Triennale in 2010 (Dini, 2015).
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VIDEOS

Block cutting machine: one-piece frame
https://www.youtube.com/watch?v=qRtTg5O5Xqc

Multi-blade stone cutting machine
https://www.youtube.com/watch?v=T8SzhSTlLyU

Flow waterjet cutting stone
https://www.youtube.com/watch?v=qbbH5Qnbt_M

Diamond wire saw stone cutting machine
https://www.youtube.com/watch?v=9CMJmlRAQUM

Stone surface grinding and polishing
https://www.youtube.com/watch?v=6F0JF5bwa10

Stereotomic Design
https://www.youtube.com/watch?v=xZTnt8paSys&list=PLxeOi

Hc8fYLZmEbyC-gIRgW1qT6F8aMOs&index=7

Phillipe Block – lecture
https://www.youtube.com/watch?v=KB7wTiuZEg8

3D Stone sculture, marble sculpture, metal sculpture, granite 
sculpture

https://www.youtube.com/watch?v=wc8j60rloiM

https://www.youtube.com/watch?v=qRtTg5O5Xqc 
https://www.youtube.com/watch?v=T8SzhSTlLyU 
https://www.youtube.com/watch?v=qbbH5Qnbt_M 
https://www.youtube.com/watch?v=9CMJmlRAQUM 
https://www.youtube.com/watch?v=6F0JF5bwa10 
https://www.youtube.com/watch?v=xZTnt8paSys&list=PLxeOiHc8fYLZmEbyC-gIRgW1qT6F8aMOs&index=7  
https://www.youtube.com/watch?v=xZTnt8paSys&list=PLxeOiHc8fYLZmEbyC-gIRgW1qT6F8aMOs&index=7  
https://www.youtube.com/watch?v=xZTnt8paSys&list=PLxeOiHc8fYLZmEbyC-gIRgW1qT6F8aMOs&index=7  
https://www.youtube.com/watch?v=KB7wTiuZEg8 
https://www.youtube.com/watch?v=wc8j60rloiM 
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PROCEDURES FOR THE 
EXTRACTION OF STONE 

IN QUARRIES

Procedures for the extraction of stone in quarries
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Very different methods and machinery can be used 
for the extraction of natural stone. The method to be 
used will depend on different factors, like the level of 
technology and equipment available, the type of stone to 
be extracted, the size of the extractable rock masses and 
their location and ease of extraction in the environment.
In this ebook we will expose some of the current most 
commonly used procedures and equipment.
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In general, it is the most widespread extraction 
method today in developed countries and 
consists of a procedure that, when the quarry is 
large and the characteristics of the rock allow it, 
normally includes two phases. 

The first is the extraction of the primary 
or large block, and the second is the 
subdivision of that primary block into 
commercial blocks, which will be the 
ones used in subsequent transformation 
processes. 

To extract this rock, vertical and horizontal drilling 
is carried out first, for which highly specialized 
machinery will be used, since these holes must 
be at their end, which requires great precision in 
drilling.

I2.- One head drilling machine making the upper 
hole to pass the diamond wire. 
Process of making the upper hole to pass the 
diamond wire drilling.

EXTRACTION OF THE PRIMARY 
BLOCK USING DIAMOND WIRE 

MACHINERY 

Procedures for the extraction of stone in quarries

WATCH VIDEO  ▶

https://www.dropbox.com/sh/dagjaigwnxr8k19/AAC3ioVuEpEnxfdXUjjknfDWa?dl=0&preview=V1-Drilling_mach_for_wire_3.MOV
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Once the vertical and horizontal perforations 
have been made, the diamond wire is 
passed through them, and attached to the 
corresponding machine. 

The cutting process is carried out by 
continuously passing this wire with diamond 
inlays through the holes in such a way that it 
cuts the rock by friction. 
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It is necessary to cut the stone in several planes 
in order to detach the large block or primary 
block from the rock mass of the quarry. 
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https://www.dropbox.com/sh/dagjaigwnxr8k19/AAC3ioVuEpEnxfdXUjjknfDWa?dl=0&preview=V2-Dimond_wire_machine.MOV
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DIFFERENT PROCEDURES 
CAN BE USED TO CUT THE 

LOWER 
FACE OF THE STONE
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It is common to use some type of explosive 
for the detachment of the lower part, 
always bearing in mind that its impact must 
not produce cracks in the molecules of the 
block that in the future can be transformed 
into the involuntary fragmentation of the 
stone slabs once placed on the market or in 
the production process. 

Procedures for the extraction of stone in quarries
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If the hardness of the rock makes it possible, 
it is also common to use the quarrying 
chainsaw, which has a chain that roughs 
up the stone. This same machine can be 
used for cuts in other planes, as long as its 
characteristics allow it.

Once the lower part is detached, the 
primary block is separated from the rock 
mass of the quarry. 
Rocks of great height and width are usually 
cut in this way, as long as the rock mass 
present in the quarry makes it possible. 

Subsequently, using mechanical 
procedures, it is lowered onto a bed 
previously covered with sand or remains 
of extraction activities, to cushion the 
impact once it reaches the ground. 

To carry out the blasting process, a large 
device that is attached to the front of the 
Dumper used in the quarry for the different 
tasks is often used. 
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Process of cutting the rock with a stone blade machine.

Procedures for the extraction of stone in quarries

WATCH VIDEO  ▶

https://www.dropbox.com/sh/dagjaigwnxr8k19/AAC3ioVuEpEnxfdXUjjknfDWa?dl=0&preview=V3·-Blade_machine_1+working+-+recortar.MOV
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This device will pull the primary block by the 
upper edge and when the Dumper moves 
in the opposite direction to the rock mass, 
it causes it to fall down. This device must be 
long enough so that the machine is outside 
the impact area of the falling rock mass. 

Once the primary block has been knocked 
down, it is subdivided to obtain the so-
called commercial block, which will have 
the measures demanded by the market in 
order to be inserted into the block cutting 
machinery to obtain the final products. 
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EXTRACTION THROUGH 
DRILLING MACHINERY

Procedures for the extraction of stone in quarries

GO TO CONTENTS



59

C
om

m
er

ci
a

l 
b

lo
ck

s 
ob

ta
in

ed
 

a
ft

er
 

th
e 

su
b

d
iv

is
io

n
 o

f t
h

e 
p

ri
m

a
ry

 b
lo

ck
As already pointed out in the previous 
section, various factors influence the 
decision regarding the type of machinery 
and procedure to be used for obtaining the 
blocks from the rock mass, such as the level 
of equipment or economic resources of the 
extraction company, the technological level 
of the country, the type and morphology of 
the rock mass and others.
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A very important aspect is the size of 
the block to be extracted and the size 
and characteristics of the rock mass. 
When drawing small sizes, drilling 
machinery is often used to split the 
rock mass. 

To separate the block, vertical 
perforations are made, which can be 
carried out by means of very different 
types of drilling machines. The use 
of drilling machines with multiple 
percussion heads is becoming more 
and more frequent, as it allows a 
much higher drilling speed and 
greatly improves working conditions 
in the quarry. 

Despite what was stated in the previous 
section, the pneumatic hammer 
handled directly by the operator is still 
used in certain circumstances, either 
because it does not have more complex 
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equipment, or because its specific job is not 
worth for using a drilling machine.  

Both the multiple drilling machine on wheels, 
and the one used directly by the operator, 
are pneumatic machines, which is why they 
require the quarry to have a compressed air 
system to feed them, which normally occurs 
in all quarries. 

The machines incorporate drills, which 
through a rotation and percussion system 
drill into the rock. Normally it is not necessary 
to drill through the rock to its full height. 
Depending on the type of rock and the form 
of fragmentation, the length and distance of 
the holes will be different. 

It will also depend on whether we are 
cutting following a natural cutting plane 
of the stone, or on the contrary, in a plane 
perpendicular or oblique to it. 
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Most types of rock have fragmentation 
planes that must be considered when 
planning their cut. 

They are going to define, first of all, the 
resistance of the stone when it is divided, 
but in addition, they are also going to define 
the aesthetics and physical-mechanical 
characteristics of the resulting products, 
since the block cutting machines to be used 
in the factory that transforms it will always 
make its cut according to planes parallel to 
its sides. 

In any case, in the commercial blocks that 
come out of the quarries, the natural cut 
planes of the rock are normally represented 
graphically, by means of a marking system, 
to be considered when rethinking the cut 
of the block. 

Procedures for the extraction of stone in quarries
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Horizontal cuts are often made by using a quarrying chain saw, provided that the 
hardness of the stone makes it possible, or also by using explosives, always defining 
a type and quantity that does not produce a break of the stone molecules that 
subsequently originate cracks in the resulting products.
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EXTRACTION OF THE 
STONE WITH QUARRYING 

CHAINSAW

COMBINATION OF SEVERAL 
METHODS FOR THE EXTRACTION 

OF THE PRIMARY BLOCK 

In the cases of rocks of relatively low 
hardness, it is common to use quarrying 
chainsaw to cut the rock in the quarry. 

In this case, the extraction process does 
not begin with the separation of large rock 
masses, but of rocks the size of a block 
or semi-block or of pieces of a somewhat 
larger size, but not of large primary blocks 
as in the case of diamond wire machines, 
since the penetration of the quarrying 
chainsaw into the rock is limited to the size 
of its arm, which, although there are many 
types and sizes, are never excessively large. 

Different combinations of machinery and 
techniques are often used in stone quarrying 
companies. Although the use of diamond 
wire machinery is becoming more and 
more widespread, various circumstances 
may recommend the complementary use 
of other techniques.

It is common, as already pointed out in 
the section corresponding to wire cutting, 
that explosives or the quarrying chainsaw 
machine are used for the lower cut, in the 
latter case if it is not excessively hard rocks.

There are quarrying chainsaw models that 
work in any cutting plane, which gives it 
great versatility and allows it to cut both 
the lateral and rear planes, as well as the 
lower plane for block detachment. 

To cut the back plane, drilling machinery 
can be used or this plane can be cut with 
the quarrying chainsaw from the top of the 
rock, cutting vertically downwards.  

It is also common that in a quarry where 
diamond wire is generally used in certain 
planes, drilling machinery or the quarrying 
chainsaw is used. It will be the type of stone, 
the morphology of the quarry, the available 
machinery and the size and shape of the 
block to be extracted that will finally decide 
the machinery or technique to be used. 

GO TO CONTENTS
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SUBDIVISION OF THE PRI-
MARY BLOCK 

Procedures for the extraction of stone in quarries
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When the extraction process starts with the extraction 
of a primary block, or a large one, once it is separated 
from the rock mass and laid down on a bed of sand and/
or rubble, it is subdivided and squared until obtaining 
the so-called commercial block, which will be the one 
that is finally incorporated into the production process 
of the extraction company itself or made available to 
its customers for subsequent transformation into final 
products, such as cut-to-size stone tiles , pavements, etc. 
or semi-finals, such as plates or slabs.

Procedures for the extraction of stone in quarries
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In other cases, the extraction process 
begins with the extraction of masses 
of rock to a greater or lesser extent, 
depending on the characteristics of the 
rock and the technical means available 
to us. These primary rock masses, 
which will be extracted using one of 
the systems described above, must 
subsequently undergo a subdivision 
and squaring process to obtain the 
commercial block.  

The size of the commercial block is 
usually between 2.00 to 3.00 meters 
long, by 1.00 to 1.50 meters wide, by 
0.90 to 1.30 meters long. However, 
the size of the commercial block will 
be determined by various factors. In 
the first place because of the size and 
morphology of the rock. In many cases, 
the rock is very fragmented or has other 
types of problems that prevent the 
production of blocks of conventional 
size, so the rock will determine a 

maximum size. Hence, in many types of 
rock, instead of being marketed what are 
called commercial blocks, they are marketed 
as semi-blocks, or simply the commercial 
blocks are slightly smaller than the standard 
size. 

The size of the block can also be determined 
by factors such as: the characteristics or size 
of the elements to be processed (columns 
or pieces of special sizes), the needs or 
technical characteristics of the machinery 
that will be used for its transformation or 
others.

Various techniques and machinery are used 
to cut the primary block, according to various 
criteria, some of them already mentioned for 
the separation of the primary block: size and 
shape of the primary block, hardness of the 
type of rock, level of technology and available 
equipment, etc. It is normally machinery 
which has already been mentioned in the 
subdivision section of the primary block:

Procedures for the extraction of stone in quarries
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A)  DRILLING MACHINE

It is generally the most used for the 
subdivision of the primary block. 
Although the manual hammer drill 
was used in the past, over time it has 
been replaced by a machine to which 
several drilling heads are incorporated.

In the case of the multi-head drilling 
machine, the drill bits are placed with 
staggered lengths, and the drill heads 
move along the rock, so that the holes 
are started by a short hole and then 
go being extended by larger holes. 
All the drill bits end up entering each 
hole, first the shortest and then all the 
rest. In this way, large-size perforations 
are achieved with optimal drilling and 
safety conditions.

It is common for the height of the 
primary block, once it has been 

Procedures for the extraction of stone in quarries
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turned, to coincide with one of the 
measurements of the commercial block, 
so it would no longer be necessary to cut 
it in that direction. Otherwise, it would 
be flipped over and drilled on the other 
side. 

The length and distance of the 
perforations is decided based on the 
physical-mechanical characteristics of 
the rock and the dimension of the block 
to be cut. In order to reduce unnecessary 
costs, only the essential perforations are 
made to crack the block. In this aspect 
it is very important to consider when 
planning the drilling, the natural cutting 
planes of the stone, which in some types 
of stone greatly facilitate the separation 
of the rock if they are duly taken into 
account both when extracting the 
primary block as well as by subdividing 
it into commercial blocks. 
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WATCH VIDEO  ▶

https://www.dropbox.com/sh/dagjaigwnxr8k19/AAC3ioVuEpEnxfdXUjjknfDWa?dl=0&preview=V4+-+Colocando+Multiple_drilling_machine%2Bquarry_3+(Tiempo+000+a+030+y+100+a+final).MOV
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For the separation of the commercial 
block from the primary block, wedges 
are frequently used, which can be 
the traditional wedges for stone, on 
which it is hit to force the opening of 
the block, or on the contrary, hydraulic 
wedges, which have a compressed air 
driven opening system. 

Among the manual mechanical 
wedges there are various types. The 
most popular consists of a device 
that has two tabs, and a wedge-
shaped piece of iron. The two tabs 
are inserted into the hole and then 
the wedge-shaped piece is inserted 
through the middle of the tabs, 
forcing that piece to move between 
the tabs through mechanical shocks 
and thus separating the rock.  

As for the hydraulic wedges, although 
there are many models, the crack of 
the stone is carried out by a similar 
procedure, simply that instead of 
being hit, its crack is carried out by a 
compressed air system.

B)  DIAMOND-WIRE MACHINE

The same type of wire machine used to 
separate the primary block can be used 
to subdivide it into commercial blocks. 
Obviously, it is a simpler process and 
normally it will not require prior drilling 
as in the case of cutting the primary 
block. 

C)  QUARRYING CHAINSAW MACHINE
 
When the hardness of the stone allows 
it, the quarrying chainsaw can also be 
used for the subdivision process of the 
primary block, whose characteristics 
and operation have already been 
described above, in the section of 
cutting the primary block. 
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PRIMARY BLOCK 
SQUARING
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In addition to the subdivision of the primary 
block into commercial blocks, in this phase 
it is normally squared, unless the block 
obtained is already of proportions that do 
not require this process. 

The main objective of this operation 
is to reduce transport costs, since the 
imbalances in the blocks do not produce 
added value either for the extraction 
company, since they are not paid, or for the 
client, since when the block is cut that part 
it is neglected, and however, it supposes a 
higher cost in transport, by increasing the 
weight of the block. 

It is important to note in this regard that it is 
precisely the weight of the stone that limits 
the size of the stone to be transported, not 
its volume. 

The machinery used in the block squaring 
process is exactly the same as that used for 
the subdivision of the primary block into 
secondary blocks, so we refer to what has 
already been indicated in this section. 
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TRANSPORTATION 
OF THE COMMERCIAL 
BLOCK TO THE BLOCK 

WAREHOUSE
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Once the subdivision and squaring 
operations of the primary blocks are 
carried out, they are transported to the 
reserved areas in the quarry for storage. For 
this, the heavy machinery available in the 
quarry is used. In the event that the block 
is already destined for its transformation 
in the factory or its transport to a different 
warehouse, it will be loaded to the means 
of transport that will carry it. 
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WATCH VIDEO  ▶

https://drive.google.com/file/d/1B29H0VK0wk7KagJ41PvSNgfLcnh8zRPK/view
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Higher Education–Enterprise platform for fostering, modernisa-
tion and sustainable growth in natural stone industry in Wes-
tern Balkans

Project acronym: BKSTONE.

Programme: Erasmus+.

Key Action: Cooperation for innovation and the exchange of good 
practices.

Action: Capacity Building in Higher Education.

Action Type: Joint Projects.

Project website: https://bkstoneproject.com/

Lead partner organisation: Universiteti Politeknik i Tiranës, Tirana, 
Albania.

Project manager: Prof. dr. Alma Afezolli
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