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In the context of the architectural cultural heritage, the study 
of the articulated process of stone materials transformation, 
marketing and on site installation assumes a keyrole. 
In fact, only by understanding the mechanical, physical 
and chemical behavior of the materials it is possible to 
plan their conservation. In this process of knowledge, the 
documentation of the geometric-dimensional characteristics 
of the artifact itself and of its constituent elements provides 
key information about how a certain type of material was 
used in different historical periods and in different cultural 
contexts.

In this framework, the integrated architectural survey, 
intended as a complex methodology of data acquisition 
for the production of models, give an answear to two 
specific needs. The first one is to have a documentation 
of the state of the art which is metrically reliable and 
scientifically validated to support the interdisciplinary 
study of the artifact. The second one, instead, concerns the 
need of having a subjective and thematic interpretation 
of the architecture through its representation. Basing on 
the products derived from these two preliminary issues, 
specialized study of the different components of a building 
organism can be performed.
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History
                Of Architectural Survey
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The need to measure the space that surrounds us in order 
to define its size and geometry has ancient origins. In 
fact, human activities have always influenced and been 
in turn influenced by the morphology of the land, by the 
location and spatial relationship between resources and 
impediments. In this sense, man has tried to depict these 
reciprocal influences in order to record the changes, both 
natural and anthropic, occurred to the environment.

With respect to the field of stone and its working processes 
for architecture, a clear picture of the profound connection 
between project, design and realization is provided by the 
study of building site tracings.
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Dating back at the classical age, the production 
of architectural elements such as capitals, bases, 
friezes etc., with greatly articulated details, took 
place through different working phases based 
on the use of incisions of lines directly on the 
blocks of stone with the aim of prefabricating 
pieces to be then hewn on site. 

This tradition gradually became more 
articulated, reaching a considerable level of 
development with the construction sites of 
the great Romanesque and Gothic cathedrals. 
In these contexts, in fact, it is possible to find 
traces of geometric constructions for the in 
situ realization of various architectural and 
structural components both on the floor slabs 
and on the stone blocks themselves. 

These testimonies tell us how the stone working 
process has always relied on a careful geometric 
design of the various elements. 

This design, materialized through drawing, 
emphasizes the inescapable relationship 
between the built architecture and its 
representation. Precisely these steps - project, 
drawing, realization - enter in the process of 
architectural survey and constitute the basis on 
which it is possible to document and interpret 
the built heritage.

Currently, the operations summarized so far 
of design, measurement and representation 
of objects, from the scale of detail to the 
urban scale, make massive use of advanced 
digital technologies capable of simulating the 
morphology and size to report them in the 
digital environment in the form of point clouds.

‘Le Cinq Ordres d’Architecture’  
Claude Perrault (1693)
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Geometric principles, which have been the basis of 
measurement operations since the beginning, have been 
gradually integrated with tools that can speed up and 
automate measurement and calculation procedures. 
Thanks to the introduction in the construction industry of 
tools such as 3D laser scanners, total stations, GPS, etc.. the 
processes of data acquisition and data elaboration have been 
revolutionized both from a methodological-conceptual point 
of view and from a procedural and operational point of view.

In the case of digital photogrammetry, this framework 
has seen a real leap forward, both methodological and 
operational, as a result of technological advancement of 
both acquisition tools - digital cameras increasingly powerful, 
lenses increasingly controlled in terms of production and 
assembly of lenses, etc.. - as well as the computing power of 
workstations. These two aspects have enhanced the diffusion 
of photogrammetric processes in some fields of research left 
unexplored, until now, from the digital point of view. Above 
all, this advancement have made a significant contribution to 
the process of democratization of information.

The geometry on which the photogrammetry relies has 
been well known since the 19th century and is the basis even 
of the now obsolete stereophotogrammetric restitutors. 

Given this for granted, thanks to the evolution of digital 
photography and powerful computing alghoritm, today it is 
possible to obtain 3D point clouds with conventional digital 
cameras. We are therefore truly at the threshold of a ‘zero-cost 
survey technology’ that, when fully operational, is causing a 
real shockwave on the entire process of data acquisition, both 
on a strictly operational level and on that of their use and 
sharing. 

From this point of view, this process has favored, in some ways, 
the diffusion, both in terms of disclosure and dissemination, 
of data and information; at the same time, however, this 
revolution has generated an overabundance of them, so 
much so that it is often complicated to distinguish between 
the data sought and all that is not (the so-called “background 
noise”). 
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Direct Survey 
         Survey Methodologies 
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The direct survey method is based on a comparative activity, 
in contact, between the actual object and a tool able to 
reproducing the morphology and report the size. For this 
purpose, fleximeters, plumb lines, distance meters, levels, 
etc. are generally used. The direct survey is composed by 
a campaign phase, which includes the observation and 
measurement of the work, and a phase of graphic restitution 
and representation of the object.
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These two phases are preceded by the drawing up of 
eidotypes aimed at the survey project (par. 4.3). The eidotypes 
must contain all the information considered significant 
represented by means of orthogonal projections (plans, 
elevations, sections). The survey project, created on the basis 
of the eidotypes, must report and graphically describe the 
survey methodology used, representing all the elements 
necessary to carry out the measurement operations.

Specifically, at the architectural scale, the forward intersection 
method allows to define the planimetric position of a point 
P, with x,y coordinates, with respect to two station points, 
S01 and S02, defined according to the survey project and 
materialized on site. 

The segment S01S02 constitutes a polygonal segment. The 
method is based on the construction of triangles, a plane 
figures with a rigid and non-deformable structure, of which 
the dimensions of the three sides must be known and 
therefore measured.

In the design phase of the survey, the following elements 
must be defined and located:

- Characteristic points to be surveyed.

- Station points.

- Survey polygon.

- Blockages between consecutive polygonal arms.

The first phase of the design of the survey concerns the 
identification of characteristic points on the object (P01, P02 
etc..) that for morphology and position fully describe it. These 
points, reported on the eidotype and codified in a unique way, 
will be the object of measurement.

Survey Methodologies 

GO TO EXTRA-MATERIALS:
EIDOTYPES
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The station points (S01, S02 etc.) are the references from 
which the measurements of the points on the object will 
be made. In the design phase of the survey, they will be 
located in strategic points to maximize the number of 
possible measurements of the characteristic points of 
the object. The station points shall be arranged in such 
a way that each characteristic point is visible from at 
least two station points. 

The broken line connecting all station points is called a 
polygonal. Each polygon segment should be measured 
to define the distance between two consecutive stations

In order to check the mutual inclination of two 
consecutive polygonal arms (S01-S02 and S02-S03), it 
is necessary to find and measure another triangle that 
rests with two sides on portions of two polygonal arms 
(S02-A and S02-B) and that has as its third side the 
conjunction between the two portions identified (A-B).
At this point, it will be possible to measure each 
characteristic point identified on the object by two 
station points, thus defining an indeformable triangle 
and therefore uniquely represented in the restitution 
phase.

Survey Methodologies 
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Topographic Survey 
               Survey Methodologies 
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The topographic survey is  performed by setting up a series 
of measurements that are consistent with each other with 
respect to a single three-dimensional reference system. This 
reference system is identified by its center (x=0, y=0, z=0) and 
the direction of the three axes.

The instrument  generally used for this survey methodology 
is the total station. This device combines, integrating them, 
the theodolite, for measuring horizontal angles, the azimuthal 
angle, and vertical angles, the zenithal angle, and the distance 
meter, for measuring distances. 
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The principle of the method is based on 
the possibility of locating a point in space 
having available the three coordinates x,y,z. 

These coordinates, in topography, are 
deduced by measuring the distance 
between the center of the instrument C 
and the point P to be measured, the zenith 
angle (z) formed between the vertical axis 
of the instrument and the straight line “r” 
connecting the center C and the point P, 
and the azimuth angle (α), formed between 
the reference x-axis and the straight line 
“r”. This data capture system, consisting of 
a distance and two angles, refers to polar 
coordinates which, during processing, are 
transformed into a Cartesian coordinate 
system, identified by the values of x,y, and 
z.

As for the direct survey, the topographical 
survey consists of a campaign phase, 
which includes the observation and 
measurement of the work, and a phase of 
graphic restitution and representation of 
the object.

Also in this case, the two phases are 
preceded by the drawing up of reference 
eidotypes (par. 4.3) aimed at the survey 
project (par. 4.3).

In the survey design phase, the following 
elements should be defined and located:

- Any existing topographic connection net.

- Characteristic points to be surveyed.

- Station points.

- Survey polygonal.

The characteristic points to be 
measured must be recorded both on 
the general eidotypes of the object 
for an overall view and individually, 
through a monograph.
 
The monograph of the point is a synthetic 
graphic elaboration capable of uniquely 
identifying the correspondence between 
the measured topographic point and the 
real point on the ground.

Survey Methodologies 
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Survey Methodologies 

The use of topographic surveying tools is particularly effective 
for the measurement of points not accessible through direct 
survey, for the survey of urban areas already framed in national 
or local georeferenced topographic net or, for example, for the 
analysis of the object in terms of structural transformations of 
the building elements, such as the inflection of wooden beams 
or the inclination of facades. 

Depending on the specific objectives of the survey, the 
characteristic points to be detected will be identified with 
respect to a certain scale of detail. 

The construction details, for example, will be adequately 
represented at a scale of 1:20 or 1:10. In this case, we will proceed 
by identifying a quantity of characteristic points proportional to 
these scales.

The facades in their entirety, instead, can be adequately 
represented at a scale of 1:50, including the topographic survey 
of all the points that define the shape of the building and all the 
openings in addition to all the points that, in addition, describe 
and characterize the elevation.
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3D Laser Scanner Survey 
               Survey Methodologies 
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One of the most widely used tools for capturing metric data 
is the 3D laser scanner. 

This tool discretizes real objects, by definition continuous, 
through an ordered set of single points, by definition discrete, 
in a very effective way. 
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The informative characteristics of the point 
cloud obtained by laser scanner surveying 
are strictly depend from the data capture 
technology in use (time of flight, optical 
triangulation, phase difference). 
Almost all 3D scanners available on the market 
use a diode capable of emitting a laser beam 
pulses which, through a more or less articulated 
system of mirrors, is redirected to hit the object 
following a specific grid. 

The 3D scanners are able to perform 
measurements at 360° on the azimuth 
angle and at about 270° on the zenith angle, 
considering the instrumental center as the 
origin of the reference system with respect 
to which the points are measured. 

The geometric scheme of a laser scanner is 
composed by a projection center, the scanner 
itself, coinciding with the center of a sphere 
from which the various laser beams start. 

This geometric scheme, in operational terms, 
gives rise to the two main internal parameters 
of the system set by the user: the probe, which 
represents the radius of the sphere, and the 
sample spacing, i.e. the step of the scan or size 
of the capturing grid. 

Survey Methodologies 
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As an example, setting a probe of 100 m and 
a sample spacing equal to 4x4 mm, you get a 
square grid points located at 4x4 mm distance 
on a sphere of radius 100 m from the center of 
the instrument. 

Going to the applicative level, the scene 
to be captured is composed by sevaral 
objects at different distances with different 
morphologies. This leads to consider that the 
value of the sample spacing, as set, will in fact 
belong to a theoretical sphere, while in reality 
the distances between the points captured will 
be related to the distance between the point 
on the object and the position of the scanner. 
This results in an irregular density of points 
captured by the laser scanner. 

The 3D laser scanner allows the recording 
of the reflectance and also of the RGB value 
of each point hit by the laser beam through 
an on board digital camera, thus providing a 
multiple mapping of the survey data.

From the methodological point of view, the 
data capture procedure is based on the survey 
project, aiming at preliminarly define the 
scanner location and the settings of scanning 
in terms of probe and medium distance. 
The laser scanning data capture phase is 

Survey Methodologies 
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The laser scanning data capture phase is often preceded by a 
topographic survey, designed to gather a series of significant points 
materialized through targets or discontinuities characteristics of 
the object analyzed. These points will constitute the reference 
grid on which the alignment process of single point clouds will 
be performed. 

The result of the alignment phase a one single point cloud 
composed by several single scans referring to a unique system 
of coordinates. Having aligned together multiple scans give as a 
result a redundancy of data, which increase the inhomogeneity in 
terms of point density as well as the general noise of the final point 
cloud. These drawbacks are addressed in the processing phase 
through automatic or semi-automatic operations of cleaning, 
optimization, decimation. 

What has been illustrated so far shows how the introduction of 
massive point acquisition procedures are differs from traditional 
methodologies. 

Starting from the project of survey phase, in fact, some decisive 
variables must be considered for the optimization of the numerical 
model: the quantity and the distribution of the scanner stations in 
function of the characteristics of the object but also of the notable 
points acquired with the topographic survey, the evaluation of 
the distances, of the inclinations and of the sample spacing.

Survey Methodologies 
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Survey Methodologies 

The parameters to be considered are:
 - Evaluation of distances: given the theoric geometry of the laser 
scanner capturing system, it is advisable to choose a barycentric 
position with respect to the scene to be surveyed, so as to have 
a capturing distance as homogeneous as possible.

- Evaluation of inclinations: it is always advisable to take into 
account the angle of incidence of the laser beam on the surface to 
be detected. The more the angle deviates from perpendicularity, 
the greater the deformation of the acquisition grid.

- Evaluation of the scanning step: the sample spacing must 
be defined according to the purpose of the survey itself. In 
principle, the distance between two successive points must be 
compatible with the level of uncertainty of the final work to be 
carried out.

In addition to the basic evaluation of the morphological 
characteristics of the object to be detected, it is necessary to 
report how the quality of the data, evaluated in terms of noise 
of the point cloud, is closely related to some physical properties 
of the surfaces.

On the specific subject of stone materials, in particular, a high 
reflectance value affects negatively the acquisition, lowering 
the metric accuracy and sometimes making it difficult to read 
the prevailing positions. This phenomenon occurs, for example, 
on polished marble or reflective surface finishes.
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Structure From Motion 
               Survey Methodologies 
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The photogrammetric processes 

of Structure from Motion and 

Image Matching are based on a 

simple geometric principle. 

With reference to the 
photographic system, it 
is possible to identify a 
projection ray which, starting 
from a point P recognized on 
the object, passes through 
the nodal point, or center 
of projection of the camera, 
and is projected onto the 
sensor at a specific point P’ 
of the photographic image. 
This construction, which 
involves a single frame, 
obviously does not allow to 
univoqually determine the 
3D location of the point P 
with respect to the camera. 
To get this 3D location, it is 
needed to have at least an 
additional ray connecting 
the very same point on the 
object to the image P2, on 
the photographic image 
captured by a camera in 
a different position. The 
intersection of these two 
rays is a point with x,y, and 
z coordinates, this point is 
the digital reconstruction 
of the point P into a three-
dimensional space.
In this sense, the entire 
methodology leads to 
delineate three essential 

operational phases: a first 
phase of photographic data 
capture, a second phase of 
data processing and a third 
phase of optimization and 
management of the models 
produced.

All the operations involved 
in the different phases and 
that preserve as purpose the 
production of knowledge 
need to have a framework 
of reference both in relation 
to the methods for the 
acquisition of data (survey) 
and the procedures for 
the selection, processing 
and return of information 
acquired (survey).

The model control has to be 
designed starting from the 
acquisition phase, the whole 
procedure of Structure from 
Motion and Image Matching 
(SfM/IM) finds its starting 
point in the design and 
realization operations of the 
photographic campaign. 
From the correct capturing 
strategy depends the metric 
accuracy of the final model, 
its reference scale and, above 
all, the correct coverage of the 
survey. For this reason, during 
the design phase of the 
survey it is necessary to check 
both aspects of theoretical 

and methodological nature 
and those of a more technical 
and operational nature. 
Ultimately, designing 
the photographic survey, 
the operator acquires 
awareness of the object, its 
main morphological and 
environmental characters 
and, therefore, the most 
effective strategies to trigger 
the process of knowledge.

The survey project of 
the photogrammetric 
campaign aims to define 
the instruments used, the 
camera parameters to be 
used and the acquisition 
scheme. 
This includes the definition 
of:
- Capturing scenario and 
camera path.
- Camera orientation.
- Percentage of overlap 
between frames
- Number of shots.
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Survey Methodologies 

The camera path can be adequately designed starting from 
the morphology of the surfaces to be acquired and their 
configuration in elevation. Adequate photographic coverage 
can be obtained by setting up the camera on a path that 
goes parallel to the object at various distances. In this sense, 
the images acquired at a greater distance serve to build a 
geometric and morphological basis: framing a greater portion 
of the scene allow a more reliable localization of the cameras 
in the three-dimensional scene.

The frames acquired at a shorter distance will instead be 
used to reach a greater level of detail in the 3D model. This 
parameter will be evaluated preliminarly by calculating the 
Ground Sample Distance (GSD) (see bibliography). 

In such sense, in the processing phase, it is possible to select 
the more adapted images for every passage of construction 
of the three-dimensional model: subsequently to the phase 
of alignment and positioning of the cameras, in fact, the 
photos acquired to greater distance can be excluded from 
the elaboration of the texture and the orthoimages; this 
allows to use only the images with the best GSD for those 
passages in which the photographic resolution and the final 
restitution of the detail results characterizing. 

In addition to this aspect, the generation of textures starting 
only from the shots acquired at the same distance ensures a 
homogeneous final resolution of the texture itself and, for this 
reason, is propaedeutic to the evaluation of the photographic 
scale.

Once defined the path that the operator must take around 
the object, it will be necessary to define for the entire set of 
images the orientation of the camera and, consequently, the 
number of shots to acquire. It is advisable to keep the same 
camera orientation for the entire dataset; the Landscape shot, 
horizontal camera orientation, privileges the restitution of 
an accurate morphology along a horizontal band; this mode 
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is the one generally used on the architectural scale and is particularly 
suitable in conditions where with a single shot, or with a reduced number 
of shots, it is possible to acquire the object in its full height. 

This allows you to optimize the number of shots according to the size 
of the object and its base-to-height ratio. Compared to this setting, it 
is sometimes necessary to shoot by rotating the camera 90°, in portrait 
mode. This type of orientation is generally used for objects with a vertical 
development much higher than the acquisition height of the camera or 
for objects with a particularly complex morphology at high altitude. 

This type of acquisition allows you to include in a single shot a vertical band 
of greater size and, consequently, avoid reprojection errors generated 
by acquiring from a single location a large number of shots along the 
vertical axis. Although it is generally not recommended to change often 
the orientation of the camera, sometimes the inclusion of a few shots 
in portrait in a whole landscape capture dataset increases the accuracy 
of the positioning of the camera providing in a single shot the spatial 
relationship between objects placed at different heights.

After having set a prevailing camera orientation, it is necessary to define 
the most appropriate camera location scheme. The capturing in normal 
(or stereoscopic) mode, obtained by placing the sensor parallel to the 
object allows the best possible frame resolution and minimizes the GSD 
difference between the center of the frame and its edges. 

Fig 12 Sequence

of images with

overlap

approximate even

80%.
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On the other hand, the normal mode includes 
in the scene the smallest possible surface and, 
above all, is poorly usable for the restitution 
of undercuts and all secondary surfaces of the 
object. For this reason, the normal mode can 
be integrated with some shots with an oblique 
rotation of the camera with respect to the object, 
both along the horizontal and vertical axis.

This approach, it follows that for each shooting 
position up to nine capturing positions can be 
used in order to adequately cover the surface in 
its complexity and to allow the connection with 
the frames acquired from adjacent positions. 
The oblique-axis grips, if designed for all the 
capturing positions, determine a convergent-
axis acquisition model, which is complementary 
to the normal capturing system and optimizes 
the acquisition of undercuts. The number of 
shots acquired from each location can vary 
depending on the designed capturing path: for 
example, a good optimization of shots can be set 
by scheduling a single shot from each location 
on the path farthest from the object, at an 
intermediate distance, five shots per location and, 
at the closest distance, nine shots per location. 

This scheme ensures sufficient coverage of 
objects with complex morphologies; however, 
it is necessary to leave to the operator on site 
the final choice of the most appropriate capture 
scheme taking into account factors such as the 
time available for acquisition, the accessibility of 
places with their obstacles, the camera used and, 
as always, the final objective of the acquisition.

Survey Methodologies 

28



The distance between two consecutive 
capture positions can be calculated taking 
into account two factors: the morphology 
of the object and the percentage of 
overlap between frames. 

With regard to the first aspect, the 
positioning of the capturing points is 
bound to the spatial articulation of the 
scene: in correspondence of substantial 
morphological complexities, it will be 
necessary to intensify the capturing 
positions in order to provide adequate 
coverage of the pivot points, i.e. those areas 
of connection between perpendicular 
or mostly perpendicular surfaces which 
can be framed from a limited number of 
positions. Since these are fragile points 
for morphological reconstruction, it is 
necessary to add additional positions 
capable of effectively connecting complex 
parts. 

Survey Methodologies 

Fig. 1 The principles

photogrammetric: (1)
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P, (3) introduction of the

second frame, (4)
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intersection between 

the two

projection beams, (5)

locating the point

P in space starting from

two frames.
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This is the case, for example, of the threshold 
space connecting the outside and the inside of an 
environment; these points constitute the hinge 
connecting two distinct shots and therefore, any 
additional shot that relates the transition space to 
adjacent environments makes the alignment of 
the rooms more effective. 
    
The second reference, instead, that is the 
percentage of overlap between shots, depends on 
the focal length of the camera and the distance 
from the object. A good overlap margin is between 
50% and 80%. With a standard focal length - 
between 35 mm and 50 mm and a field angle 
between 63° and 47° on the diagonal - we obtain 
an overlap of at least 50% of the framed scene if 
the two consecutive positions are half the distance 
between the camera and the object. In other words, 
if the object is placed at a distance of 5m from the 
camera, it will be sufficient to shoot every 2.5m 
to ensure the minimum level of overlap between 
frames. Compared to this reference ratio, the 
distance between the shots should be evaluated 
and calculated ad hoc for the focal length you 
intend to use (Fig. XX).

The systematization of these different factors can 
provide, already in the project of survey phase, an 
indicative number of shots needed to cover the 
object and, consequently, give an estimate of the 
weight in megabytes of the acquisitions and the 
time needed for the operations.

Starting from the sequence of shots taken, the 
photogrammetric process aims to analyze the 
images in a combined way to solve the problem of 
reprojecting the space of the characteristic points.
 

Survey Methodologies 
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To this end, the first phase is keypoint 
identification. During this phase, particularly 
significant pixels are located for each image, 
corresponding to strongly characterized 
elements in the scene. 

The second phase is the association of 
corresponding elements - through the 
association of keypoints - in the different 
frames.  Subsequently, through the geometric 
principle of photogrammetry, the parameters 
of internal orientation, to define the geometry 
of the camera, and external orientation, to 
localize the images of the scene, are calculated. 
At this point, it is possible to project in the 
3D scene the keypoints previously identified 
and, subsequently, all the visible pixels in at 
least a couple of images. 

The result of this operation is a point cloud 
whose density is inhomogeneous and directly 
proportional to the quantity of characteristic 
points present in the scene and identified as 
keypoints in the images. 

In this case we speak of unstructured point 
cloud because, unlike that obtained by 3D 
laser scanner acquisition, it does not follow a 
constant and settable grid.
Starting from the point cloud, it is possible 
to build a 3D mesh surface, interpolating the 
points of the dense cloud, and texturizing the 
3D model obtained through the projection of 
the starting photographic images.

Survey Methodologies 
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Data Elaboration   
       and Use
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The survey methods described so far have 
the objective of representing morphology 
and dimensions of the object thanks to the 
integration of characteristic data. After the data 
capture phase, the processing phase allows to 
improve the overall quality of the information 
collected thanks to the complementarity of the 
data collected.
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Specifically, the most consolidated 
integration processes concern the 
connection between topographic survey, 
laser scanner survey and survey through 
photogrammetric processes.

In a perspective of integration, the 
topographic survey provides, without 
doubt, the basic net on which the other 
data will be connected. The possibility of 
selection and critical choice of the points to 
be detected is the main peculiarity of this 
method. On the territorial and urban scale, 
the topographical survey allows to bring the 
artifact in a wider context of topographical 
framework. This is done by getting the 
spatial coordinates of benchmarks already 
materialized and georeferenced. These 
benchmarks are generally included in 
a national net structured on different 
levels. Starting from the national geodetic 
net, first level net, each successive level 
gives more detail to the previous one and 
thickens the topographic grid through 
additional benchmarks. 

Each point of this grid is a vertex of known 
triangles and serves as a reference for 
surveying activities at the architectural 
scale. Thanks to this structure, the 
architectural scale survey of a building 
can be conveniently connected to the 
national grid. 

Data Elaboration and Use
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The topographic survey, at the 
architectural scale, also allows to acquire 
control points, materialized by targets, 
placed directly on the object or in its 
immediate vicinity. The targets for the 
survey, designed to be particularly 
distinguishable, are marketed in different 
shapes, sizes and colors, and can be easily 
detected by the different acquisition 
systems described so far. This feature 
makes them suitable as elements of 
connection and control of the various 
survey systems used.

Data Elaboration and Use
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Data Elaboration and Use

 The data captured by means of 3D laser scanners 
is generally integrated with the topographic one 
by means of rigid rototranslation operations of 
point clouds.  As already mentioned (par. 4.3), each 
laser scanner station acquires a partial point cloud; 
these clouds must be aligned with each other, 
then joined, to return the complete point cloud. 

The alignment process can be achieved by using 
the targets themselves. Specifically, each laser 
scan must report, among the points acquired, 
also those referring to at least two targets, each 
already topographically detected and, therefore, 
of known coordinates. Following this procedure, 
the single point clouds can be rotated in the 3D 
virtual space thanks to the known coordinates 
of the targets. 

In reference to the survey by means of 
photogrammetric processes, the integration 
with laser scanner acquisitions and/or with 
topographic tools acquires a first-rate role to define 
the dimensions of the object and to improve the 
overall morphological accuracy. Also in this case, 
all targets, acquired topographically and/or by 
laser scanner, will have to be included in the 
photographic acquisition set. 
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Data Elaboration and Use

During the image processing phase, it will be necessary to 
recognize in the photographs the targets present in the scene 
and to assign to each of them the spatial coordinates inferred 
from topography and/or laser scanning.

At the end of these integration procedures, the result is a 
numerical model, point cloud, integrated and multiresolution. 
In fact, the coexistence, of different survey strategies and 
point clouds at different densities makes this product highly 
versatile and usable in different disciplinary fields, from the 
morphological study of the ground at the territorial scale to 
the documentation of the state of conservation of detailed 
elements such as stone blocks, sculptural apparatus, stucco 
and decorations.
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In measuring operations, the exact 
determination of the measurement cannot be 
achieved, due to observation errors that can be 
grouped into three categories: material errors, 
systematic errors and accidental errors. 
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Concept of Accuracy

Material errors result from lack of 
diligence on the part of the operator 
and can therefore be easily eliminated 
by devoting attention and care to the 
measuring operations. 

Systematic or regular errors occur 
regularly with the repetition of the 
measurement and are due to various 
causes, such as instrumental defects 
and particular environmental conditions; 
a peculiar error of this type is due to a 
measuring instrument that presents 
inaccuracies. 
Accidental errors due to various causes 
can be reduced by systematically 
repeating the operations.
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Uncertainty is a direct function of the state of the measuring 
instrument, the procedure used, the state of the object and 
its nature. It is evident that if the same room is measured 
several times with a mason’s yardstick, the results will 
oscillate within a certain range of uncertainty; the range of 
uncertainty will be much smaller if a high precision metal 
tape measure wheel is used. 

It is evident from these simple observations that uncertainty 
is an element that within certain limits can be calculated 
by the person who carries out the measuring operation, in 
relation to the instruments used, the nature of the subject 
and the objectives of the survey. 
(Docci Maestri, pag 28).

Concept of Accuracy
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In the representation through 2D models 
- technical drawings in plan, elevation, 
section - regardless of the use of analogue or 
digital techniques, the information content 
is calibrated with respect to the scale of 
representation. 
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Scales of Repesentation

From the urban context drawings to 
those of the executive details, each 
scale of representation is functional to 
the communication of a certain amount 
of information related to the error of 
graphicism appreciable at that scale.

The graphic error is represented by 
the minimum distance perceivable by 
the human eye between two parallel 
segments. Generally speaking, this value 
is close to 0.2-0.3 mm, which means 
that if two segments have a reciprocal 
distance of less than this value, they will 
be perceived by the observer’s eyes as a 
single segment. 

Since this uncertainty is constant in both 
small-scale and large-scale drawings, 
this type of error increases progressively 
as we move from large-scale to small-
scale drawings. 
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Scales of Repesentation

With respect to this parameter, it is possible to construct a 
system of relationships between the scale of representation 
and the maximum level of detail associated with it.  For 
example, at a scale of 1:1000, a grafic error of 0.3 mm 
corresponds to an error of 30 cm in the actual measurement.

These observations allow us to state that, in determining 
the uncertainty of a survey, the scale of representation must 
also be taken into account. 

A general criterion for selecting the most appropriate scale 
of representation is that of making the survey uncertainty 
- as defined in paragraph 3.2 - coincide with the graphical 
error. Following this principle, at a scale of 1:50, for example, 
we will have a graficism error of 1/1,5cm in real measure; in 
order to be able to use this scale of representation, we will 
therefore have to ensure that the overall accuracy of our 
survey falls within this value.
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Eidotypes
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Eidotypes
                  and                         Project of Survey

In order to be able to record the dimensional 
information of an object, it is necessary to 
have one or more drawings, made on site, on 
which to arrange in an orderly manner all the 
measurements that are gradually detected. 
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These first graphs, or eidotypes, will have 
to represent, through plans, elevations and 
vertical sections, the object to be surveyed, 
reproducing its shapes and proportions. 

A graphic representation thus created can 
be used as a first summary verification 
of the correctness of the measurements. 
The drafting of an eidotype has the 
function of making discrete, and 
therefore finite and measurable, what is 
instead continuous by its nature. 

Through points and lines, it will be possible 
to identify and represent the main features 
of the object. In this sense, the eidotype 
becomes an integral part of the survey as 
it aims to provide a first critical selection 
of the characteristics of the object made 
by the surveyor. At the architectural scale, 
in order to make this graphic description 
exhaustive, it will be necessary to integrate 
different drawings, made to report the 
planimetry of all the significant levels, 
the vertical connections, the spatial 
relationship between the different 
elevations, the elevations and construction 
details.

Eidotypes and Project of Survey
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For the drafting of the eidotype it is possible 
to use a drawing pad with a rigid support 
and an average soft pencil. 

The graphic must respect the proportions 
of the subject in a predetermined scale of 
representation, depending, among other 
things, on its size and its volumetric and 
decorative complexity. When placing the 
initial graphic scheme on the sheet, its 
main dimensions should be evaluated to 
allow the entire design to be contained 
within the borders. 

Each sheet should be labeled with the 
name of the object to be represented, its 
location, the current date and the name 
of the surveyer. For the drawing itself, 
you can proceed from the general to the 
particular. 

We will start by defining the overall 
dimensions of the object, the axes of 
symmetry and the main axes of partition. 

Eidotypes  and Project of Survey
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Subsequently, we will move on to 
represent the characteristic elements, 
identifying their location, proportion with 
respect to the complex and morphology. 
In the final phase, the eidotype will 
be completed with decorative details 
or graphic information on constituent 
materials, patterns and state of 
conservation.

Only by having a complete graphic 
documentation, it will be possible to 
accurately draw up the survey project.  

Eidotypes and Project of Survey
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The objective of this operation is to make explicit the 
methodologies used for the survey, the data capture 
parameters, the paths to follow and the conditions of 
accessibility of the spaces. 

Thanks to the survey project it will be possible to go back, in 
the graphic restitution phase, to the choices made regarding 
the measurements to be taken and it will be possible to have 
a clear general picture of the setting up of the operations.

Eidotypes and Project of Survey
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3d Information Modelling
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After the data processing and integration phases, the last 
step of the survey process is the construction of models. In 
the field of architecture, the reference models are 2D and 
3D.

 The two-dimensional models are processed graphically, 
more simply drawings, made on a flat 2D analog or digital 
support.
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In reference to the architectural survey, starting 
from the point cloud of the artifact, it is possible 
to identify significant section planes for the two-
dimensional representation. In this phase, the point 
cloud, in its three-dimensionality, is sectioned with 
these significant planes to extract characterizing 
information useful for the reading and analysis of 
the object.

Following this procedure, we pass from a three-
dimensional representation of the object in its 
objective conformation to a critical representation 
that is functional to certain types of reading and 
with a level of detail proportional to the scale of 
representation identified. Plans, elevations and 
sections set in this way serve to document the object 
and to communicate, through a graphic synthesis, 
the dimensional and geometric characteristics. 
Parallel to the process of 2D modeling of the point 
cloud, it is possible to conduct further elaborations 
within the 3D modeling. In this context, it is 
possible to lead back the different strategies of 3D 
modeling to two types of models, the polygonal 
and the geometric one.

The polygonal model is obtained from an 
interpolation operation of points in space. This 
process is generally applied to both point clouds 
derived from photogrammetric processes and 
those from laser scanners, through the application 
of specific interpolation and optimization 
algorithms. 

The surface model thus obtained is strongly 
responsive to the morphological characteristics 
of the object by introducing a negligible 
approximation to the data source, i.e. the point 
cloud. The polygonal model can be further 
elaborated to simplify the high number of 
polygons obtained by interpolation and make their 
geometry more regular. 

3d Information Modelling and Rapid Prototyping
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This further processing is called retopology and results in a 
so-called low-poly model.

Finally, the polygonal model can be textured using the 
photographic images taken during the data acquisition 
phase. This typology of model finds great application in the 
field of the communication of the cultural goods and the 
gaming.The geometric model, instead, is produced starting 
from the critical reading of the cloud of points for the 
interpretation of the shapes in the space and for a synthetic 
description of the object. 

Applicatively, this approach to modeling can be based on the 
construction of complex surfaces, through curves and NURBS 
surfaces, or on the construction of solids, through spatial 
operations of revolutions and translations of primitives or 
through additions, subtractions and intersections between 
solids. Independently from the employed modelling 
technique, this type of model is particularly effective in 
giving back the geometric and proportional genesis that 
subtends the realization of a manufactured article. For 
this its characteristic, regarding the polygonal model, the 
geometric model introduces greater approximation of the 
real object.

3d Information Modelling and Rapid Prototyping

GO TO EXTRA-MATERIALS:
ANALYTICAL TESTING

OLD BRIDGE IN MOSTAR

GO TO EXTRA-MATERIALS:
EXPERIMENTAL TESTING
OLD BRIDGE IN MOSTAR

GO TO EXTRA-MATERIALS:
MONTENEGRO

GO TO EXTRA-MATERIALS:
FRACTAL MOSTAR
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THEORY AND PRACTICE OF 
     STONE CONSERVATION
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Restore a stone building does not only mean the operational 
act of preserving the material: before approaching the 
artefact, it is necessary to become aware of the history and 
documentation available to us, the restoration theories 
that have led to current practices, the state of the art of 
international studies and papers. 

Drawing up a restoration project means acquiring skills in 
analytical survey, knowing the main diagnostic techniques, 
being able to detect materials and read diagnostics of 
deterioration phenomena, knowing the regulations in 
force.

All these elements, in addition to protecting and maintaining 
the integrity of the resources, contribute to promoting and 
enhancing a building, trying to use the economic, social and 
cultural value inherent in it and the context in which it is 
inserted to the advantage of local communities and tourist 
visitors who may use it.
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  Restoration             history         

Approach methods and theories of restoration stone building site

58



Restoration, as an activity “carried out 
to prolong the life of a work of art and to 
partially reintegrate its vision and enjoyment“ 
is inherent in Western culture, even when it 
involved empirical experiences and craft and 
artistic techniques. 

Approach methods and theories of restoration stone building site
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In contemporary times, the desire to 
conserve or restore a product of human 
activity arises first and foremost as 
a recognition that takes place in our 
consciousness, a sine qua non condition 
for considering an artefact different from 
other human products, for being able to 
intervene in a different way. This was not 
always the case: until the middle of the 18th 
century, works were bearers of functionality 
and artistic value, conceived as “perennially 
current and, therefore, reusable” without 
any real perception of separation between 
the past and the present. 

Hadrian’s Mausoleum in Rome, now 
Castel Sant’Angelo, became a fortress in 
the Middle Ages, then a papal residence, 
with rooms dedicated to prison, then 
barracks and finally, in the early twentieth 
century, a museum. We began to talk 
about buildings in terms of “documents” 
only with the Renaissance idea of a 
historical-philological approach to the 
study of the past, although this critical 
scrutiny of the work does not prevent 
ancient works from being “updated” in 
the name of contemporaneity. 

Leon Battista Alberti (1406-1472) worked 
on the church of San Francesco in 
Rimini, transforming it into the Tempio 
Malatestiano in honour of the city’s lord, 
Sigismondo Pandolfo Malatesta (1417-1468): 
a double Renaissance skin, inside and out, 
“encapsulates” the building’s Gothic phase, 
leaving the existing building visible in some 
places, such as the mullioned windows on 
the outer sides. 

These are creative processes that are never 
considered to be finished but are part of a 
perennial historical continuum. During the 
16th and 17th centuries, new interventions 
layered on top of past eras, cancelling out 
previous forms, both in Italy and throughout 
Europe. While the eighteenth century and 
the work of J.J.Winckelmann (1717-1768) 
established an archaeological science, 
which led to human achievements being 
considered as the “product” of a culture, 
it was in the nineteenth century that the 
real debates on restoration in the modern 
sense began. 

In 1794, the French National Convention 
issued a decree for the conservation 
of monuments, followed by important 
edicts such as Paul VII’s Chirograph (1802) 
and Cardinal Pacca’s Edict (1820), which 
imposed forms of safeguarding and 
protecting ancient testimonies, prohibiting 
their destruction. In Italy, some well-
known interventions became examples 
to emulate, models of a new “scientific” 
conception of restoration: the Arch of Titus 
in the Roman Forum, begun by R.Stern 
(1818-21) and completed by G.Valadier 
(1822-24), was freed from subsequent 
interventions and its missing parts were 
integrated. 

The materials used are different from 
the original ones, pursuing a principle of 
simplified “neutral forms” that restore 
visual aesthetic unity to the monument 
and, at the same time, full recognisability. 

Approach methods and theories of restoration stone building site
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Approach methods and theories of restoration stone building site

In the space of a few decades, institutions 
and intellectuals changed their attitude 
towards the conservation of monuments 
of the past, cultural developments that 
were to find substance in the writings and 
interventions of three important figures, 
leaders of three different approaches 
to restoration: the “stylistic” restoration 
of E.Viollet-le-Duc (1814-1879), the 
“conservative” theories of J.Ruskin (1819-
1900) and the “philological” restoration of 
C.Boito (1836-1914). 

The French restorer was so fascinated by 
Romanesque and Gothic art that he was 
led to analyse the processes that gave 
them their general character: “in the close 
relationship between technique and 
form, he believed he could identify the 
rules by which structural logic became a 
legible figure in architecture”.  So much 
so that Neo-Gothic is no longer seen as 
“antiquarian” but as a step towards the 
future, a style congenial to the needs of 
modern construction. 

It was not a question of mere stylistic 
reconfiguration, but the creation of a 
language free from models, original and 
personal. On the opposite front, Ruskin  
advocated the conservation of the existing 
architectural heritage, to the point of 
recommending that “an old building 
should be watched over with attentive care; 
protect it as best you can, at all costs, from 
any hint of deterioration [...] where the wall 
structure shows cracks, hold it together 
using iron; where it gives way, shore it up 
with beams; and don’t worry about the 
ugliness of these support measures: it is 
better to have a crutch than to be without 
a leg”. 

Picture  SEQ Picture \* ARABIC 1 Prospect 
of the Colosseum during the removal of 
the black crusts.
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The ability to consider the entire work, which 
has come down to us in its constitutive, 
constructive, chromatic and formal values 
such as to make each building unique, 
together with the interventions necessary 
to use an artefact, was of fundamental 
importance for the formulation of the 
“third way” of restoration, Boito’s Italian 
way. 

Viollet-le-Duc’s unity of style was no 
longer the exclusive aim of restoration 
- to be understood as an exception to 
ordinary practice - but “every building 
should be restored in the style that 
belongs to it” without neglecting the 
validity of later interventions, to be 
preserved in the same way. 

It was during the 4th Congress of Italian 
Engineers and Architects, held in Rome in 
1883, that the manifesto of “philological” 
restoration was promulgated, based on 
the principles of distinguishable additions, 
if necessary, in the modern manner, the 
use of innovative materials, the preference 
for simplified forms in archaeological 
restorations, the formulation of reports and 
studies documenting the various phases 
of work and the inclusion of a plaque to 
commemorate the work carried out. 

Approach methods and theories of restoration stone building site

GO TO EXTRA-MATERIALS:
DOPOGUERRA OGGI

GO TO EXTRA-MATERIALS:
RESTAURO SCIENTIFICO

GO TO EXTRA-MATERIALS:
VALENZE PRATICHE

GO TO EXTRA-MATERIALS:
VICENDA ITALIANA
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The interest of historical culture, which until then had 
focused solely on the individual monument, understood as 
a historical and architectural emergency, began to extend to 
its surroundings. Modern town planning in German-speaking 
countries, thanks to professionals such as C.Sitte (1843-1903) 
and H.J.Stübben (1854-1936), broadened the scope of design 
by considering the individual emergencies connected with 
each other, while in Italy G.Giovannoni (1873-1947) sensitivity 
to the anthropic environment led to the birth of a collective 
value of the chorality of the “architectural prose” of human 
settlements, a characteristic to be preserved even in the 
modification of large urban portions of historic cities. This 
is why the technique of controlled thinning is preferable 
to the extensive gutting and rectification of the French 
Haussmanian style. 

Consolidation, recomposition, liberation, completion, 
innovation, terms that little by little entered the common 
jargon of professionals all over Europe, paving the way for 
contemporary restoration of stone material.

Approach methods and theories of restoration stone building site

GO TO EXTRA-MATERIALS:
UNITA STILISTICA

GO TO EXTRA-MATERIALS:
NASCITA RESTAURO

GO TO EXTRA-MATERIALS:
BRANDI RESTORATION

GO TO EXTRA-MATERIALS:
RESTAURO FILOLOGICO

GO TO EXTRA-MATERIALS:
INDIRIZZI E PROTAGONISTI

GO TO EXTRA-MATERIALS:
SCIENZA CONSERVAZIONE

GO TO EXTRA-MATERIALS:
PECULIARIETA INGLESE

GO TO EXTRA-MATERIALS:
CONTINUITA PASSATO PRESENTE

GO TO EXTRA-MATERIALS:
AUDIOVISUAL LINKS
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Current theories and 
    practices of stone restoration

Approach methods and theories of restoration stone building site
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“Restoration constitutes the methodological 
moment of recognition of the work of art in 
its physical consistence and in the twofold 
historical-aesthetic polarity, in view of its 
transmission to posterity”. 

Approach methods and theories of restoration stone building site
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Cesare Brandi’s approach to restoration, 
methodologically unchanged whether 
the object is a Renaissance painting or a 
stone building, shows how the imperative 
of restoration is the conservation of the 
material in which the image is manifested: 
this epiphany leads to the first great axiom 
of Brandi’s theory of restoration, since only 
the physical material of the work of art is 
restored.   

The intervention on the physical 
consistency of the artefacts aims at re-
establishing a potential unity of the work, 
without neglecting some fundamental 
methodologies: to avoid committing 
a historical forgery and not erase the 
traces of its passage through time. The 
directly related theme is that of the 
reintegration of the gap in architectural 
restoration. Some interventions, even 
very recent ones, to the buildings of 
the Acropolis and the Agora of Athens 
(Temple of Athena Nike, Parthenon, 
Stoà of Attalus) using the same original 
marbles, employed in a mimetic way with 
the same ancient forms and decorations, 
could in the future lead to a dangerous 
mimesis of restoration with the original 
stone fragments. 

On the contrary, G. Valadier’s work on 
the Colosseum in Rome, which has 
now been historicized, is carried out in 
full compliance with the historical and 
aesthetic requirements: the brick additions 
of the third outer ring, carried out to secure 
this part of the building, feature travertine 
- the original material of the Flavian 
amphitheatre - at the bases and capitals of 
the architectural orders. 

Approach methods and theories of restoration stone building site
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The strong recognisability of the 
material, including its colours, was 
originally attenuated by a scialbatura that 
homogenised the colours. 

Once this superficial layer has been lost, 
the difference between the old material 
and the 19th-century addition is now 
clear, with full respect for the two phases. 
Brandi continues: “The life of a structure 
is divided into three different and distinct 
periods: a first period when the building 
was created, a second period made up of 
the time that has passed from the origin 
to our present, marked by a continuous 
succession of ‘presents’, and finally the 
present, where we can act to pass on to 
the future what has been handed down to 
us. Intervening in the present, with the act 
of reintegration, aims to compensate for a 
gap, be it structural, figurative or both: U. 
Baldini, an expert on restoration who was 
contemporary with Brandi, agrees with 
this when he speaks of “tampering” with 
the image whenever restoration or an act 
of maintenance is carried out, which is why 
it should always be exercised critically. 

A critical approach presupposes a precise 
awareness of the passage in time of the 
building - Brandi’s second time - in which 
man and nature may have altered the initial 
characteristics of the object under analysis; 
the study of existing documentation 
and a direct approach in the field are 
indispensable for understanding the 
figurative values of the environment in 
which the building is located and on 
which work will be carried out, in order to 
determine “a solution which, discarding the 
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false antique and freely drawing inspiration 
from current motifs, critically reconstructs 
links and relationships recognised as 
substantial; an indication of method, to 
conclude, which from an aesthetic point 
of view can be accepted or rejected, but 
which finds its own authentic justification 
in the need to restore the image in the 
essentiality of its figurative values, critically 
understood and not arbitrarily chosen”.

Returning to the fundamental principle 
of material difference from a historical 
and aesthetic point of view, current stone 
restoration guidelines do not only delegate 
this “diversification” to the choice of a 
product different from the original, so-
called neutral, but, as early as the 1972 
Italian Restoration Charter, it is made 
explicit that such materials must also be 
compatible with the original monuments 
with which they are to be interfaced. 

The objective, to paraphrase Baldini, is 
to establish a new relationship with the 
original chromatic (and architectural) 
fabric, “equal and at the same time 
differentiated”, “neutral” to the 
expressive potential inherent in the 
work, with which it will not interfere or 
alter but will create a new artistic and 
historical dimension. 

Reinforced concrete is still used today, 
especially in archaeological contexts, 
to integrate missing fragments and 
architectural partitions and to restore 
stability to statically unstable portions: 
while on the one hand its use offers the 
possibility of employing non-specialised 
labour, easy availability of raw materials, 
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extreme versatility of creations, the possibility of 
“incorporating” and keeping in place even small 
fragments and easy treatment of external surfaces 
that can be varied case by case, on the other hand 
it opens the way to numerous questions of a 
conservative and durable nature.

Scheduled maintenance could be one of the ways to 
continue to advocate the use of reinforced concrete 
in historical buildings and archaeological ruins, 
consolidating practices of constant intervention 
that would make it possible to avoid damage, 
even permanent, to the original material through 
direct contact with the various components of the 
cement (the bursting of the reinforcing irons and 
their oxidation, the cause of irreversible stains and 
drippings on the other materials). 
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The current positions of Italian restoration activists 
or their respective specialised training schools 
oscillate between pure conservation positions (A. 
Bellini, M. Dezzi Bardeschi) and others linked to 
philological maintenance (P. Marconi’s school). An 
intermediate theoretical and operational approach 
is expressed in the Roman school of G. Carbonara, 
the critical-conservative restoration. 

Resuming Brandi’s theoretical passages and the 
furrow traced by R. Pane and R. Bonelli’s vision of 
critical restoration in the mid-twentieth century, 
for Professor Carbonara “restoration” means any 
intervention aimed at preserving and transmitting 
works of historical, artistic and environmental 
interest to the future, facilitating their reading and 
without erasing the traces of their passage through 
time; it is based on respect for the ancient substance 
and authentic documentation constituted by 
these works, proposing itself, moreover, as an act 
of non-verbal critical interpretation but expressed 
in concrete operations. 

More precisely, as a critical hypothesis and 
proposition that can always be modified, without 
irreversibly altering the original”. 

If conservation inevitably requires modification, 
in a controlled manner and in line with the aims, 
with the building to be preserved as the subject-
object of the intervention, then the safeguarding 
of authentic documentation is accompanied by 
the act of interpretation - critical from the point 
of view of operation - and never of imitation. 

Let us take, for example, a historic building or an 
archaeological site, elements which by their very 
nature are rich in stone material. 
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Once they have lost their primitive use, they become a 
symbol of something else, that is, they take on the cultural 
value of a document, a memory, “words that in the Latin 
language constitute the etymology of monumentum”; the 
monument becomes a trace of our past, to be preserved, 
since it is “material testimony with the value of civilisation”.   

The fusion between the new and the old is seen as a 
positive reality not to be denied a priori. The modernity of 
contemporary intervention, once motivated and examined in 
its expressive and formal declinations, is the preferable road 
to take, if the architect is cultured, attentive and patient in 
listening to the traces that the past has handed down to us, 
aware of his role linked to interventions on precious, unique 
and unrepeatable material testimonies.
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The need to protect monuments and the 
heritage of buildings with a memorial 
character has led professionals from all over 
the world to draw up charters, agreements and 
declarations that encapsulate and explain the 
thinking and methods of intervention of that 
specific historical period. The first fundamental 
text in this field is the charter of restoration of 
1883, drawn up in Rome during the IV Congress 
of Italian Engineers and Architects: the subject 
of the charter is monuments, historical and 
artistic testimonies of the past.
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The subject of the charter is monuments, historical 
and artistic testimonies to the past. Scrolling 
through the articles, the strong hand of Boito, the 
leader of Italian philological restoration, is evident. 
Interventions on monuments are to be considered 
on a case-by-case basis, avoiding pre-established 
objectives without first comparing themselves 
with the traces of the “elegant documents”: in 
this regard, additions are only justified if they 
are necessary, to give stability and solidity to the 
buildings, a thought very close to the Anglophone 
world of Ruskin and Morris. 

These must be different in character from the 
original parts, recognisable in their materials or 
bearing an engraved sign or date attesting to the 
date of restoration. Similarly, new technologies, 
such as photographs, are expressly requested, 
accompanied by comprehensive written 
documentation illustrating the work carried out 
and the materials used. 

The importance of the authenticity of the material, 
both Italian and European, will be of fundamental 
importance for subsequent papers. G. Giovannoni’s 
scientific restoration, by reproducing the destroyed 
or “deteriorated” parts of the monument with 
simplified and distinguishable forms, aimed at 
consolidating and restoring the functionality of 
a building: these ideas would come together in 
two particularly important official documents of 
the early 20th century, the Athens Charter (1931) 
and the first Italian Charter for the Restoration of 
Monuments (1932). 

In the International Congress of 1931, “the 
conservation of monuments of art and history” 
aimed to unify different positions of Western 
countries on the subject. 
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The indication of the Charter only to 
architectural heritage clarifies its intentions: 
to hope for collaboration between States 
for the conservation of monuments, 
especially after major war events such as 
the First World War had highlighted their 
easy precariousness. 

While studies and research into the 
pathologies of decay are necessary, 
restoration should only be carried out if 
it is indispensable; it is better to prefer 
regular maintenance, avoiding integral 
restorations. It is better to preserve without 
reconstruction, allowing only anastylosis 
(the recomposition of a fragmented stone 
monument of which parts have been 
preserved). 

The importance of recognisable 
materials led the participants to favour 
new materials in restorations, as they 
were easily identifiable, even if they 
were concealed: an exemplary case was 
the use of reinforced concrete on the 
buildings of the Acropolis in Athens, with 
the transfer of part of the load-bearing 
function from the ancient structures to 
modern grafts, inserting metal profiles 
or reinforced concrete beams into the 
ancient members. 

Its cheapness, plasticity and versatility 
were praised, fatally believing that it had 
an alleged infinite durability. A similar 
reconstruction was carried out at Temple 
C in Selinunte, whose works were directed 
in 1925-26 by engineer F. Valenti.  
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The consonance between the Athens 
Charter and the first Italian Charter for 
the Restoration of Monuments is clear 
on most of the themes addressed: the 
same approach to maintenance and 
consolidation (“assiduous care”), minimum 
intervention, restoration only if strictly 
necessary and well documented, respect 
for the monuments and environmental 
conditions. 

The additions can be of different 
materials or bear an initials and/or date of 
installation, even better if they are carried 
out with “bare simplicity”. These first 
charters contributed to the development 
of vast international movements, such 
as the birth of UNESCO (1945) and ICOM 
(1946): the massive destruction of the 
Second World War led professionals and 
scholars to consider historic buildings 
as a common heritage, recognising that 
they were responsible for safeguarding 
them for future generations. 

While restoration work had always been 
a cultural predilection up until then, Pane 
writes that “today it has been imposed 
on us by an imperious need [...] to save 
the remains of precious forms whose 
abandonment would be incompatible 
with a cultured and civilised society”. 
In 1963 Brandi published his Theory of 
Restoration (also in relation to his position 
as founder and director of the Central 
Institute for Restoration in Rome, from 1939 
to 1960), a volume that was of fundamental 
importance for the subsequent document 
approved by the Second International 
Congress of Architects and Monuments 
Technicians: the Venice Charter (1964) .
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The focus shifted from the single building 
to the urban or landscape environment 
that constitutes “the testimony of a 
particular civilisation, of a significant 
evolution or of a historical event”: this 
was an important step forward (later 
taken up by the 1972 Italian Charter for 
Restoration) since, in addition to major 
works, even those of modest character 
were included, if they had acquired cultural 
significance over time. According to the 
document, conservation should be based 
on systematic maintenance, preserving 
environmental conditions. 

Another important acquisition is the notion 
of compatibility of use of the existing 
building with a possible new use for society. 
In operational interventions, restoration 
must be preceded and accompanied 
by an architectural and archaeological 
study, stopping where the hypothesis 
begins, without falsifying the monument 
and respecting both the aesthetic and 
historical instances of Brandi’s matrix. 

The subsequent postulations found in 
the European Charter of Architectural 
Heritage and in the Declaration of 
Amsterdam in 1975 lead to the so-
called “integrated conservation”: since 
architectural heritage is composed of 
“major monuments” and “buildings 
that make up our traditional towns 
and villages in their natural or built 
environment” there must be economic, 
social and territorial planning upstream, 
a result that can be achieved through 
the combined use of restoration and the 
search for appropriate functions.  
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The extension of heritage leads to the need for 
programmed conservation, seeking to translate 
into practice the theoretical principles postulated 
by “preventive” restoration. Rethinking the 
preservation of the city and its historic districts, as 
an integral part of a coherent economic and social 
development policy at all levels and from many 
points of view, is the basis of the International 
Charter for the Preservation of Historic Cities 
(Washington, 1987 ), seeking to preserve the 
“historic character of the city and the set of material 
and spiritual elements that express its image”. 
Attacking the values, including the spiritual ones, 
of a historic city would inexorably compromise its 
authenticity, which is often the result of centuries 
of stratification and settlement. 

This cultural path, which started in some 
European countries and then spread to the 
whole world, can be outlined in this way: first 
the object of restoration was only the single 
monument (Athens Charter, 1931), the urban 
and landscape environment (Venice Charter, 
1964), monuments, collections, furnishings, 
minor production, archaeology, gardens and 
landscapes (Italian Restoration Charter, 1972), 
the natural and anthropized whole (Amsterdam 
Charter, 1975), and then the so-called “intangible 
assets” were also included with the Burra 
Charter of 1979. 

In this specific case, the addition is made by 
thinking of Australian indigenous traditions, 
peoples who hand down knowledge mainly orally: 
places of cultural significance reflect the diversity 
of communities around the world, telling “who we 
are and the past that formed us” and the landscape 
with which we are confronted and in which we are 
reflected, on a daily basis. 
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The concept of intangible assets becomes synonymous with 
multiple identities, each to be preserved in order to maintain 
a stable balance of intergenerational equity between the 
present and the future. The Paris Declaration of 2011 also 
expresses concern about the negative effects of globalisation 
(loss of values, identity and diversity in a society) linked to 
the crumbling of tangible and intangible heritage: it again 
highlights the close link between economic development and 
heritage, which is very much at risk especially - but not only 
- in developing countries. It is not only necessary to protect 
heritage, but also to promote and enhance it, seeking to use 
its economic, social and cultural value for the benefit of local 
communities and visitors. This is one of the biggest challenges 
of the new century.

Approach methods and theories of restoration stone building site

GO TO EXTRA-MATERIALS
ELECTRONIC LINKS

GO TO EXTRA-MATERIALS
HISTORY OF CONSERVATION

GO TO EXTRA-MATERIALS
CARTA INTERNAZIONALE DEL RESTAURO

79

http://stoneplacing.com/materiales/HERITAGE/conservation/resources/1.3_Electronic_links.docx
http://stoneplacing.com/materiales/HERITAGE/conservation/resources/1.3_Electronic_links.docx
http://stoneplacing.com/materiales/HERITAGE/conservation/resources/1.3_ICCROM_05_HistoryofConservation01_en_0.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/resources/1.3_ICCROM_05_HistoryofConservation01_en_0.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/resources/1.3_La%20Carta%20Internazionale%20del%20Restauro%20di%20Venezia%20%281964%29.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/resources/1.3_La%20Carta%20Internazionale%20del%20Restauro%20di%20Venezia%20%281964%29.pdf


Destructive and non-destructive   
     diagnostic techniques
    

Analytical and diagnostic techniques

80



Diagnostics (from the Greek diá, through, and 
ghignóskein, to know) is a set of methods 
and techniques for the scientific analysis of 
architectural artefacts, the aim of which is 
to know the material characteristics of the 
building, its state of conservation in order to 
define an accurate restoration project, and to 
be able to monitor the state of the architectural 
artefact over time and verify the quality of the 
work carried out.
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Since restoration work is a set of complex 
operations, there is a need for a unified 
vision between this operational practice 
and architecture as a whole. Diagnostic 
techniques, both destructive and non-
destructive, contribute to deepening our 
knowledge of the building undergoing 
restoration, allowing us to acquire new and/
or different knowledge from what we have 
learned through archival documentation 
and publications, or simply to learn about 
technical and constituent aspects of the 
subject that were not known. We would 
like to emphasise at once a difference in 
form: the word technique means the use 
of a specific instrumentation, whereas 
method is “the application of a technique 
to a specific object”. 

An analytical technique is a technique 
based on a rigorous methodology carried 
out using specific instruments, which 
allows scientifically controllable data to 
be obtained. 

Diagnostic techniques, on the other 
hand, are defined by some as a subset of 
analytical techniques, subdivided into: non-
destructive, typical of the pre-intervention 
phase (fundamental in the design 
formulation of subsequent operations) and 
laboratory analysis of a destructive type, 
carried out on appropriately taken samples. 
In the case of non-destructive tests, the 
material of the asset being examined is left 
intact, respecting its structural integrity 
without altering its appearance, while the 
latter produce a more or less significant 
disturbance.
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Not everyone agrees in defining non-
destructive techniques in a univocal way, 
but they are generally agreed in defining 
these:
- Photography: micro- or macro-
photography, either in the visible (with 
diffuse light, grazing light, transillumination, 
etc.), with sources of ultraviolet radiation 
(fluorescence, UV, reflected UV) or with 
infrared radiation (reflected IR, infrared 
B/W, false-colour infrared);
- Spatial data surveying: topographic, 
longimetric, photogrammetric, or optical 
techniques with 3D laser scanning systems, 
based on optical triangulation or time-of-
flight;
- Near UV to near IR reflectography: several 
spectral bands are usually selected, from 
which several views of the same surface 
are obtained;
- Thermography: the radiation emitted 
by the surface of an artefact is examined 
in two different spectral bands, between 
3 and 5 um (SW) or between 8 and 13 um 
(LW);
- Endoscopy, fibre-optic microscopy: both 
techniques mainly use fibre optics to 
transmit images, acquired by means of 
a probe (equipped with an illumination 
system), to a computer system that allows 
them to be viewed, processed and stored;
- Colorimetry and spectrophotometry: 
these are techniques that use 
portable instrumentation. Specifically, 
spectrophotometry works in the visible 
band by measuring diffuse reflectance;
- Imaging spectroscopy or 
spectrophotometry: derived from 
reflectometry, using a series of narrow-
band interferential filters;
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- Radiography, gammagraphy, 
magnetometry: generally the term 
radiography includes both X-ray and 
gamma (y) ray analysis; they are generally 
used in the study of vertical structures, 
such as masonry, columns and pillars;
- Energy Dispersive X-Ray Fluorescence 
(EDXRF): is the technique that allows non-
destructive analysis in situ with portable 
instrumentation;
- Sonic, ultrasonic, radar-stratigraphy 
(georadar) tests: these are often used for 
structural checks of buildings;
- Methodologies for thermo-hygrometric 
and microclimatic surveys: these are 
surveys aimed at studying the environment 
surrounding the object considered;
- Qualitative and quantitative diagnostics 
for static restoration: these include a 
wide range of tests (which may also be 
destructive) to verify the structural stability 
of a building. Examples are mechanical 
tests on materials in the laboratory 
and in situ, dynamic tests (analysis of 
vibrational disturbances already present 
on the structure or induced by forced 
low-intensity vibrations), resistive and 
capacitive electrical measurements and 
others. This diagnostic sector includes 
many;
- Image processing, statistical processing, 
numerical simulations: computer 
processing of a multispectral image and, in 
general, statistical analysis of the data, make 
it possible to obtain as much information 
as possible from the surveys. These models 
are used to simulate, for example, the 
propagation of heat in a masonry or the 
tensional state and deformations of a 
structure, especially a complex one: this 
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technique can improve the understanding 
of phenomena and, once verified, is able 
to provide precise predictions throughout 
the examined domain.

Destructive diagnostic techniques, on 
the other hand, vary from material to 
material. Excluding from the present 
discussion compression tests on 
concrete cores and tensile tests on steel 
bars, the following are also possible:
- Compression tests on portions of stone 
material: these are carried out in specialised 
laboratories. In order to provide as broad a 
picture as possible of the results, it is good 
practice to take samples of material at the 
points where non-destructive tests have 
been carried out, correlating the results of 
the different investigations;
- Endoscopic surveys: this involves the 
direct visual inspection of a cavity or 
inaccessible parts of the masonry, within 
the thickness of the wall. An endoscopic 
probe is usually inserted into holes at least 
20 mm in diameter. The investigation is 
useful for reconstructing and studying 
the stratigraphy of the building, the type 
of materials present and the presence of 
voids: it is possible to record the results of 
the visual inspection with a filming system, 
either photo or video;
- descialbo: removal of an area of plaster 
and/or the different layers of paint film and 
plaster in order to read their succession, 
down to the masonry (or where deemed 
necessary);
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- tests with flat jacks: if single, the test allows to 
estimate the state of local tension present in the 
wall structures. Generally, the cut for inserting the 
jack is made using a hydraulic saw with a circular 
blade or a drill bit. If a double flat jack is used, the 
deformation characteristics of the masonry are 
determined, as well as an indication of its strength 
value;
- Tear test: in order to verify the adhesion of the 
finishing layers and the cohesion between them, 
an increasing load is applied to a surface, which 
is isolated and brought to failure. This makes it 
possible to identify the maximum load value and 
the mode of fracture (adhesion or cohesion).
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The deterioration of materials (natural and 
artificial, including stone) is a progressive and 
unstoppable process, inherent in the material 
that leads to its natural destruction: the task of 
restoration is to slow down the phenomena of 
alteration and degradation, through constant 
maintenance and restoration work aimed at 
“maintaining the efficiency” and “transmitting 
it in its entirety to the future” of the cultural 
heritage on which we work. 
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The causes leading to degradation can be 
either intrinsic (the site, design defects, 
construction site, construction materials 
and technologies) or extrinsic (natural 
causes, such as prolonged action over time 
and/or a sudden event, anthropogenic 
causes, such as direct or indirect actions). 

The mechanisms of degradation may result 
from physical or chemical alterations, while 
the types of degradation may be of surfaces 
or structures.   In the preliminary phase of 
the restoration project, through studies 
and direct contact with the building, the 
nature of the materials and the causes of 
deterioration must be verified: a correct 
analysis of the pathologies that afflict the 
artefact and the materials that compose it 
are the basis of a successful intervention. 

One of the main causes of deterioration 
is air pollution (and the resulting acid 
rain), a consequence of the sudden 
atmospheric changes of the last two 
centuries linked to the increasing use of 
coal, fossil fuels, petrol and fertilisers in 
cultivation; the deterioration caused by 
man-made chemical agents has different 
effects to natural ones, accelerating the 
changes. 

An important impulse to the direct 
study of materials was the affirmation of 
“critical” restoration in the middle of the 
last century, when a practice was imposed 
that was increasingly respectful of the 
artefact, its history and peculiar aesthetic 
characteristics. 
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The historical and technical preparation of the 
workers who collaborate on a restoration site 
(architects, historians, engineers, chemists, 
restorers, etc.) is constantly evolving, working in 
synergy with fruitful interdisciplinary exchanges. 

The current of critical-conservative restoration is 
based on the criteria of reversibility, compatibility 
(material and intended use), distinguishability, 
authenticity and minimum intervention; precisely 
the concepts of reversibility and material 
compatibility concern the materials and products 
used in restoration. 
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What is crucial is the chemical and physical 
compatibility of old and new materials, as 
well as the possibility of easily removing 
them and replacing them with others if 
necessary, for example surface protection.   

In the past, the proliferation of unverified 
analysis techniques led to situations 
of extreme confusion, a condition 
remedied by the establishment of Normal 
commissions with the aim of setting up 
common methodologies in the individual 
research sectors; the research macro-
sectors (biology, chemistry, physics, 
petrography, masonry structures and 
dampness) have drawn up complete lists 
of the degradations present in natural 
and artificial stone materials, intended for 
anyone working in the sector. 

One of the most important documents is 
Uni Nor.Ma.L 1/88 of 1988, characterised by a 
set of cards consisting of the identification 
of degradation, its description, graphic 
symbols and some photographic examples; 
in 2006 the document was updated (UNI 
11182/2006). 

The phenomena described therein 
represent alterations and degradations 
visible to the naked eye, a detection used 
to support the other non-destructive 
analyses. They are subdivided as follows:
- chromatic degradation: degradation 
manifested by the variation of one or more 
parameters defining the colour;
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- alveolization: degradation manifested by 
the formation of cavities of varying size and 
shape. The alveoli are often interconnected 
and have a non-uniform distribution; 
- dripping: a vertical trace;
- biological colonisation: macroscopically 
detectable presence of micro and/or macro 
organisms (algae, fungi, lichens, mosses, 
higher plants);
- crust: surface layer of alteration of the 
stone material or of the products used for 
any treatments;
- deformation: change in shape or form 
affecting the entire thickness of the 
material;
- differential degradation: loss of material 
from the surface that highlights the 
heterogeneity of the texture and structure;
- differential degradation: Loss of material 
from the surface showing heterogeneity in 
texture and structure; Surface deposition: 
Accumulation of foreign material of various 
kinds, e.g. dust, soil, guano, etc;
- disintegration: decohesion characterised 
by the detachment of granules or crystals 
under minimal mechanical stress;
- efflorescence: the formation of crystalline 
substances, generally whitish in colour and 
crystalline in appearance, or powdery or 
filamentous, on the surface of the artefact 
and with little adherence to the surface;
- erosion: removal of material from the 
surface due to processes of a different 
nature;
- exfoliation: degradation manifested by 
the detachment, often caused by falling, 
of one or more subparallel surface layers 
(flakes);
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- fracturing and cracking: degradation manifested 
by the formation of continuity solutions in the 
material and which may involve the reciprocal 
displacement of parts;
- rising edge: limit of water migration manifested 
by the formation of efflorescence and/or loss of 
material;
- vandalism: the unwanted application of coloured 
paint on the surface;
- incrustation: a stratiform, compact deposit 
generally adhering to the substrate, composed of 
inorganic substances or structures of a biological 
nature;
- lacuna: loss of continuity of surfaces (part of a 
plaster and painting, portion of impasto or ceramic 
coating, mosaic tesserae, etc.);
- stain: localised chromatic variation of the surface, 
related either to the presence of certain natural 
components of the material (concentration of 
pyrite in marble) or to the presence of foreign 
materials (oxidation products of metallic materials, 
organic substances, varnishes, etc.);
- lack: loss of three-dimensional elements (arm of 
a statue, handle of an amphora, piece of a relief 
decoration, etc.);
- patina: a natural change in the surface that 
cannot be linked to deterioration and is perceived 
as a change in the original colour of the material;
- biological patina: a thin, soft, homogeneous layer 
adhering to the surface of an obvious biological 
nature and of variable colour;
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http://stoneplacing.com/materiales/HERITAGE/conservation/resources/2.2_santopuoli_DEGRADO_21_04_21.pdf


- film: a transparent or semi-transparent surface 
layer of coherent substances foreign to the stone 
material (protective film, film with aesthetic 
functions, oxalate film, etc.); 
- pitting: the formation of blind holes, numerous 
and close together, with a maximum diameter of a 
few millimetres;
- presence of vegetation: presence of herbaceous, 
shrubby or tree-like plants;
- swelling: localised raising of the surface of the 
material of variable form and consistency;
- spalling: the presence of irregularly shaped, thick 
and non-uniform parts, known as flakes, generally 
in correspondence with breaks in the continuity of 
the original material.

Analytical and diagnostic techniques
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  constructive materials
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The first approach to the building on which 
work is to be carried out, as already mentioned, 
can only be the survey: it brings the professional 
closer to the building in a progressive manner 
and through successive levels of in-depth 
study.

Materials identif ication and characterization

95



Studying a building and the material 
of which it is composed does not mean 
undertaking a “restoration survey” or a 
“conservation survey”, but simply becoming 
aware of the tectonic, compositional and 
material consistency of the structures in 
front of us. 

Specifically, when it comes to the survey 
and study of stone, the amount of studies 
available to us in support is numerous and 
varied; this is due to the fact that stone is 
one of the oldest and most widespread 
materials in architecture, in most of the 
world (at least, certainly in Europe). 

A rock is defined as a natural association 
composed of a mono- or polymineral 
aggregate, the result of a generic 
process that repeats itself on a regular 
basis or develops on a large scale. Their 
classification is based precisely on 
genesis, i.e. the way in which the rocks 
were formed: magmatic or igneous rocks, 
sedimentary rocks and metamorphic 
rocks. 

Magmatic rocks were formed by the 
crystallisation of a magma, a molten 
mass of mainly silicate composition, rich 
in volatile elements from the depths of 
the earth, which were in turn already pre-
existing solid masses. 

In turn, they are subdivided into intrusive 
rocks, formed by slow crystallisation at 
depth (such as granite, syenite, diorite, etc.), 
and effusive rocks, formed by crystallisation 
at the surface, in rapid themes (such as 
porphyry, basalt, trachyte, etc.). 

Sedimentary rocks originate from the 
consolidation of sediments, loose materials 
resulting from a mechanical accumulation 
of more or less large fragments from 
the disintegration of other rocks or from 
precipitation from solutions with or without 
the intervention of organisms that fix the 
salts in the water; the main sedimentary 
rocks used in architecture are sandstone, 
limestone, dolomite, gypsum, travertine, 
tuff, etc. 

The last group, metamorphic rocks, 
originates from changes in the physical and 
chemical environment of pre-existing rocks, 
such as variations in pressure, temperature, 
deformation or infiltration of fluids; these 
changes lead to the recrystallisation of 
minerals already present, the appearance 
of new mineralogical phases and the 
disappearance of others. 

Slate, quartzite, marble, serpentinite, etc. 
are metamorphic rocks used as building 
stones. 
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Once the cataloguing of stone material has been 
learnt, it should be mapped, divided into types, 
on the graphic drawings available to us (graphic 
base from a survey or photo-plane); this step is of 
fundamental importance since it represents the 
moment of scrupulous analysis of each portion of 
the building, graphically analysing what has been 
deduced with the naked eye. 

The expedient that facilitates this step is the use 
of different colours, each corresponding to a 
material; the choice of a clear and sharp chromatic 
scale avoids interpretative ambiguities, confused 
or misunderstood portions.

Materials identif ication and characterization

Picture 2 Elaboration of a state of affairs and a state 
of degradation (restoration work)with identification 
of materials

GO TO EXTRA-MATERIALS:
SERENA PIRISINO

GO TO EXTRA-MATERIALS:
ABACO DEGRADI
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Visual analysis and photo interpretation: 
development of thematic tables
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Following the characterisation of the materials 
that make up the building under investigation, 
we can go on to study its understanding.
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It is possible to highlight the architectural 
texture that makes up the building, the 
elements of regularity, the similarities 
and modularity; it is desirable that this 
understanding be total and hierarchical, 
from the macro scale of the dimensional 
relationships to the individual stone 
ashlars. 

The resulting analytical reading (aided 
by historical research) makes it possible 
to begin analyses of the construction 
techniques, the decorative apparatus, 
the architectural finishes and the 
masonry equipment, extremely valuable 
information to correlate with other 
investigations, both destructive and 
non-destructive. 

Although there are differences linked to 
the individual type of stone, past studies, 
born in the cases of individual restoration 
sites, linked to conservation techniques 
and the search for quarries of origin to 
replace minimal deteriorated portions, 
have led operators in the sector to an in-
depth knowledge of this natural material. 

As highlighted in module S.K.3.2 the 
causes leading to degradation are both 
intrinsic and extrinsic, the mechanisms 
of degradation can derive from physical 
or chemical alterations, while the types 
of degradation can be of surfaces or 
structures. 
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The visual analysis in the field, of the graphic 
drawings and photoplans leads to the elaboration 
of the thematic tables; the table of constituent 
materials (S.K.4.1), the photoplane (S.K.4.3), the 
table of the state of conservation (or state of fact) 
and the table of the restoration project. Leaving 
aside the elaboration of the photoplans to the 
next paragraph, the state of conservation and 
restoration project tables represent the fulcrum 
of operations on the worksite, and are also 
fundamental in quantifying the consistency of the 
material (and consequently the cost) on which 
work will be carried out. 
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The state of conservation records every 
situation of deterioration, graphing 
each type of deterioration with different 
hatching; the symbolism conventionally 
used is that of NORMAL UNI 11182/2006, 
a tool that provides a description of the 
terms used to indicate the various forms of 
alteration and the organisms - autotrophs 
and heterotrophs - that are macroscopically 
visible on the surfaces. 

It must again be specified that this survey 
concerns the state of conservation of 
the stone surface, while the causes 
and extent of the alterations must be 
ascertained through diagnosis. 

Each portion of material may be subject 
to more than one phenomenon of 
deterioration and, in different cases, the 
same phenomenon of alteration may 
persist on different stone materials on the 
same elevation; hence the fundamental 
importance of a precise graphic basis 
for surveying on which to map the 
deterioration, identifying homogeneous 
areas by material and, case by case, also 
by morphology of deterioration. Since the 
phenomena of alteration usually add up 
and insist on the same points, the graphic 
sign that represents this conformation 
must be clear, even using graphic signs 
that differ from UNI 11182/2006; for example 
a new hatch will identify the sum of the 
presence of patina with that of erosion, 
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without using the two overlapping graphic 
signs in the same portion of the elevation. 
This information will have to be organised 
in an easily comprehensible table, provided 
with a legend where the following will be 
inserted: the materials, the phenomena of 
degradation and, if possible, the causes of 
these phenomena. 

This is not merely a compilation act, but 
another moment of application and study. 
In addition to the superficial alterations, 
the cracking framework must be identified, 
extended to the whole building; this step 
is indispensable for the formulation of the 
structural adjustment intervention, since it 
allows the evaluation of the phenomenon 
of static settlement of the building in its 
entirety. 

The evaluations will be carried out 
both in the plan and in the elevations, 
identifying the position and the course 
of each single instability (whether it be 
wall partitions or horizons and vaulted 
systems), in order to highlight the 
picture of the kinematic mechanisms in 
progress previously hypothesised. 

The main processes of structural 
degradation are: foundation failure, failure 
of the walls and pillars, crushing, bending 
and peak load, thrust, torsion, horizontal 
failure and roof failure. 

Materials identif ication and characterization
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The characterisation of the masonry 
apparatus, types of floors, roofs and 
materials in general, previously carried out, 
helps the global assessment of the state of 
affairs. 

These changes may be direct effects of 
anthropogenic degradation (plugging, 
superfetations, demolitions, etc.), causes of 
static alterations (changes in the original 
static equilibrium, elevations, etc.) or 
chemical-physical alterations (incorrect 
restoration work, previous restorations that 
have lost their function, consolidations and 
protections that have changed over time, 
etc.). 

The restoration project tables are drawn 
up as a direct consequence of the state of 
conservation; a precise intervention will 
correspond to each type of degradation 
or sum of degradation phenomena. In 
this case too, an explanatory table will 
include the materials and an indication 
of the interventions to be carried out. 

These operations - in addition to the good 
practice of restorers who work in the 
sector and who know the remedies for 
each individual alterative phenomenon - 
come from broad project choices that will 
have been made once the degradation is 
understood. 
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The choices are generally motivated by technical and 
scientific acquisitions resulting from our historical 
present, supported by previous studies. 

In the same way, critically determining the limits and 
purposes of the intervention will modify, a priori, the 
interventions to be carried out, their scansion and 
application methodology: if, for example, there are 
phenomena of deterioration on the frescoes located in an 
interior environment with problems of water infiltration 
from the roof, before carrying out the intervention on 
these it will be necessary to deal with the roof, healing 
the infiltration.
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GO TO EXTRA-MATERIALS:
G. CARBONARA

GO TO EXTRA-MATERIALS:
SANTOPUOLI FOTINTERPRETAZIONE
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Produce high detail drawings and 
ortho-images for constructive 

materials characterization
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Once the survey has been carried out, which 
is a fundamental tool for a good investigation 
of the built environment, an approach 
based on the interdisciplinary contribution 
of drawing and other analytical, physical-
chemical, structural, archaeological and purely 
architectural methodologies can be favoured 
for the drafting of the restoration project.

Materials identif ication and characterization

107



Materials identif ication and characterization

The object of studies and restoration of architectural 
and urban heritage is “the work, material and 
concrete physics” (A. Bruschi), investigating 
objective data, dialoguing directly with the artefact 
under examination. 

The survey can be carried out with conventional 
methods or with photogrammetric techniques; 
the latter are based on a methodology that 
guarantees the quality of the image and the 
metric precision of the final product, because if 
the shots acquired have a high resolution it will 
be easy to identify the different architectural 
details and straighten/scale the images, also in 
view of a possible vectorial restitution.

Methodologically the shots can be summarised as 
follows:
- planning of the survey operations, such as first 
measuring the road sections on which a building 
faces if it is external;
- execution of the survey in which photographic 
footage is acquired using digital cameras, using 
clear reference points to be surveyed;
- making the images orthogonal thanks to specific 
software, inserting transformation parameters 
defined by the points of capture;
- mosaic the orthogonalized frames;
- process the final frames, with the optimisation of 
the image parameters. 

The shots must be taken orthogonally, with the 
camera positioned on a tripod, in bubble, constantly 
equidistant from the context to be photographed 
and with the axis of the lens perpendicular to the 
elevation to be framed. 
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If shooting with control points the overlap 
between shots can be minimal, just enough to 
avoid gaps and unframed areas, while in the 
total absence of points (shooting for geometric 
alignments and ratio of measurements) about 30% 
overlap between adjacent images is necessary, a 
sufficient percentage to create a mosaic between 
homologous points. 

The photographic survey makes it possible to 
metrically determine the shape and position of 
objects starting from two different frames that 
frame the same object (called a stereoscopic pair) 
and from which orthophotos of elevations and 
sections can be obtained. This is a photograph 
that has been geometrically corrected (the 
ortho-rectification process); this means that 
the ortho-photo can be used to measure real 
distances, reflecting the real consistency of the 
building. 

The metric restitution of two-dimensional 
photogrammetry is the result of four distinct steps:

- acquisition of a photographic shot;
- numerical transformation of each point, from its 
real position in the space projected onto the photo 
to a two-dimensional position, in orthogonal 
projection (image straightening);
- overmapping, the graphic processing 
superimposed on the image that has been 
straightened, which involves an indirect restitution 
of the measurements of the photographed facade;
- relocation in two-dimensional space of each 
straightened frame.
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In this way, all the points of a building - 
hence its materials - are quantifiable in 
their dimensional values, proportional, 
clear in the multiple relationships that 
bind them. 

The object, represented as it is in reality, 
is easily comprehensible both by those 
familiar with the use of traditional 
topo-cartographic representations and 
by personnel lacking all the technical 
culture typical of a restoration specialist, 
who will, however, be working in the 
subsequent construction phase. 

With respect to the survey of other 
cultural assets (such as sculptures and 
paintings) there are graphic drawings 
that are indispensable to guarantee the 
fundamental function of knowledge, 
illustration, historical and technical-
diagnostic clarification of a building. The 
elaboration of the graphic tables can be 
carried out starting from photogrammetry. 

The drawings developed subsequently 
vary in scale according to the information 
to be provided. The cartographic and 
topographical tables, such as maps and 
plans, are preferable at a scale of 1:500 or 
1:200, an adequate representation to place 
the architectural element on the place 
and site where it is located, in a biunivocal 
manner. This is followed by the metric and 
architectural survey, at a scale of 1:100 or 
1:50, both for the plans and the elevations; 
these scales of representation (especially 
1:50) allow for a reading of the wall fixtures, 
the general state of deterioration and the 
architectural language in the relationship 
between the parts that make up the 
building organism. 
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A similar scale, oscillating between 1:50 and 1:10 depending 
on the need and the area subject to intervention, will be 
preferable for the survey of the cracks and the survey of 
surface deterioration. The details of some technical, structural 
and/or decorative details should be represented on a scale 
of 1:10 to 1:5, in order to make it possible to understand the 
interventions to be carried out on architectural mouldings 
(capitals, bases, exhibitions of openings etc.) or on precise 
points of junction (connection between vertical scores and 
floors, vertical scores and foundations etc.). 

These precise representations, even on a scale very close to 
the real one, will be of support to the elaboration of the items 
of the specifications that will describe in detail the work to 
be done and the price analysis; the graphic sign becomes 
the transposition of where and how to intervene, to estimate 
the quantity and the cost of each type of work, even more 
specific if subdivided by materials.
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Development of scientific 
investigation project: diagnosis, 

examinations and samplings
    

Intervention techniques, highlighting recent innovative developments
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As previously stated in S.K.3.1 the diagnostic 
techniques are divided into non-destructive, 
typical of the pre-intervention phase 
(fundamental in the design formulation of the 
subsequent operation) and destructive, suitable 
for laboratory analysis of samples appropriately 
taken. In addition to the examples already given, 
when drawing up a scientific investigation 
project the classification of the techniques 
and methods to be used can be passive (non-
invasive) or active (invasive), qualitative or 
quantitative, global (continuous) or punctual 
(discrete). 

Intervention techniques, highlighting recent innovative developments
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Passive techniques not only maintain the 
structural integrity of the object under 
examination, but also do not alter its 
thermodynamic state, i.e. its chemical-
physical situation. 

A typical example is the thermography 
technique, where a sensor records the 
thermal emission of a surface, according 
to the natural thermal cycle of the artefact: 
it is a non-destructive and non-invasive 
method. If, on the other hand, a wall 
is altered by means of thermal stress, 
this will still be non-destructive but the 
instrumentation will actively stress the 
artefact. 

Qualitative classification refers to the 
presence - or absence - of a certain element 
in an object, while quantitative classification 
defines the concentration of that element. 
On the other hand, a global (continuous) 
or punctual (discrete) classification 
indicates whether the diagnoses in 
question provide overall information on 
the artefact - a thermographic technique 
that produces global images of the object 
- or are analyses that provide information 
on a specific point of the building, such as 
the chemical-physical investigation in the 
laboratory of a stone sample. 

Once the pre-intervention analyses have 
been completed, the focus can be on 
taking samples in order to perform the 

necessary laboratory analyses. For example, 
in order to understand the problems of 
degradation in progress, to know the 
type (and, if possible, the origin) of a 
specific stone material, to investigate the 
presence of products related to previous 
interventions (consolidating, protective, 
etc.), to investigate the nature of surface 
patinas/crusts, to identify any treatments 
and ancient patinas, in order to make the 
best decisions for the restoration project, 
diagnostic investigations (by performing 
specific laboratory tests) are necessary. 

These also have the aim of identifying 
suitable products to be used in the 
conservative restoration of the material 
in question. The analyses could allow the 
identification of the type of stone material, 
the quarry of origin, the nature of the 
compounds present on the stone (e.g. an 
ancient plaster and the composition of the 
binders, as well as its dating), its porosity, 
its resistance and its reaction to restoration 
interventions (cleaning, consolidation, 
application of protective agents, etc.). 
The choice of the areas in which to take 
samples is of fundamental importance: if 
you are outside - and you want to know as 
much data as possible from the genesis 
of the construction up to the present - it 
is preferable to opt for areas sheltered 
from atmospheric agents, such as portions 
under overhangs and summit cornices 
and sheltered portions of the attic. 

Intervention techniques, highlighting recent innovative developments
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The analyses that could be requested from the 
laboratory are:
- Mineralogical - petrographic analysis in thin 
section under an optical microscope, with in-depth 
analysis by ESEM to characterise the nature of the 
stone material and the binder (binder-aggregate 
relationship between the stone material segments). 
The thin section is a 30 μm thick slice of material 
that is transparent to light. The manifestation of 
the interaction between the polarised light and 
the crystalline structure of the material is studied: 
this allows the mineralogical composition and the 
structure/texture of the compound to be identified. 

Intervention techniques, highlighting recent innovative developments
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When the object under examination is a 
mortar, the study allows to understand 
the aggregate (composition, shape of 
the granules, grain size, distribution of 
the mixture, orientation of the granules), 
the binder/aggregate ratio (if the mixture 
is fat or lean), the detection of unfired 
fragments or lumps of lime (with related 
information on the hot stone used and 
the level of care taken in preparing the 
lime), indication of the nature of the 
binder and porosity (amount of water 
used in the mixture, shrinkage problems);

- Physical analyses to determine total 
porosity, imbibition capacity by total 
immersion, determination of water 
absorption by capillarity;
- Analyses to verify the efficacy of the 
cleaning, consolidation and protection 
treatments of the restoration work (to be 
carried out ante, during and post operam), 
in order to better understand the results of 
the restoration products used;
- XRD diffractometric analysis 
(mineralogical analysis). This technique 
allows a semi-quantitative or quantitative 
analysis of any crystalline substance. The 
method exploits the effects of interference 
of an X-ray radiation with the crystalline 
lattice of minerals. The lattice, struck by 
radiation of wavelength λ, the same order 
of magnitude as the distances between 
the lattice planes, diffracts the radiation. 
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The diffraction of the Rx by the lattice 
planes of the crystals provides a series 
of reflections (peaks) varying in position 
(angle Θ) and intensity, which constitute 
the diffraction spectrum characteristic 
of the crystalline substance analysed;
It is the main method for studying clay 
minerals and clays (thus the matrix of 
many sandstones), the composition of 
salt efflorescence and salt crystallisations 
within stone materials can be recognised 
(if in 3% quantity), the composition of 
patinas, the composition of pigments (if 
crystalline);
- MICRO FT/IR and FT/IR 
spectrophotometric analysis in ATR 
mode (to identify the chemical nature 
of organic substances - oils, resins, 
glues, etc. - and the nature of numerous 
inorganic compounds). It is a molecular 
absorption spectroscopy technique 
based on the property of most functional 
groups (carbonates, sulphates, etc.) 
to absorb infrared (IR) radiation with λ 
characteristics, thus generating a typical 
IR spectrum for each of them.
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GO TO EXTRA-MATERIALS:
FRATINI

GO TO EXTRA-MATERIALS:
EMERGENZA SISMICA
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AUDIOVISUAL LINKS
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 Architectural restoration projects: 
case studies

Intervention techniques, highlighting recent innovative developments
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The restoration of the stone surfaces of the 
Tower of Pisa was chosen as a case study. The 
Tower, the bell tower of the city’s cathedral, is 
one of the most famous stone buildings in the 
world.

Intervention techniques, highlighting recent innovative developments
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Its construction began on 1 August 1173 and, 
after several interruptions, was completed 
in 1370. The face of the bell tower is made 
up of 29,424 ashlars; the stone surfaces 
cover an area of 7,735 square metres, with 
207 capitals, the same number of column 
bases and shafts, and 273 steps. 

The stones come mainly from quarries 
located near the city, in the area of Monti 
Pisani and Monti d’Oltre Serchio: the marble 
of San Giuliano is the light-coloured stone, 
while the dark grey limestone of Fiesole 
makes up the ornamental bands. Due 
to the 10% slope, the Tower was closed to 
the public in 1990. The Central Institute for 
Restoration was called in by the Comitato 
di Coordinamento per la Salvaguardia della 
Torre di Pisa (Coordination Committee for 
the Safeguarding of the Tower of Pisa) - set 
up ad hoc - to draw up a project for the 
restoration of the stone surfaces. 

The work took place between 2003 
and 2011, after eleven years of studies; 
the tests focused on geotechnical and 
structural aspects and the analysis of 
the serious state of conservation of the 
stone faces. 

Expert geologists carried out the 
petrographic characterisation of the tower 
ashlars and columns, and found that only 
45 of the 180 columns were made of San 
Giuliano marble, while the rest had been 
replaced by white Carrara marble over the 
centuries. 
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Structural tests were carried out on the columns 
of the loggias (sonic tests using flat jacks), thin 
endoscopes were used to analyse internal cavities 
in the masonry, petrographic and chemical 
surveys investigated the forms of degradation 
to understand their dynamics and, thanks to 
biological surveys, the colonisations that had 
altered the colour of the stones were recognised. 

The degradations that mainly afflicted the 
artefact were: erosion, disintegration, calcareous 
incrustations - caused by hydrometeor and 
percolation of water -, the presence of chalky patina, 
widespread lesions and detachment of fragments, 
also caused by crushing due to inclination. 

Picture 3 Mapping of cleaning operations.
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The large number of people caused 
anthropogenic damage, such as wear 
and tear of the staircase floors. In the area 
below the slope, which was not sufficiently 
washed away by rainwater, there was 
a significant presence of black crusts, 
which were also formed by deposited 
atmospheric particles. 

The areas where water is deposited, on 
the other hand, are areas where micro-
organisms, lichens, weeds and mosses 
proliferate. After the necessary scientific 
investigations and historical studies, 
the various tables were mapped and 
graphically rendered. Data management 
was computerised, using a GIS developed 
specifically for the Tower. Restoration 
methods were therefore identified in 
the light of this data, not a priori: 11 
different cleaning systems, 5 products 
for consolidation, 18 types of grout and 
specific treatments. 

The interventions are always gradual, 
alternated and adapted to the individual 
situations, with “a careful review of the 
operations carried out in the study site, 
localised and quantified by extension, 
compared with the different forms of 
deterioration of the surfaces, have made it 
possible to identify the relationship existing 
between the type of damage and the 
technique of the conservative intervention, 
allowing the costs of restoring the entire 
surface to be quantified”. 

The criteria adopted were those of 
minimum intervention, the compatibility 
of the materials used and their reversibility. 
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In nine years of work, with an average of 10 restorers on site, 
architects, structural engineers, petrographers, chemists, 
biologists, historians, medieval archaeologists, photographers, 
computer scientists, draughtsmen, surveyors, non-destructive 
testing experts, experts in bell art, plant engineers and safety 
managers have worked alongside them. 

A good restoration project is the result of interdisciplinary 
work between different professionals, each with their own 
specific skills, under the careful direction of an architect 
sensitive to restoration issues. Lastly, it should be remembered 
that restoration work, however well done, is not eternal: only 
continuous and constant scheduled maintenance can maintain 
the state of conservation of a building for as long as possible.

Intervention techniques, highlighting recent innovative developments

GO TO EXTRA-MATERIALS:
EBOOK ESTERI

GO TO EXTRA-MATERIALS:
OLD BRIDGE

GO TO EXTRA-MATERIALS:
TORRE DI PISA

GO TO EXTRA-MATERIALS:
ELECTRONIC LINKS
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http://stoneplacing.com/materiales/HERITAGE/conservation/resources/4.2%20Il%20Restauro%20in%20Italia%20ebook_Esteri%2C%20Mibac%2C%20ICR.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/resources/4.2%20Il%20Restauro%20in%20Italia%20ebook_Esteri%2C%20Mibac%2C%20ICR.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/resources/4.2.DAAAM_16-Old%20Bridge_University%20of%20Mostar.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/resources/4.2.DAAAM_16-Old%20Bridge_University%20of%20Mostar.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/resources/4.2_20-III%20Torre%20di%20Pisa.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/resources/4.2_20-III%20Torre%20di%20Pisa.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/resources/4.2_Electronic_links.docx
http://stoneplacing.com/materiales/HERITAGE/conservation/resources/4.2_Electronic_links.docx


Training in historical and archival 
research: bibliographic and 

iconographic data

Data elaboration and use
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Guglielmo De Angelis d’Ossat speaks of two 
types of documentation: intrinsic and extrinsic 
documentation.

Data elaboration and use
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Data elaboration and use

The first refers to
- data exhibited by the building itself: 
dates, signatures, epigraphs, monograms 
or special marks impressed on the surfaces 
of a building. Emblems, coats of arms, 
wall decorations (decorative coverings, 
frescoes, stucco, etc.) and graffiti, most 
often accompanied by signatures and 
dates, added over the course of the years 
and centuries;
- data traceable in structures: stamps on 
bricks (think of the stamps on Roman 
ovens), stonemason’s marks, coins and 
votive medals offered, documentation 
concealed in the foundations and walls of 
a city (near the Arch of Augustus in Rimini 
the skeleton of a dog with a coin from the 
3rd century B.C. was found, sacrificed as a 
propitiatory rite for the foundation of the 
city of Ariminum). Elements emerged from 
essays, such as formal, chronological etc;
- data deducible from the building through 
the study of graphic surveys: modulated 
geometrical tracings or proportions of 
spaces (the early Renaissance buildings of L. 
B. Alberti and F. Brunelleschi), metrological 
observations on the units of measurement 
used in construction (Roman palms, the 
span, cane, medieval rod, etc.).

The extrinsic documentation, on the other 
hand, includes:
- the literature published up to this point, 
both on the historical and architectural 
events of the building and on its creators;

- old documents and manuscripts relating 
to the foundation, any modifications 
(extensions, changes, gutting, etc.), as 
well as the original and subsequent uses, 
administrative documents, contracts, 
settlements, wills, donations, receipts and 
any other deeds such as transcriptions, 
maps, censuses, etc;
- retrospective graphic documentation: 
drawings and sketches relating to the 
building, both by the builders and by 
anyone else who has portrayed its forms, 
features, portions, perspectives. Land 
registry drawings, maps, plans, views and 
elevations of cities, maps, illuminated 
manuscripts, bas-reliefs.

Intrinsic documentation, therefore, 
concerns direct observation, surveys 
and thematic maps, while extrinsic 
documentation concerns bibliographic, 
archival and iconographic surveys. As far 
as extrinsic documentation is concerned, 
bibliographic surveys are mainly carried 
out in libraries (university, municipal, public 
and private), through open source online 
catalogues, bibliographies and notes in the 
margins of volumes and any other online 
resource, if they belong to scientific search 
engines. The aim is to create a bibliography, 
not to search with a bibliography; you have 
to search for what you don’t know exists 
yet.
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Data elaboration and use

In order to study a building, it is important 
to focus on significant publications of a 
scientific nature produced on the subject, 
such as monographs (specific volumes on 
a subject, written by one or more authors 
who have full responsibility for the content 
published), miscellaneous works (works 
by several editors within which there are 
essays by a number of authors who explore 
a specific topic from different perspectives), 
periodicals (journals containing articles 
that may be different from each other 
but are relevant to a field of research 
in which the periodical is located) and 
grey literature (works that present highly 
innovative contributions, which usually do 
not find space in the circulation of normal 
commercial channels). 

Whenever you want to index a volume 
you consider important for your 
work, you should keep the important 
information to find the book and/or 
specific contributions you have seen 
inside it and compile a correct - and 
complete - bibliography. 

An easy way could be to photograph or 
photocopy directly the pages with the 
bibliographic details and the index. These 
acquired data should then be entered into 
a bibliographical database, using software, 
which can be easily found on the market. 
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The importance of the quick availability 
of the source is fundamental to report 
the exact details of a quotation of a 
source, also to corroborate our studies 
and the hypotheses made; all the books, 
documents, drawings and manuscripts 
used must be cited and reported in a 
correct way, according to precise rules. 

All books, documents, drawings and 
manuscripts used must be cited and 
reported correctly, according to precise 
rules. Archival research serves to advance 
studies by means of new interpretations 
of documents already examined in the 
past or the publication of unpublished 
documents; it is a research that requires 
extreme patience and time, and its 
starting point is a reference to one of the 
fonds in which a document is conserved 
or from land registry searches. 

In fact, the archives, usually divided into 
fonds, present a cataloguing system 
for the field of architectural restoration 
divided into cadastres, roads and factories, 
surveyors and ornamental commissions. 
Each fonds is subdivided into envelopes or 
files, and inside the envelopes the sheets 
are numbered by pages, with the sides 
divided into recto (front) and verso (back). 

Data elaboration and use
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The last survey, the iconographic one, 
represents the most effective expedient 
for identifying representations of the 
building in question of different types, 
useful for making spatial, dimensional 
and “linguistic” comparisons with the 
present state of affairs. 

Attention must be paid to the reliability 
of iconographic sources, especially 
historical cartography, trying to assess the 
truthfulness of the document/drawing 
being studied. 

The documents are mainly of a 
technical-administrative nature (project 
drawings, surveys, cadastral surveys, 
etc.), topographical (plans, maps, 
cartographies) and artistic (paintings, 
bird’s-eye view representations, non-
geometric, views).

Data elaboration and use

GO TO EXTRA-MATERIALS:
IL RESTAURO DIGITALE
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http://stoneplacing.com/materiales/HERITAGE/conservation/resources/5%20IL_RESTAURO_DIGITALE_DEI_BENI_CULTURALI_Milella.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/resources/5%20IL_RESTAURO_DIGITALE_DEI_BENI_CULTURALI_Milella.pdf


How to develop a diagnostic 
project and define 

the restoration project

Data elaboration and use
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The investigation of structures includes all the 
investigation techniques aimed at defining 
the state of stress of the structures and the 
construction characteristics that affect the 
structural behaviour and the manifestation of 
certain degradation phenomena (S.K.3.1 and 
S.K.5.1). 

Data elaboration and use

131



When we are faced with the drafting of 
a restoration project that embraces the 
constructive and environmental aspects 
of a building, it is necessary to take into 
account all the factors that contribute to 
the best possible assessment of the state 
of affairs with which we will interface. 

The intervention may concern the new 
use of a disused building - conservative 
interventions on the material and re-
functionalization of the spaces - but also 
the simple conservation of the material 
of a wall face and of any pictorial finishes, 
such as frescoes, of a room. 

One problem could be the conservation 
of hypogeal spaces, a major theme in 
the history of conservation due to the 
complexity of the degradation factors 
acting on these structures. 

The study carried out on the Tomba d’Orco 
in the necropolis of Monterozzi in Tarquinia 
helped to identify the best approach 
to working on the walls and paintings 
inside the tomb. The tomb is an imposing 
funerary complex discovered in 1868 during 
excavations for the creation of the modern 
cemetery. If the hypogeum is not in direct 
communication with the outside world, 
the temperature and humidity values are 
almost constant throughout the year. 

Data elaboration and use
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When other factors intervene, such as the 
introduction of outside air, the presence of 
visitors or any changes to the surrounding 
area, damaging and complex degradation 
phenomena are triggered. 

The hypogeum consists of two separate 
tombs, Orcus I and Orcus II, connected by 
Orcus III, a passageway, built between the 
beginning of the 4th century BC and the 
end of the 3rd century BC, where fragments 
of the pictorial cycles that covered the 
walls and ceilings are preserved. The 
main problem with the paintings is their 
detachment from the stone support: the 
tomb is excavated in a geological formation 
of weakly cemented sandstone, which is 
extremely incoherent. 

The presence of numerous fractures, 
lesions and spalling had already been 
highlighted at the time of discovery, 
which is why pillars made of tuff blocks 
and brickwork curtain plate were built to 
support the structure. 

The construction of the cemetery above 
thinned the thickness of the stone bench 
of the hypogeum ceiling, causing static 
instability. The current situation, which 
has worsened over time, led to an in-
depth geological and geotechnical study 
(with cores, seismic tests and georadar), 
which was used as the basis for the static-
structural study. 

Data elaboration and use
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Data elaboration and use

The nineteenth-century garrisons in 
place were assessed from a technical and 
aesthetic point of view in order to verify 
their effectiveness. 

The georadar surveys, carried out both 
inside and outside, also covered the 
avenues of the neighbouring cemetery: 
these surveys investigated the surrounding 
area and made it possible to study and 
map an extensive state of affairs, complete 
in its many technical facets. 

Before proceeding with the restoration 
of the paint film and the underlying 
layers, the focus was on the surrounding 
conditions. The microclimate inside the 
tomb was monitored continuously for 
several months. It was found that during 
the period when the tomb was closed to 
the general public - the opening of the 
tomb, the influx of people, the internal 
lighting of the rooms - the thermo-
hygrometric conditions remained almost 
stable, stabilising the phenomena of 
deterioration. 

At the same time, the paintings, their 
compositions and the degradations that 
afflicted them were studied: the pictorial 
film, stiffened and obscured by white 
layers of patina and saline concretions, was 
compromised; the preparatory layers had 
lost cohesion and adhesion to the stone 
structure behind. 
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“The methods of intervention and the materials used for 
the conservation and restoration operations were carefully 
selected in consideration of the severe thermo-hygrometric 
environmental conditions of the hypogeum”.- and avoided 
organic chemicals such as alcohols, ketones and natural resins 
that would have induced the growth of biodetriogens. 

The choice was made to stick to a range of commercial products 
that have been tested for some time and meet the parameters 
of chemical and physical compatibility with the original material 
and are stable over time. 

The aim was to reiterate the conviction that diagnostics is an 
interdisciplinary activity, carried out by, among others, the 
architect designer, the technical and scientific expert, the 
restorer, the chemist and the art historian.

Data elaboration and use

GO TO EXTRA-MATERIALS:
IL RILIEVO DIGITALE
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 Diagnostics, photographic survey, 
historical studies and drawings: 

combining information for
stone restoration design

    

Data elaboration and use
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The development of a complete restoration 
project, starting with the documentation 
(intrinsic and extrinsic), continuing with 
the techniques of architectural, graphic 
and photographic survey, through to the 
diagnostics and study of degradation, the 
interventions to be carried out and the design, 
can be complex due to all the information to be 
taken into consideration and the unforeseen 
events that may arise, especially when, once 
the scaffolding has been erected on the 
building site, the material is questioned and 
investigated from every aspect at close range.

Data elaboration and use

GO TO EXTRA-MATERIALS:
MAURIZIO DEVITA
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For the diagnostic aspect, see S.K.6.2, and 
for the search for documentation, see 
S.K.6.1; in this regard, the case study of the 
Palazzo Ducale in Giovinazzo, the object 
of a survey, highlights the importance 
of the documentation found during the 
study phase. The plan of the city, drawn 
up by Pacichelli, provided “an accurate 
configuration of the Ducal Palace with 
precious details documenting an aspect 
that has now been partially altered due to 
successive demolitions and renovations”. 

The various methods employed 
(topographic, photogrammetric 
and laser scanning surveys) made it 
possible to carry out digital surveys of 
all the facades, obtaining 2D and 3D 
georeferenced models. 

Digital technology makes it possible to 
obtain realistic three-dimensional images 
and models, reconstructing collapsed 
volumes, integrating lost sculptural 
and decorative elements by anastylosis, 
integrating wall faces, eliminating forms of 
decay and the like.   

With regard to diagnostics and mapping 
of the state of conservation (degradation 
phenomena) and the restoration project, 
in addition to the above-mentioned 
conservation intervention at the Tower of 
Pisa (S.K.5.2) please refer to the projects 
developed during Prof.re Maurizio De Vita’s 
degree thesis in restoration. 

Data elaboration and use

138



To conclude, reference is made to planned maintenance, 
defined by some as the first form of restoration: the temples of 
Paestum have recently undergone restoration, carried out with 
a methodology linked to interventions subdivided according 
to the architectural portions that make up the monuments of 
the Archaeological Park (restoration of the roof, treatment of 
the sandstone of the summit parts, treatment to aesthetically 
harmonize the reinforced concrete parts with those in stone, 
closure of the joints in the flooring, treatment of the metal 
parts), carried out as if they were tests to evaluate the effects in 
the medium term. 

The observations and information obtained were incorporated 
into a maintenance plan which identifies, in a methodical and 
periodic manner, the interventions required for each element.

Data elaboration and use

GO TO EXTRA-MATERIALS:
RECONSTRUCTION BRIDGE

GO TO EXTRA-MATERIALS:
ARAVANJA

GO TO EXTRA-MATERIALS:
TRADITIONAL HOUSES

GO TO EXTRA-MATERIALS:
CULTURAL HERITAGE

GO TO EXTRA-MATERIALS:
TURIZAM

GO TO EXTRA-MATERIALS:
GJIROKASTRA

GO TO EXTRA-MATERIALS:
BUILDING HERITAGE

GO TO EXTRA-MATERIALS:
KAMENA

GO TO EXTRA-MATERIALS:
UGORJE

GO TO EXTRA-MATERIALS:
POSUSJE

GO TO EXTRA-MATERIALS:
FORTRESSES AND ANCIENT CITIES

GO TO EXTRA-MATERIALS:
GJIROKASTRA
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http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/Reconstruction%20Bridge%20Mostar.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/Reconstruction%20Bridge%20Mostar.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/study%20cases%20of%20restoration%20works%20in%20B_H/Copia%20de%2010.%20%C2%B5ARAVANJA.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/study%20cases%20of%20restoration%20works%20in%20B_H/Copia%20de%2010.%20%C2%B5ARAVANJA.pdf
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http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/Copia%20de%20SUVOZIDNA%20BA%C5%A0TINA%20i%20turizam.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/Copia%20de%20SUVOZIDNA%20BA%C5%A0TINA%20i%20turizam.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/study%20cases%20of%20restoration%20works%20in%20B_H/Copia%20de%20RESTORATION%20WORKS%20PICTURES_GJIROKASTRA.docx
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/study%20cases%20of%20restoration%20works%20in%20B_H/Copia%20de%20RESTORATION%20WORKS%20PICTURES_GJIROKASTRA.docx
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/Copia%20de%20stone%20building%20heritage.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/Copia%20de%20stone%20building%20heritage.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/study%20cases%20of%20restoration%20works%20in%20B_H/Copia%20de%20zbornik%20radova%202011-2018%20GF%20i%20Zvuk%20kamena.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/study%20cases%20of%20restoration%20works%20in%20B_H/Copia%20de%20zbornik%20radova%202011-2018%20GF%20i%20Zvuk%20kamena.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/Copia%20de%20ETNo%20VILLAGE%20OF%20ME%C4%90UGORJE.doc
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/Copia%20de%20ETNo%20VILLAGE%20OF%20ME%C4%90UGORJE.doc
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/study%20cases%20of%20restoration%20works%20in%20B_H/e-Zbornik_pi_16Queirres%20of%20the%20stecci%20Posusje.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/study%20cases%20of%20restoration%20works%20in%20B_H/e-Zbornik_pi_16Queirres%20of%20the%20stecci%20Posusje.pdf
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/Copia%20de%20%20Fortresses%20and%20ancient%20cities%20in%20Montenegro.docx
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/Copia%20de%20%20Fortresses%20and%20ancient%20cities%20in%20Montenegro.docx
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/study%20cases%20of%20restoration%20works%20in%20B_H/Restoration%20works%20in%20Gjirokastra.docx
http://stoneplacing.com/materiales/HERITAGE/conservation/extra_resources/study%20cases%20of%20restoration%20works%20in%20B_H/Restoration%20works%20in%20Gjirokastra.docx


MARKETING AND SALES IN 

   THE NATURAL STONE INDUSTRY
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Marketing is a new conception or a new philosophy relating 
to the orientation and realization of human activities, 
regardless of their nature. 

The essence of this new concept is customer satisfaction 
through quality, value and services. 

This new philosophy of business orientation is increasingly 
assimilated by businesses, non-profit organizations and 
institutions or even by individuals, because it is considered 
that based on it, they can best achieve their goals.
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How Are We Selling: 
Learning About Marketing

Marketing as a necessity

142



Marketing is a function of various organizations, 
and therefore a way of practical action, which 
involves specific activities.
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In the modern organization, the marketing 
function plays a leading role, it being 
strongly correlated with the other 
functions of that organization, which leads 
to superior performance (Lefter et all). 

Today, marketing is defined in a much 
broader view, which envisages examining 
it as an economic and social process and 
extending it to other forms of exchange, 
such as the exchange of ideas and 
messages. 

In this sense, Philip Kotler states that 
contemporary marketing is an economic 
and social mechanism by which individuals 
and groups satisfy their needs and desires 
through the creation and exchange of 
goods, services and ideas between peers 
(Kotler and Armstrong).

The need for marketing can also be 
approached from the perspective of the 
general development of the economy and 
society. 

Thus, insofar as marketing links the needs 
of human society with its economic 
and social activities, it is its mission to 
anticipate and understand these needs 
and to satisfy them, resorting, first of all, 
to creation and innovation. 

Marketing as a necessity
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Without creation and innovation, 
marketing is inconceivable. Marketing 
must be viewed from the perspective 
of the company’s market and customer 
orientation. 

With the help of marketing activities, the 
company must ensure the satisfaction of 
consumer needs but also the achievement 
of objectives that can be pursued by the 
company: maximizing profit, increasing 
market share, attracting new customers, 
business development. Therefore, there 
must be a harmonization between the 
interests of customers and those of the 
company (Bratucu and Tierean).

To be effective, the selling of a product 
must be preceded by a multitude of other 
marketing-specific activities, starting with 
identifying and understanding the needs, 
continuing with the product as expected, 
and ending with pricing and introducing it 
into the systems. distribution. 

When all these activities are carried out 
from the perspective of the marketing 
concept, the products will sell easily, 
sometimes on their own. This clarification 
is meant to make it clear that there 
can be no equality between sales and 
marketing. 

Marketing as a necessity
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Theodore Levitt best defined the difference 
between the concept of sales and the 
concept of marketing, stating: sales focus 
on the needs of the seller, marketing on 
the needs of the buyer. Selling deals with 
the need of a seller to turn his product into 
cash, marketing on the idea of satisfying 
the needs of the buyer with the help of the 
product and the whole chain of activities 
associated with its creation, supply and 
consumption.

The concept of marketing is based on four 
basic elements: target market, consumer 
needs, coordinated (integrated) marketing 
and profitability.

The target market considers the 
segment or segments of the market that 
the company considers it can serve in 
relation to its objectives and strategies.

Consumer needs refer to the need for the 
company to know and understand all the 
aspects that define the respective need, 
desires, preferences and expectations of 
the consumer or the respective group of 
consumers. Really satisfying the needs 
of the consumer leads to customer 
retention and stimulates the attraction 
of new customers. A satisfied customer 
or even delighted with a product is an 
incomparably more effective means of 
advertising than any media advertisement. 

Marketing as a necessity
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Losing your existing customers means 
breaking away from the market and 
eventually getting out of it.

Coordinated or integrated marketing 
requires an appropriate correlation 
of all marketing activities, on the 
one hand, and a coordination and 
integration of marketing activities 
with all other activities corresponding 
to the other functions of the 
organization, on the other hand.

Profitability takes into account the 
company’s need to make a profit, 
obviously, in the case of business activity. 
The concept of marketing considers 
profit not as an end in itself, but as a 
reward for a job well done, that is, for the 
effort to respond as well as possible to 
the present and future expectations of 
consumers.

At present, the concept of societal 
marketing (the concept of market and 
society orientation) is considered, which 
implies the achievement of optimal, 
long-term relationships between the 
interests of individual consumers, 
the interests of the producer and the 
interests of society. For producers of 
goods and services, the problem is 
to create and provide more value for 
customers. 

Marketing as a necessity
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At the level of companies that act from a 
marketing perspective, the possibilities 
to create more value are numerous, they 
being related to all the functions of the 
organization.

To identify these possibilities, Michael 
Porter proposed the value chain, ie he 
identified activities that create value, 
activities that involve costs and that can 
lead to differentiation from competitors. 
Thus, five primary activities and four 
support activities were identified.

The primary activities are: inputs of goods 
that are the object of production activity, 
the production process itself, goods 
resulting from the production process, 
marketing and sales, services related to 
the product.

Support activities are those that provide 
normal conditions for each primary 
activity and that intertwine with them: 
supply, technological development, 
human resources management, company 
infrastructure (management, planning, 
financing, etc.).

Marketing as a necessity
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The expansion of marketing has taken 
place both domestically, gradually 
penetrating all areas of human activity, 
and internationally, in developed and 
less developed countries, in any type of 
economy, so that now marketing has 
become universal.
Industrial marketing involves a supply 
of goods for all those entities that are 
not individual consumers. The term 
industrial marketing refers to marketing 
actions of organizations that offer a wide 
range of goods, such as: raw materials, 
materials, machines, machinery and 
installations, semi-finished products, 
parts, assemblies and subassemblies, 
office supplies, household goods etc.

Industrial marketing is considered to 
designate the specific applications of 
marketing in the activity carried out by 
organizations that sell their products to 
other organizations.

Industrial marketing is, therefore, primarily 
the marketing of organizations that are 
involved in various activities, economic, 
but also uneconomic. 

Marketing as a necessity
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It involves relationships between 
organizations, such as suppliers, 
customers, relationships that take place 
over time, that require mutual trust and 
that are based on negotiations. For this 
reason it is also called organizational 
marketing.

Industrial marketing, as it is sometimes 
misinterpreted, is not limited to 
manufacturers of machinery and 
equipment or those who produce raw 
materials and energy resources. Its 
scope is much wider because industrial 
consumers can be, along with businesses 
that actually produce goods, companies 
that sell industrial goods, hospitals, 
schools, higher education institutions, 
associations, foundations, central and 
local government institutions, military 
units, etc. Industrial marketing is 
therefore addressed to buyers in the 
form of institutions and organizations 
(organizational buyers) and not to the 
product or service itself. It is considered 
that the basis for defining industrial 
marketing is the perception not so much 
of the product or service involved but of 
the organizational consumer.

Even if industrial marketing has the same 
philosophy as the marketing of individual 
consumer goods - the orientation 
towards satisfying customer needs, 
if it appeals to the same conceptual 
elements that define the marketing 
process (segmentation, target markets, 
marketing mix, etc.), it is especially 
different by the way in which it adapts 
its concrete marketing actions to the 
particularities of the served markets

Marketing as a necessity
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The specific features of the organizational procurement market 
are generally considered to be the following:

· purchases, most of the time, have high values and are made in 
large quantities;
· from a technical point of view the products have a high 
complexity;
· the buyer’s risk is much higher;
· the purchase time is longer;
· the groups involved in making purchasing decisions are complex;
· the persons involved in carrying out the transactions have a 
high qualification;
· the relations between the seller and the buyer are complex, 
close, and run on a long-term basis;
· relationships are based on trust and reciprocity.
In industrial marketing there is no “person” audience; it does not 
try to focus on people, but on companies that may have needs 
that other companies might meet.

Marketing as a necessity
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How Are We Selling: 
Learning About Marketing

Marketing environment
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The marketing environment always presents 
favorable opportunities, but also threats, so it 
is very important that organizations constantly 
monitor this environment and adapt to its 
evolutions. 
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In order to make very good decisions 
regarding marketing, companies must 
have as much information as possible, 
updated, about the trends in the macro-
environment, but also the micro-
environment specific to their activity.

The marketing environment is made 
up of the operating environment and 
the general environment. The operating 
environment includes companies directly 
involved in the production, distribution 
and promotion of the offer. The main 
protagonists are: the company, the 
suppliers, the distributors, the distributors-
representatives (concessionaires) and the 
targeted customers.

The group of suppliers includes both 
material and service providers, such as 
market research agencies, advertising 
agencies, banking and insurance 
companies, transport companies and 
telecommunications companies.

The group of distributors and dealers 
includes agents, brokers, representatives 
of the manufacturer and others who 
facilitate the finding of customers and the 
sale to them.

Marketing environment

The general environment has six 
components: the demographic 
environment, the economic environment, 
the physical environment, the 
technological environment, the political-
legislative environment and the socio-
cultural environment.

In these environments there are forces 
that can have a significant impact on the 
protagonists in the operating environment. 
Market players need to pay close attention 
to trends and developments in these 
environments and adjust their marketing 
strategies promptly.

In the case of a producer of goods, his 
marketing environment - as a form of 
manifestation of the environment - will 
designate all the forces and factors outside 
him that, directly or indirectly, influence 
his activity and, in particular, the ability to 
promote and support effective exchanges 
in the markets in which it operates.
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Marketing environment

The marketing environment, both for theoretical and practical 
reasons, is usually analyzed from two perspectives:

• from the perspective of the direct relations that the company 
has with a series of factors that act outside it, but also inside it, 
this representing the marketing microenvironment;
• from a general perspective, which expresses the factors 
that act on the scale of society, this representing the national 
marketing macro-environment. It includes components 
such as: demographic environment, economic environment, 
technological environment, natural environment (physical-
geographical), cultural environment, political environment, 
legal environment.

In the current conditions of the pronounced assertion 
of interdependencies between the states of the world, 
determined by the trend of internationalization of markets, 
when the phenomena of economic integration have become a 
reality in many parts of the world, there is a need to introduce 
into the equation which can be defined as representing the 
supranational marketing environment.
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The industrial market

Market segmentation
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Markets are not homogeneous. A company 
cannot connect with all customers in large 
and geographically extensive markets or 
characterized by diversity. Consumers differ in 
many ways and can often be grouped by one or 
more features.
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The firm needs to identify market 
segments that it can serve effectively. Such 
decisions require a deep understanding of 
customers behavior and a careful strategic 
analysis. Sometimes marketers make the 
mistake of targeting the same market 
segments as many other companies, 
ignoring some potentially more lucrative 
segments.

Market segmentation expresses the 
division of a market into subgroups of 
consumers with specific, similar or close 
requirements and preferences, which is a 
sufficiently high demand to justify distinct 
marketing strategies from the firm. Briefly, 
market segmentation is the operation 
of dividing the total market into usable 
portions.

A market segment brings together 
customers or consumers who have the 
same desires, preferences, demands, 
habits, or other significant characteristics 
so that they want the same products.

A group of consumers in order to be an 
affordable market segment must be 
measurable, large enough to justify the 
company’s efforts to serve it, and also 
be accessible to the company, given the 
possibilities, resources and objectives. 
Segmentation is the basis for the market 
survival of small firms in the face of 
competition from large firms.

Market segmentation
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Market segmentation

Market segments can be divided in many 
different ways. One of the ways to share 
a market would be by identifying the 
segments of preferences. Let’s say we ask 
stone buyers how much they appreciate 
two attributes of the product: durability 
and resistance. Three different models can 
be outlined (Kotler, Keller):

Homogeneous preferences. They are 
present in a market where all consumers 
have approximately the same preferences. 
The market does not show any natural 
segmentation. We could predict that the 
existing brands will be similar and grouped 
around the average value, both in terms of 
durability and resistance.

Fuzzy preferences. At the other extreme, 
customer preferences can be spread 
across the market, indicating that there 
are considerable differences between 
consumer preferences. 

The first brand to enter the market is likely 
to be positioned in the middle, in order 
to attract as many clients as possible. 
A second competitor could be placed 
immediately after the first brand, trying to 
take them out of market share, or it could 
be placed in a corner of the market, with 
the idea of attracting a group of customers 
who did not were satisfied with the middle 
mark. 
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If there are several brands on the market, 
they are likely to position themselves in 
various places across the market and show 
real differences to match the differences 
between consumer preferences.

Grouped preferences. The market may 
have distinct sets of preferences, called 
natural market segments. The first company 
to enter this market has three possibilities: 
it can position itself in the middle, hoping 
to attract all groups; can position itself in 
the largest market segment (concentrated 
marketing); or they could create multiple 
brands, each positioned on a different 
segment. If the first company to enter the 
market creates only one brand, it reveals 
the other segments, which will enter 
companies competing with their brands.

Segmentation on the industrial goods 
market involves taking into account both 
specific segmentation criteria and some 
of those used to segment the markets of 
individual consumers. Among the most 
important specific segmentation criteria 
can be mentioned those that refer to: the 
geographical location, the field or branch of 
activity, the type of organization, the size of 
the company, the purchasing policies and 
procedures, the characteristics of supplier-
buyer relations, etc. 
Product demand varies depending on the 
geographical location of buyers and users. 

This criterion is used to highlight the fact 
that certain industries are concentrated in 
certain areas or geographical areas, both 
nationally and internationally.

In order to segment the industrial markets, 
it is also important to designate the field or 
branch on which the company must focus 
its efforts. It depends, of course, on the 
nature and purpose of the product.
Companies sometimes segment their 
markets by type of organization. It is 
considered in this sense if they are 
companies producing goods or services, 
wholesalers or retailers, government 
institutions, banks, hospitals, restaurants, 
etc.

The size of the organization affects the 
purchasing methods, the type and 
quantity of the desired products. In order 
to serve business segments of a certain 
size, the vendor must modify one or more 
of the components of its marketing mix. 
For example, beneficiaries who buy in 
large and very large quantities must be 
granted price reductions in relation to 
the quantities purchased as well as other 
facilities.

Segmentation can also be done in relation 
to other specific, complex criteria, such 
as, for example, the specific purchasing 
characteristics of the organization.

Market segmentation
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In this sense, the purchasing procedure (centralized, 
decentralized), the frequency of purchase, the size of orders, 
etc. will be taken into account.

A segmentation can be made taking into account the influence 
exerted by the people involved in the purchase process. It 
takes into account the personality and lifestyle of these people, 
leadership style, risk acceptance, etc.

Segmentation can also take into account the characteristics 
of the relationship between supplier and buyer, how these 
relationships have developed over time, mutual benefits and 
satisfactions.

In most cases, the process of segmenting the industrial 
markets comprises two phases:
· the macro-segmentation phase, which is in fact a segmentation 
between organizations in relation to the geographical, size 
and organizational criteria;
· the micro-segmentation phase which is based on complex 
criteria, such as: similarities in terms of decisions related to 
the purchasing process used, buyers’ motivations and style of 
making purchasing decisions, quality of exchange relations, 
etc.

Market segmentation
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The industrial market

The process of selling on industrial markets
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In industrial markets, most companies use 
their own resources to sell their products. 
These resources consist of sales agents or 
sales representatives to intermediaries or end 
customers.
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In the industrial field (depending on the 
technical complexity of the purchased 
products), buyers are trained both 
technically and in terms of purchasing 
practices. 

This competence, combined with the 
practice of competing with suppliers, the 
use of multiple suppliers (to share the risks 
caused by strikes, for example), leads to the 
strengthening of the buyer’s power over 
the seller. The relationship between buyers 
and sellers is therefore not the same as in 
the case of consumer goods in which the 
buyer lacks power over the seller. 

In fact, the importance of these relations 

proves to be very high in the industrial 

field where the change of a large number 

of clauses can be negotiated, regarding 

the specifications, control method, price 

and revision formulas, penalties, etc. 

The importance of sales force, the need 

for interaction, emphasizes the need to 

approach the negotiation path in the 

relationship between supplier and buyer.

They will be presented below: personal 
sales, online sales and sales force 
management.

Personal selling can be defined as a form 
of person-to-person communication in 
which a seller tries to persuade potential 
buyers to buy his company’s products and 
services. It is therefore a process in which 
sales agents try to inform and persuade 
customers to purchase a product or service.

The advantages of personal selling are:
· ensuring a much more efficient individual 
communication, as a result of the high 
flexibility in the communication process, 
in relation to the needs of individual 
consumers;
· the possibility of minimizing the 
promotional effort, in most cases the 
effort of the sales staff materializing in an 
effective sale of a good or service;
· the possibility of providing relevant 
marketing information for the company’s 
management.

There are six important steps in the 
personal sales process, namely:
· prospecting and evaluation; it is considered 
in many cases the most important part of 
this process because it involves searching 
for and selecting potential customers and 
those interested in the company’s offer 
and then evaluating them;
· approach; respectively obtaining access 
to the target clientele, contacting the 
potential client;
· presentation of the offer; it must be made 
in such a way as to obtain the full attention 
of the data subject;
· addressing objections or possible 
resistance to buying;
· closing the transaction; obtaining the 
customer’s agreement to buy;
· carrying out other constructive actions 
after the sale (mitigating any doubts about 
the completed transaction, suggesting 
accessories for the purchased product, 
checking delivery on time, checking the 
correct installation, knowing the problems 
related to the product, etc.).

The process of selling on industrial markets
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Given these steps, it follows that success in personal sales lies 
in the ability of sales staff to adapt to the various situations 
regarding buyers that may arise, these situations requiring 
a certain degree of flexibility and adaptability. At the same 
time, the behavior of the staff must generate credibility, using 
various influencing techniques.

The process of selling on industrial markets
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The industrial market

Selling online
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In this age where digitalization is highly 
developed, any successful company must be 
present in the online environment, regardless 
of the products it sells.
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The following are the most profitable 
online sales techniques:

1. Setting realistic sales goals by analyzing 
the consumption trends on the market you 
want to enter, by analyzing the market you 
want to operate, analyzing competitors 
and identifying opportunities to improve 
your company’s business.

2. Building a brand that provides trust 
through the initial construction of a site 
that is consistent, has detailed graphics 
and information, so as to inspire confidence 
in customers.

3. Customer reviews about working with the 
company are very important in attracting 
new customers, so more importance 
should be given to the type of feedback we 
receive. The purchase of products online is 
also based on the perception of the brand 
by customers.

4. Collaborate with companies that offer 
complementary products (for example, 
if you sell building stone, then make 
partnerships with companies that process 
stone). Thus, your company, in association 
with a prestigious company, can gain more 
credibility in front of customers.

5. Storytelling is a very high impact 
technique (a story told according to 
the values and aspirations of the target 
customers).

6. Organizing events and meetings online, 
so involvement in organizations and 

communities where the target audience 
is present (webinars, workshops, groups 
on social networks, sponsorship, online 
events, online fairs, etc.).

7. Establishing the right promotion 
methods, the content of the message in 
the online environment. It will take into 
account the market segment on which 
the organization is located, so that it can 
address issues specific to its target market. 
The topics will be chosen according to 
the interests, preferences, curiosities of 
the clients and potential clients, as well 
as, depending on the niche in which the 
organization operates.
For example, suppose you sell categories 
of premium stone that are extracted 
sustainably, and your products have some 
of the highest prices on the market. In 
this case, you are addressing an educated, 
specialized audience that appreciates 
quality, is interested in the effects of any 
product on the environment and is willing 
to invest in luxury products. So, the strategy 
would be to emphasize the sustainability 
of the extraction, the quality of the product 
and even the realization of ideas for the use 
of these categories of building stones, with 
design examples for each category.

8. Social media involvement; here it is 
recommended that, in addition to the 
classic sources (Facebook, Instagram) to 
communicate through Youtube, Linkedin, 
TikTok.

Selling online
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9. Email marketing is a very profitable 
marketing technique because it can include 
much more extensive and professional 
content. Recommendations: take care 
not to enter emails in Spam, Simple and 
concrete format, without boring the 
recipient of the email, personalizing the 
message, ensuring that the Newsletter 
can be opened from the phone, giving 
customers the opportunity to unsubscribe, 
if they are not satisfied with messages, 
automatic transmission of emails, with a 
certain frequency.

10. The benefits of the product should be 
highlighted, the most important benefit 
brought by the products, a benefit that 
competitors do not offer or offer too little.

11. Customer loyalty, by granting discounts, 
additional services for repeated purchases, 
maintaining contact with customers, 
immediately after their first purchase, 
prompt response to requests and 
complaints, etc .;

12. The importance of choosing the right 
online platform for your company.
For example, Open Source platforms- you 
have 100% control and you can customize 
the platform, but the costs are higher 
and the developments take longer. 
SaaS platforms - low monthly costs, fast 
deployment, stable platform for large 
audiences, but more difficult to customize.

Selling online
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Sales force management
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The sales force consists of a group of company 
representatives (employees, company 
delegates), who have the role of distributing 
the company’s products, services, prospecting 
the market and having a relationship, a 
permanent dialogue with potential consumers.
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The sales force is the power to sell, the 
force characterized by a certain intensity, 
with the ability to influence and convince 
in conditions of availability and validity 
(Cristea).

The success of any company depends on 
its ability to acquire and retain customers. 
For example, sellers sell complex products 
with a high degree of control over the sales 
process. Sellers provide communication 
and social interaction with customers; 
they listen, assess needs, provide solutions, 
manage objections, reduce complexity, 
create value and provide long-term 
continuous service. Sellers are flexible, they 
can customize the offer and the message 
of the product according to the needs of 
a particular customer, work in cooperation 
with other partners and generate customer 
loyalty. Due to their close and personal 
relationship with customers, salespeople 
are an important resource for collecting 
information for the company (Zoltners, 
Sinha and Lorimer).

Sales force management

A company and its sales force configuration 
must evolve as the company goes through 
the stages of the company’s life cycle. 

The configuration of the sales force involves 
decisions that reflect the sales strategy, the 
structure of the sales force and the size of 
the sales force. Specifically, it focuses on how 
sales people distribute their efforts across 
different products, customers, geography 
and sales activities (sales strategy), the 
ability of the sales force to serve customers 
effectively (the size of the sales force), the 
different roles that the internal sales force 
and external partners should play (sales 
force structure) (Madhani).

Sales force management involves 
“analyzing, planning, implementing and 
controlling the activities of the sales force. 
It includes designing the strategy and 
structure of the sales force, recruiting, 
selecting, training, compensating and 
evaluating the company’s salespeople 
(Fraenkel, Haftor and Pashkevich).
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Sales force management

The design of the sales force within the 
company considers:
· Specifying the objectives of the sales 
force. It must be done starting from the 
target markets of the company and from 
the desired position of the company in 
these markets. The company needs to 
consider the unique role that personal 
sales can play in the marketing mix so that 
the customer’s needs can be met in an 
efficient and competitive way.

· Elaboration of the sales strategy. Consider 
the study of the company to which it is sold, 
what is the offer for the customer and how 
the sale is made. Successful sales strategies 
define efficient sales processes that provide 
the right products and services to the right 
customers (Zoltners).

· Types of sales force structuring. A detailed 
assessment of the structure of the sales 
force must be made during each stage of 
the life of the organization. 

· Organizations need to invest time in 
assessing and reconfiguring the structure 
of the sales force to ensure that they 
support sales strategies (Madhani).
Determining the size of the sales force. 
Each sales force has a size, defined by the 
number of employees. This dimension 
changes over time as the company develops 
its products and adapts to different market 
conditions. Companies use several rules 
and approaches to determine the size of 
the sales force (Zoltners).

· Sales remuneration issues. Most sales 
force compensation plans include not only 
a salary, but also a form of remuneration 
(for example, commissions) depending 
on the seller’s outcome. The best sales 
compensation programs must be fair, 
motivating, and meet the company’s 
goals. Setting unrealistic sales targets 
or setting unrealistic ceilings on earning 
power will create discordance among top 
sellers (Teau).
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What Are We Selling: 

Learning about Natural Stone
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In terms of revenue, the global natural stone 
market was valued at US$ 80.5 Bln and in 
terms of volume, it was 275.9 mln Tons in the 
year 2018.
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The market is expected to grow with a 
significant CAGR of 3.70% during the 
forecast period. The main factors which 
are accentuating the growth of the natural 
stone market are:
· increasing building renovation and 
remodeling activities
· and increasing demand for a natural 
stone from the paper & pulp industry. 

There are many practical benefits of 
using natural stones for building & 
construction. These stones create a sense 
of tranquility and distinctive beauty to 
the construction. Natural stone products 
are more durable than any other artificial 
products and they last for many decades 
with very little maintenance. 

As developed countries continue to 
recover from the recession, the developing 
countries are witnessing increased 
disposable income of the population. These 
factors are driving the growth of home 
improvement activities and will continue 
to do so for the next couple of years. 

However, concerns regarding radiations 
and the reaction of natural stones with 
acid rain might hinder the growth of the 
natural stone market during the forecast 
period. 

The adoption of some natural stones such 
as granite and limestone is increasing in 
household construction in recent years. 

Learning about natural stone
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Most of the natural stones are the natural sources of radiation. 
According to the Environment Protection Agency (EPA), some 
granite may carry naturally occurring radioactive elements, 
such as uranium, radium, and thorium. 

These elements are solid but after a certain period, they may 
deteriorate into radon, which is an odorless and colorless 
radioactive gas.

Learning about natural stone
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What Are We Selling: 

What to know about natural stone
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No floor covering is older than natural stone, 
more beautiful or more earthy. Natural 
stone was ancient man and woman’s design 
element, a primary material of construction 
and an original medium of creativity for a 
number of reasons.
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Natural stone is strong and stable to live 
with. It exudes a rich, organic, beautiful 
surface and has a confident, timeless 
“presence” in any room. 

The formative process for natural stone 
began millions of years ago, deep beneath 
the surface of the earth. A combination 
of heat and pressure created blocks of 
natural stone, including granite, marble, 
travertine, limestone, and slate. As the 
earth’s crust began to grow and erode, it 
pushed minerals up from its core, forming 
massive rock deposits, which we now refer 
to as “quarries”.

From ancient monuments like the 
pyramids in Egypt and the majestic 
Greek and Roman temples, to the great 
civilizations of India and China, natural 
stone has been an important part of 
architecture throughout history. 

What to know about natural stone
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It is the world’s oldest building material. In 2500 B.C., Djoser’s 
Step Pyramid in Egypt, the first structure to be made entirely 
of natural stone, was constructed using huge blocks of granite 
and limestone.

Today, natural stone quarries are found in many countries 
throughout the world such as Italy, China, Spain, India, Canada, 
Mexico and in the United States.

Recent advances in the stone industry’s equipment technology 
have greatly impacted the process of extracting stone from the 
quarry and installing it in a home. Modern tools can accomplish 
this with such speed and efficiency that now natural stone is 
accessible to all and is beloved for its durability, personality 
and aesthetics.

What to know about natural stone
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What Are We Selling: 

Types of natural stone
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There are two basic types of stone used in the 
building industry:

Natural stone such as marble, granite, or 
limestone.

Agglomerates (Manufactured stones) that 
consist of natural stone chips suspended in a 
bonding, manufactured material.
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Natural stone can be grouped into three 
classes.

Igneous rock is formed when molten 
rock (called lava or magma) cools and 
hardens. Granite is an example of an 
igneous rock.

Sedimentary rock is formed from 
biological deposits that have undergone 
consolidation and crystallization.
Limestone and sandstone fall into this 
category.

Metamorphic rock is created when other 
kinds of rocks are changed by great heat 
and pressure inside the earth. Marble, 
slate and quartzite are examples of 
metamorphic rocks.

Here are the names and definitions of 
some of the more popular natural stones:

Granite is an igneous stone that is 
extremely hard, dense and resistant to 
scratches and acid etching. It is an ideal 
stone for use in flooring and in food 
preparation areas. Hundreds of varieties of 
granite exist. 

Granite is one of the hardest and densest 
of all natural stone. In fact, made up of 
quartz, feldspar and mica, granite is one 
of the hardest stones next to diamond. It 
also resists staining and scratching better 
than any other natural stone due to its 
density. Granite makes a powerful impact 
in kitchens, entryways and bathrooms, or 
as an accent with other natural stone tiles.

Types of natural stone
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Sandstone is a sedimentary stone that 
is primarily composed of loose grains of 
quartz sand that are rough in texture. A 
number of varieties are available.

Limestone is another sedimentary stone, 
it’s formed from calcite and sediment and 
comes in many earthen colors. 

Limestone has a more subtle look and is 
often offered in a “honed” or matte finish. 
Limestone is created by the accumulation 
of organic materials such as shells and 
coral. 

This stone will require preventative 
maintenance over time, as it is very porous. 
As it is a softer and more porous stone it 
may not be suitable for all areas in the 
home because it will stain easily. This stone 
should be sealed to protect the stone’s 
natural beauty and performance.

Types of natural stone
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Marble is a derivative of limestone. It is a 
metamorphic stone that can be polished. 
Marble is characteristically soft and easily 
scratched or etched by acids. There are 
countless types of marble from around the 
world. Marble is crystallized limestone that 
comes in many different color variations 
and usually displays a veining pattern 
that adds to its uniqueness. Marble is 
more porous than granite, making it more 
susceptible to staining and therefore 
is more suitable for foyers, bathrooms, 
fireplaces, studies or libraries.

A note on marble color. It is important to 
know that green and black marbles are 
not recommended for wet areas of the 
home, such as a shower. Green marbles will 
absorb water and then curl and warp. Black 
marbles, when wet, can exhibit “spalling” 
at veins, which means small pieces of the 
stone may break away.

Travertine is a crystallized, partially 
metamorphosed limestone, which 
because of its structure, can be filled and 
honed and is dense enough to be a type of 
marble. 

Travertine is a unique looking stone due 
to the “fill process”. In its original form, 
travertine has thousands of holes running 
through it. These holes are filled and then 
the stone is polished. The stone polishes 
to a high sheen and the fill areas remain 
dull offering a unique and beautiful floor. 

Types of natural stone
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However, like limestone, travertine will 
require to have preventative maintenance 
performed over time, due to its porosity.

Slate is a metamorphic stone that has a 
sheet-like structure. It is composed of clay, 
quartz and shale, and comes in a multitude 
of colors including reds and greens. 
Slate, a rustic-looking stone, has become 
increasing popular over the years. It comes 
in various colors and shades in the warm 
and earthy tones. Slate has some of the 
most dramatic color variations from tile to 
tile. Colors range from rich reds, oranges 
and golds, to mauve, lavender, green, blue, 
black, rust and brown. Slate tile is extremely 
durable and can be used in indoor and 
outdoor installations. All slate has a natural 
clefting along the surface that gives this 
stone its unique textural look of layers.

Agglomerate Stone is a manufactured 
stone made from natural stone chips 
suspended in a binder such as cement, 
epoxy resins or polyester. The most well-
known agglomerated stone is poured-
in-place terrazzo, used in building for 
thousands of years. Today, some of the most 
popular manufactured stone products 
are quartz products. These products offer 
the look of natural stone but are stain and 
scratch resistant, offer consistency and 
strength, and are virtually maintenance 
free.

Types of natural stone
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APPENDIX 1. Case Study

The first example of 
“dry” construction in 

the Bay of Kotor
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As part of the BKSTONE project - Higher 
Education-Enterprise platform for 
fostering, modernization and sustainable 
development in the natural stone 
industry in the Western Balkans, as a 
good way of creating awareness among 
people in order to preserve the tradition 
of stone building, we give the example 
of the “dry” construction competition, 
which is traditionally held in the Bay of 
Kotor. 

At the same time, it is an excellent 
example of natural stone construction 
marketing.
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What connects Easter Island in the infinity 
of the Pacific Ocean, the old Viking colony 
in Greenland and our coastal mountains? 
Nothing! Nothing but stone and dry 
construction techniques!

In the heart of Orjen, on the Orjen saddle 
(1600 m) are held manifestations of 
construction techniques “Man and Stone”, 
which aims to raise awareness of the 
importance of preserving construction 
techniques in stone “dry”, as well as 
highlighting the value of existing buildings 
built on this ancient the way.

The 100-year-old Austro-Hungarian 
road leads right to the Orjen saddle, the 
junction of the Herceg Novi and Kotor 
municipalities, which, with its walls, is a 
true masterpiece of the art of building 
“dry”. On this occasion, a part of the Vrbanj-
Crkvice road (Ćesarov put) was presented, 
which by chance remained unfinished, 
and today it is a real open-air technology 
park, an attraction that was still completely 
unused.

The oldest hiking trail in the country, 
built for the departure of Prince Rudolf 
Habsburg, who visited it in the middle of 
the second half of the 19th century, during 
his private visit to this part of the Empire, 
starts right from the Orjen Saddle.
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Of course, apart from the state government, 
the construction “on dry land” is also 
connected to the common people and 
their daily needs, the construction of dry 
borders, poyats, terraced fields and roofs. All 
this could be seen at the appropriate photo 
exhibition, which was organized by the 
Agency for Development and Protection 
of Orjen at the Orjen Saddle itself.

The main event of the event was the II 
Championship of Montenegro in the 
construction of the dry border, where after 
last year’s winner, the team “Španjola” 
from Herceg Novi, we got a new national 
champion, the team “Mojdež”, also from 
Herceg Novi. The second place was taken 
by the team “Subra” (Herceg Novi), while 
the third place was taken by the team 
“Kameno” from this village in Podorje. 

There is a noticeable increase in the 
interest of tourists, ie people who are not 
from here, but often have a better sense 
of nurturing the tradition than ourselves. 
Thus, one member from all three teams 
was from the side: from Russia, Belarus 
and Serbia. The first-placed team received 
the transition stone “Orjenska buža”, and 
diplomas were awarded for the places won, 
as well as letters of thanks. At the very end, 
Alexei Klimov (Moscow) demonstrated the 
traditional technique of obtaining a “use 
permit” for drywall buildings, successfully 
walking through the newly erected dry 
border.
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Certainly, the basic component of this 
unusual championship in an unusual 
place is not a sports competition, but 
its cultural dimension. Suvomeđe as 
a rural infrastructure for livestock and 
agriculture in Europe is experiencing 
new public attention recently. Apart from 
agriculture, they are becoming interesting 
for alternative tourist itineraries and the 
organization of volunteer, ie volunteer 
workshops, because the motive for the 
arrival of tourists is not a hotel, but the 
experience and content of the destination. 

Dry borders as an indispensable part of 
the traditional anthropogenic landscape 
are important for our recognizability. The 
importance of the “dry” construction 
technique increased further after the 
meeting in Nicosia, Cyprus, at the end of 
2016, where experts from the host country, 
Bulgaria, Greece, Spain, Switzerland and 
Croatia met to mark the 70th anniversary of 
UNESCO. , proposing a joint submission of 
the candidacy of construction techniques 
“dry” for inscription on the UNESCO 
Representative List of Intangible Assets of 
Mankind.
Montenegro is characterized by stone and 
that cracked, gray stone is a natural symbol 
of our country. On Orjen, stone is an even 
more dominant element of its karst 
nature and, in cooperation with centuries-
old human work, it creates an attractive 
combination of nature and anthropogenic 
landscape. 
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We hope that with the manifestation 
“Man and Stone” we have contributed 
to the beginning of revaluation and true 
protection of these inherited values.
The event “Man and Stone” was organized 
by the Agency for Development and 
Protection of Orjen with mountaineering 
clubs “Subra” from Herceg Novi, ie “Squirrel” 
from Kotor. It was realized with the support 
of the Municipality of Herceg Novi, Tourist 
Organization of Herceg Novi, We also 
owe our gratitude to the Mountaineering 
Association of Montenegro, as well as to the 
association “Dragodid” from Croatia, which 
specializes in work on the preservation of 
dry stone heritage.
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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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Partners:

• Polytechnic University of Tirana - Albania.

• University Aleksandër Xhuvani, of Elbasan – Albania.

• Eqrem Çabej University of Gjirokastër – Albania

• Galician General Directorate of Education / IES Ribeira do

Louro – Spain.

• CTM- Centro Tecnológico del Marmol de Cehegin – Spain.

• University of A Coruña – Coruña.

• Mediterranean University of Podgorica - Montenegro.

• University of Mostar – Bosnia & Herzegovina.

• University of Sarajevo.

• University of Prishtina – Kosovo.

• University of Business and Technology – Kosovo.

• National Technical University of Athens - Greece.

• Universita Degli Studi di Roma La Sapienza - Italy.

• Scuola Edile Padova – Italy.

• Transylvania University of Brasov – Romania.
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