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continues to be developed, and demand from industries continues to increase. Therefore, this study
aims to measure and analyze the mechanical properties of cross-laminated timber (CLT) products
designed with a typical arrangement of the Lampung region, Indonesia, called a screen arrangement.
Measurement and analysis of mechanical properties include measuring load tests and analyzing

Measurement moments and stiffness of CLT products intended for floor and beam structures. The screen-type wood
Stiffness arrangement used in the product consists of an inner screen arrangement, an outer screen arrangement,
Wood engineering and a standing screen arrangement with polyvinyl acetate adhesive. Load test measurements were
Wood strength carried out using a universal testing machine (UTM) and moment and bending stress analysis using

engineering mechanics. Generally, the results show that CLT products with standing screens have
smaller mechanical properties than those intended for floors and beams. This research shows that the
typical CLT arrangement of the Lampung region (Indonesia), in the form of a screen, has strong
mechanical properties and characteristics that can be compared with other arrangements.

© 2024Growing Science Ltd. All rights reserved.

1. Introduction

In recent years, the global construction industry has witnessed a growing interest in sustainable and innovative building
materials that possess enhanced mechanical properties while minimizing the environmental impact. Cross-Laminated Timber
(CLT) has emerged as a remarkable solution due to its structural efficiency, renewability, and aesthetic appeal (Anthony &
Ali, 2023; Bhandari et al., 2023; Ronquillo, Hopkin, & Spearpoint, 2021). This engineered wood product consists of multiple
layers of timber planks bonded together at right angles, thereby forming a sturdy and versatile construction material. One of
the critical aspects influencing the mechanical performance of CLT is the arrangement of its constituent layers, known as the
lamina arrangement. The mechanical behavior of CLT is strongly influenced by factors such as the arrangement of individual
laminae, adhesive bonding quality, and wood species employed. The significance of the lamina arrangement lies in its
potential to dictate the distribution of loads, control deformation patterns, and determine overall structural integrity (Cheng,
Thomas, Glancey, & Karlsson, 2011; Llorca et al., 2011; Naya, Gonzalez, Lopes, Van der Veen, & Pons, 2017). However,
despite its growing popularity, limited scientific literature has been dedicated to understanding and evaluating the mechanical
properties of CLT, particularly concerning unique regional arrangements. The Lampung region, nestled in Indonesia, presents
an intriguing case study due to its diverse wood resources and traditional construction practices that have given rise to
distinctive lamina arrangements, such as the screen arrangement. This study addresses the research gap by investigating the
mechanical properties of CLT products designed using the Lampung region's prevalent screen arrangement. The main aim is
to comprehensively measure and analyze the critical mechanical parameters that define the performance of the CLT material
under various loading conditions. By conducting a rigorous analysis, including bending strength, shear strength, and modulus
of elasticity, this research aims to provide valuable insights into how the screen arrangement impacts the structural behavior
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of CLT (Kurent, Brank, & Ao, 2023; Lineham, Thomson, Bartlett, Bisby, & Hadden, 2016; Mayencourt & Mueller, 2019).
Such insights are crucial for both the local construction industry in Lampung and the broader scientific and engineering
communities interested in the development and utilization of CLT for sustainable construction.

Furthermore, this study seeks to shed light on the feasibility of adopting traditional regional lamina arrangements into
contemporary construction practices. The intertwining of traditional knowledge and modern engineering principles can
enhance CLT's versatility and applicability, thus promoting the broader acceptance of this eco-friendly building material (Fan
& Fu, 2017; Sandberg, Gorbacheva, Lichtenegger, Niemz, & Teischinger, 2023; Familiana, Maulana, Karyadi, Cebro, &
Sitorus, 2017). The findings of this research could also contribute to refining existing design codes and guidelines for CLT
applications, ensuring safer and more reliable structural systems that harness the inherent benefits of this innovative timber
product.

Based on the explanation above, the present study delves into the mechanical properties of CLT, focusing on a specific
lamina arrangement found in the Lampung region of Indonesia, referred to as the "screen arrangement." By addressing this
research gap, the study aims to provide valuable insights into the performance of CLT under various loading scenarios and
shed light on the applicability of traditional regional arrangements in modern construction practices. Ultimately, the research
findings could contribute to advancing sustainable building practices, enhancing structural design methodologies, and
fostering the evolution of cross-laminated timber as a leading material in the construction industry.

2. Materials and methods

This research used recycled wood with a water content of about 6-12% (w.b.) (ASTM, 2013). The recycled wood material
is cleaned and shaved so it is ready to use first. Next, polyvinyl acetate was melted down as a wood adhesive with a
predetermined arrangement. The filter arrangement used in this study consists of an inner, outer, and standing screen
arrangement (Fig. 1). After the two wood arrangements stick and dry, the test specimen is ready for load testing using the
UTM machine. The test specimens consist of 2 designations, including specimens for floor structures and beam structures.
The dimensions of the test specimens for the floor structure and beam structure for the inner and outer screen arrangement
types are the same, with length, width, and thickness of 1791 mm, 120 mm, and 75 mm, respectively. However, the standing
screen arrangement has dimensions of length, width, and thickness of 1791 mm, 120 mm, and 103 mm, respectively. Then
the samples were tested using the Universal Testing Machine (UTM) RTF 1350 (capacity of 250 kN) (Sugito, Alisjahbana,
& Riyanto, 2022) following the ASTM D905-03 test procedure (Ba et al., 2022).

(b)

Fig. 1. Screen arrangement specimen (a) Lampung screen (b) specimen with standing screen arrangement

3. Results and Discussions

The results of this study indicate that CLT products designed with standing screens exhibit slightly reduced mechanical
properties when compared to those intended for floor and beam applications. This observation highlights the importance of
selecting the appropriate arrangement for specific structural requirements (Fig. 2).

Fig. 2. Damage to the connection on the CLT test object
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Nevertheless, the overarching finding underscores the robust mechanical characteristics of the typical Lampung region's
CLT arrangement, rendering it comparable to other arrangements commonly employed in the construction industry (Guo et
al., 2017; Li et al., 2021; Navaratnam et al., 2021). The findings of this research hold significant implications for both the
Lampung region's local construction practices and the broader CLT industry. The screen arrangement, rooted in the region's
traditional practices, emerges as a viable and competitive option in the contemporary construction landscape. This study not
only contributes to the understanding of CLT mechanical behavior but also validates the potential of indigenous arrangements
to stand alongside established alternatives (Alshikh, Trepci, & Rodriguez-Ubinas, 2023; Ibafiez et al., 2023).

3.1 CLT test results for sieve arrays for floor structures

The provided Table 1 presents the measured mechanical properties of Cross-Laminated Timber (CLT) test specimens
with a screen arrangement intended for floor structures. The data includes the inertia, load, moment, and bending stress of
three different CLT samples: inner, outer, and standing arrangements. These properties provide valuable insights into the
structural behavior and performance of CLT products in this specific arrangement.

Table 1. The results of measurements of the mechanical properties of the CLT test object in the sieve arrangement for the
floor structure

Sample Inertia (mm?) Load (kN) Moment (kN-mm) Bending stress (kN-mm)
Inner 4,218,750 4,680.7 1,144.57 12.40
Outer 4,218,750 5,237.1 1,560.18 13.87
Standing 10,927,270 7,496.4 2,,235.59 10.54

The calculated inertial values for the inner and outer arrangements are identical, both measuring 4,218,750 mm*. This
indicates that these two arrangements have the same capacity to resist bending deformations. The standing arrangement, with
an inertia of 10,927,270 mm?*, has a significantly larger resistance to bending compared to the other two arrangements. This
is expected since the Standing arrangement features a higher number of layers, resulting in enhanced stiffness and load-bearing
capacity (Bischoff, 2006; Bos, Wolfs, Ahmed, & Salet, 2016; Khaleghi, Salimi, Farhangi, Moradi, & Karakouzian, 2021).

In terms of load distribution, the inner arrangement endured a load of 4,680.7 kN, while the outer arrangement sustained
a slightly higher load of 5,237.1 kN. The standing arrangement, despite its increased inertia, supported a load of 7,496.4 kN.
These load values highlight the importance of the arrangement in influencing the structural response under applied forces.
The higher load-bearing capacity of the standing arrangement is attributed to its greater inertia, indicative of its potential for
applications where heavy loads are anticipated (Bechert, Aldinger, Wood, Knippers, & Menges, 2021; Drosos et al., 2012).

The moment values calculated for each arrangement indicate their capacity to resist bending. The inner arrangement
demonstrated a moment of 1,144.57 kN-mm, the outer arrangement exhibited a larger moment of 1,560.18 kN.mm, and the
standing arrangement had a moment of 2,235.59 kN-mm. These results correspond to the arrangement's ability to resist
flexural deformations, where the greater the moment, the more resistant the structure is to bending forces (Martini, Balit, &
Barthelat, 2017; Rivera et al., 2021; Yu & Tan, 2013).

The bending stress, or flexural stress, is the stress experienced by the material at the extreme fibers during bending. The
inner arrangement had a bending stress of 12.40 kN-mm~, the outer arrangement showed a slightly higher value of 13.87
kN-mm, and the standing arrangement exhibited a bending stress of 10.54 kN-mm™. These values reveal the stress
distribution within the material under bending loads. It's worth noting that the outer arrangement, despite its higher moment
and bending stress, showed slightly less inertia and load capacity compared to the Standing arrangement, suggesting a more
efficient use of material in the outer configuration.

The data highlights that the Standing arrangement, with its larger inertia and load capacity, is better suited for heavy load-
bearing applications such as beams and structural elements subjected to significant bending forces. On the other hand, the
inner and outer arrangements offer slightly higher bending stress values, indicating their suitability for scenarios where weight
optimization and efficient material utilization are important. The result underscores the importance of considering the
arrangement of CLT layers when designing structures. The unique mechanical properties exhibited by each arrangement
emphasize the versatility and adaptability of CLT products to different construction contexts. Ultimately, these insights
contribute to enhancing the engineering and design practices involving CLT, aiding in the selection of appropriate
arrangements for specific project requirements (Gauch, Hawkins, Ibell, Allwood, & Dunant, 2022).

3.2 CLT test results for sieve arrays for beam structures

Table 2 provides a comprehensive overview of the measured mechanical properties of Cross-Laminated Timber (CLT)
test specimens with a screen arrangement, specifically designed for beam structures. The data includes key parameters such
as inertia, load, moment, and bending stress, for three distinct CLT arrangements: inner, outer, and standing. This data is
essential in comprehending the structural performance of CLT elements in beam applications. In line with the data from Table
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1, the calculated inertial values for the inner and outer arrangements remain consistent at 4,218,750 mm®*. This signifies the
equal resistance to bending deformations exhibited by these two configurations. Conversely, the Standing arrangement
possesses an inertia of 10,927,270 mm?*, indicating its significantly improved resistance to bending due to the greater number
of layers (Sood, Ohdar, & Mahapatra, 2010).

Table 2. The results of measurements of the mechanical properties of the CLT test object in the sieve arrangement for the
beam structure

Sample Inertia (mm?) Load (kN) Moment (kN-mm) Bending stress (kN-mm)
Inner 4,218,750 6,273.5 1,870.49 16.63
Outer 4,218,750 5,873.6 1,750.18 15.56
Standing 10,927,270 8,107.1 2,417.89 11.40

The load capacity of each arrangement is closely aligned with their respective inertial values. The inner arrangement
supported a load of 6,273.5 kN, while the outer arrangement carried a load of 5,873.6 kN. The standing arrangement, with its
higher inertia, demonstrated a notably increased load capacity of 8,107.1 kN. The enhanced load-bearing ability of the
standing arrangement underscores its suitability for scenarios demanding higher structural strength and heavier loads. The
moment values offer insights into the arrangements' capacity to resist bending forces. The inner arrangement displayed a
moment of 1,870.49 kN-mm, while the outer arrangement exhibited a larger moment of 1,750.18 kN-mm. The standing
arrangement, with its greater inertia, presented the highest moment value at 2,417.89 kN.mm. These values indicate the
arrangement's ability to withstand bending deformations and the resulting structural stresses (Browning, Ortiz, & Boyce,
2013).

The bending stress, a critical factor in assessing material performance under bending loads, is reflected in the data. The
inner arrangement experienced a bending stress of 16.63 kN-mm, the outer arrangement displayed a slightly lower value of
15.56 kN-mm, and the standing arrangement exhibited a bending stress of 11.40 kN-mm2. The higher bending stress values
for the inner and outer arrangements are consistent with their higher moments, while the slightly lower bending stress of the
Standing arrangement is attributed to its larger inertia and load capacity. The data from Table 2 reinforces the conclusion
drawn from the previous data analysis (Table 1). The standing arrangement emerges as the optimal choice for applications
requiring substantial load-bearing capacity, such as beam structures that experience significant bending forces. The inner and
outer arrangements, while maintaining strong mechanical properties, are better suited for contexts where material efficiency
and weight optimization are paramount.

The importance of selecting the appropriate CLT arrangement based on specific structural requirements cannot be
overstated. The insights derived from this data contribute to informed decision-making in designing and engineering CLT-
based structures (Jones, Stegemann, Sykes, & Winslow, 2016). The distinct mechanical properties observed in each
arrangement provide a foundation for tailoring CLT products to various construction scenarios while leveraging the inherent
benefits of this eco-friendly building material. The findings from Table 2 further validate the versatility and adaptability of
CLT products with screen arrangements in different structural applications. By understanding how each arrangement responds
to mechanical forces, engineers and designers can confidently integrate CLT into their projects, optimizing both performance
and sustainability in the built environment.

3.3 Discussions

The data presented in Table 1 and Table 2 provides a comprehensive insight into the mechanical properties of Cross-
Laminated Timber (CLT) test specimens with screen arrangements, intended for different structural applications. A
comparative analysis of these tables enables a deeper understanding of how the arrangement of CLT layers influences the
mechanical behavior of the material in distinct scenarios: floor structures (Table 1) and beam structures (Table 2). Comparing
load capacities across the two tables reveals noteworthy differences. In Table 1, the standing arrangement demonstrated the
highest load-bearing capacity for floor structures, carrying a load of 7,496.4 kN. This was followed by the outer arrangement
with a load capacity of 5,237.1 kN, and the inner arrangement with a load capacity of 4,680.7 kN. In Table 2, for beam
structures, the standing arrangement exhibited the greatest load capacity of 8,107.1 kN, followed by the Inner arrangement
with 6,273.5 kN, and the outer arrangement with 5,s873.6 kN.

This comparison highlights the fact that the standing arrangement consistently displays the highest load-bearing capacity
in both floor and beam applications. It is evident that the arrangement with the largest inertia benefits from increased load-
carrying ability, making the standing arrangement a favorable choice for structures subjected to significant loads. The bending
stiffness and stress data also provide insights into the arrangements' performance. In Table 1, the Inner arrangement displayed
higher bending stress (12.40 kN-mm2) compared to the outer arrangement (13.87 kN-mm) despite carrying a slightly smaller
load. The standing arrangement, which exhibited the lowest bending stress (10.54 kN-mm), carried the highest load. In Table
2, the pattern continued, but with interesting nuances. The inner arrangement, despite having the highest bending stress (16.63
kN-mm), also demonstrated the highest load-bearing capacity. This could be attributed to the arrangement's efficient use of
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material. The outer arrangement, despite a lower bending stress (15.56 kN-mm), carried a slightly smaller load, possibly due
to its material distribution. The comparison between Table 1 and Table 2 underscores the arrangement's pivotal role in
influencing mechanical properties based on the structural application. The findings consistently emphasize that the standing
arrangement outperforms the inner and outer arrangements in terms of load capacity, while the latter arrangements exhibit
higher bending stress.

Designers and engineers must consider these nuances when selecting an arrangement for specific projects. For floor
structures demanding higher load-bearing capacities, the Standing arrangement is an ideal choice. On the other hand, for beam
structures, where optimizing material usage and bending stress are crucial, the inner and outer arrangements provide efficient
alternatives. The comparative analysis reveals a clear relationship between arrangement, load capacity, and bending behavior.
The consistent performance of the Standing arrangement in both floor and beam applications underlines its versatility, while
the inner and outer arrangements offer tailored solutions depending on project-specific priorities. The data underscores the
significance of arrangement selection in achieving structural efficiency and performance while harnessing the capabilities of
CLT as a sustainable construction material.

4. Conclusion

The escalating demand for sustainable and innovative construction materials has fueled the advancement of Cross-
Laminated Timber (CLT) products as viable alternatives to traditional large-dimensional wood structures. By conducting
extensive measurement and analysis, including load tests, moment assessment, and stiffness analysis, this research has shed
light on the mechanical behavior of CLT products intended for floor and beam structures. The investigation of the mechanical
properties of CLT products unveiled valuable insights into their structural performance under different loading conditions.
The utilization of an inner, outer, and standing screen arrangement, combined with polyvinyl acetate adhesive, demonstrated
the inherent strength and durability of this configuration.

Finally, this study contributes to the growing body of knowledge surrounding CLT products and their mechanical
properties. By examining the Lampung region's screen arrangement, it underscores the feasibility of this arrangement for
constructing sturdy and reliable structural elements. As the demand for sustainable construction solutions continues to rise,
the insights gleaned from this research can guide both regional and global stakeholders toward the effective implementation
of cross-laminated timber in various construction projects. Furthermore, the study emphasizes the importance of preserving
and incorporating traditional knowledge into modern engineering practices, fostering a synergy between heritage and
innovation for a more sustainable built environment.
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