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APRESENTAÇÃO

As ciências agrárias nas últimas décadas têm surpreendido o mundo, pelo rápido 
avanço das tecnologias, desde o plantio a pós-colheita. Este avanço é fruto do trabalho de 
pesquisadores, instituições públicas e privadas, pois estão atentos a crescente demanda 
por alimentos, decorrente do aumento populacional.

Nos dias atuais, em que se dispõe de muitas facilidades para acessar informações 
com celeridade, certa acomodação se tornou inevitável, isso inclui os profissionais das 
ciências agrárias. Com frequência, utilizam-se hoje subsídios obtidos com rapidez nas 
mídias, em particular na digital, que o interessado se vê fortemente induzido a pô-los em 
prática com agilidade e precisão. 

A obra intitulada “Agricultural Sciences: Knowledge and Diffusion of Technology” 
afigura-se, portanto, diante de tal quadro, a iniciativa de organização de textos, detalhando 
de forma organizada e simples as aplicações tecnológicas dentro da agricultura e todo o 
conhecimento disponível.

A partir do conteúdo presente nesta obra desejamos aos leitores uma leitura crítica, 
no melhor sentido, para agregar com novas ideias sobre a temática. Prezados (as) ótima 
leitura. 

Raissa Rachel Salustriano da Silva-Matos
Deucleiton Jardim Amorim

Luiz Alberto Melo de Sousa
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IN THE RESISTANCE OF CONSTRUCTION 
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ABSTRACT: This research pursues the 
promotion of the use of construction materials with 
a low carbon footprint, such as gypsum (calcium 
sulfate dihydrate) and common reed (Arundo 
donax L.), which represent a constructive model 
widely used until about half a century ago in the 
Mediterranean environment, mainly in rural areas, 
and which has been replaced by other materials 
such as concrete and steel, which require a 
greater consumption of energy and water to 
obtain it. In addition, we can’t forget that the use 
of these materials would mean the valorization of 
the common reed, which is currently an invasive 
species in water channels, increasing the risk of 
flooding, and whose control involves a high cost. 
In previous works it has been possible to improve 
the resistance to bending of standardized plaster 
samples with cane compared to the traditional 

design, based on an improvement in the 
structural collaboration between the surfaces of 
both materials, reaching in the case of specimens 
with grooved reed increments of up to 116.2% 
compared to the traditional design (5.34 N/mm2 
versus 2.47 N/mm2), while improving the break 
mechanism. These results have been applied to 
test pieces of real size slabs of 100mm width and 
750mm long, adapting the methodology of the 
UNE-EN 13279.2 Part 2 to the aforementioned 
dimensions, with the loads provided by the 
Spanish CTE for slabs (8.292 kN /m2), and for 
different thickness of specimens and diameters 
of reed, having satisfactorily verified the support 
of mentioned loads.
KEYWORDS: Sustainable construction, plaster, 
slab, common reed.

DIMENSIONAMENTO AO TAMANHO 
REAL DAS MELHORIAS NA 

RESISTÊNCIA DOS ELEMENTOS DE 
CONSTRUÇÃO DE GESSO E JUNCO 

COMUM (ARUNDO DONAX L.)
RESUMO: Esta pesquisa visa a promoção 
do uso de materiais de construção com baixa 
pegada de carbono, como o gesso (sulfato de 
cálcio di-hidratado) e o junco (Arundo donax 
L.), que representam um modelo construtivo 
amplamente utilizado até cerca de meio século 
atrás no Ambiente mediterrâneo, principalmente 
no meio rural, e que tem sido substituído por 
outros materiais como o concreto e o aço, que 
requerem um maior consumo de energia e água 
para sua obtenção. Além disso, não podemos 
esquecer que o uso desses materiais significaria 
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a valorização do junco, que atualmente é uma espécie invasora em canais de água, 
aumentando o risco de inundações, e cujo controle envolve um alto custo. Em trabalhos 
anteriores foi possível melhorar a resistência à flexão de corpos-de-prova padronizados de 
gesso com cana em relação ao desenho tradicional, a partir de uma melhoria na colaboração 
estrutural entre as superfícies de ambos os materiais, atingindo no caso de corpos-de-
prova com incrementos de palheta ranhurada de até 116,2% em comparação com o design 
tradicional (5,34 N / mm2 versus 2,47 N / mm2), enquanto melhora o mecanismo de freio. 
Esses resultados foram aplicados a corpos-de-prova de lajes em tamanho real de 100mm 
de largura e 750mm de comprimento, adaptando a metodologia da UNE-EN 13279.2 Parte 2 
às dimensões mencionadas, com as cargas fornecidas pelo CTE espanhol para lajes (8,292 
kN / m2 ), e para diferentes espessuras de corpos de prova e diâmetros de palheta, tendo 
verificado de forma satisfatória o suporte das referidas cargas.
PALAVRAS-CHAVE: Sustainable construction, plaster, slab, common reed.

1 |  INTRODUCTION 
Among the limitations of resources that our planet has are undoubtedly two 

fundamental: water and fossil energy. In the case of the latter, in addition, its indiscriminate 
use has an important negative effect on global warming. Thus, a decrease in the use of 
these resources will mean, in the medium and long term, an environmental improvement of 
our planet.

Thus, a limited consumption of these resources is defended, so that the development 
of future generations is not compromised [1,2].

In the construction sector, the choice of materials can also influence the protection of 
the environment, if we choose those with lower water and carbon footprints throughout their 
life cycle (Barreca et al., 2017) [13]. Other factors can also be taken into account, such as 
its thermal insulation capacity (Barreca et al., 2013) [3], or a positive impact on the safety of 
river beds due to a common cane valorization (Flores, 2011) [4], as the one caused on the 
social and cultural environment, or human health (Rodríguez et al., 1999) [5].

In the same direction, the Spanish Technical Building Code (CTE) [6] promotes, 
according to European codes: “this demand for a higher quality of the building .... also 
answers to a new demand for sustainability of building and urbanization processes, in its 
triple environmental, social and economic dimension. “

The joint use of plaster and common cane has proven to be traditionally successful 
until the mid-20th century (Barreca, 2012) [7], both in walls, coatings or slabs, in new 
construction or restoration (Vegas and Mileto, 2011 [8]), having studied the possibilities 
of improvement for this last use, both in terms of resistance (5.34 N/mm2 for slotted cane 
specimens compared to 2.47 N/mm2 for traditionally designed specimens), and in the 
rupture mechanisms (Martínez-Gabarrón, 2012) [9], (Martínez-Gabarrón et al., 2014) [10], 
even though these research have been carried out with specimens of size 40x40x160mm 
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(100 mm distance between supports) according to the Standard UNE-EN 13279-2 March 
2006 Part 2 [11].

With the experiments collected here, we intend to make a real-size scale of the 
aforementioned tests, for heavy-duty slabs with 700mm interlacing, choosing the section 
model tested with more favorable results [10], that is the one of plaster with grooved 
cane, as much by its improvements in the resistance, as by the mechanism of break, and 
the simplicity in the manufacture. And all this to verify the support capacity of the loads 
demanded by the Spanish CTE [6] for plant resistant slabs.

2 |  MATERIALS AND METHODS
The following materials and devices have been used:

• Construction plaster (B1/8/2)

• Mains water for kneading

• Setting retarding additive (ADIFOC dosed at 6 ‰)

• Common cane (Arundo donax L.) grooved, 745mm long and 3 different diame-
ters.

• Mixing tanks of plastic material of sufficient capacity.

• Electric mixer for manual use.

• Various pallets and spatulas.

• Hydrofuged and demoulding wood molds (Fig.2).

• Universal bench for mechanical tests of the Controls brand, adapted to the test 
of plaster samples 100x100x750mm dimensions, with load capacity of 150 kN, 
with pick up data of load and vertical displacement by means of Arduino and 
software MATLAB to PC, to visualize the break curves in real time (Fig.1).

• Digital micrometer of the Mitutoyo brand for measuring the vertical displace-
ment, with a range of 0-13.6mm, connected to Arduino hardware (Fig.1)

• Precision scale +/- 5 gr

• Precision scale +/- 0.01 gr

• Vibratory machine, to improve the filling of holes in the molds

• Continuous cutting steel blade saw, for slitting the canes
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Figure 1. Universal bench for mechanical test with test speciment in flexion zone (1). Detail of the 
micrometer positioning and appearance of the first crack (2). Data extraction with MATLAB and break 

curve N-mm (3).

The mixture has been made with a 0.4 water/plaster (A/Y) ratio, with a setting 
retarder has been added to allow greater workability, which in this case is essential since the 
plaster amounts are very voluminous to achieve the filling of the molds of 3 test pieces with 
100x100x750mm dimensions per kneaded (up to 32.5 kg of plaster). Initially, test specimens 
of only plaster with 0.5 A/Y ratio were tested, with the retarder, and when an excess of 
fluidity was observed in the paste and in the mixing water, it was decided to reduce the A/Y 
ratio to 0.4, since the improvement in the mechanical properties, is well known, by reducing 
the proportion of mixing water, which is essential for the resistance objectives pursued in 
the slabs.

The test was carried out in accordance with the UNE-EN 13279-2 March 2006 Part 2 
[11], except with that is related to the size of the test specimens (which has been increased 
to 100x100x750mm compared to the standard ones of 40x40x160mm) and to the drying 
procedure, which has been carried out in a laboratory atmosphere until constant mass, 
before to its test. Wood molds without pore and with a release agent have been used (Fig.2). 
The kneading has been done with the help of a fluid mixer.

Regarding the common cane, 3 diameters have been used, of the following ranges: 
9-13mm/12-16mm/15-18mm, grooved every 20mm with grooves 2mm thick and 3mm deep 
(Fig.2).

For each test, 2 kneads of 3 test pieces each were made (6 test pieces per test). A 
total of 11 tests were carried out: 2 of test specimens 100mm thickness without cane (A/
Y=0.5 and A/Y=0.4); 3 of 100mm thickness specimens with canes of different diameters 
(9-13mm/12-16mm/15-18mm); another 3 of 75mm thickness with the 3 cane diameters; and 
other 3 of 60mm thickness with the same 3 cane diameters.

All tests with cane have been carried out with 0.4 A/Y ratio. To fix the position of the 
canes in the bottom molds, with the grooves upwards, strips of polyester foam 10x10x100mm 
size have been placed at the end of the bottom molds, which keep the canes pressed. To 
complete filling of the bottom molds with cane, 7 units have been necessary for the range of 
9-13mm, 6 units for the 12-16mm one and 5 units for the 15-18mm one (Fig.1).
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Figure 2. Arrangement of the canes in the bottom molds (1). Coding of test speciments of 75 and 
100mm total thickness (2). Detail of grooves in cane (3). Detail of plaster introduction in the grooves (4).

The unitary loads to be supported by the resistant slab Qf, according to the Spanish 
CTE [5], including overhangs of 35% for own weight and partition overload, and 50% 
for overloads of use, turn out to be Qf = 8,292 kN/m2 [ 9] that, for the dimensions of our 
test specimens, we can calculate by equation (1) as Qp, load applied at the center of the 
specimen, as the most unfavorable situation:

                                                  (1)
Qp is the minimum load to be supported by the tested specimen, applied at its center 

(N)
Qf  is the uniformly distributed load required by the Spanish CTE [5] for floor slabs 

(kN/m2)
de  is the distance of the slab beams (0.7m)
ap is the width of the specimen tested (0.1m) 
Thus it turns out that the resistant elements tested have to bear, at least, a load of:

Qp= 0.580 kN = 580 N
The results have been treated statistically: the simplified formula of Cochran and Cox 

has been used to calculate the size of the samples. Descriptive sampling parameters have 
been obtained for each series. Atypical values have been detected by box diagrams.

3 |  RESULTS AND DISCUSSION
Table 1 shows the breaking load results of the specimens tested, together with the 

average values of each test and other descriptive statistical parameters. The validity of the 
number of repetitions of each test has been verified by the simplified formula of Cochran and 
Cox, for a maximum allowed error of 10% on the average value of the series, with a 95% 
probability not being exceeded, having been obtained for all tests a number of repetitions 
less than 6.
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 TEST ONLY PLASTER CANE 100mm THICKNESS

specimen T 0.5 T 0.4 C 9-13,100 C 12-16,100 C15-18,100

1 2905.47 4585.28 3371.39 3683.29 2358.15

2 2108.11 4401.57 3073.76 3044.44 2424.52

3 2369.36 4371.71 3608.87 2757.75 2420.53

4 2580.34 4525.23 3392.47 3027.28 2415.24

5 2392.25 4391.27 3296.54 3174.51 2397.29

6 2602.74 4409.59 3365.26 3125.88 2386.18

Aver. Ẋ 2493.05 4447.44 3351.38 3135.53 2400.32

Estat.dev S 269.58 86.58 172.43 304.76 25.31

Coeff. var Cv 0.11 0.02 0.05 0.10 0.01

Table 1. Breaking load results (N) of the test specimens.

 CANE 75mm THICKNESS CANE 60mm 
THICKNESS

specimen C 9-13,75 C 12-16,75 C 15-18,75 C 9-13,60 C 12-16,60 C 15-18,60

1 1830,04 1946,99 1709.52 1582.23 1466.15 1384.24

2 (*) 2257.78 2313.95 1490.12 1418.39 1328.39

3 2278.84 2362.98 1879.34 1678.10 1502.31 1428.64

4 1795.43 2128.39 2012.35 1437.45 1388.93 1401.21

5 1841.62 2204.16 2109.51 1702.19 1456.62 1386.27

6 1820.93 2172.34 1988.17 1576.28 1368.28 1394.16

Aver. Ẋ 1913.37 2178.77 2002.14 1577.73 1433.45 1387.15

Estat.dev S 205.01 139.37 204.82 102.90 50.60 32.96

Coeff. var Cv 0.11 0.06 0.10 0.07 0.04 0.02

(*) Values that are considered atypical or erroneous have been discarded.

Tabla 1 (continued). Breaking load results (N) of the test specimens. 

In this table we can see how the average values (Ẋ) of the results of flexion breaking 
load for all the specimens tested are well above of the requirement of the Spanish CTE [5] 
(580 N), even also all the repetitions of each test.

Obviously, the tests T0.5 and T0.4 (specimens without cane) are not viable because 
they present a type of fragile rupture (they have been tested in order to have a reference) 
where the piece collapses at the first crack (Fig. 3). On the other hand, the rest of designs, 
even with a lower breaking load than their reference control (T0.4), present valid results 
higher than 580 N: 3351.38 N, 3135.53 N and 2400.32 N for the 3 designs with 100mm 
thickness; 1913.37 N, 2178.77 N and 2002.14 N for the 3 designs with 75mm thickness; 
and 1483.55 N, 1433.45 N and 1387.15 N for those with 60mm thickness, that is to say 
that, even for the smallest tested thickness (60mm), the breaking load requirements of the 
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Spanish CTE are well-achieved [6].
For the most unfavorable case (60mm thickness), if we consider a reduction 

coefficient in the properties of the plaster material, similar to that used for concrete in the 
Spanish Structural Concrete Instruction (EHE-08) [12] Yc = 1.5, the average value of the 
breaking load reduced would be 1051.82 N, 955.63 N and 924.77 N respectively, depending 
on the cane diameter used, which is still higher than the required (181%, 165% and 153%), 
which demonstrates the validity of the designs tested for their application in floor slabs.

Fig. 3 shows representative examples of the fracture curves of different test groups.
The first of the curves (1), representative of the specimens without cane, although it 

presents a higher breaking load, is not considered viable because it present a brittle failure 
with collapse of the piece, without warning and a little deformation.

Figure 3. Breaking curves of the specimens T0.4-1 (1), C15-18,100-2 (2), C15-18,75-2 (3), C9-13,60-3 
(4).

The second (2) is representative of the specimens with cane and 100mm thickness, 
the appearance of the first crack and the loading of the cane “reinforcement” is seen, 
increasing its resistance and deformation even beyond its breakage, with which presents 
certain conditions of safety, for the non-collapse of the piece, very favorable. The third curve 
(3) is representative of the 75mm thickness, being similar to previous one but even with a 
better maintenance of the resistance beyond the breakage, which results in greater safety. 
The fourth curve (4) is representative of the 60mm thickness, with characteristics similar to 
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75mm one but with a breaking load in a lower range.

4 |  CONCLUSIONS 
With the results obtained in the tests carried out, we can conclude that the designs of 

plaster and common cane (Arundo donax L.) laid on the tractioned lower face, are valid to 
support the loads required by the Spanish CTE [5] for these structural elements.

Even in the case of a lower total thickness (60mm), which has a net plaster thickness 
between 42mm and 51mm (comparable with the compression layer usually used in 
reinforced concrete slabs), resistance of the floor slab is obtained well above those required 
by the norm, 181%, 165% and 153% respectively for the cane diameters 9-13mm, 12-16mm 
and 15-18mm.

In addition, the breakage form of the elements presents a progressive increase in 
the deformations, and the maintenance of a certain resistance, avoiding the instantaneous 
collapse, and therefore, improving the safety of its use.
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