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APRESENTACAO

Vocé ja percebeu a importancia dos materiais na sua vida diaria? Os materiais
estédo provavelmente mais imersos na nossa cultura do que a maioria de n6s imagina.
Diferentes segmentos como habitacdo, saude, transportes, seguranca, informacao/
comunicacéo, vestuario, entre outros, sao influenciados em maior ou menor grau pelos
materiais.

De fato a utilizagdo dos materiais sempre foi tdo importante que os periodos
antigos eram denominados de acordo com os materiais utilizados pela sociedade
primitiva, como a ldade da Pedra, |dade do Bronze, ldade do Ferro, etc.

A humanidade esta em constante evolugcédo, e os materiais ndo sao excecgdes.
Com o avancgo da ciéncia e da tecnologia a cada dia surgem novos materiais com
caracteristicas especificas que permitem aplicagdes pormenorizadas e inovagcéo nas
mais diferentes areas.

Todos os dias centenas de pesquisadores estdo atentos ao desenvolvimento
de novos materiais e ao aprimoramento dos existentes de forma a integra-los em
tecnologias de manufatura economicamente eficientes e ecologicamente seguras.

Estamos entrando em uma nova era caracterizada por novos materiais que podem
tornar o futuro mais facil, seguro e sustentavel. O campo da Ciéncia e Engenharia
de Materiais aplicada esta seguindo por novos caminhos. A iminente escassez de
recursos esta exigindo inovagdes e ideias criativas.

Nesse sentido, este livro evidencia a importancia da Ciéncia e Engenharia de
Materiais, apresentando uma coletédnea de trabalhos, composta por quatro volumes,
que permitem conhecer mais profundamente os diferentes materiais, mediante um
exame das relacOes entre a sua estrutura, as suas propriedades e 0 seu processamento.

Considerando que a utilizacdo de materiais e os projetos de engenharia mudam
continuamente e que o ritmo desta mudanca se acelera, ndo ha como prever os avangos
de longo prazo nesta area. A busca por novos materiais prossegue continuamente...

Boa leitura!

Marcia Regina Werner Schneider Abdala
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CAPITULO 10

ANALYSIS OF THE STIFFNESS OF DOWEL LAMINATED
TIMBER (DLT) PANELS MADE WITH LAMELLAS OF PINUS
TAEDA AND ELLIOTTII WITH DOWELS OF PELTOGYNE SPP,

Marcos Cesar de Moraes Pereira
Departamento de Engenharia de Materiais e
Manufatura (SMM), Escola de Engenharia de
Séo Carlos (EESC), Universidade de Séo Paulo
(USP), Séo Carlos, SP.

Carlito Calil Junior
Departamento de Engenharia de Estruturas

(SET), Escola de Engenharia de Sdo Carlos
(EESC), Universidade de Sao Paulo (USP), Sao
Carlos, SP.

ABSTRACT: The Dowel Laminated Timber
(DLT) is a massive panel made with cross
lamellas and connection with the dowel of
wood dowels. This work analyzed DLT panels
made with lamellas of Pinus taeda and Pinus
Elliottii with dowels of Pau-roxo (Peltogyne
spp., Leguminosae), an Amazonian species.
Tests performed defined the characteristics of
each wood, the slip module of connection and
longitudinal and transverse sttifness of the
panel. Results were 727 and 84 KNm?2, for
longitudinal and transversal respectively. It was
concluded that the DLT obtained a sttiffness
below the conventional CLT panels, but that
the values obtained were satisfactory when
considering environmental advantages and Life
Cycle Analysis (LCA).

KEYWORDS: Dowel Laminated Timber, DLT,
CLT, Massive Panel
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LEGUMINOSAE

RESUMO: O Dowel Laminated Timber (DLT) é
um painel macico feito com lamelas cruzadas
e conexao entre lamelas feita com cavilhas de
madeira densa. Este trabalho analisou painéis
DLT feitos com lamelas de Pinus taeda e Pinus
Elliottii com cavilhas de Pau-roxo (Peltogyne
spp., Leguminosae),umaespécieamazénica.Os
ensaios realizados definiram as caracteristicas
de cada madeira, 0 modulo de deslizamento da
conexao e a rigidez longitudinal e transversal
do painel. Os resultados da rigidez foram 727
e 84 KNm?2, para longitudinal e transversal,
respectivamente. Concluiu-se que o DLT obteve
uma rigidez abaixo dos painéis convencionais
da CLT unidos com adesivo quimico, mas que
os valores obtidos foram satisfatorios quando
consideradas as vantagens ambientais e a
Analise do Ciclo de Vida (ACV).
PALAVRAS-CHAVE: Dowel Laminated Timber,
DLT, CLT, Painel Macico

11 INTRODUCTION

The building system with massive wood
has been widely used in center Europe, Canada,
Asia and Oceanian countries, mainly the Cross
Laminated Timber (CLT) (SILVA; BRANCO;
LOURENCO, 2012). Brazil market does not
have much knowledge about this material and
its properties but have a great potential of
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production and use, because today the country currently has 2 million hectares of pine
forests and 7.4 million hectares of eucalyptus forest (SNIF, 2017).

In last decade, it has been developed and studied a type of CLT without glue
in between layers, and the connection made with wood dowels (pegs). This panel is
been called DLT (dowel laminated timber or “brettstapel’ in German). This panel is an
increasingly popular form of mass timber panel that has been pioneered by European
countries particularly Germany, Austria, and Switzerland (SOCHACKI, 2014). Other
emphasize that one of advantage is that system doesn’t use of toxic glues and nails
which can have an effect on the well-being of building occupants (HENDERSON,
2009). Another characteristic is that system has a better Life Cycle Analysis (LCA) and
can help in public politics about environmental and climate change accords.

For Brazilian wood, this type of panel can have a good use for wood of pine,
because environmental factors like heat and humidity cause that tree have a high growth,
but as a consequence, wood has low density and more knots. For the manufacture of
dowels, according to the Brazilian standard, the wood must have resistance to parallel
compression of 60 MPa, and several Amazonian species have this resistance, as is
the case of Pau-Roxo (Peltogyne spp., Leguminosae). Due to the shapes of native tree
logs and during processing in the timber industries, there is a large supply of short high-
density wood in the Brazilian market (TUOTO, 2009), which among other products
can be used to make dowels, thus adding value to what would have been treated as
residue destined to the generation of energy in thermoelectric plants, with emission of
CO, into the atmosphere.

2| OBJECTIVES

The purpose of this work is to do a theoretical study and experimental tests for to
define DLT panel stiffness, and to compare with literature values and conventional CLT
values.

3| MATERIALS AND METHODS

3.1 Materials

The panel was made with lamella of pine wood (Pinus taeda) and connectors were
made with Pau-Roxo wood (Peltogyne spp., Leguminosae). Lamellas had a transverse
section of 38 x 90 millimeters. Dowels were made with diameter 20 millimeters and
length 90 millimeters. The panel was made with three layers and final measures were
1.30 x 2.60 meters.
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3.2 Experimental Procedure

The wood used for dowels and for lamellas was characterized based in Annex B
of Brazilian Standard (ABNT, 1997). After fabrication, dowels were tested in bending.
Pinus’s Lamellas were tested in Transversal Vibration Machine, and were classified
in three visual class. The tests in the panels were made in bending in two directions,
longitudinal and transversal, to determine the E e E, (MOE), based in EN 408 and EN
16351 method (CEN, 1998) e (CEN, 2015). The joint between dowel and lamella was
tested according to the standard ISO 6891 (ISO, 1983).

4| RESULTS

Results of compression parallel and perpendicular to the grain tests in Pau-Roxo
and Pinus wood had the following values shown in table 1 and bending test, dowels
had values shown in table 2. Fifteen samples was tested in each test.

f f f f E E

cO,m c0, k. c90,m c90, k c0,m c90,m

(MPa)  (MPa)  (MPa) (MPa) (MPa)  (MPa)

Pau-Roxo 82.83 81.00 12.34 12.00 25482 1151
Pinus 26.15 25.00 6.51 6.25 8064 300

Table 1: Parallel, perpendicular and MOE in compression for Pinus and Pau-roxo

Modulus of Elasticity Modulus of Rupture
(MPa) (MPa)
Mean 18827 81.30
St. Desv. 1750 14.13

Table 2: MOE and MOR for Pau-roxo in bending test

Fifty-three pieces for lamellas were tested in Transversal Vibration Machine,
Metriguard Model 340, and the result shown in table 3. Distribution of visual classes
was S1 (Select one) with 39%, S2 (Select two) with 41% and S3 (Select three) with
20% of the pieces.

MOE, mean (GPa)
Mean 6.45
St. desv. 1.15

Table 3: MOE for lamellas of Pinus
The connection was evaluated for fifteen samples using ISO 6891, and the results
are presented in table 4 and figure 1.
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K

serv

Mean (N/mm) 1536
St. Desv. 23.41

Table 4: Kser of connection in between lamellas and dowel

Figure 1: Test for determination of Slip Module (Kser)

The panel was made of the best classes of wood in first and third layers. The
results of Effective Inertia (stiffness) in bending tests at longitudinal and transverse
direction are presented in table 5 and figure 2 and 3 show tests.

Longitudinal Transversal
Modulus of Elasticity (KNm2) 727 84,3
St. Desv. 9.1 2.08

Table 5: Stiffness of panel in longitudinal and transversal direction

Figure 2: Test in longitudinal direction
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Figure 3: Test in transversal direction

51 CONCLUSIONS

The stiffness values for the DLT panel follow a trend of view in common CLT
panels (glued), where there is a longitudinal direction that has more rigid layers than
a transverse direction, but no case of the CLT, this difference between the directions
is of the order of 3 to 4 times, while for the analysed panel a difference of 8 times was
obtained. This is mainly due to the characteristic of the connections made by pins, as
is the case of pins, nails and screws, in which the deformations are expressive that in
the structures joined by adhesives. In the case of glued lamellae, there is the whole
area of the lamellae resisting the shear generated by the force applied in the loading,
whereas for the pegged connections there are only points of tension concentration
where normal compression occurs to the fibers of the wood of the pin and the lamellae.
In this case the bond strength is calculated through the use of the sliding module (k_,),
which is used for analytical simulations and connection sizing. The k_ module obtained
was 1536 N/mm.

It can be concluded that the use of Pau-roxo for the manufacture of the DLT panel
was satisfactory, since it presents very high resistances when compared to the Pinus
taeda and elliottii, as shown in table 1, so that the normative requirement NBR 7190,
in the item on pegged connections, requires a wood of class D60 for making wooden
pegs. The overall result showed that the DLT panel is less rigid than the CLT panels,
but the environmental advantages such as better life cycle assessment (LCA) and

productive facilities were more satisfactory than CLT.
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