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Abstract. The central theme of this study is to combine three funda-
mental aspects: past, nature and technological innovation. The pur-
pose is to realize the "culture of recycling" and a sustainable design 
that is not static and theoretical anymore, but practical and dynamic. 
The first step to educate us in building design is to change the attitude 
towards the environment and the resources that it offers. It is suffi-
cient looking into the past to realize that sustainability, nowadays 
praised in many areas, finds its early deepest roots in the Middle Ages 
and Roman culture through the "recovery of all available material ". 
First of all, the Sustainability is a development, rather than a growth. 
This, combined with the past, will be the foundation for facing the en-
vironmental degrade caused by the exploitation of natural resources 
and will be the input to limit the extraction of aggregates from quar-
ries paving the way for the recycling of materials such as brick, glass, 
plastic, etc.. The objective of this study is to discover, thanks to recy-
cling, in traditional and modern materials, new implementation of arti-
ficial aggregate with high performances and with the final purpose of 
protecting and improving the environment in which we live. 
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1. Pieces of History 

“Nothing is created, nothing is destroyed, everything is transformed” (Lavoi-
sier, A. 1778). The culture of recycling is not a doctrine of good sense en-
actment in the last decades, but a way of thinking and acting that has ancient 
roots. It has always been evolving taking industrial sized to increase a new 
production cycle. It is a study that includes various disciplines, from agricul-
ture and construction, through to industrial.  

So, the culture of recycling is as ancient as living and it is present in the 
most important page of history. For example, one of the first activities of re-
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cycling starts from the use of hemp and linen’s rag in producing paper. This 
activity replaces not only the modern paper produced from wood, but repre-
sents some benefits for the environment.  

First of all, thanks to the low percentage of lignin which it contains, and 
then thanks to the production process, it does not require the use of petrole-
um-based pollutants, considering that it is obtained only from vegetable fi-
ber. Going through the steel industry recycle is projected to the re-use of iron 
wreckage for steel production, until the period of the Second World War. 

In this period, nylon, rubber and metals were often rationed facing war 
needs and each family actively participated to recycling operations with a 
strong patriotic sense. There is another example about this practice of recy-
cling in the history, in particular in the second postwar period. In Milan, the 
materials came from the collapsed buildings, created an artificial little hill, 
even now existing in the neighborhood of Gallarate.  

So, how is it possible to call back recycling culture, making it still actual 
and workable today without a great expenditure? 

The great turning point in the recycling culture began since the sixties of 
the twentieth century with the "new" focus on ecology and some years later 
with the birth of the sustainability concept considered as increasing attention 
to the living environment. The sustainability concept is quite "young" con-
cerning the construction area. It is always applied to the construction area, 
since 1993, to identify the responsibilities of the construction industry for 
reaching environmental sustainability.  

Every year, in Italy and Europe, the construction industry requires a lot of 
artificial aggregates that is found in our land causing the depletion of non-
renewable natural resources.  

The development of some types of artificial aggregates carried out from 
known production cycles, represents a valid solution whereas of natural 
ones. It may be strange, but if one takes a look at the past, investigating and 
considering those periods of ancient history, Romans and not, it is possible 
to realize that the signs of mentality projected to simple, fast and inexpensive 
reuse are already evident and tangible. This reuse goes against the actual in-
dustrialization that, while tries to recycle, pollutes. 

The recycle, used in technological elements was very popular in the old 
age, sometimes as a consequence of catastrophic events like earthquakes, 
floods or fire, sometimes like a simple and pure speculative fact. 

Already during the medieval epic the application of columns, pieces of 
brick poorly cleaned and materials various, identified a category that Leon 
Battista Alberti called materiale redivivus. 
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Also in the Renaissance practice of recycling was certainly a remarkable 
expansion so that, for example, in the construction of the Palazzo Strozzi in 
Florence were used brick and demolition waste.  

On the other hand, Pope Urbano VII granted the taking of blocks of trav-
ertine from the Colosseum for the construction of the Cathedral of St. Pietro 
in Rome. Another example in the building’s history is the “battuto di terraz-
zo alla veneziana”, a typical flooring of Venetian area, used since ancient 
Greece and arrived in Italy thanks to the Roman domination. Its characteris-
tic element was the use of marble and stones with a maximum diameter of 
40 mm, put in work on a layer, made with several recycled aggregates com-
ing from the grinding of tiles, glass, iron and also from conglomerate of oth-
er terraces.   

From it, it is possible to obtain fine-grained materials and cocciopesto, 
with a maximum diameter of 5 mm. The binder used was the lime and only 
recently the cement. The practice of reuse was found in the marble flooring 
of ancient roman age too – so called sectilia pavimenta – made with a lot of 
recovery marbles, for creating different decorative and geometrical motives. 

The frequent presence of marbles with a different cut and thickness, 
without chromatic concordance is indicative of it. Considering old construc-
tion practice, important is also the reuse and the transformation of manufac-
tured bricks or, in general, of the “cotto” refuses. The refuses coming from 
the brick cut, were usually used in the hydraulic mortar mixed with coc-
ciopesto.  

The use of cocciopesto, widely used in Roman times, which is today 
called ancient artificial pozzolan, testifies today the value of an experiment 
with valid results about materials with a high value of hydraulic and 
strength, so as to have again intact floors and wall coverings. And even be-
fore the imperial period, when the culture was based on brick, the Roman  
recovered from disused buildings,  and broken and put in place with lime 
mortar, created the crowning of brick walls raw (Figure 1). 

This evidence of durability represents an important example in the history 
and an input to go on in the experimentation with new technical solutions 
with materials coming from the construction industry. The brick, also today, 
is the most used in recycle with a percentage of about 50%, higher than the 
other stone materials, and it is second only in respect to concretes. 

Recycling of materials from building demolition or industrial production 
means global process to recover and reuse materials in order to enter them 
into a new cycle, in collaboration or in substitution of raw materials.  

http://it.wikipedia.org/wiki/Cocciopesto
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Figure 1. Placing of tiles deprive of border (taken from C.Latina, Muratura portante in later-

izio. Tecnologia, progetto, architettura, 1994). 

Talking about the production of waste in Italy, Campania ranks the sec-
ond place after Lombardia, with important quantities of construction waste 
dues to illegal construction that reached record levels. In this manner, the de-
structive intervention of demolition could have, however some productive 
returns. 

 The most important theme was the “recovery of all material available”, 
become the pillar to face the environmental deterioration caused by the ex-
ploitation of natural resources. In particular, in order to avoid the extraction 
from quarries and to consume less energy too, with the production of aggre-
gates that produce less pollution compared to the processes starting from 
natural raw materials. Therefore, it represents an input for construction area, 
paving the way for the recycling of materials such as brick, glass, plastic, 
etc. As a result, they will become valuable again in a building design with 
high performance technological solutions. In particular, the objective of this 
study is to discover, thanks to the recycle practice, new faces of the artificial 
aggregates, with the last purpose to safeguard and empower environment life 
conditions.  

The artificial aggregates represent the solution for solving the difficult 
problem of industrial waste disposal and, in addition they can substitute nat-
ural aggregates, increasing the final aggregate performance, with very com-
petitive costs; they ensure collectively the respect and the safeguard of the 
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environment and the territory thanks to the less quantity of natural aggre-
gates extracted from quarries. In the wide range of artificial aggregates, the 
brick will be analyzed because it is very versatile both for its use that for its 
production. The brick, from which the “brick dust” is from, does not need 
particular extraction practices, it can be simply found in the yard, withdraw-
ing block that during the transportation or for inattention are broken and dur-
ing the production too.  

The brick is a product that safeguards the environment, allows a moderate 
use of natural resources, the reuse of sub-products and, in addition, at the 
end of its lifecycle, it is simply recyclable. 

Inter alia, compared with other materials, the brick re-use process is very 
simple and composed by the three following phases: quarrying – crushing- 
sieving. 

2. Experimentation: the reuse of the brick 

In relation to the possibility of the brick recycling, in the following paper 
there is the first result of a research that has the final purpose to realize plas-
ter mortars. The aims of research are two types of plasters, one for interior 
based on gypsum, and other one for exterior based on slaked lime, both 
mixed with aggregates of brick ground with size-controlled particle.  

The use of the latter for the creation of the plaster is a starting point for 
the ethical imperative of environmental sustainability and building that is 
connected to the recycling of construction waste and demolition. Indeed, the 
problem now is not related to waste, rather than the administration of large 
amounts of waste produced each year, which has a strong impact on the en-
vironment. The choice of slaked lime and gypsum is oriented towards binder 
more sustainable than cement.  

The research completes with experimentation in order to take feasibility 
into account, the method of installation and performances of the mortars that 
will be achieved. The choice relates to the use of cocciopesto, as a baseline 
to review and optimize with the support of current technologies. It is a time 
where innovation enters, collecting the technologies of the past and, accord-
ing to the history, presenting itself improved and enhanced in terms of per-
formance. In the plaster of cocciopesto, the different pieces of brick give the 
dough hydraulic properties such as to allow the use in high humidity for a 
waterproof. Indeed, this ancient technique was applied by the Romans in the 
construction of aqueducts, cisterns, walls and roads. The ingredients for the 
production of cocciopesto plaster are: pure natural lime, sand for plaster and 
brick more or less finely ground. Depending on the particle size of the 
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crushed brick, plaster is obtained as more or less crude that can be used from 
the basis layer until the last one.  

The cocciopesto, depending on the type of brick crushed and mixed in the 
dough, is dark red with a prevalence of gray; it is already a colored plaster 
and therefore does not require subsequent painting. Almost certainly, the 
Romans appreciated the following advantages: ease production, speed lay-
ing, durability, excellent breathability and hygroscopic capacity, pleasing 
aesthetic effect. The building world is now dominated by the premixed, mix-
ture ready-made, so, pack a plaster starting off natural elements is not sim-
ple. Lately, with the rediscovery of natural materials, cocciopesto is coming 
back to the top for building applications. The main difference between the 
old cocciopesto and slaked lime with aggregate of brick tested in the labora-
tory is the size of the brick.  

The Romans used in their mixture various sizes of large dimensions; on 
the other hand nowadays there are careful studies about the size of the grains 
with particle size analysis between 2 mm and 0.5 mm. An important increase 
of the mortar’s reactivity is obtained. Indeed, the pozzolanic reaction, which 
made the hydraulic compound, with the modern techniques, gains a greater 
reactivity optimizing the properties.  

The first typology of plaster for interior is made with gypsum and aggre-
gates of ground brick with controlled particle size from 0-2 mm with bind-
er/aggregate ratio 1 to 3. The second, instead, for exterior, is made with 
slaked lime seasoned 12 months and aggregates of brick ground with con-
trolled particle size from 0-2 mm aggregate with Binder / aggregate ratio 1 to 
2. During the test phase, it was realized in firstly the particle size analysis of 
crushed brick and secondly, packing mortar plaster. 

 Later, after the seasoning, in accordance with actual rules, mechanical 
tests of compression and flexion on gypsum and lime specimens with brick 
aggregates were carried out. The particle size distribution of this aggregate 
was evaluated passing the material through a sieve, according to the Europe-
an standard EN 933-1 valid for natural or artificial aggregates of origin, in-
cluding lightweight aggregates except the filler.  

The sample of grounded brick was dried in a stove at 105 °C until reach-
ing constant weight. Later, it was weighed, and it was about 2,400 kg of ma-
terials and arranged in a column of seven sieves with square mesh, over-
lapped and arranged from the largest to the smallest, in order of decreasing 
mesh size, (2-1 - 0.5 - 0.25 – 0.125-0.063 - < 0.063). After, the column was 
placed on a mechanical sieving, in order to allow a suitable distribution of 
the material in the different sieves. The values obtained are represented in 
the graph as a function of the openings of the sieves (usually in logarithmic 
scale), obtaining the so-called grading curve (Figure 2).  
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Figure 2.  Grading curve 

From this, a particle size distribution of fine aggregate with values be-
tween   0.063 and 2 mm results. For the packaging of the mortars, the re-
quirements dictated by the European Standard UNI EN 1015-11 have been 
followed, in which are illustrated both the mode of packing of the mortar and 
the execution of the mechanical tests.  

After a first mixing and manual homogenization of the two constituents, 
the mixture was gradually poured into the planetary mixer at low speed, 
avoiding a variation of the original particle size of the aggregate. Then, the 
proper quantity of water was added in order to obtain a suitable plastic paste. 
The mortar obtained was poured into suitable molds of steel (160 x 40 x 
40mm). After packing and 28 days seasoning, the 3 specimens will be sub-
ject to tests of mechanical strength, according to UNI EN 1015-11. 

 

 
Figure 3. Machinery for flexural test (taken during experimentation) 
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The test of flexural strength is determined stressing the prismatic samples 
(40x40x160 mm) of hardened mortar on three points until the break. The 
machinery used was Tensometer 2020 - Alpha Technologies, with a 5 kN 
load cell and provided with a special device for flexural test on three points 
(Figure 3). 

The load was applied without shock and a constant speed of deformation 
equal to 0.6 mm / min, in order to put up results in a period between 30 and 
90 seconds. The maximum load recorded (F) at the end of the test, and ex-
pressed in Newton, was inserted into the formula suggested by the standard, 
which will produce flexural resistance Rf, expressed in N/mm2: 

Rf = 1,5*[(F*l)/(b*d2)] (1) 

where “l” is the distance between the axes of two supports (100 mm), “b” 
is the side of the section of the specimen (40 mm) and “d” is the sample’s 
thickness (40 mm). The graphs of flexural test are shown (Figure 4). 

 
Figure 4.  Graphs of flexural test 

The test for compression resistance was instead executed with machinery 
Instron 8501, with a 50 kN load cell and provided of a special device for the 
crushing (Figure 5). 

 
Figure 5. Machinery for compression test (taken during experimentation) 

Even in this case the load was applied without shock and constant speed 
of deformation equal to 1 mm / min, to arrive at the break in a period be-
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tween 30 and 90 seconds. The compression strength Rc, expressed in 
N/mm2, was evaluated as the maximum load (F), sustained by the sample 
during the test, divided by the area (A) of its cross section: 

Rc = F/A (2) 

12 flexural and compression tests were made, one for each type of mor-
tar. The graphs of compression test are shown (Figure 6). 

 

 
Figure 6. Compression test 

The first group of specimens is composed by three specimens of gypsum 
plaster and 3 of gypsum mixed with aggregate of brick. The remaining are of 
slaked lime and 3 slaked lime mixed with aggregate of brick. The final re-
sults of mechanical tests are shown in table (Table 1). 
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Table 1.Comparison data between experimentation plaster and premixed plaster. 

Results of mechanical tests 

Spec-
imens 

Flexural test Compression test 

Sea-
soning 

Maximum 
load (N) 

Flexion (N/mm2) Seasoning 
Maximum 
load (N) 

Compression 
(N/mm2) 

G1 

28 gg 

1135,617 0,53 

28 gg 

4900,065 1,53 

G2 1788,599 0,83 4900,1 1,53 

G3 1901,853 0,89 
  GL1 493,352 0,23 3986,682 1,24 

GL2 512,796 0,24 4159,481 1,29 

GL3 400,354 0,18 
  GR 112 0,19 1140 0,7 

GR - L 260 0,46 2032 1,18 
 
Making more significant these tests performed in the laboratory and ex-

ploiting the results obtained, there is a comparison with the pre-mixed and 
controlled mortar for plaster present on the market. The following table 
shows the values of the data sheets. Analyzing the data showed in table (ta-
ble 2) and considering that it is evaluated the most unfavorable conditions, 
since a particle size of 2 mm; the maximum value of the curve was used.  

It is possible to see that the values obtained from flexural and compres-
sion’s tests in the laboratory can be compared with those taken from pre-
mixed mortar data sheets.  

Table 2.Comparison data between experimentation plaster and premixed plaster. 

Pre mixed plaster Plaster from experimentation 

 
Cement 
plaster 

Hydrated 
lime 

Gyp-
sum 

Gypsum and 
aggregate of 

brick 

Slaked lime and 
aggregate of brick 

Flexural strength 
(N/mm2) 

1,43 0,45 1,25 4,3 0,46 

Compression 
strength (N/mm2) 

3,1 1,71 2,55 2,54 1,18 

 
This research doesn’t take into account only the evaluation of the re-

sistances, but it is a starting point to create an innovative product that estab-
lished a bridge between the present and the future. Indeed, the experimenta-
tion will go on in order to evaluate other performances, such as the gripping 
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ability of the mortar to support the brick, with possible reinforcement fiber 
continues.  

So it is possible to obtain a model of vertical closure object of future 
studies. Some different elements participate in this project direct to sustaina-
bility: starting from waste of construction and demolition, to the choice of 
brick, which has less impact on the environment. 

3. Conclusions 

The use of inert recycled materials supports the development of techno-
ecologies that is a real technological evolution in the use of inert waste come 
from construction and demolition. It is a technique carried on all over the 
world, upgrading the use of recycled aggregates instead natural one. It is im-
portant that the products of this experimentation have ecological features, 
safety and environmental compatibility, according to their application and 
regulations in force about sustainability and efficiency. 

The high environmental quality, if pursued with care for technological 
innovation, is not a constraint, but a real economic opportunity that increases 
efficiency of natural resources, energy and materials, in order to obtain a fi-
nal product with high performances. It is shown that this process of recycling 
doesn’t need long and expensive phases of treatment.  

Concrete results with simple tools and materials can be produced, such as 
brick, whose studied crushing allows to obtain many advantages, from a 
pozzolanic hydration reaction more efficient and steady, since producing hy-
draulic mixed, to a product, sustainable and economical, for internal and ex-
ternal plaster. Indeed, after an experimentation with productive character, 
exiting from the quite common attitude of good intentions, there is willpow-
er of research an expressive language appropriate to the times, sensitive to 
the charm of innovation and modernity, but able to enclose the past too. The 
brick is the most natural artificial material, being a second material, obtains a 
new ecological dimension with the opportunity to benefit a new relationship 
between natural and artificial.  

A perspective "win-win" could be reached, where many people can be 
winners, where they can get double benefits: environmental and economic. It 
is possible to suggest looking at the past, acting, starting from little things, 
trying  to make a step forward, in order to safeguard and improve the living 
environment. It is only gradually lay the foundations for the development of 
a methodology to approach, for paving the way to a concrete results and 
demonstrate that the culture of recycling is in constant improvement and it is 
not prohibitive. The only they need is awareness, resourcefulness, innovation 
and experimentation. 



98 A. GIGLIOLA AND M. CARMEN  

Endnotes  
1. The authors wrote this paper together. In particular, the paragraphs n. 1 and 3 have 

been assigned to Gigliola Ausiello and the paragraph n.2 has been assigned to Carmen 
Maione. 
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