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Ageing of wood in structures: does it really happen?

Bohumil Kasal,
Czech Technical University in Prague, Czech Republic and Professor at the
University of Primorska, Slovenia.

Abstract

Ageing in general is a process or permanent, irreversible change of relevant properties with time. This definition is
applicable to many scenarios and the term relevant properties is of the key importance. To study the ageing (or
causes of ageing) is practically impossible in the context of structural materials that are intended to be used
sometimes for centuries. Accelerated methods are often used to predict the change of materials properties with time
and often, extrapolation is used to do so. Direct validation of accelerated methods to simulate processes of ageing is
virtually impossible. This presentation will attempt to shed the light onto the mystery of ageing of wood.
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Benedikt Neyses, Lulea University of Technology, Sweden
Martin Nopens, Universitat Hamburg, Germany

Slovenian wood-based bioeconomy: present state and future perspectives

Domen Arnic, Slovenian Forestry Institute
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Peter Prisian, Slovenian Forestry Institute
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Luka Juvancic, Dept of Animal Science, Biotechnical Faculty, University of Ljubljana,
Slovenia
Luka.juvancic@bf.uni-lj.si

The availability of fossil fuels, overexploitation of natural resources and climate change are implying a more sustainable use of
raw materials. Bioeconomy is an economic paradigm, with the main idea to minimize the energy and material consumption and
to maximize the share of renewable resources (Winkel, 2017). Expanding the bioeconomy has been identified as a strategic aim
of the EU. Forestry and wood-based bioeconomy represent an important part of the overall bioeconomy (Hagemann et al., 2016).
Paper and wood manufacturing, as well as forestry, represent 9%, 8% and 2% of the EU's bioeconomy turnover respectively (El-
Chichakli et al., 2016).

Forest are covering almost 60% of the total surface in Slovenia, representing a source of wood-based raw materials for a
sustainable bioeconomy. We assessed the current state of bioeconomy in Slovenia based on four indicators suggested by
Hagemann et al. (2016) and Jasinevi¢ius et al. (2017): (1) availability of wood biomass, (11) wood biomass market, (111) policy

and social context and (IV) added value within bioeconomy (Arni¢ et al., 2019).
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In 2017, annual available wood biomass on the market was 5.01 million ms; 53 % was exported and 47 % was used in the
domestic wood processing industry. In the same year, a Slovenian forest- and wood-based bioeconomy employed around 19.000
workers and created more than 770 million euros of gross value added, which represents one-third of gross added value of
Slovenian bioeconomy (the highest economic result in last two decades). Compared to other countries (i.e. Austria, Germany, and
Finland) Slovenia still lags in development of a wood-based bioeconomy, due to the low percentage of harvested forest growth
and in a higher share of exported wood.

Further development of wood-based bioeconomy in Slovenia may be performed at two levels. Firstly, by improving the
efficiency of forest management and optimizing and upgrading existing timber-processing technologies. Secondly, with the
development and establishment of novel technologies that enable more efficient use of lower quality wood, wood residues and
by-products of the wood processing and paper industry according to the principles of circular bioeconomy (Hurmekoski et al.,
2018).
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Abstract

Wood supply chain stakeholders need traceability of individual products as well as
protection from disclosure of their global activity (e.g. operation volumes), thus
making data privacy a major concern. However, typical solutions to manage privacy-
sensitive data are centralized and rely on third parties. Therefore, they suffer from
single point of failure, trust and performance issues. Distributed ledger technology
ensures data replication, immutability and availability, however, privacy-sensitive data
remains publicly available. In this paper, we propose a framework design that combines
distributed ledger technology with ring signature, mix networks and distributed hash
table to manage data privacy. We illustrate the applicability of our solution with a
product traceability scenario for the wood supply chain.

Keywords: distributed ledger, wood supply chain, privacy, security
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Introduction

Supply chain management (SCM) has gained massive attention for both industry and academia [6].
Through the SCM process, all the stakeholders (producers, transporters, suppliers, customers, etc.)
communicate with each other to trace products and increase overall quality. However, they
generally have challenging requirements, as they need traceability and at the same time they need
protection against information disclosure about their activity. Typical centralized solutions for
product traceability are subject to the single point of failure problem that makes them vulnerable to
attacks [6, 15, 16] and creates bottleneck that hinders scalability. Therefore, privacy-aware,
decentralized solutions for product traceability are highly needed.

In this paper, we propose a framework based on Distributed Ledger Technology (DLT) to
manage privacy-sensitive information for the Wood Supply Chain (WSC). DLT - and its most
famous implementation, blockchain - mitigates the above issues by providing immutable
decentralized storage to ensure data transparency and availability over the network [15]. DLT usage
relates to a large number of application domains such as smart home, internet of things, supply
chain, and finance, etc. It eliminates the need of a third party to establish trust as it records data in
a data structure that is replicated on distributed nodes and where data fragments are related to each
other with cryptographic techniques (hash functions) to guarantee integrity and immutability. Using
DLT requires carefully looking at privacy concerns because all data and privacy-sensitive
information over the network is publicly accessible, as proven by the amount of existing research
papers [13, 4] and notes™.

This paper is structured as follows: Section 2 highlights the need for a privacy solution to protect
data along the wood production chain. Section 3 presents our contribution to support privacy aware
distributed information management along the wood production chain. Section 4 reviews most
relevant work in the area and shows how wood production chain currently lacks distributed privacy-
aware solutions. The paper is concluded in Section 5.

Motivating Scenario and Research Problem

In this section, we introduce a simple furniture production scenario that motivates the need for DLT
and highlights our research challenges. As presented in Fig. 1, we have identified 6 actors that
participate to a WSC. 1) Wood cutting company identifies and cuts specific trees. 2) Transport
company drives wood logs to storage warehouse. 3) Storage warehouse company sorts, processes
and stores logs. 4) Furniture assembly company cuts logs and assembles furniture. 5) Furniture
shop company stores and exposes assembled furniture for sale. 6) Customer buys wooden furniture
and verifies product origin.

This scenario highlights the need for traceability, trust and anonymity in the supply chain.
Indeed, all the actors of the chain want to provide full product traceability to the customers. A
typical solution to this issue consists in inserting RFID chips in the trees and logs produced. RFID
chips are detected at every stage of the WSC to provide stakeholders with required traceability. At
this stage, typical third-party centralized solutions to store RFID data form a Single Point Of Failure
(SPOF), thus motivating research towards decentralized solutions. In particular, blockchain is a

1 https://pdfs.semanticscholar.org/549e/7f042fe0aa979d95348f0e04939b2b451f18. pdf
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Figure 1. Workflow of wood supply chain system

type of DLT where transactions between users are stored in blocks and replicated on all
participating nodes, thus avoiding SPOF. Typically, users generate public and private keys and use
public keys as addresses to identify themselves in transactions. Miners use techniques such as proof
of work or proof of stake [11] to add and validate blocks. In order to prevent modification of
recorded transactions, blocks are linked to each others. Each block contains a hash of the previous
block (except the first block in a chain called "genesis™) [9].

However, our scenario also highlights that, although the actors of the WSC are willing to
provide individual customers with traceability, they also do not wish to have their production
information publicly accessible. There is a need to develop solutions that guarantee that it is not
possible to access all product data and, for instance, draw statistics from it. Therefore, based on this
scenario, our solution must provide 1) confidentiality to protect data from unauthorized access, 2)
integrity to verify the originality of content, 3) availability to make sure that data should be always
accessible upon request, 4) anonymity to protect the relationship between user identity and data
content (unauthorized users must be unable to link data with their owner) and 5) scalability (the
proposed solution must manage large number of users and transaction data with reasonable
performance).

Such requirements highlight our motivation to combine blockchain with other solutions to
provide anonymity and unlinkability of data on decentralized storage and at the same time enable
traceability for customers over specific data items. In the following, we formulate a list of scientific
locks (SL) that rise from this scenario and the requirements of the actors described above:

e SL1: Unlinkability between data and user’s identity. In our context, protecting privacy means
SL1a) protecting access to users’ identities available in transactions, and SL1b) preventing
disclosure of users’ identities that could be found out by exploiting temporal dependencies
between transactions. The difficulty is to find a solution that integrates smoothly with
blockchain and does not affect its original operation.

e SL2: Management of data updates. In our motivating scenario, actors need to update
information at each point of the chain (for example product location). The difficulty is to find
a way to circumvent original blockchain design to allow data updates.

e SL3: Data security and fine-grained user access. Data stored on DL must be protected from
unauthorized access with encryption mechanisms and users’ actions on data must be
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managed through access control models. The difficulty is to provide decentralized solutions
that integrate smoothly with blockchain.

e SL4: Acceptable usability and response time. System design need to be usable with low
response time. However, high response time is a major issue for blockchain. Answering
previous scientific locks will increase the system complexity, the difficulty is to integrate
solutions while maintaining low computational cost.

To answer these scientific locks, we present in the following a solution that integrates relevant
technologies in a single framework. We show how the framework integrates those different aspects
to answer the aforementioned scientific locks and we provide insight on the relevance of our
framework with the help of our motivating scenario.

Conceptual Framework

In this paper, we propose a privacy-aware decentralized information management framework to
support WSCs (or any distributed information system). This framework combines blockchain
technology with ring signature, mix network and distributed hash table as shown in Fig. 2.
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Figure 2: Overview of our conceptual framework

First, our framework answers SL1a using ring signature, that allows a group of several actors
equipped with public/private keys (called a ring) to jointly sign a message. Messages going out of
aring can be verified to prove they have been emitted within the ring and at the same time guarantee
anonymity of the emitter’s identity.

Second, our framework makes use of mix network to prevent user’ identity disclosure through
temporal dependency obfuscation, thus answering SL1b. Indeed, mix networks randomize temporal
relationships between messages, thus making it impossible to observe time dependency between
messages and draw conclusion on the identity of message emitter.
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Third, we address SL2 by jointly using blockchain and DHT. Due to its design, DHT addresses
performance and data update issues related to blockchain. Therefore, we use DHT to store actual
data, and blockchain to store pointers to the data in the DHT. This solution offers both the benefits
of blockchain immutability and DHT performance and possibility for update. Indeed, data can be
modified in the DHT but pointers cannot be deleted or modified because of blockchain immutability.

SL3 is resolved using role-based access control. In order to preserve the decentralized nature of
our framework we adopt Decentralized Public Key Infrastructure (DPKI) [1] to enable role-based
access control.

Fourth, we address SL4 by using DHT to store and manage data. Combining DHT with
blockchain greatly improves performance as demonstrated in [10].

In our WSC scenario, actors such as the wood cutting company will store data through ring
signature, then mix network, so that we will not be able to identify who put the information into
the DHT and pointers to it in the blockchain. The rules for role-based access control will be recorded
so that different levels of access are granted to different actors.

In our example, general access is not possible, however, business partners can access limited
data (such as knowledge of what kind of tree species was cut) and data owner (company employees)
have full access. Location data can be updated as the wood follows its progress in the supply chain.

Related Work

In this section, we review the most relevant existing research on privacy management for
blockchain. In [12], the authors present a blockchain-based distributed platform for anonymized
trading of datasets. The work is decentralized except a third party to deal with privacy policy
management. An dynamic identity management system based on the bitcoin blockchain is proposed
in [2] that also relies on third party. It ensures users’ data confidentiality and allows a user to control
their identities over public networks. In [5] identity management in blockchain is addressed using
zero knowledge protocol and smart contracts. However, the work cannot handle malicious verifiers
and thus other cryptographic schemes need to be combined with it to achieve better security.

In [8] privacy issues in blockchain-based IoT are explored. Ring signature is used to provide
anonymity on the healthcare blockchain. However, DoS and modification attack is still possible
because an attacker can make services unavailable for a user and inject falsified transactions in a
network. In 2015, [17] presented a personal data management system using blockchain technology
that combines blockchain and off-blockchain storage to provide privacy and allow users to control
their data. However, it is not efficient to manage and query large volume of data.

In 2018, [7] described identity management on the blockchain by using Sovrin, uPort, and ShoCard.
It allows users to control their transactions and enhance the data’s transparency due to storage of
data on distributed nodes. The authors in [3] propose blockchain-based medical data management
system that allows patients to access their medical data across different providers and patient
databases. This system is helpful to manage authentication, confidentiality, and data sharing. In
paper [15] authors discussed blockchain technology in a supply chain system. Smart contracts are
used to secure transactions between parties and remove the middle party. The major drawback of
the proposed scheme is scalability. A decentralized supply chain system using smart contract is
presented in [16]. The proposed system is useful to trace goods and recipe ingredients through
supply chain system. Moreover, it is unable to trace damaged or loss goods during supply chain
process. In [14], authors provided a survey of cryptographic techniques to resolve immutability
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issue of blockchain. Similarly, they discussed advantages and limitations of these techniques when

used in either public or private blockchain.

Table 1 summarizes advantages and limitations of existing work and relates to our identified

scientific locks. We summarize which aspects are addressed in Table 2.

Table 1: Summary of related work analysis

Ref.No | Challenge Addressed | Approach Advantages Limitations
. . Decentralization; Data Need thlrd.party 0
[12] Anonymized Blockchain based owner can trace their manage privacy
dataset (SL1b) distribution scheme data policy; Privacy
risk remain
Ensure identity in Zero-knowledge Dynamic update of
[2] bitcoin blockchain g Dynamic up Need third party
proofs identities
(SL1a)
Anonvmity of Require more
ymity Zero-knowledge Provide data privacy; security schemes;
user data over o
[5] . protocol and Eliminate need of Unable to work
blockchain . e
Smart contract third party when verifier is
(SL1b) o
malicious
Secure management Ring signature, .
of healthcare data on Smart contract, Decregse blockchain DOS attack is
[8] . . bandwidth and . .
blockchain (SL1a) and Cryptographic computational power possible; Scalability
(SL1b) (SL3) techniques P P
Decentralized user Fine-grained access Remove third party;
: - Framework cannot
[17] private data control, Encryption, User has control manage large
management (SL3) and Decryption over their personal ge farg
(SL4) schemes data volume of data
Lack of usability to
Digital Identity Sovrin, Uport and Completely Qecentrallzed manage .
[7] management on the ShoCard transparency; User can cryptographic keys;
blockchain (SL1a) control data transactions | Unable to cope with
data transparency
Bloc.kcham based Smart contract, Proof Pat.' ents c.a N access ) Cannot maintain
medical data . their medical record; .
[3] of work, and Syncing S . large volume of data;
management aloorithm Authentication, Avoid centralized securit
system (SL3) g single point of failure y

Conclusion

In this paper, we illustrate the need for privacy-aware product traceability in wood supply chains
with a scenario that shows the challenges of this specific application domain, before identifying
related scientific locks. We then propose a framework that relies on a combination of ring signature,
mix network, blockchain and DHT to provide adapted measures that allow traceability for
authorized users without disclosing all the business information of the different actors.

Further work includes exploring different options for decentralized authentication, assessing the
solution performance in real or simulated environment, and deploying a proof-of-concept prototype
in collaboration with an existing company.
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Table 2: Comparative analysis of our proposed framework

Ref. no/Year Privacy features Security Traceability
|dentity Transaction data | properties
protection | protection
[1, 2017] Yes No Confidentiality | No
[2, 2016] Yes Yes Confidentiality | No
[5, 2019] Yes No Confidentiality | No
[7,2018] Yes Yes Integrity No
Confidentiality;
[8, 2018] Yes No Integrity; No
Availability
[9, 2019] Yes Yes Conflglethlallty; Yes
Integrity;
[14, 2019] No No No Yes
[15, 2018] No No No Yes
[16, 2015] Yes Yes Availability No
Confidentiality;
Our framework | Yes Yes Integrity; Yes
Availability
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Industry 4.0 the so called 4w industrial revolution is a concept that includes many different approaches that could lead to a highly
efficient and flexible (manufacturing) industry. A main goal of Industry 4.0 is to be able to achieve mass customization with the
same cost as mass production. In several branches of the wood industry for example kitchen- or prefabricated housing production
it is already state of the art to produce in lot size 1. Often this is only possible with a lot of manual labor which increases the price
of the manufactured products significantly.

Production of complex products like prefabricated timber wall elements in lot size 1 requires numerous work instructions that are
different for every single part that is produced. These instructions need to be understood and carried out with as few errors as
possible and as fast as possible to keep rework and cycle times to a minimum. Therefore, flexibility in production is a key
element because of the large variety of the produced elements.

Spatial augmented reality makes it possible to integrate information directly into a work environment by projecting it on
workbenches or even work pieces themselves. Because spatial augmented reality does not require a headgear or goggles to be
worn it can in many cases be implemented in production processes quite easily without restricting workers in their movement or
field of view.

In this research we evaluate a self-developed projector based spatial augmented reality application for the manufacturing of
timber frame prefabricated wall elements and compare it to existing production processes that are well established in the industry.

The completion time and the error rates are measured during selected production steps performed under laboratory conditions.
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Abstract

In Europe (EU-27) orchards occupy 5,947,860.54 ha (Eurostat, 2017). The main permanent crops
are represented by olive trees, orange trees, vineyards and different crops belonging to the
Rosaceae family (i.e. apricot, peach, cherry, pear and apple trees). Their management produces
a large amount of biomass. According to Pari et al., (2018), in Europe more than 13 million tons of
pruning biomass (over dry basis) are available from the main orchards each year, in Italy around
6 million tons are produced yearly (including uprooted biomass). This biomass is mostly burned
either sometimes chopped and left on the soil to maintain the organic carbon levels or to prevent
soil erosion. The interest in finding sustainable solutions related to the wood residues
management has led to focus the attention on the extraction of secondary metabolites from
pruning residues, also called "extractives". The aim of this study is to enhance the wood biomass
coming from apricot (Prunus Armeniaca L.), olive (Olea Europaea L.) and orange trees (Citrus
sinensis L.). The experimental material was collected in Basilicata region in May 2018. The
biomass includes pruning residues (branches) and trunk residues obtained after the cultivations
explant. In all samples the bark was separated from the wood. In the case of orange and apricot
samples, the sapwood and the heartwood within the trunk were considered separately. These
samples first were cut into small pieces, then ground to obtain sawdust. Extraction of sawdust
was performed using an Accelerated Solvent Extractor with three types of solvents: ethanol/
water (50:50v/v), only ethanol and only water, at 120°C. After extraction, organic solvents were
evaporated under vacuum using a rotary evaporator at 37°C, while water was freeze-dried for
48h. The chemical analyses of the extracts were performed using an LC-MS. The results showed
the extractive yields and the secondary metabolites present in each sample. Secondary
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metabolites are chemical compounds produced by several plant tissues (e. g. leaves, bark, roots,
buds, wood). They provide different medicinal applications, due to the antioxidant, anticancer,
anti-inflammatory, antifungal and other properties. The investigation of the natural compounds
is not an easy procedure but interesting natural compounds as catechine and oleuropein were
found in the samples. These types of natural compounds may be applied in the cosmetic sectors
in order to create new value-added products, opening a perspective for the use of orchard
biomass as new raw material.

Key words: biomass, agricultural, waste, chemical analysis, metabolites secondary, antioxidant
compounds, reuse.
Introduction

In Europe (EU-27) the orchards occupy 5,947,860.54 ha (Eurostat, 2017). Italy with its
1,389,829.43 ha (Eurostat, 2017) is in Europe (EU-28) the second Country after Spain, with the
largest number of orchards. In the Italian regions, the orchards that cover the largest areas are
olive trees equal to 51% of the entire surface, followed by vineyards with 31%, orange trees
with 6% and tree crops belonging to the rosaceae family (peach, apricot, apple, pear, cherry)
which occupy about 9% (Istat, 2018). The orchards produce a large quantitative of biomass
coming from pruning and trees explantation. This biomass from pruning and explants is mostly
burned, sometimes chopped and left on the soil to maintain the organic carbon levels, rarely it
is added to produce the farm organic compost. The main reason why this biomass is burned,
reflects the fact that it doesn’t produce sufficient profit. Therefore, the European strategy have
created the basis for enhancing the natural resources as well as for a sustainable economic
growth. Starting to the European line guides, the aim of this study is the valorisation of biomass
from orchards, in particular from apricot tree (Prunus Armeniaca L.) olive tree (Olea Europaea
L.) and orange tree (Citrus Sinensis L.), through the analyses of the secondary metabolites
present in the extractives from pruning and trunk biomass of these plants. Both in the pruning
and in the trunks were separated the bark from the wood, in add in the trunk (except for the
olive tree) the wood is divided in heartwood and sapwood. In all these plants parts there were
determined: i) their most frequent molecular compounds, ii) their chemical composition using
liquid chromatography (LC-MS). The investigation of the natural compounds is not an easy
procedure but interesting natural compounds as catechine and oleuropein was found in the
samples.
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Materials & Methods

ORCHARDS BIOMASS EXTRACTIVES

The biomass from Apricot trees (Prunus Armeniaca L. var. Pisana), olive trees (Olea Europaea L.
var. Coratina) and orange trees (Citrus Sinensis L. var. Navellina) formed by pruning residues
and trunk uproot were gathered in May 2018 in different orchards within Policoro-Metaponto
area (Basilicata Region). The samples were pounded through a Fritsch grinder ring to obtain the
powder (Vibrating Mill Pulverisette Cup 9, 3 times 40 seconds at 1000 RPM) with the grinding
set N° 484125. Extraction of sawdust was performed using an Accelerated Solvent Extractor
(Dionex ASE 200, Voisins Le Bretonneux, France). Extraction was performed in 33mL cell size on
5 g of sawdust at 120°C under a pressure of 100 bars (3 static cycles of 5 minutes each) using
ethanol, water and a mixture of ethanol:water (50:50 v/V). After extraction, organic solvents
were evaporated under vacuum using a rotaryevaporator (Rotary evaporator BuchiRotavapor
R-300) at 37°C.

LC-MS ANALYSIS

U-HPLC analysis of extracts was carried out using an LC-MS-8030Shimadzu apparatus equipped
with a Diode array detector SPDM20A.The separation was carried out in thermostatic
conditions at 40 °C with a reversed-phase column (Phenomenex® Luna 3um C18). The detection
was carried out with an UV detector set atthe wavelength of 280 nm and under selected ion
monitoring by negative and positive mode ESI-MS. The operating parameters for MS detection
were as follows: nebulizing gas (N2), flow 3.0 L/min, drying gas flow 15 L/min, interface voltage
4.5 kV, gas pressure 230 kPa, DL temperature: 250 °C, block heater temperature 400 °C.
STATISTICAL ANALYSIS

The most frequency molecular compounds and PCA were computed using the R statistical
software environment (http://www.r-project.org).

Results and Discussion

The LC-MS analyses are still being worked on but the first results showed that the most
frequent compounds, in the samples of apricot tree, olive tree and orange tree, are interesting
molecular compounds. In the apricot tree samples (fig.1) was detected these phenolic
compounds as m/z 289 [Catechine+H], m/z 575 [ProcydinDimer+H], m/z 433 [Naringenin +H],
m/z 559 m/z [Phenolic Glycoside+H], m/z 271 [Phlorentin+H]. According to Rice-Evans et al.,
1997, the phenolic compounds have an high antioxidant activity and several proprieties as
against cancer, cardiovascular diseases.

In the Fig. 2 are reported the most frequency compounds analysed in the different part of the
olive tree samples. The compounds as m/z 539 [Oleuropeina+H], m/z 523 [Ligstroside+H], have
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according to Cardoso et al., 2011antioxidant, anti-inflammatory, antimicrobial,
cardioprotective, hypoglycemic and anticarcinogenic. The orange tree samples (fig.3) showed
that among the most frequent compounds there is m/z 179 [CaffeicAcid+H] that exhibits a
significant potential as an antidiabetic agent by suppressing a progression of type 2 diabetic
states that is suggested by an attenuation of hepatic glucose output and enhancement of
adipocyte glucose uptake, insulin secretion, and antioxidant capacity (Un et al., 2006).
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Figure 1: Most frequent compounds in the Apricot tree samples
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Figure 2: Most frequent compounds in the Olive tree samples
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Figure 3: Most frequent compounds in the Orange tree samples

Summary and Conclusions

The agricultural biomass coming from pruning and uproot tree of tree different orchards species
apricot tree, olive tree and orange tree have several proprieties as reported in the analyses of this
study. This agricultural biomass, considered waste material, contains different antioxidant
compound with useful properties for the human health. Our research will proceed by applying
these agricultural wood extractives as a raw material in an industrial product.
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Abstract

This research was aimed to determine the differentiating anatomical features of tree species naturally
grow in East Seram, Indonesia. The selected tree species were Ficus virgata, Duabanga moluccana,
Terminalia catappa, Octomeles sumatrana, and Hernandia nymphaeifolia. The differentiating features
of those tree species shown as the druses were found only in the axial parenchyma of T. catappa.
Furthermore, F. variegata had the axial parenchyma in the form of wide-band and latex canal in ray
parenchyma. The storied fibers were only found in O. sumatrana. The smallest vessel pit diameter and
traumatic canal were found in H. nymphaeifolia. Meanwhile, those in D. moluccana may be
differentiated with the other tree species by paying more attention to the short and narrow rays.
Prismatic crystals of D. moluccana often present in non-chambered axial parenchyma cells, where
usually a few large crystals and many minute crystals are present in the same cell.
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It has been proven, both experimentally and numerically, that CLT walls are structural systems of high
rigidity and strength. Through the use of hybrid light-frame-type (Light Frame Building, LFTB) type walls,
obtained by combining frames of different materials (wood, steel, concrete) with CLT stiffener plate, it is
estimated that its optimized their seismic behavior.

It is essential to advance the reproduction of results for the use of the material (CLT) as a structural
alternative while using ductile connection systems with the support of other materials. On the other hand,
if the benefit of the increased ductility of the wall connections is taken into account, this system could
compete internationally against the wall system in CLT.

A structural configuration of wooden walls has been invented that allows doubling capacity and stiffness,
in addition to significantly increasing ductility with respect to conventional walls made of equivalent
wood. The conventional composition of this type of wall consists of a CLT panel, one or more hold-down
anchors and one or several cutting angles. The deformation under the action of a lateral load, such as an
earthquake, shows a clear dominance of the movement of a rigid tipping and sliding body. The capacity,
rigidity and ductility with aspect ratios close to 1: 1 is governed by the lifting force concentrated in the
hold-down anchor.

Unlike the conventional wall, the invented composition consists of:

e Alabeled frame composed of rigid elements of steel tubes, post-tensioned reinforced concrete or
high-strength wood compounds such as micro-laminated wood or laminated wood chips.

e Two CLT panels arranged externally with respect to the rigid frame and forming a sandwich panel
as a whole.

e Self-drilling screws or pins that connect the CLT panels to the rigid frame.

e Steel cables that hold the wall axially preventing the movement of rigid body by overturning.
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The general objective of this research is to increase the technical and economic feasibility of medium-
sized wooden buildings in Chile through hybrid structures with CLT as a resistant system. To achieve this
objective, the following methodology will be used: (i) both the CLT connections with the framework and
the real-scale hybrid walls will be studied experimentally; (ii) finite element numerical models will be
calibrated (using MCASHEW and RFEM TIMBER) based on the experimental results.

This current doctoral research has already obtained promising experimental results when evaluating a
proof of concept for a combination of wood and steel (system connections and walls), showing much
potential to explore in this construction system in structural terms, as will be seen later. Among the
important advantages achieved with the proposed system, there is a reduction in the amount of structural
walls required in the projects. Structural designs of a private housing building with the proposed wall
system were made, the results indicated that the walls meet the requirements of the national standard for
seismic building design (NCh433) for 6 and 10 floors.

KEYWORDS: Connection, CLT, hybrid connections, cyclic behavior, steel, concrete, Seismic design,
wooden laminate walls, hybrid structures, ductility, rigidity.
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Abstract

Development of eco-friendly adhesives from renewable biomass, as a promising replacement for
petro-derived formaldehyde adhesives for woody composites, have attracted considerable attention
due to the rising environment, health, and resource concerns. Here, the cottonseed meal, a non-food
biomass, which was modified by Sodium Dodecyl Sulfonate (SDS), urea, hydroxyl sodium, or
polyquaternary ammonium salt (PAS) to prepare an eco-friendly wood adhesive, and its performance
was evaluated by water absorption, insoluble content, and shear strength of Eucalyptus plywood.
Results showed that cottonseed meal with particle sizes higher than 140 mesh is suitable for adhesive
application. After curing, the SDS or PAS modified adhesive showed light color compared to other two
adhesives formulation. When soaking into water, the PAS modified adhesive had the lowest water
absorption and the highest insoluble content. Whereas, the SDS modified adhesive showed the best
wet shear strength. Both water absorption, insoluble content and shear strength had positive
correlation in each modifier pretreatment adhesive, but the properties correlation in different modifiers
treated adhesive was ambiguous. We reasoned that modifiers can unfold the globular of protein to
liner structure, and then entangled together with enhancement water resistance during the curing

process of adhesive.
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Abstract

With street and park trees, unlike forests, the risk of damage to property and health is significantly
higher, therefore trees growing on such sites need to be regularly checked.

Some damages or rots adversely affecting the stability of trees are simply not detectable by visual
assessment. Though so, the use of acoustic tree tomography is in such a case necessarily, which
consists in measuring defects in radial cross-sections of a stem by the velocity of sound waves
propagation.

This study compares the results of the three most used devices for acoustic tomography of standing
trees (ARBOTOM®, ARBORSONIC® a PICUSe® ) on selected individuals of hardwood species in Brno
(Czech Republic) and the acoustic (sound velocity, dynamic elastic modulus, acoustic constant),
physical (moisture content and density) and mechanical ( elastic modulus and compressive strength)
properties of wood degraded by white-rot fungi measured in laboratory environment.

According to an analysis of variance, there is a significant statistical difference between the values
measured by the PICUS® acoustic tomograph and the values measured by ARBOTOM@ and
ARBORSONICe tomographs.

Based on the measured data, it can be stated that PICUS® measured velocities are considerably lower
than those recorded by the other acoustic tomographs (ARBOTOM® and ARBORSONICe). Image
reconstructions (tomograms) from the three acoustic tomographs differ significantly from each other.

Measured material properties of degraded wood will be applied in the interpretation of non-destructive
test results used for tree stability assessment and to understand the correlation between fungal
species and the level of wood degradation.

Keywords: sound propagation, tomograph, wood-decay fungi, material properties, tree stability,
biological degradation

Biography

22


mailto:Valentine.cristini@gmail.com
mailto:Jan.tippner@mendelu.cz

Proceedings of the 2020 Society of Wood Science and Technology International Convention

Cascading Potential for Recovered Wood from Heavy Timber
Frame Typologies in Pre-Modern Dwelling Buildings in Madrid

Marina de Arana-Ferndndez®"— Daniel F. Llana’? — Bahareh Nasiri® — Guillermo
Ifiguez-Gonzdlez *?

! Department of Foresty and Enviromental Engineering and Management,
MONTES (School of Forest Engineering and Natural Resources), Universidad
Politécnica de Madrid, Madrid, Spain
m.aranafer@gmail.com*
danielfllana@gmail.com
guillermo.iniguez@upm.es
2Timber Construction Research Group, Universidad Politécnica de Madrid,
Madrid, Spain
3 Department of Bioproducts and Biosystems, Aalto University, Espoo, Finland
bahareh.nasiri@aalto.fi

Abstract

Wood is one of the premodern materials par excellence. It lost presence due to the appearance of
steel and concrete in construction, however, now it is regaining importance for its structural
performance, its capacity to fixate CO2 and its low energy demand during manufacturing process.

In our current climate emergency, rethinking how resources are treated has become a need, and
wood can be in the centre of the debate. The use of recovered timber in construction could be an
important measure to widen the lifespan of this material. Cascading could help in the development
of new economic models and potentiate environmental-friendly others like circular economy.

Premodern buildings could be a great source for reclaimed timber because the presence of timber
in them is almost inevitable. A quantification of amount of recoverable timber that can be obtained
from them is interesting in order to potentiate the reuse of the material.

Key words: Cascading, circular economy, corrala, dwelling typologies, Madrid cultural
heritage, reclaimed timber, timber reuse
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Introduction and state of the art

Timber has been used in construction since the ancient times. It is a highly versatile material,
workable and resistant. It has gone through difficult times due to the appearance of modern
materials such as steel and concrete, but nowadays it is regaining its former importance thanks to
the evolution of timber engineering products, the prefabrication and for its great performing
characteristics, resistance and sustainability.

In the present times, due to the climate change emergency that we are enduring where our
ecosystems and resources are being affected (Lindner et al., 2010; Schroéter et al., 2005), material
reuse and recovery are necessary to achieve a sustainable and responsible economy and way of
life. Timber presents itself as one possible solution, being the only construction material to fixate
CO;(Wood, 1991) and it can be adapted to new needs without the use of large amounts of energy
in the transformation process (Peck, 2001).

Circular economy is a key principle for reaching sustainable development goals (Sachs et al.,
2019). This concept has highlighted sustainable use of resources, materials and energy due to
increasing dependency on resources and increasing resource consumption (de Wit et al., 2018).
Remarkably, around 40% of the resource consumption has been used in building and
construction industry on a yearly basis (Bringezu et al., 2017). Thus, it is necessary to enhance
the resource efficiency of materials in buildings through cascading concept, reusing the same
piece or unit several times (Sirkin & Houten, 1994). Timber is the perfect example for it as it could
help to achieve this compromise with the planet thanks to its renewability and reusability.

The spread of the use of recovered timber could be one of the challenges of this century. Studies
are being held in order to determine the potential for cascading of timber and how can it be
obtained from building demolitions (Fraanje, 1997; Hoglmeier et al., 2013; Sakaguchi et al., 2016,
2017). As a result of those studies, cascading wood from buildings is a possible and influential
course of action, though several choices, such as ecological taxation of resources, prohibition to
dumping waste wood on site, regulation enabling the use of recovered wood in buildings and
reliable data, showing the quantity and quality of available recovered wood, need to favour
cascading.

Although there is currently an abundance of forests, the resources of the planet are finite, and it is
our duty to rethink how we use them in a more efficient, responsible and circular way.

Re-examining how we have built our cities, the constructive systems and the pre-modern materials
used, could be a good start to understand the cascading potential for recovered wood.

Firstly, cities are fundamentally made of anonymous constructions, which are the true originators
of a good urban tissue, and their use is mainly dwelling. These buildings are rarely the most
notorious constructions of a city, but they are the most common, the less protected by cultural
heritage laws and the most likely to suffer a change of use or rehabilitation.
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Secondly, studying the pre-existent constructive systems and typologies could deepen the
understanding of the aforementioned buildings. A very common dwelling typology in
Mediterranean cultures is the house with a courtyard. This typology has evolved since the ancient
Mesopotamians, the Greeks and the Romans to our days, and it has been progressively adapted
to the times, the culture and the urban tissue. There is an endemic type of courtyard house in
Madrid mainly built between the 16 and 19t centuries that is very present in the city centre,
called “corrala” (Santa Cruz Astorqui, 2012).

Finally, vernacular residential constructions are linked to a city’s DNA and it is important to
maintain them in order to keep the essence of our cities. As the pre-modern buildings that they
are, all of them have timber in its structure. The quantification of these structures, determining
the species used and the general amount of timber saved, could lead to a change of paradigm
and foster new behaviours towards rehabilitation, construction and reuse of materials.

Traditional typologies and timber constructive systems in residential buildings in Spain

In Spain, as well as in many other countries, timber constructive systems have evolved from the
primigenial log shelters, to more intricated systems as heavy timber frames and light timber
frames. Recently, due to the appearance of new timber-derived products, an important
development in new constructive systems has taken place. The recent appearance of these new
ways of construction has changed the paradigm for timber buildings.

In Spain, as it happened in other countries, the appearance of new materials such as concrete
and steel has put timber in a second place, and almost since the beginning of the 20t century
timber construction began to lose presence in the Spanish construction paradigm.

The Spanish Civil War (1936-1939) supposed a turning point in the industrial use of timber
(Zapata Blanco, 1998). Timber’s use in construction was relegated to the countryside and
northern areas of the country, where forests are more present. Thus, the main “source” of
recoverable structural timber is premodern architecture; considering premodern constructions
those buildings that were built with neither concrete nor steel in their structures.

The main timber constructive system in Spain before the Civil War is heavy timber frame. Timber
is present in the horizontal and roofing structures and, in some typologies, in the vertical
structure too, either laced in the walls or as isolated supports.

In the following scheme (Fig. 01), the main dwelling typologies, materials and constructive

systems have been studied to define the most common residential timber buildings and main
examples of premodern architecture with timber structures.
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Sawn timber - heavy timber
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Masonry + timber - bearing walls

Isolated constructions
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of Spain isolated or embedded in the
urban tissue

Present in urban nuclei in the driest areas

Stone + timber - bearing walls Manors \

Fig. 01. Traditional typologies scheme.

Recovered timber has an enormous potential as constructive material, either as sawn timber or
transformed into a timber-derived product. Analysing the state of the built heritage, a deeper
understanding of the existing structures could be achieved. It could lead, for instance, to more
curated demolition practices that could benefit both the conservation of built heritage and the
reuse of the timber obtained from it (Nunes et al., 2019). If the obtained pieces are in good
conditions (not damaged by water or attacked by termites or fungi), they could be placed into
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similar buildings that use pieces of approximately the same dimensions.

In this process of reusing the timber obtained from existing buildings, a new category has been
stablished. Depending on the amount and quality of the material (i.e. dimension of the cross-
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section, length, species and condition of the pieces) that can be obtained from the existing timber
buildings, they will be considered as either “sources” or “drainers” of timber. The sources will be
those buildings from which reusable timber can be obtained, and drainers will be those in which
timber is needed in order to be rehabilitated.

Again, demolition practices are of vital importance because with more curated systems (e.g.
manual demolition), more material may be recovered for potential reuse. With better demolition
practices, all buildings are potential sources for recovered wood, excepting the ones protected
by cultural heritage laws.

For the present study, a vernacular dwelling typology has been chosen; the Madrilenian
“corrala”. It has been selected in order to analyse the potential of an existent building to be
source of recoverable timber. The state of the timber of demolished buildings is interesting to be
defined to determine its potential for cascading (Sakaguchi et al., 2016) and to quantify the
amount of timber in the built heritage of Spain.

Pre-modern Madrid. The “corrala”

The “corrala” belongs to the corridor typology. It is a common type of building in Madrid’s centre
because it was an abundant typology and many of those buildings have arrived at our days mainly
untouched. In Madrid’s Centro district, there are 3,221 dwelling buildings built prior to 1900
(EMVS — Empresa Municipal de Vivienda y Suelo), 286 of which are “corralas” (Santa Cruz
Astorqui, 2012). They represent the clearest example of vernacular residential architecture in the
city.

This typology has been in use since the 16%" century until the first decades of the 20t century,
and in the meantime has not substantially evolved. Originally, it was a simple house and when
the city began to grow and the need of dwelling was a pressing matter, these houses began to
suffer transformations to lodge all the people coming to the city. They began to grow in height
and depth, inhabiting the spaces that were previously destined for the courtyards, and ended by
tilting the urban tissue (Fig. 02). Most of them have arrived to our days as 4-storey buildings. The
expansive use of the typology took place between the 17" and 19t centuries.
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Fig. 02. Development of a “corrala” from the beginning to the complete occupation of the urban
lot.

The constructive system, heavy timber frame with timber-laced walls, remained the same during
all the years that the typology was in use. All the supporting structure is timber made with pieces
of different cross-sections depending on the part of the building that they are placed. The cross-
sections were defined by the urbanistic laws of the moment, “Ordenanzas de Madrid” by
Ardemans (1719), and were anthropomorphic measurements (e.g. elbows, hands, feet, fingers)
(Fig. 03).
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Fig. 03. Cross-sections established by Teodoro de Ardemans, 1719.
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As a vernacular typology being built in the urban tissue, the building adapted itself to the space
available, not following any particular urban guidelines. The typical “corrala” has generally one
facade front and is developed in depth. It is built between party walls and has the courtyard as
common feature, although it can vary in extension and position within the lot. The surface
considered for the archetypical “corrala” illustrated in Fig. 04, is of 260 sgm. per storey, and four-
storey height.
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Fig. 04. Plan of an archetypical “corrala”.

Until the 19t century, the totality of the supporting structure of the dwelling buildings was timber
made. After the 19t century, facades begun to be masonry-made instead of timber laced and
the corridor supports could be made of cast iron.

The vertical structure, with exceptions in the facade (those built after the 18™ century), is
composed by timber-laced walls (Aroca Hemandez-Ros & Gonzalez-Redondo, 2000). Timber
laced structures are mentioned in texts from the 12% century (Langenbach, 2009), and its use is
spread around the globe. The laced wall is composed by vertical and horizontal timber elements
that support the upper floors (Fig. 05).
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Fig. 05. Composition of a laced wall in a “corrala”.

The filling between the supports could be either masonry, adobe or wattle-and-daub. For the
“corralas” built after the fire of the Main Square in Madrid in 1790, masonry filling began to be
the most used because it avoided the spread of the potential fires (Villanueva, 1790).

In the “corrala” the horizontal structure, composed by beams and joists, is also timber-made.
Being the constructive system the heavy timber frame, the joints between pieces are usually

mortise and tenon, and no steel is present.

The roofing structure is usually composed by ridgepole trusses with a simple design. Due to the
lack of high loadings and the cheap construction, they usually lack the bottom chord (Fig. 06).
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Fig. 06. Transverse section.

The species used for this type of building are mainly Scots Pine (Pinus Sylvesris L.) (Santa Cruz
Astorqui, 2012) and European Black Pine (Pinus nigra A.) because they are the most common and
accessible species of timber due to the proximity of the forests to the city.

The interest of the present work is to analyse the volumes of timber that could be recovered
from the pre-existing buildings. The data obtained from this analysis would help to determine
the cascading potential that these buildings, and in particular the “corrala”, have for the timber
in their structures.

In order to achieve this, and with the description and characterisation of the archetypical

“corrala”, the general volume calculations have been made dividing the structure in: vertical
structure, horizontal structure, roofing and shakes (Table 01).
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Table 01. Volumes and sections of the timber structures present in the “corrala”

Average section of the pieces in
Location in the building | Volume of timber in m? cm
Vertical structure 38.00 20.89x27.86
Horizontal structure 102.00 13.93x20.00
Roofing 15.40 13.93x20.89
Shakes (roof + flooring) |17.80 Thickness = 2.00
Total (without shakes) | 155.40 -

The laced walls (mullions, wall plates) and isolated supports were considered in the calculations
of the vertical structure. In the horizontal structure, joists and bolsters. In the roofing, the trusses.
The shakes were not considered in the general figure due to the fact that they are not structural
pieces and the possibilities to reuse them are lower than with the structural pieces because of its
use and location in the building.

Previous studies consider that the amount of recovered wood from buildings that could be
reused as bearing structures is a 26%. If the timber could be transformed into other pieces, the
reusable amount would be a 45% (Hoglmeier et al., 2013). If the results obtained from the
“corrala” are merged with this data, from the raw 155.40 m3, 40.40 m3 would be reusable as
supporting structures and 69.90 m3, would be the total of timber reusable to be transformed into
other products.

As it has been described, there is timber in all the parts of the structure. The geometry of the
pieces, their lengths, sections and timber quality, makes them an interesting source for recovered
timber.

Conclusions: the potentials for cascading

Timber is present in all the elements of the structure of the “corrala” with different sections and
lengths. The reusability of the timber is very high because the joinery between the pieces is
mainly steel-free; the pieces are usually joint by tight ropes and mortise and tenon. The fact that
almost all the elements of the structure can be reused allows the categorization of these buildings
as “sources” of recoverable timber.

The potential of timber to be transformed and reused into other structures is immense. Those
pieces could be either used to rehabilitate similar buildings protected by heritage laws that need
the same kind of timber or transformed into new timber products that would also have great
performance although they were made with recovered timber.
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Cascading should be put into practice with the timber recovered from constructions by
transforming high quality timber into smaller pieces such as joists. After its service life it could be
transformed into boards, then into chips, and so on until it is no longer reusable.

These results should encourage on the one hand, a revision and completion of the current
regulation of reclaimed timber to establish the parameters in which timber is reclaimed and
further uses of it. On the other hand, the deconstruction of buildings instead of the demolition
in order to enhance the possibilities for timber to be reused once the life of the building has come
to an end.
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Abstract

In Romania, there are several tests for the use of wood biomass resulting from the exploitation and
cleaning of forests, respectively of pastures and woodlands, in order to obtain energy. For this purpose the
collected wood biomass is chopped, crushed when the chipping is obtained, by the process of transforming
the wood and wood residues into technological chips with dimensions of 10 - 35 mm.

Chopping is the raw material for obtaining industrial products, plates, cellulose, or which can be
used as fuel, briquettes, pellets.

In order to make a calculation to justify the use of the ax in order to obtain the energy, we start from
calculating the possible area of collection of the remains needed for the ax. For example the forested area
+ pastures + meadows in Harghita county according to I.N.S1.: 264.113 + 153.385 + 162.739 hectares. So
580.237 hectares.

Through this paper | have proposed to bring to your attention a very topical theme, with pronounced
practical valences, namely the superior use of wood material from forest sanitation.

Key words: spruce; biomass; forest sanitation.

INTRODUCTION

Analyzing the quantity of firewood needed for heating at the country level we can see that the
market for briquettes is huge and by using for heating the briquettes by the inhabitants, especially in the
rural area, the cost is reduced by up to 50% compared to the use of fire wood. Thus, we can speak of an
efficiency resulting from the difference in density and calorific power between firewood and briquettes (680-
740 kg / ms dry firewood, 900 kg / ms in briquettes). At the same time, the burning mode differs, the
briquettes burn for a longer period of time, increasing the energy efficiency of the stoves compared to the
dry firewood that burns with open fire and in a short time (Cosereanu et al. 2015).

For example, the volume of wood mass from these surfaces, exploited in the period 2008-2017 is
of, according to I.N.S: 10,644,600 ms. From the biometrics, the percentage of cracks (Melles 2007) is
calculated 319,338 ms and of bark 851,568 ms, so in total 1,170,996 ms of unused wood mass.

Figure 1 shows a depot of wood residues from Harghita County.

OBJECTIVE

The objectives of the research consist in the study of the woody material from the hygiene of the
forests, taking into account the cost of harvesting, production and the resulting profit, taking into account
the previous studies, completed by the researches carried out by the author.

MATERIAL, METHOD, EQUIPMENT

* Corresponding author
11.N.S. — Institutul National de Statistica - National Institute of Statistics
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The collection of biomass needed for energy use from the forests of Romania began with the
technology that allows the application of the method of wood chopping, using:
1. cutting the debris of the operating debris and of the small trees, with mobile shredders, of small size;
2. chopping in the primary platform of the wood in the form of trees or parts of trees.

The study of the collection of the thin wood, of the wood from the hygiene of the forests and of the
remains of the forest was carried out in the field, using specific questionnaires at the same time by collecting
the data from the National Forest Registry.

Wooden warehouse for chopping in Harghita County (photo G. Molnér)

With table and graphs we try to study the cost of collection, production and capitalization.

The collection of the thin wood, of the wood from the hygiene of the forests and of the remains of
the forest can be done with trailers, carts, forestry tractors respectively universal and at an approximate
price of (information collected from the commonages representants):

- in case of using the forestry tractor for the collection of the thin wood, the price is of 38 - 55 lei per
ms wood material exploited and transported on the forest road, namely 38 lei per ms is the cost for felling
and gathering (28 lei per ms) plus cleaning of cribs (10 lei per ms) and transported maximum 500 m,
respectively 55 lei per ms is the cost for demolition and gathering (45 lei per ms) plus cleaning of cribs (10
lei per ms) and transported maximum 4500 m.

- in the case of the use of slags for the collection of the thin wood, the price is 62 - 82 lei per ms
wood material exploited and transported on the forest road, namely 62 lei per ms is the cost for felling,
cleaning cracks and collecting (40 lei per ms) plus the cost of binding (7 lei per ms) plus the proximity with
the forestry tractor (15 lei per ms) and transported maximum 500 m, respectively 82 lei per ms is the cost
for felling, cleaning pots and collecting (60 lei per ms) plus the cost of binding (7 lei per ms) plus the nearest
one with the forestry tractor (15 lei per ms) and transported maximum 4500 m.

- collection, transport of cakes, scraps and debris are not for a fee (Commonages).

Determining the price of a ms of chop depends on:
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A. The price of wood per foot
B. Cost of machine operating time and productivity over 8 hours
C. Different, unpredictable (5%)

A. The price of wood per foot

For future calculations we will use the following transformations:

0.7 mz =1 m ster,

1 m ster chisel = 0.67 ms nc (non-compact cubic meter) (Gaber et al. 2014)

From the information collected from D. S2., 2019, we know that the price of one ms of wood for
biomass is:

- thin wood, weeding |, 50 - 75 lei / ms (Sandominic commonages),

- thin wood, cracking Il, 95 lei / ms (Sandominic commonages),

- thin wood, weeding, 42 - 70 lei / ms (D. S. Harghita),

- wood from hygiene, 260 lei / m3 (D. S. Suceava),

- jars and other debris, free of charge in the amount of collection and transport (the Sandominic
commonages).

At the same time 0.4 ms of wood is equal to 1 ms nc of chopping (Gaber et al. 2014). If for one ms
of thin wood the price offered in 2019 is on average 68.5 lei, the price 1ms nc of chopping is 30.2 lei.

B. The cost of the machine operating time and the productivity for 8 hours consists of the cost-hour-
machine cost (CTOM) of the following phases of work, respectively the quantity of wood processed per
hour:

a. Shaping of small wood

b. The collection of the thin wood, wood from hygienic and the resulting wood residues
c. Transport of thin wood and wood waste to the primary platform

d. Wood chipping in the primary platform

e. Transport to the combustion boiler or briquetting / pellet press

a. Forming small wood, according to symbol D62c5 (**** 1997) we know that the production of a
working group with two workers is 40.37 mzs in 8 hours per worker. The cost of the labor for the 8 hours and
2 workers is: 8 hours x 2 workers x 14.55 Lei / h = 232.8 lei, which can be transformed into a cost related
to 1ms nc of chopping, which is 6.54 Lei / m3s nc of cut (232.8 Lei / ((2 * 40.37 * 0.7 * 0.67) = 35.60 m3 nc)
of cut realized).

The cost-hour-machine cost, CTOM, that is the cost of the small wood shaping machine,
mechanical saw:
The purchase price of the machine is 2000 lei,
Amortization period 5 years,
Number of hours of use per year 1600 hours
10% interest
Fixed expenses
Amortization: 2000 / (5 * 1600) = 0.25 lei / h.
Interest: (2000 * 0.1 *6) /(2 *5* 1600) = 0.075 lei / h
Variable expenses, that is
Maintenance - repairs and others 0.075 lei / h

The total cost of the small woodworking equipment:
0.25 + 0.075 + 0.075 = 0.40 lei / h which represents a cost of (8 * 0.4) / 35.6 = 0.089 lei / mz nc.

Productivity is the ratio between the production achieved and the total consumption of time without
delay, namely 80.74 ms respectively 35.60 ms nc in 8 hours, so 4.45 ms nc in one hour.

2 D.S. Directia silvica, Forestry Direction
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Total processing cost, Ct = (CTOM * 8 hours) + CMat = 0.089 * 8 + 6.54 * 30.65 = 0.712 + 200.45
=201.16 lei

b. The collection of wood materials with harness, in 8 hours:

Minimum workmanship depending on the distance to be assembled, max. 100 m, according to
symbol J2la (**** 1997) is: 8 x 13.7 * 0.63 lei / hour = 8 * 8.63 = 69.04 lei for 12.7 ms in 8 hours, so 5.43 lei
per ms.

The work according to the gathering distance, between 101 and 200 m, according to symbol J2la
(**** 1997) is: 8 x 13.7 * 0.78 lei / hour = 8 * 10.68 = 85.64 lei for 10.19 ms in 8 hours, so 8.38 lei per ma.

The work according to the gathering distance, between 201 and 300 m, according to symbol J2la
(**** 1997) is: 8 x 13.7 * 0.94 lei / hour = 8 * 12.87 = 103.02 lei for 8,59 msz in 8 hours, so 11.99 lei per ma.

The work according to the gathering distance, between 301 and 400 m, according to symbol J2la
(**** 1997) is: 8 x 13.7 * 1.1 lei / hour = 8 * 15.07 = 120.56 lei for 7,3 mz in 8 hours, so 16.51 lei per ma.

The work according to the gathering distance, between 401 and 500 m, according to symbol J2la
(**** 1997) is: 8 x 13.7 * 1.25 lei / hour = 8 * 17.12 = 137 lei for 6.4 mz in 8 hours, so 21.4 lei per ms.

The work according to the gathering distance, between 501 and 600 m, according to symbol J2la
(****1997) is: 8 x 13.7 * 1.41 lei / hour = 8 * 19.31 = 154.53 lei for 5,69 ms in 8 hours, so 27.15 lei per ma.

The work according to the gathering distance, between 601 and 700 m, according to symbol J2la
(**** 1997) is: 8 x 13.7 * 1.56 lei / hour = 8 * 21.37 = 170.97 lei for 5.13 ms in 8 hours, so 33.32 lei per m3

The maximum work according to the distance to be assembled, between 701-1000 m, according
to symbol J2la (**** 1997) is: 8 x 13.7 * 2.02 lei / hour = 8 * 27.67 = 221.39 lei for 3,95 ms in 8 hours, so
56.04 lei per ms.

The thin wood gathering with the arms, in 8 hours:
The work according to symbol J4I (**** 1997) is: 8 x 13.32 * 1.27 lei / hour =8 * 16.91 = 135.35 lei
for 6.30 ms in 8 hours, so 21.48 lei per ma.

The small wood gathering with arms, in 8 hours:
The work according to symbol J5 (**** 1997) is: 8 x 13.32 * 1.57 lei / hour = 8 * 20.91 = 167.29 lei
for 5.1 ms steri, that is 7.28 mz in 8 hours , so 22.97 lei per ms.

Gather woody materials with tassel, in 8 hours:

Minimum workmanship depending on the distance to be assembled, max. 50 m, according to
symbol J3la (**** 1997) is: 8 x 13.7 * 1.5 lei / hour = 8 * 20.25 = 162.00 lei for 5.32 ms in 8 hours, so 30.45
lei per ma.

The maximum manpower according to the distance to gather, over 400 m, according to symbol J3If
(**** 1997) is: 8 x 13.7 * 3.98 lei / hour = 8 * 54.52 = 436.2 lei for 2,09 ms in 8 hours, so 208.71 lei per ma.

Gather wood material with universal tractors, in 8 hours:

Minimum workmanship depending on the distance to be assembled, max. 15 m, according to
symbol J9a (**** 1997) is: 8 x 14.03 * 0.2 lei / hour = 8 * 2.80 = 22.45 lei for 78.2 ms in 8 hours, so 0.28 lei
per m3.

The work according to the gathering distance, between 16-50 m, according to symbol J9b (****
1997) is: 8 x 14.03 * 0,22 lei / hour = 8 * 3.08 = 24.68 lei for 71, 38 m3 in 8 hours, so 0.345 lei per ma.

The maximum work depending on the distance to be assembled, over 50 m, according to symbol
J9c (**** 1997) is: 8 x 14.03 * 0.28 lei / hour = 8 * 3.92 = 31.42 lei for 57,28 ms in 8 hours, so 0.54 lei per
ma.

The cost of the cost-car-hour, CTOM, namely the cost of the harness:
The purchase price of the harness is 10,000 lei,
The purchase price of horses, 2 x 10,000 = 20,000 lei,

Amortization period 5 years,
The number of hours of use per year is 200 days with 8 working hours, namely 1,600 hours,
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The insurance premium is 1000 lei / year,
Interest calculated by the bank is 10% per annum.
In the process of working with the harness we must distinguish two types of expenses:
Fixed expenses, that is:
Amortization: 10,000/ (5 * 1600) = 1.25 lei / h,
Interest: (10,000 * 0.1 *6) /(2 * 5 * 1600) = 0.37 lei / h,
Insurance: 1000/1600 = 0.62 lei / h.
Variable expenses, that is:
Horse provisions, 20,000 lei per year = 12.5 lei / h,
Tires: 5,000 lei / 1,600 h = 3,125 lei / h
Repairs, oil and other expenses, 3000/1600 = 1.87 lei / h.

The total hourly labor cost of the harness is: 1.25 + 0.37 + 0.62 + 12.5 + 3.12 + 1.87 = 19.73 lei / h.

The cost of the harness for the activity of collecting the remains, namely the cost per ms nc produced, is
made up of the actual working time plus the standing time ie:

Effective working time:

Collection and transport of wood waste to the primary platform, 8 hours,

Chopping wood, 8 hours,

Transport to the combustion boiler or to the briquetting / pelletized press, 8 hours,

TOTAL 24 h

Stationary time 10% of the actual working time, namely 2.4 h.

TOTAL 26.4 h
Therefore, the cost of the harness, related to ms nc of waste produced, is thus: 19.73 * 26.4 / 35.6 = 14.63
lei / ms nc.

Productivity according to the gathering distance, max. 100 m, namely 12.7 ms in 8 hours, respectively 1.58
ms in one hour.

Productivity according to the distance to be collected, between 101-200 m, namely 10.19 ms in 8 hours,
respectively 1.27 ms in one hour.

Productivity according to the distance to be collected, between 201-300 m, namely 8.51 ms in 8 hours,
respectively 1.06 ms in one hour.

Productivity according to the distance to be collected, between 301-400 m, namely 7.30 ms in 8 hours,
respectively 0.91 ms in one hour.

Productivity according to the distance to be collected, between 401-500 m, namely 6.40 ms in 8 hours,
respectively 0.80 ms in one hour.

Productivity according to the distance to be collected, between 501-600 m, namely 5.69 ms in 8 hours,
respectively 0.71 msin one hour.

Productivity according to the distance to be collected, between 601-700 m, namely 5.13 ms in 8 hours,
respectively 0.64 ms in one hour.

Productivity according to the distance to be collected, between 701-1000 m, namely 3.95 ms in 8 hours,
respectively 0.49 ms in one hour.

Figure 2 shows the relationship between the collection distance and productivity characterized by the
polynomial regression equation.
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Fig. 2
Increasing the collection distance correlated with productivity

The total processing cost, Ct = (CTOM * 8 hours) + CMat = 14.63 * 8 + 69.04 = 186.08 lei, in case
when the distance to gather is max. 100 m.

The total cost of processing, Ct = (CTOM * 8 hours) + CMat = 14.63 * 8 + 221.39 = 338.4 lei, if the
distance to gather is between 701-1000 m.

The cost-hour-machine cost, CTOM, namely the cost of the universal tractor:

The purchase price of the tractor is 40,000 lei,

Amortization period 5 years,

The number of hours of use per year is 200 days with 8 working hours, namely 1,600 hours,
The insurance premium is 3200 lei / year,

Interest calculated by the bank is 10% per annum.

In the process of working with the universal tractor we have to distinguish two types of expenses:
Fixed expenses, that is:

Amortization: 40,000/ (5 * 1600) =5 lei / h,
Interest: (40,000 *0.1*6)/(2*5*1600) =1.5lei/h,
Insurance: 3,200/ 1600 = 2 lei / h.
Variable expenses, that is:
Fuel (91 to 5.62 lei): 50.58 lei / h,
Oils and lubricants (estimated at 20% of fuel cost): 50.58 * 0.2 = 10.1 lei / h,
Tires: 10,000 lei / 1,600 h =6.25lei / h
Repairs expenses (estimated at minimum 30% of depreciation): 5* 0.3 =1.51lei/ h.

The hourly labor cost, namely the cost-hour-machine cost, CTOM of the universal tractoris: 5+ 1,5+ 2 +
50,58 + 10,1 + 6,25+ 1,5 = 76,93 lei / h.
The cost of the universal tractor for the activity of collecting the remains, namely the cost per ms nc
produced, is made up of the actual working time plus the parking time namely:
Effective working time:
Collection and transport of wood waste to the primary platform, 8 hours,
Chopping wood, 8 hours,

Transport to the combustion boiler or briquetting / pelletizing press, 8 hours,
TOTAL 24 h
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Stationary time 10% of the actual working time, namely 2.4 h.
TOTAL 26.4 h
So the cost of the tractor compared to ms of waste produced is therefore: 76.93 * 26.4 / 35.6 =
57.00 lei / mz nc.

Productivity according to the gathering distance, max. 15 m, namely 78.2 msin 8 hours, respectively
9.775 mz in one hour.

Productivity depending on the distance to be collected, between 16-50 m, namely 71.38 ms in 8
hours, respectively 8.92 ms in one hour.

Productivity according to the distance to gather, over 50 m, namely 57.28 ms in 8 hours, respectively
7.16 msin one hour.

The total cost of processing, Ct = (CTOM * 8 hours) + CMat = 57 * 8 + 22.45 = 478.45 lei, if the
distance to gather is max. 15 m.

The total cost of processing, Ct = (CTOM * 8 hours) + CMat = 57 * 8 + 31.42, = 487.42 lei, if the
distance to gather is over 50 m.

The cost-hour-car cost, CTOM, namely the cost of the cart (Brad 2010):
The purchase price of the cart is 15,000 lei,
The purchase price of horses, 2 x 10,000 = 20,000 lei,
Amortization period 5 years,
The number of hours of use per year is 200 days with 8 working hours, namely 1,600 hours,
The insurance premium is 1000 lei / year,
Interest calculated by the bank is 10% per annum.
In the process of working with the cart we have to distinguish two types of expenses:
Fixed expenses, that is:
Amortization: 15,000/ (5 * 1600) = 1.87 lei / h,
Interest: (15,000 * 0.1 *6) /(2 *5* 1600) = 0.56 lei / h,
Insurance: 1000/1600 = 0.62 lei / h.
Variable expenses, that is:
Horse provisions, 20,000 lei per year = 12.5lei / h,
Tires: 5,000 lei / 1,600 h = 3,125 lei/ h
Repairs, oil and other expenses, 3000/1600 = 1.87 lei / h.
The total hourly labor cost of the cartis: 1.87 + 0.56 + 0.62 + 12.5 + 3.12 + 1.87 = 20.54 lei / h.

The cost of the cart for the activity of collecting the remains, namely the cost per ms nc produced,
is made up of the actual working time plus the parking time namely:
Effective working time:
Collection and transport of wood waste to the primary platform, 8 hours,
Chopping wood, 8 hours,
Transport to the combustion boiler or to the briquetting / pelletized press, 8 hours,
TOTAL 24 h
Stationary time 10% of the actual working time, namely 2.4 h.
TOTAL 26.4 h

So the cost of the cart compared to ms of waste produced is therefore: 20.54 * 26.4 / 35.6 = 15.23 lei / m3
nc.

Productivity according to the mode of gathering, with the arms thin wood, namely 6.30 ms in 8
hours, respectively 0.787 ms in one hour.

Productivity according to the mode of gathering, with the arms small wood, namely 7.28 ms in 8
hours, respectively 0.91 ms in one hour.

The total cost of processing, Ct = (CTOM * 8 hours) + CMat = 15.23 * 8 + 135.35 = 257.19 lei, if
the way of gathering is with the arms, thin wood.

The total cost of processing, Ct = (CTOM * 8 hours) + CMat = 15.23 * 8 + 167.29, = 289.13 lei, if
the way of gathering is with the arms, small wood.
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c. Transport of thin wood and wood waste to the primary platform consists of:

- loaded thin round wood with Ifron, in 8 hours,

The minimum manpower depending on the distance, between 10-15 m, according to symbol J12a
(**** 1997) is: 8 x 14.25 * 0.09 lei / hour = 8 * 1.28 = 10.24 lei for 89 ms in 8 hours, so 0.11 lei per ma.

The maximum manpower depending on the distance, between 75.1-100 m, according to symbol
J12b (**** 1997) is: 8 x 14.25 * 0.186 lei / hour = 8 * 2.65 = 21.20 lei for 43 ms in 8 hours, so 0.49 lei per
ms.

- loaded steri wood with Ifron, in 8 hours

The minimum manpower depending on the distance, between 10-15 m, according to symbol J13
(**** 1997) is: 8 x 13.72 * 0.111 lei / hour = 8 * 1.52 = 12.18 lei for 72 meters steri equal with 50.4 msin 8
hours, so 0.24 lei per ma.

The maximum manpower depending on the distance, between 75.1-100 m, according to symbol
J13 (**** 1997) is: 8 x 13.72 * 0.211 lei / hour = 8 * 2.89 = 23.15 lei for 38 meters steri equal to 26.6 mz in
8 hours, so 0.87 lei per ma.

- the transport of wood to the primary platform costs us 20 lei per ms,

- unloaded thin round wood with Ifron, in 8 hours

The minimum manpower depending on the distance, between 10-15 m, according to symbol J14a
(**** 1997) is: 8 x 14.75 * 0.026 lei / hour = 8 * 0.38 = 3.06 lei for 307 ms in 8 hours so 0.009 lei per ma.

The maximum manpower depending on the distance, between 75.1-100 m, according to symbol
J14b (**** 1997) is: 8 x 14.75 * 0.02 lei / hour = 8 * 0.29 = 2.36 lei for 163 ms in 8 hours, so 0.014 lei per
ma.

At short distances, the most economical mode of transport is for the operating residues to be
transported in a natural state to the chopping center (Brad 2010)

On longer distances the operating residues (Brad 2010) are baled in bales bound 70 cm in diameter
and 3.2 meters long, bearing the names of logs of composite residues or composite residue logs (CRL).
Such a bundle of green debris weighs 500 kg and is packed and transported to the road by conventional
forwarders and then to the chopping station using log carriers.

The cost-hour-machine cost, CTOM, of the light wood transport equipment, cracks.
The purchase price of the machine is 61,000 lei,
Amortization period 10 years,
Number of hours of use per year 1600 hours
10% interest
Fixed expenses
Amortization: 61,000/ (10 * 1600) = 3.81 lei / h.
Interest: (61,000 *0.1*6)/(2*10*1600) = 1.14 lei/h
Variable expenses, that is
Maintenance - repairs and others 2.7 lei / h
The total cost of the transport equipment of thin wood, jacks:
3.81+1.14 + 2.7 = 7.65 lei / h which represents a cost of (8 * 7.65) / 35.6 = 1.72 lei / mz nc.

d. Chopping of thin wood and wood waste in the primary platform, in 8 hours

Labor: 8 * 14.5 lei / hour = 116 lei

The labor per ms nc of chop is 116 lei / 35.6 ms nc of chop = 3.26 lei / ms nc.

Wood chopping in the primary platform is done using a chopper operated by a tractor (in the case
of small quantities), or a larger chopper mounted on a truck (in the case of many scrap operations).

The cost-hour-machine cost, CTOM, namely the cost of the chopper:
The purchase price of the chopper is 43,800 lei,
Amortization period 10 years,

Number of hours of use per year 500 hours
10% interest
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Fixed expenses
Amortization: 43,800 / (10 * 500) = 8.76 lei / h
Interest: (43,800 * 0.1 *6) /(2 * 10 * 500) = 2.63 lei / h
Variable expenses, that is
Maintenance - repairs and others 5.7 lei / h
Total cost of the chopper
8.76 + 2.63 + 5.7 = 17.1 lei / h which represents a cost of (8 * 17.1) / 35.6 = 3.84 lei / ms nc.

The productivity of the chopper is 35.6 ms nc in 8 hours, respectively 4.45 ms nc in one hour.
The total processing cost, Ct = (CTOM * 8 hours) + CMat = 3.84 * 8 + 116 = 146.72 lei.

e. Transport to the combustion boiler or to the briquetting / pelletized press,
Time required: 8 hours for 40.37 ms of small wood, that is 5.04 mz of small wood per hour.
Labor: 8 * 14.5 lei / hour = 116.0 lei
The labor per ms nc of chop is 116 lei / 35.6 ms nc of chop = 3.25 lei / ms nc.
The transport is done by pickup trucks.

The cost-hour-machine cost, CTOM, of the chip transporter:
The purchase price of the machine is 61,000 lei,
Amortization period 10 years,

Number of hours of use per year 1600 hours
10% interest

Fixed expenses
Amortization: 61,000/ (10 * 1600) = 3.81 lei / h.
Interest: (61,000 *0.1*6)/(2*10*1600) =1.14lei/h

Variable expenses, that is
Maintenance - repairs and others 2.7 lei / h

The total cost of the chip transport equipment: 3.81 + 1.14 + 2.7 = 7.65 lei / h which represents a cost of (8

*7.65)/35.6 =1.72 lei / mz nc.

The productivity of the chip transporter means 35.6 ms nc in 8 hours, respectively 4.45 ms nc in one hour.

Total processing cost, Ct = (CTOM * 8 hours) + CMat=1.72* 8 + 116 = 129.76 lei.

RESULTS AND DISCUSSION

So the cost of operating the machine is the cost-hour-machine (CTOM) sum of the following phases of
work:

a. Shaping of small wood

b. The collection of the thin wood and the resulting wood residues

c. Transport of thin wood and wood waste to the primary platform

d. Wood chipping in the primary platform

e. Transport to the combustion boiler or briquetting / pellet press

That is, it consists of the following:
The total cost of the small woodworking equipment, 0.089 lei / ms nc.
The cost of the tractor or harness or cart, namely 57 lei / ms nc or 14.63 lei / mz nc or 15.23 lei / ms3
nc,
The cost of the transport equipment for thin wood, namely 1.72 lei / ms nc.
The cost of the mincer namely 3.84 lei / ms nc,
The cost of the chip transport equipment namely 1.72 lei / manc.
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Total Tr (Tractor) = 64.37 lei / mz nc.
Total At (Harness) = 21.99 lei / ms nc.
Total Cr (Cart) = 22.59 lei / ms nc.

The determination of the price of one ms nc, non-compact cubic meter, of the resulting chips is
established as follows:

A. The price of wood per foot, namely 30.2 lei / ms nc,

B. Cost of machine operating time,

C. Different, unpredictable (5%).

Tr. (A + B) *1.05 =99.30 lei / ms nc,
At. (A + B) * 1.05 = 54.79 lei / ma nc,
Cr. (A +B)*1.05=55.42 lei / mz nc.

The average weight of one ms nc (non-compact cubic meter) of chips is on average 320 kg (Brad
2010), so the average price calculated per ton is, depending on the equipment used for collection:

Tr. 310.31 lei / ton,

At. 171.21 lei / ton,

Cr. 173.21 lei / ton.

Average: 218.24 lei / ton.

So as a conclusion we can say that from the wood waste, which otherwise we would not use, we
can obtain, with an average production price of 218.24 lei / tonne, chop, raw material for pellets that have
a sale price of 870 lei / tonne, respectively raw material for briquettes with an average selling price of 666
lei / tonne.
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Abstract

During wood processing such as sawing, cutting, routing, turning and sanding, particulate matter as
particles, fibers or wood flour are produced, which are posing risks to the workers’ health. The
breathing in dust is the most common type of exposure, and the question is, to what extent particles
of different sizes remain airborne, before they get deposited on the ground? It is known that the upper
respiratory system is able to filter out larger particles, while smaller particles can go deep into the
lungs causing damage and scarring to the lung tissue. Deposition rates of wood particles have
certainly a linkage to the particles diameter, however, it is also possible that bigger particles coming
from e.g. solid wood might stay airborne as long as smaller particles coming from other wood
materials (e.g. particleboards). To better assess possible health risks of wood dust particles, we have
developed a new approach to rapidly determine the aerodynamic diameter of wood dust particles. In
general, the aerodynamic diameter of a particle is defined as that of a sphere, whose density is 1 g /
cms (density of water), which is settling in still air at the same velocity as the particle in question. We
built a closed chamber deposition apparatus, and measured deposition times of various wood dust
fractions and types. The measured deposition times of the differently-sized wood particles allowed an
improved classification of wood particles in terms of potential health risks. It is now possible to better
characterize wood particles in terms of particle matter sizes as well as their effective airborne-
behavior.

Key words: aerodynamic diameter, airborne dust, wood dust particles, wood processing, deposition
time, respiratory system
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The preliminary detection of changes in the wood matrix by using non-destructive methods is a research
area under continuous exploration, and it is of great interest to different industries and forest managers
due to the generalized way that forest management is practiced. Therefore, the information on the
proportion of juvenile wood produced in a given plantation area is highly interesting. The Infrared
techniques are associated with multivariate statistical methods such as principal components analysis
(PCA), principal components regression (PCR) and partial least squares regression (PLS-R), in order to
extract information about the material tested. Thus, the original variables are converted into a set of
uncorrelated linear combinations of the original variables containing most of the variability of the dataset,
to use finally for the calculation of prediction models. The objective of this study is to find fast and highly
reliable methods for distinguishing different species of coniferous wood existing in Spain and in each of
them, differentiate their qualities. For this, profiles of radiata pine, maritime pine, Scots pine, and Austrian
pine were used. Each profile was measured from the juvenile zone to the limit with the bark (65 % RH
and 25 °C), performing at least 30 individual measurements in transmittance mode. The pre-processing of
the signals included the calculation of the derivatives, the smoothing, and trimming of the noise and the
lengths that do not discriminate the samples, in addition to the normalization of the vector. The derived
models were calculated according to the Savitzky-Golay algorithm. For the mathematical transformation
of the spectra, PCA, parallel factor analysis, regression modeling and classification (SIMCA, PLS), cluster
analysis (CA), identity test (IT) and partial least squares (PLS) methods were applied. The preliminary
results showed predictions with high correlations (=98 %) regarding the differentiation of the coniferous
wood studied, being a relatively fast and economical methodology. The second goal was to differentiate
the wood quality in each sample. The results showed a qualitative classification of the wood samples,
separating each sample in three regions (juvenile, transition, and adult) and with correlations higher than
81 %. These are promising techniques from the economic and scientific point of view since it does not
involve the destruction of the material nor require long measuring times.IR techniques associated with
chemometrics showed adequate results for the discrimination of the samples, but the application in the
wood-industry is required more calibrations and validation models in order to avoid false positives.
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Different types of coatings used for wooden shingles exposed
to natural and artificial aging
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The present study aims to perform a chemical analysis of the surface of wooden shingle exposed
to natural and artificial aging, which were treated with various types of protective coatings. The
specimens were made by Spruce wood (Picea abies L.). The dimension of the specimens were
(18+£1) x (74 +£1) x (150 £ 2) mm (R x T x L). The faces of all specimens were covered by epoxy
resin to prevent water absorption in the longitudinal direction. Three coatings were used for surface
treatment: wood tar (high temperature decomposition without oxygen), and carbolineum
(distillation residues of benzoic acid). The coatings were applicated by brush. After application of
the coatings, the specimens were air-conditioned at the relative humidity of 65 % and
the temperature of 20 °C. Before artificial and natural aging, initial FTIR analysis of the Spruce
wood surface were performed on a Nicolet iS 10 (Thermo Scientific) instrument with ATR-FTIR
full reflection attenuation technique. The natural aging specimens were exposed on the outdoor
racks. The artificial aging was carried out in the Q-SUN XE-1 XENON TEST chamber. Artificial
exposure conditions were stated according to ASTM G155. In the infrared spectra of control
specimens surfaces there were vibrations of bonds and parts of molecules of all wood components:
celluloses, lignin, hemicelluloses and extractive substances. Absorption bands can be identified in
two basic areas — the characteristic group vibration area (3700-3000 cm-1) and the 'fingerprint’ area
(1800-650 cm-1). In the infrared spectra of the treated specimens by wood tar, in addition to the
individual wood components, vibrations of parts of the molecules of the chemical components of
wood tar were also reflected. The vibrations of the -CH2 and —CH3 groups were most pronounced.
The components of the wood tar preparation contain various C=0 carbonyl groups, the most
intense vibrations of which were at 1736 and 1708 cm-1. By comparing the infrared spectra of
treated specimens by carbolineum and untreated specimens, the presence of the carbonyl group
C=0 (aldehydes or esters) as well as the hydrocarbon chains in carbolineum can be established.
The components of wood tar contained longer hydrocarbon chains, i.e. with a higher number of —
(CH2)— groups than the components of carbolineum. Differences can also be observed in the
wavelength range 1800-1620 cm-1, where vibrations of the carbonyl groups occur. The first
measurements of the surface of spruce specimens treated by wood tar and carbolineum were
performed. Tests for artificial and natural aging are still ongoing. After the tests, further FTIR
measurements will be made and the results will be compared and properly described.

Key words: wooden shingle; spruce; wood tar; carbolineum; artificial aging; natural aging; FTIR
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Sustainable Development - International Framework - Overview and
Analysis in the Context of Forests and Forest Products with
Competitiveness and New Opportunities

Ms. Annika Hyytia, Finland

The forest sector is in a remarkable role providing significant new sustainable opportunities globally.
Innovations have an important role in the sustainable development, business and competitiveness.
Quality is part of competitiveness. Quality is important for competitiveness. Customers’ role is important.

This is a qualitative research based on literature. It is based on research articles and literature and
organizational literature including several academic sources, for example Proquest, Academic Search
Complete (EBSCO), Agris, CAB Abstracts, SCOPUS (Elsevier), Web of Science (ISI) and Google Scholar
and Internet sites.
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Abstract
Chemical pretreatment of lignocellulosic biomass is usually under high temperatures and are
preferential for lignin condensation, especially in an heterogenic structured biomass such as maize
stalk. A low temperature pretreatment of maize whole stalk (WS) and fiber-rich Rind Fractions
(RF) was achieved using Alkaline sulphite (AS) and NaOH. Pretreatment was done in a chemical
reactor at 1200C, with 14, 16 and 18%w/v active alkali charges for 60, 90 and 180 minutes, resulting
ina first order 322 full factorial experiment. Regression models were developed to predict cellulose
yield (CY) and Residual Klason Lignin (RKL) through the interaction of independent variables.
Optimization was achieved using Response Surface Methodology. The highest CY for both
pretreatments was at 14%, 60 minutes. Difference in CY between WS and RF was not statistically
significant at 00.05. The models developed have high Rz values (0.758 - 0.954 for CY, 0.767 - 0.963
for RKL) in both pretreatments, with no significant difference between actual and predicted values.
Optimized schedules were 18%,120 minutes and 16%,60 minutes; for WS and RF, and 14%,120
minutes and 18%60 minutes for AS and NaOH respectively. The models developed adequately
predicted CY and RKL with reasonable agreement between adjusted and predicted Rz values.
Keywords: Pretreatment, Cellulose Yield, Residual Klason Lignin, Optimization, Rind fraction
INTRODUCTION
Bio-ethanol is the most common alternate fuel and can be produced via fermentation of ligno-
cellulosic biomass (Achinas et al., 2016; Park et al., 2019). Cellulosic ethanol is a type of biofuels
produced from agricultural residues, wood, grasses, or some parts of plants, otherwise referred to
as biomass. Biomass is present in different forms such as agricultural crops ad residues, grasses
and all green plants, some mill wastes such as bagasse, and these can be found all over the world
(Sunand Cheng, 2002). The conversion of Cellulose-derived sugars into ethanol and other biofuels
have been established, and this is through chemical and biochemical technologies (Binder and
Rainesl, 2010). Lignocelluloses however, have recalcitrance, a resistance to degradation which is
attributable to its composition, stability and the robustness to the cell walls of the biomass, and to
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the  cross-linking  between  the  cellulose,  hemicellulose and the  lignin
through ester and ether linkages (Zhu and Pan, 2010). Therefore, in order to extract carbohydrates
from plant cell walls, there is need to disconnect the cellulose fibers from the binder-lignin, and
then hydrolyze the celluloses fibers. These are broken down into simple monosaccharides which
are then available for a myriad of uses such as fermenting to ethanol. The recalcitrance of ligno-
celluloses has been the major constraint in a number of applications, such as bio-ethanol
production (Bloomberg, 2013; Zhao et al., 2018). Several pretreatment methods have been
explored, which includes: Dilute acid pretreatment (Li et al., 2016; Thomas et al, 2017; Liu et al.,
2018), Organosolv pretreatment (ethanol, tetrahydrofuran and y-valerolactone) (Nguyen et al.,
2015; Thomas et al., 2017; Li et al., 2018), lonic liquids (Liu et al., 2016; Raj et al., 2018), Wet
Oxidation (Qiang and Thomsen, 2012), Sulfite pretreatment to remove recalcitrance of
lignocellulose (Zhu et al., 2009a), Fiber Steam explosion (Guerrero et al., 2017; Liyakathali et al.,
2017), Liquid water pretreatment (Hongdan et al., 2013), Ultrasound pretreatment (lvetic et al.,
2017; He et al., 2017; Luzzi et al., 2017), Extrusion pretreatment (Heredia-Olea et al., 2015)
Biological pretreatment using enzymes (Janusz et al., 2017; Houtman et al., 2018) amongst others.
An effective pretreatment is expected to overcome biomass recalcitrance, deconstruct the biomass
into the three dimensional structure of a ligno-cellulose, break cellulose crystallinity, avoid
degradation of carbohydrates, avoid the formation of inhibitory byproducts and allow lignin
recovery (Alvira et al., 2010). Alkaline sulphite is a mild pretreatment method which has been
used for the maize stalk fractions (Marzieh et al., 2014; Kim et al., 2016) and meets the
requirements stated above. It achieves delignification by increasing the internal surface swelling,
decreasing polymerization and cellulose crystallinity, and breaking of links between lignin and
other carbohydrates (Badiei et al., 2014).

The optimization of the most suitable pretreatment methods is specific for a particular biomass
type, and is a function of both the pretreatment variables applied and some inbuilt characteristics
of the plant biomass such as age, structure and composition (Zabed et al., 2017). A pretreatment
schedule is defined by a combination of process factors such as chemical charge, time, pressure,
solid to liquid ratio, temperature and the presence/absence of catalysts (Jonsson et al., 2013). The
Response Surface Methodology (RSM) uses statistical and mathematical techniques to investigate
and optimize the combined effects of input variables influencing responses with the main aim of

optimizing this response (Montgomery, 2005). In this case, the process factors are limited to
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chemical concentration and preteratment time while the responses are cellulose yield and the
residual lignin in the pretreated hydrolysates. RSM has been used in the design, formulation,
development, and analysis of new scientific studies, using a reduced number of experimental runs
and simultaneously varying the process factors. Oehlert (2000) describes RSM as a suitable tool
in describing a response and in optimisation using continuous treatments on the input variables.
When there is more than one response then it is important to find the compromise optimum that
takes all the variables into consideration.

A factorial design combines levels of the independent variables and dependent variables through
models generated by multiple linear regressions and a set of predefined experiments. These models
produce response surface graphs that describe the behaviour of the system all over the experimental
range, and can be extrapolated to cover areas where experiments were not performed. A
full factorial experiment is one that considers all possible combinations of the two or three factors
involved in the experimental design, across all levels (Box et al., 2005; Rabelo et al., 2014). Such
an experiment allows the study of the effect of every single factor being considered on the response
variable. It also determines the effects of interactions between the input factors on the response
variable. In this study, the full factorial experiment was used to obtain the actual value of the
responses.

Maize cultivation is predominant in South West Nigeria, producing abundant residue after its
harvest. Maize stover is a morphologically diverse biomass containing cobs, leaves, husks and
stalks in ration15:22:14:50 per kg of dry matter of maize grain while the stalk is an heterogeneous
mix of pith and rind fractions, also having different morphologies (Li et al., 2011; Takada et al.,
2018; Djatkov et al., 2018, Dawid et al., 2020). The fractions of the maize stalk having different
characteristics might have varying reactions to similar delignification schedules (Jiang et al., 2015;
Kolajo and Onilude, 2019). This study optimizes the low temperature chemical pretreatment of
maize whole stalk (WS) and fiber-rich Rind Fractions (RF) using AS and NaOH.

MATERIALS AND METHODS

Sample Collection and Preparation

The maize stalks were of the 3-months maturation DMR-LSR-W (Streak and Downy mildew
resistant) variety from the Institute of Agricultural Research and Training (IAR&T), Ibadan,

Nigeria. The stalks were reduced into chips (25mm) and some of the chips were further separated

51


https://en.wikipedia.org/wiki/Response_variable
https://en.wikipedia.org/wiki/Response_variable
https://en.wikipedia.org/wiki/Interaction_(statistics)

Proceedings of the 2020 Society of Wood Science and Technology International Convention

into pith and rind fractions; the rind is the hard outer part while the pith is the soft inner core. These
were air dried until a constant mass was obtained prior tests and pretreatment.

Pretreatment Schedule

Pretreatment variables were alkali charges of 14, 16 and 18% for a pretreatment time of 60, 90 and
120 minutes for the whole maize stalk and the rind fraction, making it a 322 full factorial
experimental. Each schedule was pulped in three replicates. The cellulose yield (CY) was obtained
as a percentage of the input raw biomass while residual lignin (RKL) in the pulp lap was analyzed
using TAPPI T236 standards.

Modeling and Optimisation

Linear models, two factorial interaction, quadratic models and cubic models were used to interpret
the response of cellulose yield and RKL to changes in concentration and pretreatment times for
each of the biomass fractions. The models were obtained using Design Expert software 6.0
(Statease, USA, MN) and the appropriate equation was selected from the highest order polynomial
where there is insignificant lack of fit, the model was not aliased and there is maximization of the
R2 value with close relationship between Adjusted R2 and the Predicted R2 values.

The general form of the quadratic equation chosen was:

k k k k
Y=aO+Zaixl-+Zaiixi2+ z Z al'jxin+ & e (1)
i=1 i=1

i=1i%j=1

Where,
Xi, Xj are the input variables,
ao is the intercept,
ai, aii, aij are the first order, quadratic and interaction coefficients respectively
i, j are the index numbers of the factors
£ is the residual error
Y is the response function
The adequacy of the model was proven by the coefficient of determination R2 and adequate

precision values. Quadratic model was chosen based on high R2 value and low deviation from the
mean. Validation of the model developed was achieved by comparing the empirical data with those
predicted by the models. A Chi-square test was also used to test the validity of the model. Chi-
square is expressed as Xe.

_ (" (Exp — Pred)?
X2 = red) @

Where,
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X2 = Chi-square
Exp = Experimental/Actual/Empirical values
Pred = Predicted values

Optimization was achieved using Response Surface Methodology. Results from pretreatment were
optimized using the Historical data package of Design Experte software, using the criteria of

highest CY and lowest RKL for each level of variation.

Statistical Analysis
Values obtained for CY and RKL were expressed as mean * standard deviation. The difference

between the means was obtained by one-way analysis of variance (ANOVA) at 00.05.

RESULTS
The effects of the variables' individual and second order interactions on the response surface of
the independent variables were analyzed. The experimental design, with each corresponding
pretreatment yield and RKL are presented in Supplementary Tables S1 to S4.
Modeling
The experimental data for the CY and RKL from WS (Table S1) and RF (Table S2) using AS
pretreatment were approximated by a quadratic function, after which the efficiency of the models
for prediction of CY and RKL was estimated based on the error parameters and correlation
coefficients (Kasote et al., 2013; Ogunsina et al., 2014). A reduced polynomial model was
obtained by excluding the insignificant terms from the quadratic models. The terms x; and x, are
alkali charges and pretreatment time respectively.
AS pretreatment
The final equations for AS pretreatment estimating CY and RKL are for WS are given by equations
3 and 4 respectively:

CY (%) = 40.68 — 1.5x; — 2.43x, + 1.33x2 + 1.2x;x, ... (3

(Std Dev = 1.63, Mean = 41.79, Adj R2 = 0.7006, Pred R? = 0.6157, R2 = 0.758)

RKL(%) = 5.14 — 0.80x; — 0.46x, + 0.5x% — 0.19x% — 0.25x,%, ... (4)

(Std Dev = 0.20, Mean = 5.35, Adj R2 = 0.9438, Pred RZ = 0.9277, RZ = 0.9546)
In the same way, the final equations for AS pretreatment for RF are as given in equations 5 and 6:
CY (%) = 45.56 — 2.98x; — 1.17x, + 0.4x,x, ... (5
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(Std Dev = 0.79, Mean = 45.54, Adj R2 = 0.9190, Pred Rz = 0.8896, Rz= 0.935)
RKL(%) = 4.99 — 0.59x; — 0.23x, + 0.54x? + 0.2x,x, .. .(6)

(Std Dev = 0.13, Mean = 5.32, Adj R2 = 0.9547, Pred RZ = 0.9421, RZ=0.963)
Equations 3 and 5 reproduced CY and showed that there are significant interactions between
pulping time and liquor concentration. There was high regression coefficient (R2 = 0.758,
0.935) while the Adjusted Rz is in agreement with the Predicted Rz for WS (0.7006, 0.6157)
and RF (0.9190,0.8896) respectively. This trend is also true for RKL (Equations 4 and 6)
with R2 of 0.9546, 0.963 and the Adjusted R2 (0.9438, 0.9547) and Predicted R2 (0.9277,
0.9421) in close agreement. The pure errors obtained for CY was less than 5% (0.01 - 4.38%;
0.01 - 1.66%) and less than 1% (0.01 - 0.27%; 0.01 - 0.36%) for RKL and Chi-square values
are insignificant at 95% confidence level. Analysis of VVariance shows a low lack of fit which
indicates that the model represents the actual relationship of input factors and responses. The

model is therefore adequate to navigate the design space.

NaOH pretreatment
The reduced mathematical equations to predict CY and RKL for WS are given by equations 7 and

8 respectively.

CY (%) = 43.96 —3.7x, — 1.17x, — 1.43x2 — 0.55x,x, ... (7)
(Std Dev = 0.81, Mean = 42.64, Adj Rz = 0.9429, Pred R2 = 0.9218, Rz = 0.954)
RKL(%) = 5.28 — 0.17x; — 0.33x, — 0.17x? — 0.13x2 ... (8)

(Std Dev = 0.12, Mean = 5.08, Adj Rz = 0.8854, Pred R? = 0.8424, RZ = 0.907)

Thr final equations for RF are given as:

CY (%) = 42.29 — 0.95x, — 1.78x, — 0.38x% + 0.42x2 . .(9)
(Std Dev = 0.61, Mean = 42.31, Adj R?2 = 0.8836, Pred R2 = 0.8473, R2=0.906)
RKL(%) = 5.22 —0.38x; — 0.65x, + 0.15x,x, ...(10)

(Std Dev = 0.40, Mean = 5.01, Adj R2=0.7112, Pred RZ = 0.6212,RZ=0.767)
The Rz values are high for CY (0.954 and 0.906 for WS and RF respectively) and RKL (0.907 and
0.767). The closeness of the values of Adjusted R2 and Predicted Rz for both WS (0.8836 and
0.8473) and RKL (0.7112 and 0.6212) confirms the suitability of the model to navigate the design
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space. The residuals obtained were less than 2% (0.01 - 1.24%) and less than 1% (0.01 - 0.62%)
for RKL. Values obtained from Chi-square test shows that the difference is not significant at c0.0s.
Effect of alkali charge and pretreatment time on CY

The highest CY obtained from AS pretreatment was 46.8+2.9% at 14% concentration and 60
minutes for WS, and 50.0+0.2% at 14% concentration and 60 minutes for RF. NaOH pretreatment
has the highest CY at 14% alkali charge and 60 minutes for both WS (46.4+0.5%) and RF
(45.0+0.5%). There is a gradual decline in the yield as pulping time increased from 60 minutes, to
90 minutes and 120 minutes at all the concentrations of 14%, 16% and 18%. The difference
between cellulose yields for whole and rind fraction is significant at 0.0.05

Effect of alkali charge and pretreatment time on RKL

The lowest RKL was 4.0+0.01% for WS and 4.7+0.01% for RF using AS at 18% 120 minutes.
NaOH pretreatment records the lowest RKL at 4.5+0.02% for whole stalk and 3.6+0.16% at the
same schedule. This translates to an average of over 70% lignin removal, which is slightly lower
than 82% recorded by Liu et al., (2016).

Optimized schedule

The schedule with run order with 120 minutes and 18% concentration was selected for AS pulping
of WS, with a desirability index of 0.583. The schedule 16% alkali charge, 60 minutes, was
selected for RF with an average desirability of 0.652. For NaOH pulping, 14% concentration at
120 minutes at 0.652 desirability was selected for WS while 18% concentration at 60 minutes at
0.549 desirability was selected as the optimized pre-treatment schedule for RF. The response

surface plots for these optimised schedules are seen in Figures 1 and 2.
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Figure 1: Response Surface Plots for optimised Alkaline sulphite pretreatment schedule for (a)
WS (b) RF.
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Figure 2: Response Surface Plots for optimised NaOH pretreatment schedule for (a) WS (b) RF.
CONCLUSION

The results presented have contributed to the development of more suitable pretreatments which
saves energy, cost and time in the production of cellulosic ethanol from biomass. The different
process factors in AS and NaOH pretreatments of maize stalk fractions have been examined and
their relationships established; when time and alkali charge are increased, there is a corresponding
decrease in the RKL of the biomass. The difference between the cellulose yield and RKL of whole
stalk and the rind fraction was statistically significant. The results of the pulping experiments
which were modeled into quadratic polynomial equations showed that the model fitted well as the
residuals generated between actual and predicted values were not significant. From optimization
results, the residuals follow the normal distribution with very minimal deviations. The model
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obtained from the pretreatment experiment may be used to predict cellulose yield and residual
klason lignin for other biomass with similar physical and chemical morphology.
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European forests overall are currently a net carbon sink, however, this is likely to change in the coming decade. It is therefore
important to optimize the relationship between maintaining forest carbon stock and producing an annual yield of higher-quality
timber, which will remain in use longer and will more likely be recycled. Wood density is one of the most important indicators of
wood quality overall, as it is closely related to other important mechanical properties (elastic modulus, bending strength).
Together they form the grade-determining properties, which are used for classifying structural timber into strength classes.
Presented study has investigated how different environmental factors affect wood density of the most commonly grown tree
species in Slovenia. Standing trees were sampled in various forest stands using a Resistograph, a high-resolution resistance
drilling device. Sampled tree species were European beech (Fagus sylvatica), Norway spruce (Picea abies) and silver fir (Abies
alba). Factors like soil bedrock, elevation and others affecting wood density were studied, quantified and compared between
sampled species. The preliminary results indicate that wood density varies significantly between trees of different species
growing under the same conditions and that elevation has a tangible positive effect on wood density overall. The results currently
indicate that an approximately 10% increase in wood density of Norway spruce trees can be detected between trees from 700 m
and trees from 1500 meters above the sea level. The identified magnitude of differences between trees is likely associated with
shortening of the growing season with altitude, which affect basic relations between wood anatomy, tree-ring width and wood
density.
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Differences between Hygroscopicity Limit and Cell Wall Saturation
Investigated by LF-NMR on Thermally-Modified and Lignin-Removed
Southern Pine (Pinus spp.)

Ms Jingyu Li, Beijing Forestry University, China
ljyemma@163.com

Abstract

Low-field nuclear magnetic resonance (LF-NMR) was used to clarify the difference between the fiber
saturation point (FSP) determined at the hygroscopicity limit (HL) versus cell wall saturation (CWS) of
untreated, thermally-modified (TM), and lignin-removed (DL) Southern pine (Pinus spp.). The thermal
treatment was conducted at 225°C for 4 hours, and the delignified treatment was done by a mixture of
967 mL distilled water, 20 g sodium chlorite (NaClO2), and 13 mL acetic acid (CH3COOH) at 40°C in a
water bath for 40 h. The HL samples was attained by conditioning in 100% relative humidity (RH)
while CWS samples were fully saturated with distilled water. Cell wall water of CWS samples was
determined at -3°C with LFNMR.The moisture content (MC) of the HL samples was found to decrease
after thermal treatment, while increase after lignin removal. The tendency remain to be same for cell
wall water of CWS samples. At 25°C, the HL state of the treated samples contained 2 peaks,
representing bound water and part of water constrained in pits, respectively; The samples included 3-
4 peaks in CWS state, corresponding to bound water, water in pits or smaller pores, and free water in
the cell lumena (usually Peak 3 and Peak4). When comparing the cell wall water difference for HL and
CWS samples, an increase by 5.58% was shown for untreated samples. A possible explanation may be
the cell wall was further swollen under liquid saturation. This difference was found to increase for DL
samples by 8.58%, while TM samples shows negligible difference. The results suggest that the number
of sorption sites in the cell wall decreased after heat treatment, and the swelling behavior was
weakened. But for delingnified treatment, more soption sites may be exposed , and the cell wall was
more resilient towards water swelling.

Moreover, the increase in water content located in the cell wall was determined using freezing point
depression. For untreated samples, about 11% of the MC was found in cell wall nanopores with sizes
ranging from 1.73 nm to 13.80 nm. The discrepancy between the HL and CWS values of the samples
was attributed to freezable water in the nanopores of the matrix components and inter-microfibrils.
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Some Mechanical Properties of Particleboards Produced from Four Agro-
forest Residues Using Cassava Starch and Urea Formaldehyde as Adhesives

Mr. Prosper Mensah, CSIR Forestry Research Institute, Ghana
h@csir-fori |

Abstract

The increase in demand of particleboards for furniture and other applications has prompted a large-
scale research into the suitability of various types of lignocellulosic materials for its manufacture. For
the appropriate use of particleboards produced from such materials their properties need to be
established. This paper evaluated some mechanical properties of particleboards produced from four
agro-forest residues using cassava starch and urea formaldehyde as adhesives. One layer
homogenous particleboards of sizes 20 mm x 300 mm x 300mm were manufactured from the agro-
forest residues. The boards which were produced at a targeted density of 600kg/m3 with adhesive
content of 12% (based on the oven-dry weight) were pressed at 170°C for 480 seconds using
compacting pressure of 3.5 MPa. The modulus of elasticity, modulus of rupture and hardness were
determined in according with the American National Standard Institute A208.1-2009. With the cassava
starch (CS) blend, MoR was in a range of 4.95-12.93 MPa and urea formaldehyde (UF) blend the MoR
was in the range of 6.89-16.54 MPa. The MoE for the CS blend ranged from 1030.50-2173.00 MPa and
that of UF blend were in the range of 1390.68-2412.68 MPa. CS blend recorded 2.49-6.79 MPa for its
hardness and UF blend hardness was in the range of 3.63-8.78 MPa. The uniform distribution of the
respective biomass particles and the flowability of the adhesives in the microstructure of the
manufactured particleboards is the major factor responsible for the improvement in the mechanical
properties tested. It was concluded that with the exception of particleboards manufactured

from Theobroma cacao pod using CS and UF all other selected biomass made an acceptable
particleboards with optimum performance, minimum weight, and possible cost effective for interior
application, fitments and other furniture to be used in dry conditions.

Keywords: Agro-forest residue; Cassava starch, Mechanical properties; Particleboard, Urea
formaldehyde
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SPECTROSCOPIC CHARACTERISATION OF WOOD TREATED BY DIFFERENT
COATINGS AFTER WEATHERING IN SUBARCTIC CONDITIONS

Olena Myronychevazi, Alona Sekansi, Injeong Kimz, Olov Karlssoni, Peter Jacobssonz, Margot
Sehlstedt-Perssoni, Dick Sandberg:

1 Wood Science and Engineering, Lulea University of Technology, Skellefted, Sweden
2 Martinsons Byggsystem AB, Skelleftea, Sweden

Abstract

Weathering of wood is a complex natural phenomenon that is influenced by factors both in macro-
and micro-scale. The degradation by weathering constitutes of complex physical-chemical changes
influenced by environmental factors such as moisture, sunlight, temperature, chemical compounds,
wind, and biological organisms and their related agents. The aim of our study was the evaluation
of MIR and NIR spectroscopic technique for characterisation of wood treated by commercial
coatings contained different biocidal treatments after weathering in subarctic conditions.
Tangential and radial surfaces of the Scots pine and Norway spruce were treated with coatings
containing various biocides. Treatment was in the form of fairly transparent wood oil (T), while
the two others were coatings that had more of a non-transparent character (H and P). Treated
specimens and control were placed in various directions on racks outdoor for natural weathering.
The measurement of the NIR spectra of specimens that were not exposed, after weathering and
dried after weathering, was done by the point-based microNIR portable sensor. Multivariate
statistical analysis (MSA) showed that data from types of exposure contributed less compared to
surface treatments in the 3D principal component analysis model (PCA). Grouping pattern around
treatments H and P could be obtained as the two individual groups more or less fully separated.
From the treatment T and non-treated specimens, no individual grouping behaviour could be
observed, however, more intense exposed seemed to be clustered in a different way than mildly
exposed ones. A more extensive weather exposure gave also a more degraded surface for T-treated
specimens. The NIR portable spectrometer may be used for assessment of the extent of weathering,
but the treatment P followed by treatment H had minimal changes. Coefficients Plot in the PLS-
DA model for different types of exposure for those treatments showed the influence of the NIR
wavelengths in classes related to exposure type. The changes caused by weathering phenomenon
was evaluated by using multivariate methods in which resulting multivariate model parameters for
prediction of the changes were determined. Analysis of the chemical structure of coatings after
weathering analysed by mid-infrared spectroscopy gave support to the lower stability of T-
treatment during weathering.

Keywords: wood, treatment, natural weathering, infrared, near-infrared, spectroscopy
INTRODUCTION
The measurement by electromagnetic radiation such as mid-infrared (MIR) and near-infrared

spectroscopy (NIR) is non-destructive analytical techniques providing an individual chemical
fingerprint of the sample. The non-destructive nature of the technique made it quite popular in
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material science and widely applied to the wood (Sandak, Sandak, and Meder 2016). Industrial
digitalisation and movement towards the Industry 4.0 revolution opened new applications to
spectroscopic techniques in environmental chemistry. However, the semi-quantitative approach
and heterogeneity of wooden material limit its application in the material involved in
environmental analysis such as weathering. Weathering of wood is a complex, natural
phenomenon that is influenced by factors both in macro- and micro-scale. The surface degradation
by weathering evolves complex physical-chemical-biological changes caused by environmental
factors such as moisture, sunlight, temperature, chemical compounds, wind, and biological
organisms.

Therefore, the aim of our study was the evaluation of field NIR spectroscopic technique for
characterisation of wooden material treated by commercial coatings of three different types, in
outdoor applications in subarctic conditions.

MATERIAL AND METHODS

Kiln-dried Scots pine sapwood boards were cut into specimens with a dimension of 15x12x2 cm
(TxWxL). Kiln-dried Norway spruce boards were cut to specimens with a dimension of 15x8x1.5
cm. The end-grain surfaces of each specimen were sealed with a SikaFlex, Switzerland. The total
non-sealed surface area of the specimens was 420 cmz and 300 cmz for Scots pine and Norway
spruce, respectively. Three surface treatments with different biocidal composition and an uncoated
control group were evaluated, and variables in the experimental design of the current study
presented in Table 1.

Table 1. Experimental design.

Variables | Code | Description of Variables | No. of replicates
Treatment H Waterborne Pigmented Primer with two 18
biocides and alkyd binder
T Waterborne wood oil with a single biocide 18
P Waterborne paint for indoor use with four 18
biocides and acrylate binder
C No treatment 18
Wood specie Scots pine 36
Norway spruce 36
Angle of 0 24
exposure 45 (south) 24
90 (north) 24
No exposed 20
Type of No exposed/After exposure for 115/Dried 20/72[72
exposure after exposure for 115 days

The amount of applied treatment coating on each specimen was 100+10 g/m2. The specimens were
placed on the exposure site (in Skelleftea latitude: 64.744453, longitude: 20.955569) at June 5th,
and removed September 27t with a total exposure time 115 days. The specimens were inclined to
the south with an angle of 45°, and to the north by an inclination angle of 90° against the horizontal
plane as well as in the horizontal position.

The moisture content of the specimens before and after outdoor exposure was measured
gravimetrically by heating in an oven at 103°C until constant weight.
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The NIR spectra were collected by portable microNIR OnSite Spectrometer (VIAVI Solutions
Inc., San Jose, CA, USA) with NIR wavelengths from 908 to 1676 nm with step 6 nm, every week
during the observation period. NIR spectral data collected in five replicates and dataset contained
1166 observations in total used for the prediction model. The analysis was performed using
variables Treatment, Wood Specie, Day and Angel of Exposure. The FTIR spectra in the MIR range
4000-400 cm-1were collected from dried specimens (MC in Table 2) isolated by scraping surface
material from the treated wood after weathering of specimens in ATR mode and transformed to
the absorbance mode by FT-IR Frontier Spectrometer, PerkinElmer. The comparison of unexposed
treatment and treatments at different directions of exposure was made for chemical changes
detection. Data analysis was performed with MS Excel 2016, IBM SPSS, USA and SIMCA14,
Umetrics AB, Sweden (Eriksson et al. 2013).

RESULTS AND DISCUSSION.

In Figure 1, the multivariate modelling of the NIR spectra of the grouping of all specimens in the
study is presented. This is shown as a three-dimensional plot of principal component analysis
(PCA). In this way clear grouping pattern by treatments that are coloured differently could be seen:
treatment with P-product (red) and H-products (blue) dots where separated quite well from the
other groups whereas untreated (yellow) and treated with T-treated (green) were mixed (Figure
1a).

BCEHBEPOT W After exposure[ll Dried after exposurelll Non-exposed
a) b)
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[l Pindll Spruce HOm45H90 180
c) d)

Figure 1. The 3D PCA model of NIR spectra overview with legends coloured by: a) coating
treatment, b) type of exposure, ¢) wood species, d) angle of exposure (0 — non exposure
specimens)

Already in the non-exposed specimens (red dots in Figure 1b), such separation between treatment
H and P was seen whereas for T-treatment mixing with uncoated specimens were obvious. Also,
after the weathering exposure, such separation of specimens related to the various treatments could
be observed (green dots in Figure 1b). Furthermore, the weathered specimens in treatment H and
P (green dots in Figure 1b) were clustered at somewhat different position in the plot than the
corresponding non-exposed specimens (red dots in Figure 1b). Moisture is a frequent contributor
in NIR spectra, and H- and P-dried weathered specimens (green dots in Figure 1b) were also
clustered at somewhat different positions than the dried weathered specimens (blue dots in Figure
1b). This indicated that also, other factors than moisture contributes to the separations of groups
in the PCA-plot as the treatment itself played a dominant role in the separation in the multivariate
plot of weathered specimens.

From visual inspection, T treatment was found to be more vulnerable to weathering conditions
than treatment H and especially treatment P (Table 2).

Table 2. The final pictures of the treated Scots pine boards after 115 days of exposure before dryin
Angle H T P C
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90

180
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Furthermore, moisture content in the specimens varied depending on the exposure position as
shown in Table 3. In Figure 1d influence of exposure position on the modelled NIR-data is
presented; specimens from T-treated and uncoated ones that were more exposed (180 degree) were
clustered more or less at other position than the mildly exposed (90 degree), while a similar trend
was more difficult to observe for H- and P-treatments.

Table 3. Moisture content of weather exposed specimen

Treatment Angle of Wood Specie

Exposure Pine Spruce
H 45 (south) 16.77+0.16 15.03+0.13
0 19.75+0.56 17.70+0.02
90 (north) 16.38+£1.25 16.59+0.32
T 45 (south) 16.78+0.31 17.04+0.46
0 17.75+0.34 18.42+0.26
90 (north) 17.78+0.13 16.54+0.75
P 45 (south) 16.84+0.48 15.42+0.70
0 18.79+2.36 18.81+0.11
90 (north) 17.20£1.06 17.01+2.83
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C 45 (south) 15.99+0.13 16.97+2.62
0 18.07+0.30 18.32+0.15
90 (north) 16.75+0.36 16.99+0.62

Alkyd and acrylate binder were the dominant organic components in H- and P-coating treatment
and Dbiocides contributed only to low extent. Functional groups in these two binders also
contributed to absorptions when analysing the surface materials using FTIR in which carbonyl
absorptions at 1720 cm-1 was found to be fairly stable towards weathering, while changes in
hydrocarbon absorptions were more difficult to evaluate. Preliminary data for T-treatment
indicated changes in the carbonyl absorptions that might reflect its less stable appearance. Thus,
the importance of degradation of coating in the clustering within each coating is still difficult to
verify and needs further studies.

Validation of multivariate models

The PCA model of NIR spectra which provided the data for the presentations in Figure 1 gave a
description of data (R2) 99.9% and prediction (Q2) 99.9% that is quite good for NIR spectra (Table
4). The partial least squares regression (PLS) model with Y variables (Treatment, Wood Specie,
Day, Angel of Exposure, Type of Exposure) contained 21 principal components and less prediction
value (Q2 in Table 4) was used to find the best-modelled variable. The variable Type of Exposure
contributed mostly to the models' performance compared to other variables after the diagnostic of
the PLS model (data not shown here). Therefore, that variable (Type of Exposure) was used as a
response in the PLS-DA model since that model provides maximum separation between such
amounts of classes (Eriksson et al. 2013). The parameters of all models developed are described
in Table 4.

Table 4. The multivariate models' parameters

Ne | Name Component | Observations | R2X(cum) | R2Y(cum) | Q2(cum)
1 |PCA 3 1166 0.999 0.999
2 | PLS 21 1166 1 0.799 0.788
3 | PLS-DA 8 1166 1 0.845 0.844

The Coefficients plot in Figure 2, displays regression coefficients correlated to scaled and centred
X-variables (NIR-spectra) from all specimens in class After exposure. As the model is based on all
samples and their composition varies this means that correlations could not be related to a specific
treatments structure. However, some general conclusions can be drawn. Negative and positive
correlations were found indicating decreases and increases in presence of absorptions upon
weathering exposure, respectively. The negative high coefficients at the beginning of the NIR
spectra (lower wavelength) could be related to the VIS region and visible changes of colour on the
surface (Schwanninger et al. 2011). Although moisture was found in the specimen (Table 3),
typical strong water signal (around 1450 nm) have not been generated.

The observation of Coefficients plot for all classes in the PLS-DA model showed the strongest
correlation for wavelength around 1620 nm which may be related to C-H hydrocarbon chains
possibly in alkene groups (Workman and Weyer 2012; 2008). Class Dried after exposure had the
strongest positive correlation around wavelength 1403 nm that is close to absorptions originated
from methyl C-H absorptions associated with branched aliphatic hydrocarbon (Workman and
Weyer 2012; 2008).
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Figure 2. The Coefficients plot of PLS-DA model from all specimens.

The misclassification table in the PLS-DA model shows the proportion of correctly classified
observations in the prediction set. The NIR spectra in different treatments could be predicted to
the extent of around 80% in total, as presented in Table 4.

Table 4. Misclassification table PLS-DA
(green - correct prediction, yellow -misclassification)

Variable Number | Correct | After Dried No No class

exposure after exposure | (YPred<)
exposure

After exposure 599 100% 599 0 0 0

Dried after exposure 367 95.91% 0 352 15 0

Non exposure 200 100% 0 0 200 0

No class 0 0 0 0 0

Total 1166 | 98.71% 599 352 215 0

The classes represented types of exposure regarding no exposure and after exposure could be
predicted with 100%. When in dried after exposure type 15 specimens were misclassified. The
explanation of such consequences could be due to the nature of the treatment P that was less
degraded during exposure than other treatments-product and homogeneity of the weathered and
the non-weathered wood

CONCLUSION

The evaluation of three commercial wood coating by spectroscopic techniques revealed that NIR
spectra might be used for the detection of weathered or non-weathered specimens. From our data
from NIR and MIR, the most variability in the model was probably from changes in hydrocarbons
as well as carbonyl compounds related to the chemical composition of the treatment T. Despite
complicated for interpretation spectra and step 6 nm in the portable microNIR spectrometer, the
PLS-DA model gave almost 99% of the prediction. That indicates portable microNIR as a
promising technique for the assessment of the weathered coated wood in outdoor exposure.
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Abstract

Wood is one of the most interesting materials in terms of studying acoustic properties. For its unique
character has always been the most used material for the production of quality musical instruments,
loudspeakers, architecture acoustic elements etc. The treatment of composites or wood modifications
can significantly improve properties to meet the highest standarts of products. Consequently,
advanced vibro-acoustic analysis of material is necessary to identify main characteristics determining
wood quality in terms of acoustics and asses its suitability for acoustic related applications.

The three methods are used for determination of acoustic properties of materials - resonance
frequency method by microphone, modal analysis using microaccelerometers or laser vibrometers,
direct measurement of speed of sound transmission through the material by piezoelectric probes.
Acoustic parameters of the material are derived from the physical properties measured by these
metods (density, speed of sound propagation, dynamic modulus of elasticity). Acoustic constant and
sound impedance calculated from these properties, the loss coefficient or logarithmic decrement of
damping and finally acoustical conversion efficiency (ACE) and relative acoustical conversion efficiency
(RACE) combining mentioned material parameters should be indicative of the acoustic quality of wood.

The subject of the presented study is a combination of measuring methods and modal analysis with
focus on relationships of common vibro-acoustic parameters and the connection of required tonal
intervals in the timbre of musical instruments and the natural frequency intervals of specimens made
from individual wood species. The goal is to find a more reliable correlation of parameters for a more
complex vibro-acoustic wood analysis, which helps in selecting suitable wood for the production of
musical instruments and determine the key parameters for evaluation of wood modifications aiming to
improving of acoustic properties.

Key worlds: Vibro-Acoustic Study, Acoustic Properties, Modal Analysis, Frequency Spectrum
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Abstract

We have recently shown that triboelectric charging of wood particles occurs during collision and
separation of such particles, which is leading to either positive or negative particle charges. In this
research we particularly focused on the triboelectric activation of wood particles that occurs during
circular saw cutting and sanding, with the purpose of developing approaches that lower wood fine-dust
contamination. Wood samples from spruce, beech, as well as from particleboards and medium density
fiberboards were processed at various conditions. For the sawing we varied cutting depth, feeding
speed and the number of saw blade teeth. For the sanding we varied grain size and abrasion depth.
The interactions between wood species, wood density, the aforementioned cutting and sanding
parameters, and the triboelectric charge of the obtained wood particles were investigated. Data show
that medium-density fiberboard particles received the highest triboelectric activation, while spruce
obtained the lowest. The different electrical activations (charges) of wood particles can be explained
by the wood density, and the resin content. We have shown that different particle sizes emerge during
cutting and sanding, which is a major reason for extent of triboelectric activation. With the collected
data it was possible to expand the triboelectric series with spruce, beech, particleboards and medium-
density fiberboards. A well-directed triboelectric activation of wood particles during sawing and
sanding will greatly improve the efficiency of wood dust collection systems. Improved dust collection
reduces health risks at the workspace, lowering the workers exposure to wood fine-dust particles.

Keywords:

triboelectric charge, triboelectric series, sawdust, spruce, beech, particleboard, medium-density
fiberboard, wood machining
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Abstract

Determination of optimal pressing time and temperature is essential for economical production of
wood-based composites. Two useful and fast, laboratory-scale methods for determination of these
parameters are Dynamic Mechanical Analysis (DMA) using oscillatory test on rheometer and real time
shear test conducted on Automated bonding evaluation system (ABES).

The objective of this preliminary study was to examine curing process of pine tannin-hexamine
adhesive, which is one of the wood bio-based adhesives studied in the ongoing project WooBAdh.
Bond strength development of the bio-based adhesive was determined on rheometer and ABES at five
different press temperatures. Oscillatory test on rheometer was conducted using two aluminum discs
in parallel plate geometry, whereas ABES was using beech (Fagus sylvatica L) cut veneer for formation
of lap shear bonds.

It was found out that curing process of the tannin adhesive determined by rheometer resulted in
significantly longer pressing times compare to pressing times derived from ABES. This was ascribed
mainly to bigger amount of adhesive tested by rheometer (gap was 0.5 mm), absence of the pressure
and presence of aluminum discs instead of wood, which would absorb the water from the adhesive
during curing process.
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Abstract

The objective of this research was to investigate the suitability of Douglas-fir (Pseudotsuga menziesii)
bark as a raw material for particle board production. A high percentage of the bark is used for energy
production. The material was chosen because of its availability and to achieve a higher added value.
Bark was obtained from two sawmills in south Germany, which used different debarking processes.
One sawmill used a router head debarker and the other a rotor debarker. A screening process was
carried out to characterize the particle size distribution of the raw material. Also, the mass percentage
of wood was measured. The debarking method significantly influences the particle size distribution and
the content of wood in the raw material. The bark was crushed in a wet state in a hammer mill to
reduce the number of fine particles (< 1 mm). The particles were kiln-dried at 70 °C. To separate the
roundish bark from the longish wood particles double layer sieves with perforated plates were
developed. The particles were separated in two fractions. In average the mass percentage of wood in
the raw material was 13 %. After separation the low wood fraction contained around 3 % of wood and
the high wood fraction around 21 %. Particles smaller than 1 mm were rejected. The boards were
manufactured with three layers. The fraction with the high wood content was used in the core layer
and the fraction with the low wood content was used in the surface layers for aesthetic reasons.

The study was designed to investigate the influence of three factors: adhesive type, adhesive amount
and board density. A commercial urea formaldehyde (UF) and a melamine urea formaldehyde (MUF)
adhesive was used in different concentration of 5, 8, 11, 14 and 17 % in the core layer. The boards
bonded with UF were produced with a target density of 650, 800 and 950 kg/m3, MUF bonded boards
only with a target density of 800 kg/m3. The amount of adhesive in the surface layers was always 3 %
higher than in the core layer. In total 60 boards of 380 x 340 x 14 mm were made with a laboratory
hot press at 200°C with a pressing time of 610 seconds. For the testing process all boards were
sanded to an equal thickness of 12 mm with a wide belt sander at grid 100. The evaluated physical
properties were modulus of rupture (MOR), modulus of elasticity (MOE), transverse tensile strength,
thickness swelling, indentation hardness (Brinell), abrasion resistance and thermal conductivity. The
results show that the requirements for particle boards for indoor use according to the standard DIN EN
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312 type P2 are met, when the adhesive content in the core layer is above 11 %. The boards bonded
with the MUF adhesive showed lower thickness swelling and higher transverse tensile strength after
immersion for 24 hours in water at 20°C. Producing boards with a density of 950 kg/m3 was not
possible due to steam burst.
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Abstract
Elephant grass (Pennisetum purpureum) and thatching grass (Hyparhenia rufa) are common
grass species in Zambia. Elephant grass is a perennial plant, growing in uncultivated wetlands
and is mainly used for making mats and baskets, while thatching grass grows in open
woodlands, and used for thatching houses in rural communities or burned out as a weed.
Chemical composition, kraft pulp yield, and burst strength of paper handsheets of the grasses
were determined in order to evaluate their suitability for pulp and paper making. The grasses
were first air dried for a week and then cut in 2cm pieces before analysis. Determination of
chemical composition was conducted following the standard ASTM procedures with minor
modifications. Kraft pulp was produced by cooking air dried grass material in 18% alkali solution
containing sodium hydroxide and sodium sulfide, with 25% sulfidity. Pulp yield was expressed
as percentage of the ratio of dry pulp to dry grass material. The pulp was bleached using
hydrogen peroxide, sodium hypochlorite and sodium hydroxide to improve its brightness. The
Bursting strength of paper handsheets was determined following the standard TAPPI T403
procedure. The cellulose, hemicelluloses, acid insoluble lignin and ash content of elephant grass
and thatching grass were, respectively, 64.8%, 19.8%, 8.3%, 3.5% and 54.5%, 33.1%, 7.8, 2.9%.
The high holloceluloses and relatively lower lignin content suggest that both grasses can easily
be pulped. The Pulp yields (51% and 65%,) were comparable to commercial pulp species such as
switch grass and wood. The burst strength values were lower than other species previously
studied. The handsheets were able to hold ink and glue quiet well. The results of this study
suggest that both elephant and thatching grasses could be an alternative raw material for
making pulp, paper and paper products, though addition research would be required to
determine the optimal pulping conditions, to validate the findings of this study, and to
investigate other pulp and paper properties. Paper from these grasses could be used to
fabricate paper shopping bags to replace or reduce the use of environmentally harmful plastic
bags in the country.
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Introduction
Paper consists of a web of fibers obtained from plants, bonded together primarily by hydrogen
bonds. Any plant material can be used to make paper provided that it is readily available and
produces high amount of fibers which are conformable and able develop strong hydrogen
bonds (Smook 2002). Chemical content (cellulose, hemicelluloses, lignin and ash) is also an
important yardstick of plant materials’ suitability for pulping and paper making. Usually, the
higher the amounts of celluloses and hemicelluloses in a plant material, the more the pulp yield
and the better the quality of fibers (Khali 2006). In addition, lower lignin content indicates that
fibers can be extracted from the plant material more easily. Wood from trees is the principle
raw material used in pulp and paper making since it is readily available and produces good
quality fibers. However, using trees has a lot of challenges. Because of its' complex structure,
wood requires a lot of chemicals to process; trees take long to mature; high deforestation rate
is threatening the future of wood raw materials; and wood faces competition from other uses
such as energy and construction. Because of these factors, recent research has focused on
identifying alternative non-wood raw materials for paper making.

Because of their availability, several grass species have been investigated for their potential for
pulp and paper making, and the results are promising. Work on suitability of elephant grass for
paper making in South Africa showed that is it suitable for making paper, because both the pulp
yield and paper strength properties were comparable to commercial plant species (Madakadze
et al. 2010). To extract the fibers, the grass materials were cooked in 14% alkali solution
containing sodium hydroxide and sodium sulfide at 160°C for two hours. The pulp yield was
50% (compared to 48% for switch grass, a commercial species), while the burst index was above
5.85 KPa.m2g?, suggesting that the grass was suitable for making high strength paper. Similar
results were obtained from elephant grass growing in India (Reddy et.al. 2014). The pulp yield
was 58% while the burst index was 4.98 KPa m?gL. An earlier study by Madakadze et al. (1999)
also found several warm seasonal grasses (switch grasses, big bluestem, cord grass, and sand
reed) in Canada to be suitable raw materials for paper making. The pulp yield ranged from 44%
- 51%, and the burst index was above 5.0. KPa.m-2g-1 for all species. Jahan (2016) also found
that umbrella palm grass (cyperus flabettiformic) is suitable for paper making. Both the pulp
yield (55%) and the burst index (4.4 kPa.m 2 /g ) were similar to other grass species, although
the a-cellulose content (32.2%) was lower, and the lignin content (24.0%) was higher than most
grasses.

The aim of this study was to evaluate the pulp and paper making properties of elephant grass
(Pennisetum purpureum) and thatching grass (Hyparhenia Rufa) growing in Zambia. The grasses
are readily available in the country. Elephant grass is a perennial plant, grows in uncultivated
wetlands and is sometimes used for making mats and baskets. Thatching grass on the other
hand grows in open woodlands, and it is also a common feature on roadsides in peri urban
roads in the country. It is mainly used for thatching houses in rural communities or burned out
as a weed. To our knowledge, no study has been done on the suitability of these grasses for
pulp and paper making.
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Materials & Methods
Chemical Composition
Subsamples of the raw materials were analyzed for ash, lignin, hemicelluloses and a-cellulose.
The air-dried grass materials were first grinded to pass through a 40-mesh screen according to
TAPPI T 257 (“Sampling and Preparing Wood for Analysis”). The Ash content was determined
according to ASTM D-1102 “Standard test method for ash content in wood and wood-based
materials” (ASTM International, 1984), while the acid insoluble lignin content was analyzed
according to ASTM D-1106 “Standard test method for lignin in wood” (ASTM International,
1984). Alpha cellulose and Hemicelluloses content were determined following the procedure by
Rowel (2005).

Pulping Procedure

To extract fibers, the grass materials were cooked in 18% alkali solution containing sodium
hydroxide and sodium sulfide at 25% sulphidity, with an initial liquid to material ratio of five.
About 180g (7.7% moisture content) of the grass material was weighed in a beaker, to which
25.3g of NaOH, 8.4g of Na;S and 937ml of water were added. The material was cooked for 8
hours at about 100°C while stirring with a glass rod. Additional water was added as required.
After cooking, the fibers were thoroughly washed with water to remove the excess chemicals
and then refined using a domestic blender for about five minutes. Refining collapses the fibers
to improve their conformability. Refined pulp was then screened to remove uncooked
materials. The fibers were then bleached to improve their brightness, by cooking in hydrogen
peroxide, sodium hypochlorite and sodium hydroxide in series. Bleaching conditions used for
each chemical followed those recommended by Biermann (1996), and are shown in table 1
below.

Table 1. Bleaching Conditions

Conditions Sodium Hypochlorite Hydrogen Peroxide Sodium hydroxide
Chemical addition 2% 2% 2%

Consistency 5% 10% 10%
Temperature 35°C 75 °C 95°C

Time 1.5 hours 2 hours 1.5 hours

Ph 10 10 12

Hand sheet Making and Strength Test

To make paper handsheets, about 3.5g of air-dried pulp was thoroughly mixed with 1 liter of
water in a blender to make pulp slurry. To form the mat, the slurry was poured on a mould
which was placed in water and thereafter raised to allow the pulp settle on the mould as the
water drains. The mat was then consolidated by gently pressing it between a cloth. The mat
was then hot pressed under a cotton cloth using a hot-pressing iron to form the paper. Paper
hand sheets were then prepared for determination of burst strength. Bursting strength test was
performed using a Bursting tester (Mullen tester) according to TAPPI T403“Bursting Strength of
Paper” (Tappi International, 1997). Greeting cards, business cards, envelopes and miniature
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bags were then made from the handsheets to demonstrate the ink and glue holding capabilities
of the paper.

Results and Discussion

Chemical Composition

Cellulose, hemicelluloses, acid insoluble lignin and ash content of elephant and thatching
grasses are shown in the table 2 below. The cellulose content of elephant grass (64.8%) was
higher than that of thatching grass (54.5%), but the cellulose composition of both grasses were
however higher than that of most hardwoods and softwoods, which range from 45% to 50%
(Smook 2002), as well as that of switchgrass (41.2%), a commercial specie used for pulp
production, (Madakadze et al. 2010). Cellulose content of elephant grass observed in this study
was significantly higher than that of elephant grass growing in South Africa (45.6%) reported by
Madakadze et al. (2010). The difference could be explained by differences in species, age and
the harvesting season, as well as the extraction methods. The high cellulose content of the
grasses was consistent with the lower lignin content (7.8 — 8.3%), and it suggests that the
grasses can produce good quality pulp. The lignin content of the grasses was much lower than
that of both softwoods and hardwoods (20-35%) as well as switch grass (23.89%) as reported by
Madakadze et al. (2010). The low lignin content shows that fibers can be extracted from the
grass using less delignification chemicals with mild conditions. The average ash content was
lower than most grasses, suggesting that the grass could also be processed commercially with
less difficult. These figures suggest that elephant grass and thatching glass could potentially be
used for producing good quality pulp, but further research work is necessary to verify these
findings.

Table 2. Chemical Composition of elephant grass and thatching grass (% + SD)

Elephant grass Thatching grass
Cellulose 64.8+0.75 54.5+0.50
Hemicellulose 19.8+0.79 33.1+£0.83
Holocellulose 84.6+0.577 87.6 £0.58
Acid insoluble lignin 8.3+0.045 7.80.15
Ash 3.52+0.03 2.96 £ 0.05

Pulp Yield

Pulp yield of elephant grass (51%) was lower than that of thatching grass (65%). Elephant pulp
yield was comparable to the yield of most of softwoods and hardwoods (45-50%), and other
grasses previously studied such as elephant grass (50%) and switchgrass (48%) as reported by
Madakadze et al. (2010). But Reddy et al. (2014) reported elephant grass pulp yield of 58%,
slightly higher than the yield obtained from the current study. The difference was probably due
to species, age, and difference pulping methods used. Kraft pulping was used in the current
study while soda pulping was applied in the latter study. The pulp yield of elephant grass was
also comparable to other grasses like umbrella palm grass from Bangladesh (55.0%) as reported
by Jahana (2016). The higher yield observed for thatching grass in the current study might be

80



Proceedings of the 2020 Society of Wood Science and Technology International Convention

attributed to incomplete extraction and screening. Open air cooking was used to extract the
fibers, at much lower temperatures (below 110°C), and the pulp was not thoroughly screened
to remove uncooked materials due to limited equipment. However, the higher pulp yield was
consistent with high cellulose and hemicelluloses content of the grasses. Species chemical
composition is one of the principal factors that affect the chemical pulp yield. Results of this
study suggest that both elephant grass and thatching grass could potentially be used to
produce pulp. However, follow-up work should be done to extract fibers at optimum
conditions, followed by sufficient screening to verify these results. Further work should also be
done on several other species of elephant and thatching grasses growing in Zambia.

Burst strength

Paper hand sheets of elephant grass had an average burst index of 1.96 kPa.m?.g* while that of
thatching grass had an average burst index of 1.94. kPa.m?.g™1. Both were much lower than
other grasses studied previously like elephant grass growing in Southern Africa (over 5.85
kPa.m?.g!) (Madakadze et. al (2010), elephant grass growing in India (4.98 kPam?.g'!) (Reddy et
al. (2014) and switchgrass (Madakadze et al.2010). Incomplete defibration and screening
leading to weaker interbiber bonding due to uncooked materials in pulp, might have
contributed to the lower bursting strength of paper observed in this study. Bleaching improved
the paper brightness (Figure 1a), and elephant grass pulp was brighter than thatching grass
pulp, probably due to higher cellulose content of elephant grass. The paper was able to hold ink
and glue reasonably well, as seen from the products - shopping bags and envelope - which were
crafted (figure 1b), suggesting that paper from thatching grass could be used to manufacture
products like paper shopping bags and envelopes, where glue is applied.

Figure 1. (a) Brightness changes during bleaching, (b) Paper hand sheets fabricated from thatching grass fibers, and
a shopping bag.

Summary and Conclusions
Results of this preliminary study suggest that elephant grass and thatching grass could
potentially be used for producing pulp and paper. The holocellulose content was high while
lignin content was relatively lower. The pulp yield was comparable to some of the species used
commercially. The low bursting strength could be improved by adding chemical additives.
Additional work would be needed to determine the optimal pulping conditions, and to test the
physical, mechanical and chemical properties of both pulp and paper from these grasses. The
abundance and fast growth are additional advantages these plant materials possess as
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alternative raw materials for making paper. Paper produced from the resources could be used
to make paper shopping bags (as illustrated in this study) or other fiber-based products.
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Abstract

Wooden musical instruments are strongly influenced by moisture content. Moisture induce the changes
of tuning, defects and resonance properties of pianos. Minimization of wood hygroscopicity ensures
the shape stability and stable acoustic properties of the soundboard during the changes of ambient
climatic conditions (relative air humidity, temperature). Complex physical model of piano soundboard
provides a reliable tool to describe the sorption properties of piano soundboard and possibilities to
improve the resistance to moisture influence by thermal modification of wood. The main goal of
modelling is shortening the development of the appropriate modification process.

The numerical model of thermally treated and untreated wood was designed, implemented into the
FEM based computational software and validated on small samples (44 x 450 x 12 mm). The sorption
properties of treated and untreated resonance spruce wood (Picea abies (L.) Karst) were
experimentally evaluated. All the samples were conditioned in the laboratory chamber to 7 states of
the equilibrium moisture content (EMC). The duration of attaining the EMC (sorption dynamics),
dimensional changes and the weight changes (density) were recorded and used for the validation of
numerical model.

The model of moisture diffusion is based on the partial differential equation which stems from the
transient form of Fick’s law. No significant influences of the temperature field on the diffusion were
found, so all the tasks were solved isothermally. Validated numerical model was applied on the
geometries of real piano soundboards with respect to the wood fiber deflection. The longitudinal, radial
and tangential diffusion coefficients were considered as a function of actual moisture content. The
results show that the thermally modified soundboard reaches the EMC 3 times slower than untreated
soundboard, what is caused mainly by the change of the diffusion coefficients. The influences of the
moisture transfer coefficient value were also investigated to detect the influence of the surface layer
varnishing. Its influence was found to be very significant — by reducing the coefficient in one order of
magnitude (from 1E-7 to 1E-8 m-s-1), the time of reaching the EMC is 3 times longer. The numerical
evaluation of piano soundboard showed the influence of individual parameters on its sorption behavior
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and helped to reveal the key factors that need to be addressed during the development of thermally

modified soundboards.
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Abstract

In times of climate change and the development of country-specific bio-economy strategies, the
demand for wood-based raw materials will rise. This research project aims to increase the utilization of
the individual wood components. For example, the paper industry produces different types of paper
fibres with different mechanical and chemical properties during the production process. Depending on
the paper product, different fibre fractions can have both positive and negative effects. One of these
fractions are the so-called primary fines and these fines have a great impact on the behaviour of pulp,
on its processing, and on the characteristics of the resulting products. This fraction is produced during
pulp digestion and is characterised by a short fibre length and a high lignin content. According to the
standard, these are fibres that can be separated through a 200 mesh screen (76 pm plate). In order
to make the subsequent bleaching process more efficient and cost-effective, this fraction should be
separated and used for products outside the paper industry. Here, alternative ways of utilization are
shown, such as oil-absorbing sponges, reinforcing fibers for biopolymers, high-density products for
boards and additionally as starting material for nanocellulose. In order to put the potential of the
primary fines into context, the resulting products will be compared with common reinforcing fibers
such as microfibrillated cellulose fibres (MFC). Can the primary fines bring the same improvements as
MFC fibers? In general, the energy consumption for fractionation is considerably lower compared to
mechanical defibrillation. Additionally, the major challenge of establishing alternative utilization
methods is shown, which is related to the processing properties of the resulting primary fines fraction.
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Abstract
With the widespread use of lacquered solid wood materials in the interior, the problem of "odor"
caused by solid wood and its lacquer finish is becoming more and more serious. Studying the
VOCs and odor characteristic compounds released from lacquer wood can improve the
environmental protection level of products and help to solve the odor problem of furniture. The
VOCs and odor-active substances released from three kinds of lacquer-coated P.neurantha
(Hemsl.) Gamble were analyzed by gas chromatography-mass spectrometry /olfactometry (GC-
MS/0). It was found that the three kinds of lacquers had strong inhibitory effects on the release
of olefins from P.neurantha (Hemsl.) Gamble, which could reduce the release of olefins by more
than 90%, however, the TVOC release of the Painted Panel increased. Among them, Polyurethane
lacquer (PU) could lead to a large number of ester compounds released, and at the same time
lead to a significant increase in the release of aromatic hydrocarbons. Waterborne lacquer also
released a large number of esters and lead to a sharp increase in the release of alcohol
compounds. UV curable lacquer had the best inhibition effect on olefins, alcohols, aldehydes,
ketones and other compounds in P.neurantha (Hemsl.) Gamble, and does not release esters or
other compounds, but the release of toluene will increase sharply. Benzaldehyde, Toluene, and
1,3-dimethyl-Benzene were identified as key odor characteristic compounds of P.neurantha
(Hemsl.) Gamble. PU lacquer has a completely closed effect on Benzaldehyde, but the 1,3-
dimethyl-Benzene odor strength is significantly enhanced. Waterborne lacquer had a good
inhibitory effect on 1,3-dimethyl-Benzene, but the VOCs released by waterborne lacquer can
enhance the odor intensity of Benzaldehyde. UV lacquer has good sealing effect on key odor
characteristic compounds released by P.neurantha (Hemsl.) Gamble except Toluene. Aromatic
and fruity are the main odor characteristics of P.neurantha (Hemsl.) Gamble and three kinds of
lacquer-decorated P.neurantha (Hemsl.) Gamble. The amount of TVOC released and the overall
odor strength of the P.neurantha (Hemsl.) Gamble will be increased by coating treatment,
especially PU lacquer. The overall odor intensity of UV lacquer is the lowest among the three
panels, but the toluene concentration released by UV lacquer itself is higher, which has certain
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side effects on indoor environment. Therefore, it is suggested to control toluene. Considering the
VOCs release level and the overall odor intensity, the waterborne lacquer is still the best one in
the three panels.

Key words: GC-MS/O; P.neurantha (Hemsl.) Gamble; VOCs; Odor characteristics

Introduction

With the pursuit of high-quality life, the interior decoration industry has developed rapidly in
recent years. However, at the same time, the problem of indoor air pollution is also aggravated.
Indoor air quality (IAQ) is closely related to human health (Klepeis et al. 2001). Furniture products
as one of the main sources of indoor household pollution (Liu et al. 2017), the harmfulness of
furniture releasing substances to human living environment has been plaguing consumers and
production enterprises, and its impact mainly comes from the odor and harmful compounds
released by board and various decorative materials (Shen et al. 2018). Among many furniture,
solid wood furniture is popular because of its unique texture and comfortable texture. However,
it is unavoidable that furniture materials need to be coated with various coatings in order to
decorate and protect the wooden board. Painting can not only give wood color, improve gloss
and smoothness, but also enhance the three-dimensional and touch sense of wood texture. At
the same time, the properties of coated wood such as moisture resistance, water resistance and
oil resistance will also be improved to varying degrees.

At present, the odor of woods has been well investigated, but research is still not extensive. Yang
et al. (2017) proposed two feasible odor detection schemes for solid wood furniture, such as
sampling and tracking the production process of odor furniture on the spot according to
consumer complaints. At the same time, the composition of odor emitted from solid wood
bedside cabinet was studied (Yang et al. 2018). It was found that benzene series and a few low
molecular lipids, such as ortho-p-xylene, n-butyl acetate and sec-butyl acetate, were the main
components of odors. Liu et al. (2018) found that Ethanol-Toluene solution extraction could
reduce the intensity of some odors of poplar (Populus cathayana Rehd.) and rubber (Hevea
brasiliensis), but residual benzene was produced during extraction, which led to the increase of
benzene odor. Wang et al. (2017) studied the odor compounds released from poplar (Populus L.
spp.), pine (Pinus L. spp.) and linden (Tilia L. spp.), the key odorants were identified by GC-MS/O.
Schreiner et al (2018) studied odor-active compounds released from Pinus sylvestris L. in
Germany by gas chromatography-olfactometry (GC-O) and aromatic extract dilution analysis
(AEDA), 44 kind of odorous compounds were identified. Ghadiriasli et al. (2018) found that the
odor of oak wood mainly came from fatty acid degradation products, terpenoids and lignin
degradation based on gas chromatography-olfactometry (GC-O) and odor extraction dilution
analysis (OEDA) technology. It was found that most of the odor components of oak were
composed of a series of terpenoids, mainly monoterpenes and sesquiterpenes, aldehydes, acids
and lactones, and some polyphenols containing phenolic core components.
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However, in practical application, wood is mostly used indoors with lacquer decoration, but there
is few report on this aspects. Wang et al. (2018a, 2018b) investigated the effects of
environmental factors on particleboard with different lacquers, and found the temperature,
relative humidity and the ratio of the air exchange rate to the loading factor have different
influence to the lacquer boards during the release process, but the difference between
particleboard with different lacquers was not showed. There is also few report about the odor
emission from solid wood with lacquer.

In this study, the odor-active substances released from P.neurantha (Hemsl.) Gamble, which is
widely used in the field of furniture material for the character of strong corrosion resistance,
compact wood, small size affected by external environment, and not easy to deform (Qi et al.
2015) were analyzed by GC-O technology. Also, the odor and volatile organic compounds (VOCs)
of P.neurantha (Hemsl.) Gamble with different commonly used lacquers, namely, polyurethane
coatings (PU), waterborne coatings, and UV curable coatings (UV) were investigated and
compared. P.neurantha (Hemsl.) Gamble will release volatile organic compounds (VOCs) and
odors to the surrounding environment during production, display and use, which will affect
indoor air quality. P.neurantha (Hemsl.) Gamble itself can release its unique aroma, so it has the
function of preventing insects and dispersing mosquitoes. However, the odor released by the
boards will change after lacquer decorations. Because the odor released from wood and surface
coating will have different interaction. Therefore, in order to better understand the odor release
from the coated P.neurantha (Hemsl.) Gamble in real life, it is necessary to study the P.neurantha
(Hemsl.) Gamble with different lacquers.

Materials & Methods

Material

P.neurantha (Hemsl.) Gamble, produced in GuangYun Forest Farm of Guilin City, Guangxi, was
selected as the test material. The diameter of the disc was 60 mm, and the moisture content was
12%. The test base material was coated uniformly with lacquers of Polyurethane coatings (PU),
waterborne coatings and UV curable coatings (UV). Specific finishing parameters were showed
as follows: Polyurethane coatings (Huarun-transparent primer/semi-clear finish, main agent:
curing agent: diluent = 2:1:1). Paint two primers (10 m?/kg/time) and two topcoats (10
m?/kg/time), each paint 12 hours apart; Water-borne acrylic paint (Sankeshu 360 water-borne
wood paint- transparent primer / varnish, main agent: water = 10:1). Paint two primers (10
m?/kg/time) and two topcoats (10 m?/kg/time), each paint 12 hours apart; Ultraviolet curing
coatings (plain chemical-LED UV curing varnish, cleaning spray gun cleaning product surface
spraying UV coating 55 leveling for 3-10 minutes UV curing), a total of two coatings, 10
m?2/kg/time. Construction environment conditions: indoor temperature 23+2°C and relative
humidity 40+10%. The room is in a continuous ventilation state. The surface of solid wood is
polished with 150 mesh sandpaper, and 180 mesh sandpaper is used between the two paints.
After finishing the coating, the sample was cut into a circle with the diameter of 60 mm. The edge
of the sample is sealed with aluminum tape along the thickness direction to prevent high release
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from the edge of the material. After edge sealing, the material is vacuum sealed, label paper is
affixed, and stored in the refrigerator at — 30°Cfor reserve.

Equipment
Sampling equipment

Micro chamber Thermal Extractor Markes’s M-CTE250 model was used as the microchamber
thermal extractor which was produced by Markes International Company of UK. The nitrogen
was used as carrier gas, and the temperature could be adjusted in the range of 0 - 250°C.

Tenax-TA adsorption tube Tenax-TA tubes were produced by Markes International Company of
UK. The length is 89 mm, the outer diameter is 6.4mm, and it contains 2,6 diphenylfuran porous
polymer resin filler. The two ends are equipped with copper caps, which can effectively adsorb
VOCs volatilized from wood-based panels and store them in tubes.

Analysis and detection equipment

Thermal desorption instrument Thermal desorption instrument was produced by Markes
International Company of UK, the model is Unity. The cold trap adsorption temperature is -15°C,
the carrier gas is helium, the carrier gas flow rate is 30 ml/min, the analytical temperature is
300°C, the pipeline temperature is 180°C, the thermal desorption desorption sample is 10 min,
the pre-purging time is 1 min.

Gas chromatography-mass spectrometry (GC-MS) DSQ single four-stage Gas chromatography-
mass spectrometry was produced by Thermo Company of USA. The instrument chromatographic
column type was DB-5, specifications of 3000mmx0.26mmx0.25um quartz capillary column; GC
inlet temperature 250°C; carrier gas flow rate 1.0ml/min (constant current); non-shunt injection;
heating procedure: start temperature 40°C, keep 2 °C/min, rise to 50 °C, keep 4 min, and then
rise to 150 °C/min The temperature was kept for 4 minutes, and finally increased to 250 °C for 8
minutes at 10 °C/min. lonization mode is the ionization source (El) with 70 eV energy, 230°C ion
source temperature, 250 °C transmission line temperature, 50-450 amu scanning mode, 280
interface temperature and 150 °C four-stage rod temperature.

Olfactory Detector Sniffer 9100 Olfactory Detector came from Brechbiihler AG (Echallens,
Switzerland). The transmission line temperature was 150°C, and nitrogen was used as the carrier
gas through a purge valve. Moist air was added to prevent dehydration of the nasal mucosa of
the odor assessors. Direct intensity methods were chosen for analysis of the compounds.

Thermal desorptioner TP-5000 universal thermal desorptioner was produced by Beifen Tianpu
Instrument Technology Co., Ltd. in Beijing. It can desorb and remove the residues in the tube of
Tenax after sample analysis.

Method

Sampling
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Before the experiment, the micro-chamber/thermal extractor was cleaned once with deionized
water and once with methanol. The samples were put in the micro-chamber extractor under the
specific sampling condition. Area of exposure was 5.65x 1073 m3, the cell volume was 1.35 x 10
m?3, and the loading rate was 41.85 m2-m=3, Four specimens were made for an identity condition
during a sampling cycle of 8 h. The environment condition was as follows: temperature 23 + 5°C,
relative humidity 30 +10%, the ratio of the air exchange rate to the loading factor 0.5 m3-m=2-h™1),
2 liter VOCs was collected by micro-chamber/thermal extractor. The adsorption tubes that
collected the samples were covered with copper caps, wrapped in PTFE plastic bags, labeled, and
stored in a freezer at - 30 °C. Four samples were made for a kind of board (three repetitions were
performed for each measurement).

GC-MS analysis method

External standard method was used in this experiment, and the data processing is completed by
Xcalibur software system. Qualitative volatile compounds were identified by NIST (08 standard
library) and Wiley library. and only the positive and negative matching degree was more than 750
(the maximum value was 1000). Through Excel data processing system, the relative percentage
content of each chemical component in wood odor substances was obtained by area
normalization method.

GC-0 analysis method

GC-0O analysis uses the time-intensity method (Sun et al. 2018). After the peak of the detected
substance determines the composition and concentration of the compound, the odor
characteristics and intensity of the odor emitted from the chromatographic column are recorded
by the evaluator's sniffing. Five grades of odor intensity were set, which ranged from 0 to 4: 0 to
denote no odor, 1 to denote weak odor, 2 to denote moderate odor intensity, 3 to denote strong
odor intensity, and 4 to denote the strongest odor intensity (Hou et al. 2018). Four smellers aged
between 20 and 30 years old, with good olfactory perception, smokeless and heavy-flavor
cosmetics, non-allergic constitution and chronic rhinitis were selected to carry out the
experiment. After screening and training, they were familiar with various odor compounds in
wood, including understanding the odor characteristics and odor of wood. Intensity evaluation
methods, while accumulating commonly used odor description vocabulary. Before the
experiment, all the olfactors were trained in smelling fragrance. The olfactory discrimination test
shall be conducted in a room with good ventilation conditions, temperature of 20-25 °C and
relative humidity of 40%. It is required that there is no peculiar smell in the room. Each sample
was sniffed twice by the evaluator. When the test results were collated and recorded, the same
odor characteristics descriptions obtained by at least two olfactors at the same time were
recorded in the results. The average odor intensity results of four olfactors were taken as the
intensity values. The compounds were identified by aroma odor recognition and odor
description.

Results and Discussion
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Analysis of TVOC and VOCs Components from P.neurantha (Hemsl.) Gamble with different
decorative materials
In this study, the release of VOCs from P.neurantha (Hemsl.) Gamble and three types of lacquers
board was analyzed. The TVOC emission of P.neurantha (Hemsl.) Gamble increased after
decorating with three kinds of lacquers (Fig. 1). The major constituents of P.neurantha (Hemsl.)
Gamble were aromatics and olefins, a few alkanes, alcohols, aldehydes and other compounds
were also found, the esters compounds were not detected. After decoration, the release of TVOC
and VOCs components from solid wood changed a lot. Aromatic hydrocarbons and esters were
the mainly constituents of PU lacquered P.neurantha (Hemsl.) Gamble, compared to the primary
compounds of esters from water-borne lacquer P.neurantha (Hemsl.) Gamble, and main
components of aromatic hydrocarbons (accounting for 87.7% of TVOC) from UV lacquered
P.neurantha (Hemsl.) Gamble. 1t was remarkable that the VOCs concentration increased greatly
after the PU lacquer decoration, the TVOC emission increased by about 227.9%. Wang et al.
(2009) also came to the similar conclusion indirectly. They studied the volatile organic
compounds in the air of polyurethane synthetic leather factory using adsorption tube and
secondary thermal desorption GC-MSD, and found the PU would release a great quantity VOCs.
other
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Figure 1: VOCs concentration and ratios from P.neurantha (Hemsl.) Gamble with three lacquer decorations

After being decorated with three different lacquer, the release of volatile organic compounds
(VOCs) from the solid wood could be inhibited by the surface coating, however, the lacquer
material would release some other compounds at the same time. The inhibitory effects on VOCs
components released from P.neurantha (Hemsl.) Gamble varied between different lacquer
decorations. Table 1 showed the increase rate of TVOC and VOCs of P.neurantha (Hemsl.) Gamble
with three kinds of lacquer decorations. Research showed the olefins from P.neurantha (Hemsl.)
Gamble were well inhibited by these three kinds of lacquers (the inhibition rate was more than

90%).
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PU lacquer could inhibit aldehydes, ketones and other compounds, but the release of aromatic
hydrocarbons increased sharply with an increase rate of 553.74%, 436.13ug-m™ esters was found
from the PU lacquer. Among them, 1,3-dimethylbenzene, o-xylene and butyl acetate increased
most significantly, the concentration reached 633.85 ug-m3, 240.12 ug-m™3 and 273.71 ug-m3,
respectively. These 3 kinds of compounds had different effects on human beings. The correlation
research indicated, 1,3-dimethylbenzene would be irritative to human eyes and the upper
respiratory tract, it also had anesthetic effect on central nervous system at high concentration.
The lowest toxic concentration of 1,3-dimethylbenzene (TCLo) inhaled in rats was 3000mg-m-3
(24h) (AIHA. 1962), which was much higher than the release amount in this experiment. For
residue and accumulation of this compounds were not serious, and the photolysis might happen
when it transferred to atmosphere (Archives of Toxicology. 1985), it belongs to slight toxicity,
however, long-term exposure would lead to neurasthenia syndrome, kin dry, chapped,
dermatitis., etc. As a low toxic compound, o-xylene could stimulate the skin and mucosa and
anesthetize the central nervous system. The lowest toxic concentration (TDLO) of inhalation in
rats was 1500 mg-m3. Although the release detected in this experiment was far less than the
toxicity value, long-term exposure still would affect the function of liver and kidney, and severe
patients might even have hallucinations and unconsciousness (Archives of Andrology. 1983).
Butyl acetate belongs to slight toxicity, (Wang et al. 2005), but it could stimulate the eyes and
upper respiratory tract. Long-term inhalation of butyl acetate with high concentration might lead
to tear, sore throat, cough, chest tightness, shortness of breath and other symptoms. Serious
cases could cause conjunctivitis, keratitis, and skin contact can cause dry skin (Zhu et al. 2010).

Among these three lacquers, the TVOC released from P.neurantha (Hemsl.) Gamble varnished
with UV was the least (only increased about 10%). It had the best inhibitory effect on olefins,
alcohols, aldehydes and ketones, and did not release esters or other compounds. However, the
release of toluene from P.neurantha (Hemsl.) Gamble varnished with UV increased sharply,
reaching 403.36 ug-m3, nearly 33.5 times that of unpainted P.neurantha (Hemsl.) Gamble.
According to the relevant data, toluene was highly toxicity (Shen et al. 2013). At a certain
concentration, it can stimulate human skin and mucosa, and had anesthetic effect on human
central nervous system. Therefore, toluene should be the key limiting substance in VOCs released
from indoor wooden furniture. In China, the concentration limit of toluene released from wood-
based panels and their products for interior decoration was less than 100 ug-m3. The US BIFMA
stipulated that the toluene released from seats should not higher than 250 ug-m3. Japanese
industrial standards also set the limited that the toluene in indoor air should less than 260 ug-m-
3, In this study, the mass concentration of toluene had exceeded the standard, therefore,
although UV paint has a good inhibitory effect on VOCs release, the concentration of toluene
released by itself is high, which would influence the indoor environment. Therefore, in order to
control the emission of VOCs more comprehensively, it is suggested to control the emission of
toluene in UV paint. Compared to UV, the concentration of waterborne lacquered board was
233.16 ug:m= higher than UV. It could inhibit the release of aromatic hydrocarbons, olefins,
alkanes, aldehydes and ketones, but the release of alcohols increased by 12.5 times, and it also
released 526.25 ug-m= esters. Among them, 2,2'-oxybis-1-propanol, 3,3'-oxybis-1-propanol and
2-methyl-Propanoic acid-1-(1,1-dimethylethyl)-2-methyl-1,3-propanediyl ester increased most
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significantly, which had little impact on human beings. Above all, compared to PU and UV,

waterborne lacquer board was less harmful to human.

Table 1 The Release Increase Rate of TVOC and Components

The Release Increase Rate of TVOC and Components under Different Paints

. TVOC/ Aromatic Olefins/ Alkanes/ alcohols/ Aldehydes/ others/
Types of Paints % /% % % % % %
Polyurethane 227.9 553.74 -90.59 41.13 1.45 -7.79 -37.52
Coatings
Waterborne Acrylic o) 4g 477 9563 4275 125171 -9.88 -72.26
Coatings
UV coating 9.95 175.95 -95.53 37.1 -39.28 -26.49 -76.52

Characterization of odor-active compounds of P.neurantha (Hemsl.) Gamble with different

lacquers

Based on GC-MS library search, GC-O olfaction and retention index analysis, totally 19 kinds of
odor-active compounds were identified from four kinds of samples and were classified as
alcohols (2 substances), aromatic hydrocarbons (6 substances), aldehydes (5 substances), esters
(6 substances). The specific odor characteristic compounds were shown in Table 2.

Table 2 Characteristic odor Compounds and Concentrations Released from Four Plates

Mass Concentration of Odorant Compounds Released from Three Paint Finishes and solid wood

Mass Concentration /ug-m-3

Molecular Odor
Serial Compound Name - Polyurethane Waterborne uv solid
Formula Characteristics . . . .
Coatings Acrylic Coatings coating wood
1 CsHe benzene Aromatic - 18.29 23.2 12.82
2 C7Hs toluene Aromatic, 16.32 12.34 403.36 11.68
sweety
3 CsHio ethylbenzene Aromatic, 176.57 16.54 26.56 25.38
sweety
4 CsHio 1,3-dimethyl- Aromatic 633.85 49.65 74.61 93.34
benzene
5 CsHio o-xylene Aromatic 240.12 - - -
6 CoHaz 1,23 trimethyl Aromatic 73.07 . . -
benzene
2-ethyl-
7 CeH120 ety Cheese flavor 5.72 - - -
cyclobutanol
tic acid, butyl
8 CeHp0, — ccereadd buly Fruity 273.71
ester
9 CeH1:0 hexanal Green grass 6.64 . - 9.23
scent
10 C7HgO benzaldehyde Almond - 5.16 - 493
Fruit t and
11 CsH1c0 octanal rul yss(\;vuere an 5.25 5.67 5.45 4.52
12 CgH1s0 2-ethyl-1-hexanol, Sweet flower 5.97 8.75 6.99 11.52
13 CoH150 nonanal Fruity 9.09 8.67 5.93 6.24
14 C10H200 decanal Citrus smell 7.38 8.2 5.44 5.83
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3-methyl-2- Fruity, sweet

G102 butanol,acetate and sour 6.87 i )
pentanedioic
C7H1204 acid,dimethyl Light fragrance 17.53 - -
ester
2-pentanol, .
C7H140; Fruity aroma 17.78 - -
acetate
acetic acid, 2-
CeH120, methylpropyl Aromatic 8.35 5.59 -
ester
C16H2204 dibutyl phthalate Light aromatic 7.41 4.75 -

Aromatic hydrocarbons and aldehydes were the main characteristic odor compounds of
P.neurantha (Hemsl.) Gamble, while aromatic was the main odor character according to the
results of olfactory identification, which played a major role in the overall odor formation of
P.neurantha (Hemsl.) Gamble. The odor characteristics of P.neurantha (Hemsl.) Gamble were
identified as follows: benzene was reported as aromatic, same to the finding of aromatic odor by
the U.S. National Institute for Occupational Safety and Health (NIOSH, 2010a). Sax (1984) also
found its gasoline-like and rather pleasant aromatic odor in their research, and the burnt
character was reported by Wang et al (2019). Toluene was found to have aromatic and sweety
character, while the characteristic of sweet and pungent was reported by NIOSH (2010b). Our
testing found ethylbenzene to have sweet and pungent odor, similar to the sweet and gasoline-
like odor by NOAA (2016) and the pungent character by Infante et al. (2012). It was also found to
be aromatic odor by Larranaga et al. (2017). The hexanal detected in this experiment had a green
grass characteristic, same to the detection of Furia (1980), whereas its odor was also described
as fruity in Burdock (2010), sharp, aldehyde odor in Lewis (2007). The benzaldehyde in this
experiment was reported to have almond character, which could also be found in the research
of O'Neil (2013) and Larranaga et al (2016). In this experiment, octanal was reported to have
fruity sweet and sour smell, similar to the fruity odor by Larranaga et al (2016). Other researchers
found it to present a fatty, citrus and honey odor (Burdock, 2010) and a pungent odor (Panten et
al, 2018). The nonanal was found to be fruity in this research, which was also be found orange-
rose odor by Lewis (2007), and floral, waxy and green character by Nishimura (1995). Decanal
was reported as citrus smell in this study, similar with the orange peel of Kohlpaintner et al (2013),
whereas Lewis (2007) reported a slight Floral-fatty odor. The odor character of 2-ethyl-1-hexanol
(sweet flower) and 1,3-dimethyl-benzene (aromatic) were reported for the first time.

After varnished with PU lacquer, the odorous compounds increased to 14 species, including 9
kinds of new odor compounds. The odor compounds released from PU lacquer-coated
P.neurantha (Hemsl.) Gamble were the most species among these 3 kinds of lacquers, the
concentration of odor compounds was also significantly higher than other boards. Among them,
2-ethyl-Cyclobutanol (cheese flavor), butyl acetate Acetic acid (fruit flavor), 3-methyl-2-Butanol-
acetate (sweet and sour fruit flavor), 2- pentanol-acetate (fruit flavor), 1,2,3-methyl-Benzene
(aromatic) had an important contribution to the overall odor formation of board. Therefore,
compared to P.neurantha (Hemsl.) Gamble, the overall odor characteristics of PU lacquer-coated
board were significantly different. The odor intensity of PU lacquer-coated P.neurantha (Hemsl.)
Gamble was stronger than uncoated board. The odor compounds of waterborne lacquer-coated
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P.neurantha (Hemsl.) Gamble were mostly similar to unpainted P.neurantha (Hemsl.) Gamble,
only 1 kind of odorant (dibutyl phthalate, light aromatic) was added, and its odor intensity was
less than 1.5, which contributed little to the overall odor formation. UV lacquer-coated
P.neurantha (Hemsl.) Gamble released the least odor compounds. After coated with UV paint,
the concentration of most of compounds decreased, except for benzene and toluene. The
concentration of these two compounds increased 10.38 ug-m3and 391.68 ug-m3, respectively.
As the main odor contributor, toluene increased most significantly, which greatly affect to the
formation of the overall odor. The odorous compounds of hexanal and benzaldehyde from
P.neurantha (Hemsl.) Gamble disappeared after painting with UV.

Effect of different lacquer decorations on the odor of P.neurantha (Hemsl.) Gamble

To explore the effect of three kinds of lacquer decorations on the overall odor of P.neurantha
(Hemsl.) Gamble, the characteristic odors were divided into four categories: aromatic, fruity,
sweety, others. Considering the complex interaction among various odorant compounds, the
effect of fusion on the total odor intensity was chosen for this experiment. The total relative
intensity of each type was calculated by adding the intensities of different odorants with similar
characters together. The changes of odor after lacquer decoration was analyzed in Fig. 2.
Aromatic was the dominant odor impression of P.neurantha (Hemsl.) Gamble, with a rating of
7.6, followed by fruity (6.1). The attributes others (2.0) sweety (1.8) were rated with low
intensities. The total intensity of P.neurantha (Hemsl.) Gamble was 17.5.
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Figure 2 Relation diagram of odor concentration and odor intensity of four boards

The overall odor intensity of PU lacquered P.neurantha (Hemsl.) Gamble was the highest among
these three lacquered boards, with the total intensity of 32.7. Aromatic (12.4) and fruity (11.1)
was the main flavor. The intensity of sweety was 7.2, while the others was 2.0. Compared with
unpainted P.neurantha (Hemsl.) Gamble, the intensity of aromatic and fruity increased nearly 5,

95



Proceedings of the 2020 Society of Wood Science and Technology International Convention

which became the decisive odor of the overall odor formation, while the intensity of sweety also
increased 5.4, and played an important role in modifying the overall odor. The overall odor
intensity of board was significantly enhanced after with PU lacquer decoration, and the overall
odor characteristics of PU lacquered P.neurantha (Hemsl.) Gamble were also significantly
different.

The main character of waterborne lacquered P.neurantha (Hemsl.) Gamble was aromatic with
the intensity was 9.1, the attributes of fruity, others and sweety were 5.0, 2.6 and 2.0,
respectively. Compared with unpainted P.neurantha (Hemsl.) Gamble, the overall odor intensity
increased slightly. Among them, the intensity of aromatic odor increased by 1.5, becoming the
main contributor to the overall odor. The intensity of fruity flavor decreased after decoration,
but it still played an important role in modifying the formation of the overall flavor. Sweety flavor
and other flavors increased, but the intensity of fruity flavor was still weak, which had little effect
on the overall flavor. The waterborne lacquer had little influence on the overall odor
characteristics of P.neurantha (Hemsl.) Gamble, but the overall odor intensity was enhanced
slightly (18.7).

The aromatic was the key characteristic odor of the whole odor of P.neurantha (Hemsl.) Gamble
varnished by UV lacquer. Compared with unpainted P.neurantha (Hemsl.) Gamble, the intensity
of the other three types of odor characteristics decreased except for aromatic. Among them, the
other types of odor intensity had been reduced to 0, and the total sweety flavor intensity had
been reduced to 1.5, while the fruity flavor intensity still had some modification effect on the
overall odor. Among them, toluene was the main odor contributing compound. UV paint would
have a good effect on TVOC and odor inhibition when the release of toluene was reduced.

To further explore the effects of three kinds of lacquer on the odor compounds of P.neurantha
(Hemsl.) Gamble, The odor intensities of 10 odor compounds released by P.neurantha (Hemsl.)
Gamble before and after painting were compared (Fig. 3), and the effects of different kinds of
lacquer on specific odor compounds were analyzed.
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Figure 3: Contrast of odor profile from P.neurantha (Hemsl.) Gamble with three lacquer decorations

Benzaldehyde, toluene and 1,3-dimethyl-benzene had higher odor intensity among the odor-
contributing compounds of unpainted P.neurantha (Hemsl.) Gamble, which played a decisive role
in the formation of overall odor. Benzene and benzaldehyde had not been detected in the
compounds from P.neurantha (Hemsl.) Gamble decorated with PU lacquer, indicating PU lacquer
had a good sealing effect on these two odors compounds. In addition, the emission of hexanal
and 2-ethyl-1-hexanol decreased to less than 1.5 compared with other odor compounds, these
two odor compounds had little effect on the formation of overall odor. In addition to these four
odor compounds, the odor intensity of other compounds has been strengthened. Among them,
the odor intensity of ethylbenzene and 1,3-dimethyl-Benzene was no less than 3, which played a
key role in the formation of overall odor. And, it also released many special odor compounds with
high odor intensity. As a result, the overall characteristic odor and odor intensity of P.neurantha
(Hemsl.) Gamble decorated with PU lacquer would change significantly. Hexanal, the odor
characteristic compound of P.neurantha (Hemsl.) Gamble, was not detected after it was
decorated with waterborne lacquer. And the odor intensity of 1,3-dimethyl-benzene and
ethylbenzene decreased. Therefore, waterborne lacquer has a good inhibitory effect on the
release of these three odor characteristic compounds. However, the VOCs released by
waterborne lacquer will increase the concentration of benzene, benzaldehyde, 2-ethyl-1-
hexanol, decanal and nonanal, likewise the odor intensity would also increase. Therefore, the
overall odor intensity of P.neurantha (Hemsl.) Gamble after waterborne lacquer decoration
would be enhanced to some extent, but the overall odor characteristics showed little difference.
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UV lacquer had a certain inhibitory effect on the odor release of P.neurantha (Hemsl.) Gamble,
in addition UV lacquer itself did not release other types of odor compounds. After being
decorated with UV lacquer, Hexanal and benzaldehyde can no longer be detected. The odor
intensity of 1,3-dimethyl-benzene, 2-ethyl-1-hexanol and ethylbenzene also decreased. Decanal
and benzene had slightly increased odor intensity, while toluene's odor intensity increased
significantly, reaching 3.3, which became the main contributor to the overall odor formation.
From the point of view of overall odor formation, the overall odor characteristics of UV lacquer
tend to be aromatic, and the overall odor intensity changes slightly, and the main odor
characteristics and overall odor intensity were caused by the high concentration of toluene.

Summary and Conclusions

After being decorated with three different lacquer, the release of volatile organic compounds
(VOCs) from the solid wood could be inhibited by the surface lacquer, however, the lacquer
material would release some other compounds at the same time. The TVOC release of
P.neurantha (Hemsl.) Gamble increased after three kinds of lacquer decoration, and the increase
of P.neurantha (Hemsl.) Gamble with PU lacquer decoration was the most significant. The VOCs
released from unpainted P.neurantha (Hemsl.) Gamble mainly consist of aromatic hydrocarbons
and olefins. Aromatic hydrocarbons and esters were the main components of PU lacquer-coated
P.neurantha (Hemsl.) Gamble. Esters are the main components of Waterborne lacquer-coated
P.neurantha (Hemsl.) Gamble. The aromatic hydrocarbons are the main components of
P.neurantha (Hemsl.) Gamble decorated with UV lacquer.

The three kinds of lacquers have strong inhibitory effects on the release of olefins from
P.neurantha (Hemsl.) Gamble, which can reduce the olefins by more than 90%. PU lacquer can
release a large number of esters and aromatic hydrocarbons, but it can inhibit aldehydes and
ketones. Waterborne lacquer itself also releases a large number of esters, resulting in a sharp
increase in the release of alcohols after lacquered. However, the aromatic hydrocarbons, olefins,
alkanes, aldehydes and ketones released by P.neurantha (Hemsl.) Gamble were inhibited to some
extent. UV lacquer has the best inhibition effect on olefins, alcohols, aldehydes, ketones and
other compounds in P.neurantha (Hemsl.) Gamble and does not release esters or other
compounds, but its toluene release will increase sharply.

Ten characteristic odor compounds were released from unpainted P.neurantha (Hemsl.) Gamble,
among which Benzaldehyde, Toluene and 1,3-dimethyl-Benzene played a decisive role in overall
odor formation. PU lacquer had a completely closed effect on Benzene and Benzaldehyde, but
enhanced the odor intensity of Ethylbenzene and 1,3-dimethyl-Benzene significantly.
Waterborne lacquer has a good inhibitory effect on Hexanal, 1,3-dimethyl-Benzene and
Ethylbenzene. But the VOCs released by itself will enhance the odor intensity of Benzene,
Benzaldehyde, 2-ethyl-1-Hexanol, Decanal and Nonanal. UV lacquer has good sealing effect on
odor compounds except decanal, benzene and toluene.

The overall odor composition of unpainted P.neurantha (Hemsl.) Gamble was mainly aromatic.
After finishing with PU lacquer, the overall odor intensity of P.neurantha (Hemsl.) Gamble was
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significantly enhanced, and the overall odor was mainly fruity and aromatic. The types of odor
compounds released by waterborne lacquer-coated P.neurantha (Hemsl.) Gamble are similar to
those of unpainted P.neurantha (Hemsl.) Gamble. The overall odor characteristics are still mainly
aromatic, but the overall odor intensity is slightly enhanced. The overall odor of P.neurantha
(Hemsl.) Gamble with UV lacquer is basically aromatic.
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The methods of tree stability assessment in practice mostly rely upon static testing, when the description of the mechanical
response to loading is based on observation of strain along the stem, root-plate inclination and change of stem deflection. Trees
have evolved, live and fail in a dynamic environment and current research of tree biomechanics is more and more based on the
description of dynamic mechanical response to loading. In general, the change of dynamic response (leading to defect
observation) can be influenced by the change of geometry, material stiffness, mass and damping distribution. Theoretical and
experimental dynamic analyses provide us mainly the frequencies, modes of vibrations or development of amplitudes of the tree
in time. The fundamental goal is to analyse the possibility of use of outputs in the frequency domain or time domain as a suitable
tool for observation of tree defects.

Modal, harmonic and transient finite-element analyses of tree response were carried out using ANSYS Mechanical APDL
software to describe the natural frequencies, mode shapes and development of amplitudes in frequency and time domain. The
parametric segmented finite-element model of the tree (simplified root plate, trunk with crown effect) with orthotropic material
was developed. The model was experimentally validated based on static response: tilt and deformation were compared with field
experiments. The parametric definition of the model enabled “what-if” analyses with the change of geometry and material
constants simulating different defects and trees state. The correlation between the dynamic response of model and internal tree
defects (stem, root plate) were found to be significant, which provide the possibility of application in non-destructive tree
assessment.
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Abstract

Grading stands at the beginning of the entire chain of wood processing. Although there are many
techniques used for wood selection, this study is focused on the grading of wood directly in the forest
on the standing trees and timber after logging. The main aim is to verify the accuracy of wood
properties assessment based on measurements by common devices for non-destructive (NDT) or
semi-destructive (SDT) testing methods. Three types of NDT and SDT were used on European beech
(Fagus sylvatica, L.). This species was selected as most planted hardwood in the Czech Republic with
great potential for use. The standing trees without signs of damage or rot were measured by device
for NDT and SDT. Then the examine trees were felled down and processed to logs with constant
length, which were measured by the same devices as the standing trees. The frequency-resonant
methods were also used for assessment of logs. Immediately after logs measurement, cross-sections
from every tree were cut off for laboratory testing.

The main evaluated properties were wood density, sound velocity, dynamic modulus of elasticity,
micro-drilling and indentation resistance, damping. Variability of values and relationships between
parameters from each method and forest stands were analyzed. These analyses were carried out to
find simple principles for determining production parameters assessment directly in the forest stand.
Significant relationships from this study will be used as a background for developing methods for
individual timber grading in forestry practice.

Keywords: European beech, Grading, Standing trees, Logging, Non-destructive testing methods
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Abstract

The half-lap joint is one of the easiest and most convenient ways for in-plane assembly of CLT panels
in the construction field. However, in case of fire, it can become a channel for the flow of heated air
from the fire exposed side towards the unexposed side and spread the fire outside the burning
compartment. Therefore, the objective of this study was to determine the fire-resistance of the half-
lap joint of full-scale unprotected CLT. The independent variables in the experiment were two positions
of floors and walls (vertical and horizontal), two species groups (SPF and DF-L), and two adhesive
systems (PUR and MUF). The thickness of the CLT assemblies was 175 mm, and each layer was 35
mm. The temperature was measured using thermocouples at 3 locations along the half-lap joint, and
9 locations of each bonding lines in the CLT. All assemblies were tested following ASTM E119 in a
loaded condition. In the late stage of the ASTM E119 fire test, the formation of visible gaps at the half-
lap joints was observed and monitored in CLT walls. After the fire tests, panels were cut into 1 square-
foot blocks, on which the residual depth was measured in 8 perimeter locations. In addition, the
blocks including the half-lap joint were cut along the joint groove line to measure charring inside the
gap. The residual CLT depth along the half-lap joint were then compared with the average residual
depth in other locations of the panels. Data from TCs aligned along the joints were also analysed and
compared to TC data from other parts of the panels. Finally, the calculated char rates for material
along the joint were compared to these for the rest of the solid panels. The results will be available at
the time of presentation.
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Abstract
The application of deconstructable connectors in timber-concrete composite (TCC) floors
enables the possibility of disassembly and reuse of timber materials at the end of building’s life.
This paper introduces the initial concept of a deconstructable TCC connector comprised of a self-
tapping screw embedded in a plug made of rigid polyvinyl chloride and a level adjuster made of
silicone rubber. This connection system is versatile and can be applied for prefabrication and in-
situ concrete casting of TCC floors in both wet-dry and dry-dry systems. The paper presents the
results of preliminary tests on the shear performance of four different configurations of the
connector system in T-section glulam-concrete composites. The shear performance is compared
to that of a permanent connector made with the same type of self-tapping screw. The failure
modes observed are also analyzed to provide technical information for further optimization of
the connector in the future.

Key words: deconstructable connector, timber-concrete composite, push-out test, shear strength,
slip modulus, failure mode.

Introduction
Timber-concrete composite (TCC) floors can be described as a slab-type engineered wood
product or a number of individual timber beams connected to a (thin) concrete slab through shear
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connectors. The concrete slab, placed on top of the timber component, predominantly resists
compression in the composite system, the timber component predominantly resists tension, and
the connectors transfer shear loads between the two components. When designed properly, TCC
floors can benefit from the high compressive strength of concrete and the high tensile strength of
timber (Dias et al. 2018). In previous research works, TCC floors have most commonly been
constructed using permanent connectors. Although structurally effective, the application of
permanent connectors in the construction of TCC floors can represent challenges for the
sustainability and disposal of such structures and result in waste management problems at the
end of building’s life (Khorsandnia et al. 2018). This is because most of the timber materials
used could not be easily recycled or reused due to the permanent connections between the timber
elements and the concrete slab. This problem can be addressed when a design for disassembly
approach is considered by making use of deconstructable connectors. The use of deconstructable
connectors can facilitate the process of dismantling and recycling of TCC structures
(Khorsandnia et al. 2016). However, while the structural capacities of various types of permanent
connectors have been investigated in numerous studies over the past two decades, little effort has
been put into developing and evaluating the performance of deconstructable connectors for TCC
floors.

With a focus on design for disassembly and reuse of timber materials at the end of building’s
life, the goal of this research is to develop a deconstructable connector that can be used for both
on-site concrete casting and offsite prefabrication of TCC floors in wet-dry and dry-dry systems.
The results of a series of preliminary tests on the shear performance and failures modes of the
initial prototype of the deconstructable connector are reported in this paper. The prototype of this
connector is comprised of a self-tapping screw embedded in a plug made of rigid polyvinyl
chloride (PVC) and a lid and a level adjuster made of silicone rubber. The preliminary tests were
performed on five T-section glulam-concrete connections made with four different types of

the connector and a permanent screw connector of the same configuration under monotonic shear
loads.

Specification of the deconstructable connector and preliminary tests
The concept of the presented approach is that the self-tapping screw itself can directly be used as
a deconstructable connector. For this purpose, a solution is required that can prevent the screw
from coming into direct contact with the fresh concrete during the construction process. One of
the main challenges here, however, is to make sure that the structural properties of the resulting
deconstructable connection will be comparable to that of an equivalent permanent connection of
the same configuration. Another aim of this research project is that the connector can be used in
various construction procedures (i.e., wet-dry and dry-dry systems) and floor configurations.
This might be achievable by adding an extra protective layer to the screw itself instead of
producing a connector separately.
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(d)

Figure 1. lllustration of the connector (a) with level adjuster, (b) without level adjuster, (c) inserted at different
angles, and (c) inserted at different heights by compressing the level adjuster.

The extra protective layer could be in the form of a pipe or an internally threaded plug that can
fully cover the portion of the screw that is exposed to the fresh concrete. The resulting connector
will be a single deconstructable screw that can directly be driven into the timber component
without the need for any additional element or process. Based on this idea, a fully threaded self-
tapping screw is inserted into a plug made of rigid PVC. In addition, the connector had a lid and
a level adjuster made of silicone rubber. The level adjuster can easily deform and be compressed
while the connector is being inserted into the timber component. This enables the possibility of
using the same connector with the same dimensions at different insertion angles and concrete
slab heights without exposing any part of the screw to the fresh concrete (Fig. 1). The presence
of a level adjuster, however, may result in reduced shear performance as well. This effect was
studied as a variable during the preliminary tests. For this purpose, per each deconstructable
connector tested with level adjuster an equivalent of the same connector was also manufactured
and tested without level adjuster. Another important parameter that was considered for the
preliminary testing was the configuration of the inner side of the P\VVC plug. Two types of PVC
plugs with and without internal threads were tested for this purpose (Fig. 2). It was assumed that
the connector with internal threads would lead to a better shear behaviour as there will be no gap
between the screw and the PVC plug in such configuration resulting in a tight fit between the
two elements. The diameter of the hole inside the PVC plug with internal threads was equal to
the shank diameter of the screw. In the PVC plug without internal threads, however, the diameter
of the hole inside the plug was equal to the thread diameter of the screw. This resulted in some
unfilled gaps between the inner sides of the hole in the plug and the shank of the screw.
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Figure 2. PVC plugs with internal threads (left) and without internal threads (right).

Table 1: Compilation of the experimental tests.

Test variables

Connector Level adjuster Insertion Embedment
Symbol Connector type Internal L_evel height (mm) angle (°) depth (mm)
threads adjuster
P Permanent - - - 90 80
DTL Deconstructable Yes Yes 20 90 80
DTN Deconstructable Yes No 20 90 80
DNL Deconstructable No Yes 20 90 80
DNN Deconstructable No No 20 90 80

In total, four groups of deconstructable connectors and a permanent screw connector with the
same configuration were constructed as given in Table 1. The permanent screw connector served
as a control specimen. The fully threaded self-tapping screw was made of high resistance
galvanized carbon steel with a length of 150 mm, a shank diameter of 6.6 mm, and a thread
diameter of 11 mm. The timber component in the T-section connection specimens in this study
were cut from a 5-layer glulam beam (Nordic whitewood) with b x h x I =90 x 200 x 300 mms.
A low-shrinking concrete with a maximum aggregate size of 16 mm was used for preparing the
specimens. The density and compressive strength of the concrete used were 2388 kg/m3 and 55.3
MPa, respectively. The concrete properties were measured by testing six cubic specimens with
the dimensions of b x h x | =100 x 100 x 100 mma.

To prepare the glulam-concrete connection specimens for the preliminary testing, the connectors
were driven into the glulam component to a penetration depth of 80 mm. Before casting the
concrete, the top surface of the glulam in each specimen was covered by a layer of waterproof
paint to prevent the glulam from absorbing moisture from the wet concrete. A plywood
formwork was then fixed around the specimens and a steel reinforcement wire mesh was
installed to maintain the integrity of the concrete and minimize any crack development (Fig. 3).
The concrete was then poured onto the formwork to a height of 75 mm. The test specimens were
left to cure for 28 days. The formwork was removed prior to testing.

108



Proceedings of the 2020 Society of Wood Science and Technology International Convention

Figure 3. A T-section glulam-concrete deconstructable connection. (a): the prepared formwork,
(b): concrete cast onto the formwork, (c): the resulting T-section connection, and (d): the screw head inside the
connector after removing the rubber lid.

Sliding support

Hydraulic cylinder W
A

Figure 4. (a) The push-out test set-up used and (b) the side-view of a specimen under loading.

The specimens were tested under monotonic shear load in accordance with the procedures
described in EN 26891 (1991) using the test set-up depicted in Figure 4. The slip between the
concrete and glulam components was recorded from both sides of the test specimens using two
linear variable differential transformers (LVVDT). The shear strength of the connections was
quantified as the peak load (Fmax) obtained at u = 15 mm slip. The stiffness of the permanent
connector was quantified by calculating the slip modulus (Ks) of the connector at 40% of its
estimated peak load (Fest). An accurate Fest is vital for a realistic slip modulus calculation of
connectors (Dias 2012). However, in the absence of a reliable Fest for the deconstructable
connectors in this study, the slip modulus of these connectors was calculated based on their
individual Fmax. The Fmax values will then be used as Fest for the subsequent experiments on these
connectors in the future.
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Figure 5. The load-slip curves of the connections. The vertical bar indicates the point where Fest is taken for the
subsequent testing.

Table 2: Fmax and Ks of the connectors.

Connector symbol Fmax (KN) Ks (KN/mm)
P 22.0 6.00
DTN 17.1 4.30
DTL 15.8 1.53
DNN 17.4 2.21
DNL 11.7 1.39
Results

The load-slip curves of the test connectors are illustrated in Figure 5. As expected, the permanent
screw connector exhibited higher Fmax and Ks under loading than the deconstructable ones (Table
2). In the group of deconstructable connectors, the two connectors with internal threads in the
PVC plug (DTN and DTL) showed a higher Ks value than the identical connectors without
internal threads (DNN and DNL). The existence of the level adjuster also appeared to negatively
influence both Fmax and Ks of the deconstructable connectors.

The failure modes of the connectors can be seen in Figure 6. In all the test connectors, some
slight crushing of the concrete was observed at the interface of the slab and glulam.

Despite this, the concrete section in the permanent connector exhibited a rigid behavior and all
the deformation took place in the glulam and the screw itself. The plastic hinge was observed in
the timber concrete interface. The DTN and DNN connectors also showed a failure mode almost
similar to that observed in the permanent connector together with some plastic deformation at the
bottom of the PVC plug. For the DTL and DNL connectors, plastic hinge was above the timber
concrete interface due to the level adjuster.
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Figure 6. Failure modes of the test connections.

From the failure modes of the test connectors, it can be seen that the deformation and crushing of
the glulam occurred all the way through the length of the self-tapping screw in the glulam
section. However, in all cases almost only one major plastic hinge was formed in the screw itself.
This might suggest that the 80 mm embedment depth of the self-tapping screw should be larger
for alpha = 90°. Nevertheless, in the present study the focus lies on the behavior near the timber-
concrete interface.

Conclusions and Outlook
In this paper, the initial concept of a deconstructable connector for TCC floors was introduced.
The results of some preliminary tests on the shear behaviour of five glulam-concrete connections
were presented and compared. Four different configurations of the deconstructable connector
were examined: with or without the presence of a level adjuster and with or without internal
threads in the connector plug. The relevant failure modes under monotonic load exposure were
analyzed. In all samples the screws were inserted at 90° angle, and accordingly the slip modulus
and load-carrying capacity were low. Even though the number of tests was limited, some
differences were observed between the slip modulus and load-carrying capacity of the
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deconstructable connectors and those of the permanent screw connector of the same
configuration.

Based on the results of this preliminary project, ongoing research is underway in order to
optimize and characterize the properties of deconstructable connector systems under different
insertion angles and connection arrangements. The subsequent experimental steps also include
some modification on the geometry and material type of the protective layer around the self-
tapping screw in order to replace PVC with a more sophisticated material. Some structural and
practical aspects of the deconstructable connector introduced in this paper will also be addressed
in the future experiments that have been planned for this research.
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Abstract

To manufacture and market a uniform and consistent quality product, the US lumber industry
developed grading rules to classify the produced lumber. Given most hardwood lumber in the US is
used in appearance applications, a common practice is to grade them following National Hardwood
Lumber Association (NHLA) visual grading rules that are based on clear of defect area. However, this
kind of visual grading evaluation does not effectively reflect the modulus of elasticity in the flatwise
orientation which can be quickly determined using non-destructive testing methods (e.g., proof
loading or stress wave evaluation). Additionally, when lumber is purposed for producing composites,
such as cross-laminated timber panels, there is potential to use lower grades that do not meet visual
structural grades, as these grades are based largely on lumber used alone and in a edgewise bending
orientations (e.g., in a floor joist application). Given the potential of using lower grade lumber, the
objective of this research was to mechanically evaluate CLT panels produced from yellow-poplar
(Liriodendron tulipifera) lumber that did not achieve structural grades (i.e., below-grade) as
determined by NELMA rules. To achieve an optimized layout for the panel, the population distribution
of MOE was assessed and divided into subgroups. To maximize the CLT panel resistance the layout
consisted of boards with MOE values equal or above 1.65x106 psi in external layers. Inner layers (at or
near the neutral axis) consisted of MOE values between 1.2x106 psi and 1.65x106 psi. The MOE of
1.65x106 psi and higher represent the top 40% of the population, so it was chosen for use in external
layers of a 5-layer panel (2 layers out of 5). In total, ten panels were produced that had dimensions of
3.75” thick x18” wide x120” long. To evaluate the adhesion between layers in the panel, bond quality
was evaluated using shear block and cyclic delamination tests in accordance to ANSI A190.1 (2017).
These evaluations were performed as recommended in PRG 320 (2018) in three positions of within the
panel, at both ends and at the central region. The different positions for evaluation was to insure
homogeneity throughout the panel. Flatwise bending in accordance to ANSI/PRG 320 (2018) was used
to evaluate the CLT panel modulus of rupture (MOR) and MOE. Also, strain patterns during bending
tests was collected by a digital image correlation (DIC) system. The DIC system was also used to
provide information on failure development patterns within the specimens. Results from the bond
quality and mechanical testing will be presented to provide information regarding the potential for
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using visually graded, below-grade yellow-poplar lumber to produce CLT panels. Additional information
will be presented on the correlation between NDE values and placement within the panels to the
resulting CLT panels’ mechanical properties.
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Abstract

Since there is no standardised prediction method for acoustic behaviour of Cross Laminated
Timber (CLT) building elements with facing layers, evidence that they fulfil certain properties
have to be verified by acoustic measurements in laboratories instead of simple calculations. This
leads to higher expenses for this building material compared to concrete or bricks and related
disadvantages concerning competitiveness. The aim of this project is, inter alia, to develop a
simple method to predict the weighted sound reduction index of CLT with facing layers with
satisfying accuracy, in the early design stage of the building, by using as little input parameters
as possible.

In a first step small test specimen are developed to analyse the resonant behaviour of CLT in
combination with different facing layers by means of vibration measurements. These
investigations are carried out at small concrete slabs with the mass equivalent of CLT and the
facing layer as well as with different suspending bracket types. Further on, a mock up made of
CLT with suspending brackets and varying types of gypsum plasterboards in plasterboard panel
size, is analyzed by use of conventional vibration measurement technique as well as a self-
developed digital method with MEMSs (surface micromachined capacitive accelerometers) and
subsequent data processing over the relevant frequency spectrum from 20 Hz to at least 2000 Hz.
Finally sound pressure level measurements of whole walls are carried out in an accredited test
facility to verify the results of the small specimen and the simplified model. Standardized 1/3
octave frequency band measurements and time signal recording with subsequent FFT analysis
enable precise definition of the resonant frequency of the vibrant system. Results of the resonant
frequency, gathered from mentioned vibration measurements are the basis for the simplified
model to calculate the weighted sound reduction index.

Key words: CLT, sound insulation, facing layers, vibration, resonance frequency
Introduction
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Several types of facing layers are applied, already for decades, to improve minor sound
insulation of building components like walls or floors. Accordingly, reliable and precise
prediction methods for enhanced components have been developed and even standardized in EN
ISO 12354-1. These standardized methods, unfortunately, are limited to heavy, homogeneous
basic structural elements. In general, improvement of sound reduction index (AR), caused by the
facing layer, is added to the sound reduction index (R) of the basic element. But, this depends on
the acoustic behavior of the basic element as well, and this leads to the need of more information
of the interrelation between facing layers and Cross Laminated Timber (CLT) slabs since CLT
can neither be assigned as heavy nor as a homogenous element. The essential parameter, but not
the only one, to define acoustic behavior and sound insulation of a combined element, is its
resonant frequency fr, defined by the dynamic stiffness s~ and the area related masses m” of the
involved materials. Though, dynamic stiffness of a facing layer not only depends on the
properties of the gap (filled with air or insulation material) but also on the dynamic stiffness of
the hangers or bearing structure of the facing layer in general. Considering the different types of
facing layer designs and materials (flexible, fixed, wood, metal, damping profiles, detached,
etc.), it does not seem to be appropriate, only to take the dynamic stiffness of the gap (filled with
air or damping material) into account.

Materials & Methods

In this research project the focus is on the improvement of CLT walls with facing layers made of
plasterboard by using hangers (with and without resilient material), as shown in Figure 1, and
wooden slats (60 mm x 40 mm) which are screwed into the hangers and serve as the supporting
structure of the plasterboard.
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Figure 1. Hangers for wall (and ceiling) mounting of wooden slats with and without resilient layers under the
mounting screw and a schematic view of the investigated building element made of CLT slab with hangers, wooden
slats and plasterboard.

The acoustic improvement of the sound reduction index AR of a facing layer is defined
according to EN 1SO 12354-1 as the difference between the sound reduction index R of the
building element with and without facing layer.

In general, AR can be determined easily by sound measurement in a test facility. It can also be
calculated according to EN 1SO 12354-1 as well, as far as the base structure is a homogeneous
mineral structure, based on the resonant frequency of the mass-spring system, taking the sound
reduction index of the basic element into account. This simple mass-spring-mass system is
calculated according to Equation 1, when the insulation layer is fixed directly on the basic
construction.
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For lightweight structures, when the mass difference is small (like usually for CLT with facing
layers) Equation 1 has to be applied as well, where m” and m’’ are the coupled masses of CLT
and the plasterboard(s). Therefore, it is not only necessary to know both involved masses, but the
dynamic stiffness of the coupling hangers as well. Furthermore, s’ is not only defined by the
hangers, it is a combination of the elastic property of the hangers (most likely also depending on
the mass of the carrying plasterboard(s)) and the air or insulation material in the gap between the
wooden slats (Rabold 2019).

This combined dynamic stiffness is the sum of the one from the air (s’air) between the masses
(with or without insulation material) and the one of the hangers (s’hanger), according to Equation
2. This is the reason why s’ is hard to define and usually not known for wooden lightweight
structures. Therefore, sound insulation and improvement of sound reduction index of (wooden)
lightweight and mass timber structures with facing layers, usually are measured in laboratories in
transmission suites.

s'"=5s"gir S’hanger 2)
From Small to Large Scale Measurement Setups

With the final goal to avoid large scale test situations, two small scale test specimen have been
developed with the aim to verify their comparability with the laboratory test results. At the
following test settings, measurements are carried out:

1) Vibration measurements on mass-equivalent, cheap concrete paving slabs

2) Vibration measurements on a 1:1 scale mock up in the size of a standard gypsum
plasterboard (1250 x 2000 mm)

3) Sound pressure measurements with subsequent FFT (1 Hz steps) in the laboratory

4) Vibration measurements on the specimen used in the laboratory

5) Standardized one third octave band sound pressure measurement in an accredited
laboratory

The purpose of these five different experimental settings is to compare the results and find the
easiest way with the lowest efforts and investments to generate satisfying results of the acoustic
behaviour of CLT with different facing layers.

In general, vibration measurements are carried out with a two channel analyser and piezo
accelerometers with shaker excitation of the specimen. In Hopkins (2007), it is advised to prefer
the measurement of the phase of the driving point mobility, since it is more accurate to identify
the resonance frequency in high damped systems where it can be difficult to discern the peak.
Unfortunately, the available equipment does not include neither phase nor force measurement.
Thus, as a compromise, frequency spectra of the accelerations are measured and peaks in the
magnitudes evaluated by comparing characteristics on sending and receiving side.

Hereinafter, test settings 1 to 3 are described, results are given for setting 1 and 3.

Vibration measurements on mass-equivalent, cheap concrete paving slabs
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The idea of the first setting is to connect mass-equivalent concrete slabs with hangers and excite
with the hammer and with a shaker with white noise in order to find the resonant frequency of
this reverberant system representing CLT and plasterboard connected with the hangers. So
Masses where created with paving slabs 400 x 400 x 40 mm with a mass of 15 kg each and
connected with 4 hangers and wooden slats. On the sending side, 1 to 3 and on the receiving side
1 to 6 slabs are varied. So mass combinations in 15 kg steps from 15 to 15 kg until 30 to 90 kg
can be investigated by varying concrete slabs on both sides as shown in Figure 2.
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Figure 2. Schematic view of the measurement setup (left) and real picture from the workshop with accelerometer
and shaker for excitation.

In this setting, several vibration measurements are carried out. Transient excitation with a
hammer is applied, as well as stationary excitation with white noise and sinus sweep by using a
shaker, which is connected to the concrete slab with a stinger made of a threaded rod. The whole
setting is partly following EN 29052-1 for the determination of the dynamic stiffness s’ of
materials below floating floors. Calibration is realised by exciting with several pure sine wave
signals. The time signals of the acceleration of the receiving and the sending side are taken to a
dual channel FFT analyser to calculate the frequency response function.

Vibration measurements on a 1:1 scale mock up in gypsum plasterboard size

In the second setting, a 2000 x 1250 x 100 mm 3-layer CLT slab is the basic structure to sustain
the plasterboard(s) via the same type of hangers (distance horizontally 625 mm and 1500 mm
vertically) and wooden slats (Fig. 3). The entire multi-layer wall element is assembled in a
workshop, placed on resilient interlayers to decouple the wall from the floor, and since there are
no transmission suits available, vibration measurements have to be carried out. In order to gain
as much information as possible, several parts of the assembly are varied during measurement:
hangers with and without resilient layers, distance d between CLT and plasterboard (50, 75 and
100 mm), 1 or 2 layers of plasterboards, different types of plasterboards with different mass and
bending stiffness. Additionally, each measurement is carried out with and without 50 mm
mineral wool in the cavities. A cross section of the assembly is shown in Figure 3 and real
pictures in Figure 4.
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Figure 3. Schematic mock up wall element with 200 mm CLT slab and variation of 1 or 2 plasterboards, type of
plasterboard, type of hanger, cavity filling and distance d between the coupled masses.

Excitation is conducted with white noise by the use of a shaker on two positions (in the centre -
on a slat - and between two slats in the cavity). At each excitation position, four accelerometer
positions are measured on the CLT slab (sending side) and on the same position on the opposite
plasterboard (receiving side) in the frequency range from 0 to 20.000 Hz. Base measurement was
the plain CLT slab with 2 excitation points and 10 sensor points each.

Figure 4. Test setting CLT and plasterboard on resilient layer with plasterboard (left) and without plasterboard
(right). The shaker is hidden behind the structure and excites the CLT slab.

Sound pressure measurements with subsequent FFT (1 Hz steps) in the lab

Sound pressure measurements in an accredited test facility are carried out in order to get data for
the sound reduction index R of CLT with facing layers. The size of the opening between the
reverberation chambers is 4000 x 2700 mm, so the CLT slab is slightly smaller to fit into the
concrete frame and is sealed afterwards. On one hand standardised 1/3 octave band
measurements were carried out, on the other hand, time signal is recorded by use of a rotating
microphone and converted into the frequency spectrum by FFT analyses. Calculation of sound
insulation requires the reverberation time T as well, but there is no method for measuring T in 1
Hz steps. Thus, calculation is approximated by using the 1/3 octave band results for the
reverberation time according to Equation 3. RiHz is the sound reduction index in 1 Hz steps, Ls is
the sum of the sound pressure levels in the sending room, Lr is the sum of the sound pressure
levels in the receiving room. Furthermore, S is the surface area of the wall and T the
reverberation time measured in 1/3 octave bands.
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S*T
RlHZ == LS - LR + 10 * lg (0,16*V) (3)

Results and Discussion

Data from all above mentioned test settings already has been gathered, but still has to be
analysed and needs to be interpreted and integrated into the whole picture. So in the following
only results from settings 1 (small) and 3 (transmission suite) are discussed.

Vibration measurements on mass equivalent, cheap concrete paving slabs

Mass-equivalent vibration measurement with concrete paving slabs, carried out with transient
and stationary excitation led to already expected results: the higher the resonant masses, the
lower the resonance frequency. Furthermore, it could be shown, that with a resilient layer,
resonance frequency decreases significantly (Fig. 5).
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Figure 5. fr of concrete representing the mass of different plasterboards connected with CLT 100 mm with vertical
distance of hangers of 800 mm and hangers without resilient layer (left). Hangers with resilient layer (right).

The 10 kg situation without resilient layer (2 concrete paving slabs on the sending side) seems to
be an outlier. This can be originated in a mistake in the test setting. Therefore, it does not appear
in the left hand chart of Figure 5.

Sound pressure measurements with subsequent FFT (1 Hz steps) in the lab

The resulting time signal from the sound pressure measurements is converted into the frequency
spectrum by FFT analyses. Results are gathered from the same extensive variation of materials
as in the 1:1 mock up. Only a small extract can be shown and discussed in this paper. Figure 6
shows exemplarily results for the situation with 50 mm plasterboard and the one with 100 mm
gap between CLT and plasterboard and double layer plasterboard as well as the plain CLT slab.
It is always indicated the 1/3 octave band result, starting from 50 Hz, and the one in 1 Hz steps,
starting from 20 Hz.
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The three, for the low frequency range relevant modes at 68, 136 and 200 Hz are marked in
Figure 6 with “M” as well as the resonance frequencies, indicated with arrows. These modes can
be detected in the results of the structural reverberation time of the CLT slab, installed into the
concrete frame of the transmission suite, as well. Measurements in 1 Hz steps reveal that these
modes of the CLT slab and their insufficient covering by the facing layers seem to be reliable for
the minor sound insulation in the lower frequency range as well as the position of the resonance
frequency.

R/R1Hz in dB

fréquency in Hz
Figure 6. Sound reduction index R and R1Hz for CLT (black) and CLT + plasterboard (PB) — 50 mm gap in red, 100
mm and 2 PB in blue and in green results for CLT + 1PB with hangers with resilient material (EI) and mineral wool
(wool). Resonance frequencies are indicated with arrows and eigenmodes of the CLT slab with “M”.

Summary and Conclusions

It seems to be obvious that the usually applied facing layers do not cover the resonant modes of
the CLT slab. At least in these two modes, the plasterboard oscillates jointly, instead. This effect
has already been described by Josse (1964) who states that, below the resonance frequency, the
two layers of a double wall oscillate as a single plate with the mass of both layers. Dependent on
the size of the gap and the decoupling with or without resonant material, higher modes can be
concerned as well. This decoupling begins with the frequency of the kink, when the 18 dB
increase, as stated in Sharp (1978) and indicated as resonance frequency, starts. This confirms
also the finding of Rabold (2010) that the 18 dB increase is only developed, if the first
eigenmode of the CLT slab is below the resonance frequency.

This leads to the conclusion that for an efficient sound insulation in the low building acoustic
frequency range, the system has to be detuned in a more intense way with higher differences of
the oscillating masses or a spring with minor stiffness properties.
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Data from the other test setups already has been generated, but still has to be analysed and needs
to be interpreted and integrated into the whole picture.

Furthermore, already promising results have been generated from the self developed digital
method with MEMs (surface micromachined capacitive accelerometers), but repeatability of the
measurements still is not satisfying, so work still has to continue.
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Cross Laminated Timber (CLT) is a product that offers numerous benefits, including a lighter environmental footprint, structural
simplicity, and design versatility. Due to these advantages, the CLT industry is growing rapidly. However, CLT also faces
challenges such as, for example, low levels of awareness among construction professionals or difficulties with building code
compliance. To overcome such challenges, the number of research projects concerning the use of CLT as a building material has
increased dramatically during the last few year and with it the number of people involved in CLT production, use and research.
For the market success of CLT, a product in the early stages of market adoption, it is critically important for stakeholders (i.e.,
researchers, manufacturers, design/construction professionals, developers, government agencies, and the public in general) to
have access to knowledge about past, present, and future research pertaining to CLT in the U.S. and the world. The ultimate goal
of this project is to help sustain and improve the health of U.S. forests while supporting the forest products industry. The main
objective of this research was to build and maintain a self-updating and user-focused Knowledge Management System (KMS) for
research and market information for Cross Laminated Timber (CLT). Currently, the resulting CLT KMS has over 2,800 records —
with more added continuously - including peer-reviewed journal articles, conference papers, reports, theses and dissertations,
news and magazine articles, and others. The information is categorized into 20 topics, including seismic, mechanical, and fire,
performance, tall buildings, and others. The creation of an easily accessible, free knowledge database fosters collaboration
between parties, prevents duplication of efforts, raises awareness, and reassures investors and construction professionals about

the merits of CLT-based construction projects.
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Abstract

The circular economy is an efficient system to reuse materials reducing the amount of waste
generated. In order to implement it in the timber sector, the InFutUReWood (Innovative Design
for the Future — Use and Reuse of Wood (Building) Components) is a European project studying
the possibilities for reuse and recycling of timber from demolition for structural applications.
Nowadays in Ireland and Spain, most of the wood waste is reduced to chips. In Ireland, chips are
mainly used for energy production, pallet blocks, and composting, while in Spain are used for
energy production and particleboard manufacture.

Possible structural applications depend on the amount, dimensions, and condition of recovered
timber. Most of the recovered timber in Ireland has medium size cross-sections, while in Spain it
is mainly large cross-section. Cross laminated timber (CLT) is a good option for reuse and
experimental tests are ongoing in Ireland on CLT manufactured from old timber trusses. However,
for large cross-sections, direct reuse for rehabilitation works will be a more efficient use of the
material.

Key words: Circular economy, classification system, construction and demolition waste, mass
timber products, timber recycling, reclaimed wood, wood waste management
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Introduction

The circular economy is a sustainable system to reduce the amount of waste by reusing it as a new
resource with the consequent environmental and value-added benefits. Ever increasing timber
demand for construction purposes in Europe will lead to a deficiency of new timber resources in
the future. Therefore, the implementation of a circular economy system in the timber sector is
strongly recommended. InFutUReWood (Innovative Design for the Future — Use and Reuse of
Wood (Building) Components) is a 3-year European project that focuses on the reuse and recycling
of current reclaimed wood in the circular economy as structural material (InFutUReWood
2020).The National University of Ireland Galway (NUIG) from Ireland and the Universidad
Politécnica de Madrid (UPM) from Spain are two of the eight European institutional partners of
the project.

The Construction and Demolition (C&D) sector creates a large amount of wood waste, generally
now used for energy recovery and wood panel production (Irle et al. 2015). Much of that wood
could be salvaged to be reused or recycled for structural purposes. Potential end-use structural
applications include high quality Engineered Wood Products (EWP) such as Glue-laminated
(Glulam) timber, solid wood panels and Cross Laminated Timber (CLT) (Hafner et al. 2014).
Previous tests on CLT from recovered timber showed higher stiffness capacity and lower strength
than CLT from new sawn timber (Rose et al. 2018). However, this was a small scale study and it
doesn’t appear to taken into account the natural variability of timber quality. The CaReWood
project studied the possibilities to recycle recovered wood in laminated products (Irle et al. 2019).

In the present work, the term "recovered timber” includes structural and sawn timber from
demolition, while "recovered wood" includes recovered timber, plus doors, windows, door and
window frames, furniture, pallets, and packaging. Finally, "wood" also includes carpentry waste,
forest pruning and thinning.

The main objective of this paper is to show the particularities of the current situation of recovered
wood in Ireland and Spain and to explore structural applications for recovered timber.
Current situation of recovered wood in Ireland and Spain

The information presented from Ireland and Spain was mainly obtained by surveys, interviews and
technical visits to demolition companies and wood waste management facilities.

Most recovered timber in Ireland comprises medium size cross-section timber (Fig. 1a) including
joists and roof rafters from buildings from the 1960s-70s. The timber is usually sourced from the
roof structure. Building typologies at that time were mainly composed of concrete structures with
roof timber trusses.
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Figure 1. Recovered timber a) from Ireland, b) from Spain

Irish demolition companies remove timber in the easiest and cheapest way as there is not an
established market in Ireland for long and good quality recovered timber pieces. Some companies
segregate the timber in-situ in order to reduce skip cost, but most of the recovered timber arrives
in the waste management facilities mixed with other materials. A very small amount of wood waste
goes to landfill.

Recovered wood is managed in wood waste facilities where it is segregated and reduced to chips,
60 mm size or smaller. This includes timber from demolition, furniture, broken pallets, and
packaging. The end-uses for the chips include energy production (exported to the UK), the
manufacture of pallet blocks, composting, animal bedding, garden mulch, and playground
surfacing. A preliminary study estimates slightly more than 100,000 t per year of wood waste is
processed into chips. Furthermore, some companies use wood waste as boiler fuel.

The classification system for wood waste used in Ireland is dependent on whether it is to be
exported or used locally. If the wood waste is to be exported to the UK, a classification system
developed by Wood Recyclers’ Association in 2009 and published as an informative annex in PAS
111 (2012) is used (Table 1). However, if the final use is in Ireland, the European classification
system (OJEU 2018), implemented by the Irish Environmental Protection Agency (EPA 2018), is
used (Table 2).

Table 1: UK wood waste classification system according to annex A of PAS 111 (2012)

Grade Materials

A Solid wood, pallets, packing cases and cable drums
Untreated

B Grade A plus building and demolition materials and furniture made from solid wood
Limits on treated and coated materials

C Grades A and B plus panel products (chipboard, MDF, plywood, OSB and fiberboard)
Mix wood including painted timber and glues. Coated and treated timber

D* Hazardous material (fencing, transmission poles, railway sleepers, cooling towers)
Treated with Copper/Chrome/Arsenic (CCA) and creosote

*The European Commission is concerned about the UK classification system because the amount of wood

waste classified as “D” hazardous is around 0.5% of the total wood waste, while in other European countries

like Germany is around 15% (Perchard 2017)
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Table 2: European waste classification system according to OJEU (2018)

Most common Materials
used codes

170201 Wood non-hazardous
(when wood waste is segregated in-situ, skips containing only wood)

170903 C&D wastes containing hazardous substances
(mixed or segregated wood waste in the skips)

170904 Mixed C&D wastes non-hazardous
(when wood waste is mixed in the skips with other materials)

191206 Wood containing hazardous substances

191207 Wood other than that mentioned in 191206
(this code is assigned to 170201 skips arriving at waste management facilities
or is assigned to wood from 170904 skips after it is segregated from other
materials in the facilities)

Codes starting with 17 are assigned by C&D companies when skips are filled in-situ

Codes starting with 19 are assigned by waste management facilities for wood waste processing

In the case of Spain, most of the recovered timber from demolition comprises large cross-sections
(Fig. 1b) from buildings over 100 years old. This is due to a scarcity of timber construction after
the Spanish Civil War (1936-1939).

In general, big C&D companies do not care about recovering timber from demolition, because
there is not a consolidated recovered timber market. However, there are small C&D companies
deconstructing small buildings and also purchasing timber from big demolitions sites. These small
companies reuse it for their own refurnishing works or sell it for restoration purposes. Typical
markets include refurbishment of heritage buildings, carpentries for vintage furniture, and private
domestic construction. The market price of large cross-section 5-meter length recovered timber
from pine is approximately double the equivalent new sawn timber, because of the great amount
of labour needed during deconstruction, removing nails and cleaning pieces, and the perception
that old timber is of better quality than new timber due to different forest management.

A significant amount of wood is reduced to chips in wood waste management facilities for two
final end-uses: energy production and particleboards. Not all processed wood is recovered wood.
In the case of energy production, most of it is from pruning, thinning, or undermanaged forest. For
particleboards, recovered timber, furniture from demolition, broken pallets, and carpentry waste
are processed together. A small amount of demolition timber processed in the north of Spain comes
from France, while the final uses are always in Spain. Furthermore, there is a well-established
network to collect furniture from individual owners and packaging and this recovered wood is used
in the manufacture of particleboards.

There is no national classification system for wood waste or recovered timber in Spain. Wood
waste management facilities usually classify it according to the European List of Waste (OJEU
2018) (Table 2).

Possible structural applications for recovered timber

The main issue for reuse or recycling of recovered timber is its separation from other materials
during demolition or in the wood waste management facility. The newer the demolished building
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the more difficult it is to segregate different materials. Buildings that are more than 100-year old
have mainly large cross-section timber (heavy beams, joist, rafters...), which is easy to segregate.
Modern buildings (from the 1950s) have a lot of nails and glue in the timber members.

Important also is the quantity of recovered timber, its dimensions and condition. As a preliminary
estimation from a 5-storey building in an Irish urban area from the 1960s (timber mainly in the
roof), around 30 t of wood were recovered (including furniture and doors). In the case of Spain, a
5-storey building in an urban area from the 1890s (large cross-section timber) around 120t of
timber were recovered (only sawn timber).

The end-uses of reclaimed structural timber are determined by the timber length and the cross-
section of the recovered timber together with the structural capacity.

Medium size cross-section timber is suitable for EWP manufacturing. Timber trusses (commonly
available in Ireland) provide similar cross-sections to boards used for CLT panels and the amount
of waste generated during manufacturing will be minimum. In this case, medium length pieces
(circa 2 m) are suitable as finger joints can be used. A testing program of CLT panels from
recovered timber is currently ongoing in the NUIG laboratories (Fig. 2).

Large cross-section timber (commonly available in Spain) can be also used for CLT panels,
however, a reduction of the section to CLT board dimensions implies a significant amount of wood
waste and energy consumption and restricts a possible further life of the timber following the
cascading principle of sequential reuse (Sirkin and Houten 1994). Therefore, it is deemed better to
reuse it in restoration works on heritage buildings where long recovered timber pieces are available
(more than 5 m length).

Furthermore, in renovation works, mainly due to energy efficiency regulations, roof decking
boards are usually removed. Sometimes, floor boards are also removed. The common thickness of
these planks is 25 mm, so, this recovered timber could be suitable for EWP.

Demolition techniques should be adapted in order to maximize the yield of good condition and
length of recovered timber for the potential uses described above. Furthermore, the development
of a classification system that combines non-destructive testing and visual grading for recovered
wood is necessary.
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et

Figure 2. CLT panels from recovered timber in the NUIG iaboratory

Summary and Conclusions

Circular economy implementation in the timber sector is necessary. InFutUReWood, including
institutional partners from Ireland and Spain, is a European project that focuses on the reuse and
recycling of current reclaimed wood as structural material.

In Ireland, most of the recovered timber has medium size cross-section from buildings from the
1960s-70s. At present, all timber is reduced to chips mainly for use in energy production, pallet
blocks manufacturing, and composting.

In Spain, most of the recovered timber has large cross-sections from structural elements salvaged
from buildings more than 100 years old. Currently, a small amount is reused in construction while
most of it is reduced to chips for energy production and particleboards.

The potential use of recovered timber is influenced by several factors: the segregation of timber
from other materials, the amount of timber recovered, its condition and dimensions. Medium size
cross-sections are suitable for CLT manufacturing, while large cross-sections are better suited for
reuse in restoration and renovation works. CLT panels manufactured from recovered and new
timber have been manufactured in Ireland and are soon to be tested in the NUIG laboratories.
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Abstract
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Current European building codes Eurocode 8 provide no information on the ductile behaviour and
failure mechanisms of cross-laminated timber (CLT) structures. Structural ductility is a key
property to ensure good seismic behavior of buildings, as it allows yielding of dissipative zones
along the building height which consequently reduces the seismic actions in comparison to a case
of a brittle non-dissipative structure where little or no reduction of seismic actions is present. The
development of a ductile global failure mechanism must be ensured by identifying the ductile
connections in a suitable location within the structure and designing all the remaining connections
and structural elements with sufficient overstrength in order to achieve plasticization in the ductile
elements.

This study investigates the ductility demand for CLT connections in capacity design of multi-
storey CLT buildings for different ductility levels. To make the capacity design fully applicable
for a new structural system, information and understanding of ductile failure mechanisms of this
system is necessary along with the values of overstrength factors and a suitable calculation
procedure which considers the capacity design principles.

Non-linear static (pushover) analyses are performed on CLT walls numerical models, with prior
application of capacity design method, calibrated based on experimental data on CLT metal
connections (hold-downs, angle brackets) and CLT screwed connections. To ensure sufficient
deformation capacity of ductile components, variables that influence CLT walls stiffness, strength
and ductility are considered in parametric analyses: wall geometry (aspect ratio), monolithic walls
vs. segmented (coupled) walls, position of connections, type and number of connections, vertical
load on CLT wall panels. Failure mechanisms are studied together with global ductility levels
based on different local ductility levels of dissipative connections.
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Anthropic actions greatly increased the normal levels of carbon in the atmosphere which had never been higher since the
industrial revolution (Joshi et al. 2011). High levels of carbon dioxide in the atmosphere produce impacts such as greenhouse
effect, land surface air temperature increase, biodiversity loss and food security (IPCC 2019). To maintain and adapt to the
current and foreseeable climate changes, it is necessary to identify the responsible sectors to prepare and address mitigation
measures in order to reduce carbon emission levels.

According to the Global Alliances for Buildings and Construction 2018 report, buildings construction and operations are
accounted for over a third of the global final energy use and almost 40% of energy-related carbon emissions. It is important to
state that we are considering “carbon emission” as all global warming responsible gases, and not only carbon dioxide. Being the
largest contributor to the shares of energy and emissions, the building sector has the potential to lead the transition towards a
more sustainable future. Choosing wood as the primary structural material over the conventional steel and concrete system
conceptualizes the so-called mass timber construction process (Kremer & Symmons 2015). Wood buildings are the best option to
substitute fossil fuel-dependent materials because it is a renewable-based material, it does not only sequester carbon while
growing, it also stores the sequestered carbon for the whole life cycle of the building and in the case of repurposing or reusing a
wood product warrants longer life spam, storing the carbon for more years ahead.

A study by Colorado School of Mines have found evidence that CLT buildings can be more energy efficient in regions where
more heating is required for user comfort, therefore the U.S northeast region presents a great potential to lead the demand for new
mass timber buildings in the nation(Khavari et al. 2016). In addition to the climate advantage, the region is also favored regarding
its proximity to large urban and industrial centers due to the geographical position and logistic flow modalities (Duveneck et al.
2017, Thompson et al. 2013) and has great forest regeneration potential especially in the “New England” region, composed by

the six following states: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont.

The goal of the present report is to determine if mass timber buildings can reduce carbon emissions over their entire life cycle
when compared with steel and concrete structural system. The impacts will be measured in terms of embodied carbon quantified
as Global Warming Potential [kg CO2 eq] using the Life Cycle Assessment open-source software ATHENA® Impact Estimator
for Buildings (IE4B). This project it provides scientific data to support the choice of sustainable and renewable building materials
that can reduce carbon emissions, operational energy expenditure and consequently mitigate climate change. The increasing use
of mass timber buildings will result in a growing demand for timber products, fostering the growth of regional markets and
consequently promoting economic, social and environmental development, when responsibly managed.
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Abstract

Cross laminated timber (CLT) is one of the most popular engineered wood products. The main species
used for this product is spruce. To respond to the strongly increasing demand of CLT, it will become
necessary to also investigate additional raw material resources for its production. Pine - having in
mind its availability, mechanical properties and ability to grow even in regions with poor growth
conditions - could offer a high potential to serve as a new material for CLT in the future.

The first phase of the study comprises the characterization and quantitative evaluation of VOC
emissions from spruce and pine in order to draw conclusions about the variability of VOC emissions. A
comparison of kiln-dried and green wood provided a sound basis for further investigations.
Furthermore, different CLT variants were tested in order to compare their emission levels.

The second phase covers the optimization of the CLT manufacturing process regarding VOC emissions.
Based on findings from the first phase, process parameters such as drying and gluing, as well as
storage time were modified.

In the final project phase, long-term tests in model rooms constructed of different types of CLT are
being carried out, enabling evaluate the influence of various building materials regarding indoor air
quality in reality-close scenarios.

Results showed a significant influence of drying temperature and drying time on VOC-emission from
pine. Additionally, the gluing step in CLT production as well as a combination of wood species (pine,
spruce) used, resulted in a considerable VOC-reduction in the final product.
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The wooden products are used since centuries by human being for construction purposes. During the last decades grading rules
have been established in order to sort the timber on the basis of estimates of its structural properties such as the modulus of
rupture and the modulus of elasticity. For softwoods that are commonly used for construction, these estimates or proxies are the
wood density, the knot size and the ring width. The timber structural properties are known to vary with these proxies. For
instance, the modulus of elasticity of Norway spruce wood can vary from 4000 Mpa until 20000 Mpa when wood density varies
from 300 kg/m3 up to 550 kg/m3. Similar ratio of variation can be observed for the modulus of rupture.

Therefore, when architects and engineers are dimensioning wooden structures they need to define the geometry of the wooden
structure, identify the levels of loads to be supported and, given a grading class of wood properties, they compute the sections of
the different timber sections to be used for building the wooden structure. More recently there is an increasing interest of both (i)
increasing the use of wood in the construction sector and (ii) maximize the amount of carbon stored in the wooden buildings,
knowing that the carbon content of wood is 50% of the dry mass. In this context the question that arises is: what are the timber
mechanical properties that (i) minimizes the amount of carbon removed from the forests stands when harvesting the trees for
producing timber, (ii) maximize the amount of carbon stored into a wooden structure, and of course (iii) fulfils the mechanical
constructions codes.

For answering these questions we will consider wooden roof trusses built with Norway spruce by comparing two contrasted
solutions, the first being the use of fast growing trees with low wood density and low mechanical properties, i.e. with higher
timber sections (trees from plantations with rotation age of 30 years), the second being the use of high wood density timber from
slow growing trees and high mechanical properties, i.e. with lower timber sections (trees from plantations with rotation age of 60
years). Considering the whole forestry wood chain by the mean of models from the tree growth until the wooden roof trusses will
permit to better quantify the best mechanical range of properties that minimize the amount of carbon removed from the forests
and maximize the carbon storage in the construction sector.
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Abstract

Bamboo can be used to perfectly replace for many traditional construction materials owning to its
numerous physical, mechanical and environmental advantages. The increased environmental concerns
in the world has caused high demand for different bamboo products. In this study, the bamboo-based
packing were utilized to replace traditional polyvinyl chloride (PVC)-based packing in cooling towers.
The cooling capacity, energy efficiency and environmental impact of bamboo packing were evaluated.
The energy efficiency and environmental impact of bamboo packing were studied and compared with
the PVC packing through life cycle assessment (LCA) in terms of the cumulative energy demand (CED)
and the technology of Building for Environmental and Economic Sustainability (BEES). The results
showed that the thermal performance of the PVC packing was better than that of the bamboo grid
packing. The resistance characteristic of the bamboo grid packing was better than that of the PVC
packing. In a real thermal power generation practice (Dongfeng Motor Thermal Power Plant in Hubei,
China), the total saving of standard coal was about 540t in six months after using the bamboo grid
packing. The LCA results indicated that the utilization of bamboo-based packing to replace PVC
packing in cooling towers reduced total CED from 3420 MJ] to 561 MJ per functional unit, counting a
reduction of 6.10 times. The major environmental impacts (BEES indices), i.e., the total Global
warming potential, Acidification, HH-cancer, HH-noncancer, HH criteria air pollutants, Eutrophication
and Smog, were reduced by 1.48-10.52 times.
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Abstract

The increased demand for mass timber and the increased use of timber in facades has led to new
innovative solutions and applications in architecture. The new InnoRenew CoE building applies some of
these innovations. To verify how timber structures and exposed timber surfaces behave in the long
term, it is necessary to collect long-term data in-situ. The institute’s buildings (8,200 m2) that are
currently under construction in Izola, Slovenia, will consist of a hybrid of timber, concrete, and steel
structure. The upper part of the complex (1st-3rd floors) will be completely made of mass timber,
mainly Cross Laminated Timber (CLT). The building will be equipped with an expansive monitoring
system during and after construction. The main goal of monitoring is to provide insight into timber
performance and ageing in the long term. This will allow comparing the actual behaviour to
mathematical models and will facilitate improved construction with wood in the future.

The building is designed with different materials on each facade (stone, plaster, wooden ventilated
facade, wooden lamellas), and with various separated volumes and architectural shapes (arcades,
covered balconies, small atriums) that will create diverse microclimatic conditions. The diversity of
architecture makes it possible to assess a wide range of parameters that influence the long-term
appearance and performance of the measured facades. These parameters are temperature, relative
humidity, illumination, wind speed, and dust (particulate matter). Additional monitored parameters
include the hygrothermal attributes of several facade layers (stone and wooden facade) on mass
timber walls and of roof layers (balconies, green roof) on mass timber roof structures.

A prototype sensor for determining the ageing dynamics of a building’s exterior elements and its
facade will be installed in various locations. The sensor allows detailed monitoring microclimate
affecting materials in different positions on and in the building, including all exposure sides and
different shading configurations. The collected data will be used to improve dose-response models for
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the determination of appearance changes along the building’s service-life. The same data will be used
to validate Finite Element (FE) simulation tools used for the building’s design. The appearance of the
building will be continuously monitored by high-resolution colour and thermal vision cameras installed
in selected spots around the building.

Structural monitoring of the building will be performed with accelerometers at the roof level, in the
middle of the largest plate spans, with LVDTs at the corner and middle of selected CLT walls and at
selected support points. Global and local vibrations of the building will be evaluated in terms of seismic
safety and the wind serviceability evaluation of mass timber buildings.

Keywords: sustainable architecture, mass timber buildings, CLT, structural monitoring, hygrothermal
monitoring, timber facade, microclimate
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Abstract
The recent introduction of CLT - cross laminated timber in North America has been
followed by a surge in projects for tall wood mass buildings. Hence, wood mass timber
construction in North America is expected to grow with the recent surge in the
manufacturing of Cross Laminated Timber (CLT) accompanied with changes to the
International Building Code.
In North America, the use of wood products has up until recently been limited to mid-
rise residential construction using wood frame construction. Mass timber on the other
hand has the potential to become the core structure for almost every type of building,
across all industry segments commercial buildings in particular.
This presentation will focus on a construction project management approach to using
CLT. A 10 storey building design is considered and a 3D model is designed with two
alternatives for the superstructure: reinforced concrete and CLT. Several impact
analyses for energy consumption, cost, life cycle analysis and carbon impact of both
alternatives are developed, and a value management approach is used to benchmark
the two designs. The following learning objectives will be addressed
Identify the trends for global mass timber construction

e Define the net zero carbon framework

e Review the construction methodology for tall wood mass buildings

¢ |dentify the energy, cost and environmental impacts for a 10 storey mass timber

building

Introduction

As climate change continues to grow in prominence, the carbon impact of buildings is
increasingly becoming part of a global strategy to reduce the overall GHG emissions
from the built environment. Indeed, emissions from buildings account for 30 to 40
percent of global carbon and GHG emissions.

Whilst much of the focus has primarily been around operational energy in the built
environment,

there is a growing emphasis on the significant impacts of embodied carbon — the
emissions associated with earlier building life cycle stages, such as manufacturing and
construction.

Hence, increasing numbers of countries, cities and organizations committing to carbon
neutrality by mid-century, zero carbon buildings are finally getting the attention they
deserve as a critical solution to climate change. From an innovation in construction
perspective, the Zero-carbon building (ZCB) framework is also regarded as an
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innovative and important approach to reducing both carbon emissions and energy
consumption.
Another trendy innovative construction approach has encompassed an increasing
interest for modular construction of tall buildings using mass timber.
Hence, the past 10 years have seen numerous construction projects use mass timber
engineered wood products to erect tall buildings 10 storey and up. Modern tall wood
buildings are the result of the convergence of three key drivers:
e Environmental pressure to use sustainable building materials
e Tight tolerance, high-quality, low site-impact construction
e Prefabrication and short duration construction cycles
In Canada, several provinces have moved to allow for mass timber high rises up to 12
storeys. The up coming national building code changes that will come into effect in
2020, allowing for the construction of taller wood buildings up to 12 storeys an increase
from the current height limit across Canada for wood buildings to 6 storeys.
Market expansion for the use of CLT in the construction of high rises, i.e. 10 storey and
higher, is also dependant on changes to building regulations, standards and codes.
However, most studies concur that the concern and issue revolved less about CLT’s
structural performance and more about its perceived flammability. Hence, to set fire
safety requirements and allowable heights, areas and number of stroreys for tall mass
timber buildings, the newly proposed building code to be included in the 2021 edition of
the International Building Code identified three new types of construction (Wood
Business 2018)
e Type IV-A: Maximum 18 stories, with gypsum wallboard on all mass timber
elements.
e Type IV-B: Maximum 12 stories, with a limited area of exposed mass timber walls
and ceilings allowed.
e Type IV-C: Maximum nine stories, with all exposed mass timber designed for
two- hour fire resistance.
All of the above building types of construction are essentially driven by ensuring the fire
rating of the building is maintained, despite the fact that CLT has a strong fire resistance
through charring. Indeed pending on the panel thickness, CLT can be manufactured
with fire resistance up to 90minutes (GreenSpec.com 2018) whilst the race to build
wood mass buildings taller continues as Norway hosts the tallest 18-storey wood mass
building in the world at 85.4 meters (Construction Canada 2019).
To use a value engineering process for the design and construction of any project, the
consideration of alternatives often compares wood and concrete for the building
materials.
A case study (Mallo 2016) evaluated the economic performance of various construction
systems, for a 40,000 square feet performing arts building. The study illustrated that in
terms of cost of material, labour and speed of construction, a CLT walls and roof with
glulam beams and wood frame system would cost up to 20% less per square foot when
compared to the building system option of concrete walls, roof and light steel frame
steel. Construction time for CLT systems was also estimated to last up 4 months
shorter.
As mass timber is found to nearly offset all upfront embodied carbon in the building,
making the case for mass timber tall buildings with a zero carbon framework as outlined
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in this shirt paper subscribes to the foundations of value analysis principles without the
function analysis of a 10-storey building. A benchmark comparison of the alternative
designs for a 10-storey building with concrete and a full CLT is conducted in order to
evaluate the benefits of CLT from the perspective of construction project management.

What is Zero Carbon Building?

The Canada Green Building Council CaGBC defines a zero-carbon building as: “a
highly energy efficient building that produces onsite, or procures, carbon-free renewable
energy or high-quality carbon offsets to offset the annual carbon emissions associated
with building materials and operations.” Zero carbon buildings represent the industry’s
best opportunity for cost-effective emissions reductions that spur innovation in design,
building materials and technology, creating jobs and business opportunities.”

From a global perspective, the International Organization for Standardisation “(ISO)
16745 framework provides a set of methods to calculate, report, communicate and
verify carbon metrics for emissions arising from the measured energy use during the
activity of an existing building. The simplicity of its approach means it is applicable at all
scales, from cities and building portfolios to individual buildings”.

Within the ZCB (zero carbon building) framework, the measurement of the building’s
actual impact is measured by 3 factors related to CO emissions: embodied carbon,
operation carbon and offset carbon.

Hence:

e Embodied carbon of buildings refers to the GHG emissions associated with the
manufacturing, maintenance, and decommissioning of a structure. It is directly
associated with the building materials.

e Operational carbon of buildings is the carbon load created by the use of energy to heat,
cool and power a building

e Offset carbon is a reduction in emissions of carbon dioxide or other greenhouse
gases made in order to compensate for emissions made elsewhere

The first component of the Zero Carbon Balance is the quantification of the embodied
carbon, which is the emissions from the manufacturing, transport, installation, use, and
end of life of building materials.

Embodied carbon emissions represent approximately 11 per cent of all energy-related
carbon emissions globally. Furthermore, emissions that occur during the production and
construction phases, referred to as upfront carbon, are already released into the
atmosphere before the building is operational or the retrofit is complete. Given the
timeframe for meaningful climate action is shrinking, there is a growing awareness of
the critical importance of addressing embodied carbon.

To account for emissions through the life cycle of building materials, embodies carbon is
measured using LCA — life cycle assessments. The figure below illustrates the energy
levels required for the manufacturing of various building materials including CLT.
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Energy consumption during production
GJ/m2
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CLT STEEL CONCRETE ALUMINUM

Figure. 1. Energy consumption during production in GJ/m2

Operational carbon emissions are associated with energy use and releases of
refrigerants during regular building operations. One simple method to assess the
operational impact of a design would consider the energy model of the building.

The first element of consideration to make the case for mass timber tall buildings in this
paper will be made using a 10-storey structure for which 2 alternatives will be
considered: traditional concrete with steel and a mass timber construction system using
CLT

The Construction of mass timber tall buildings

There is currently a widespread enthusiasm for mass timber as a building material.
Around the world, designers are leveraging the strength, stability, and design flexibility
of engineered products (EWPSs) such as cross-laminated timber (CLT) and glue
laminated timber to push beyond wood'’s perceived boundaries, achieving building
heights and spans that would have once required concrete, steel, or masonry for
structural support.

In North America, the residential market for structural framing and sheathing is mainly
dominated by wood products such as dimensional lumber, plywood, OSB, defining light
wood frame construction. In Canada, up until 2015, light frame construction was limited
to mid rise buildings up to 6 storey.

Mass timber construction systems on the other hand are a complement to light wood-
frame and post-and-beam construction. As shown in Fig.2, MTC — mass timber
construction framing systems use solid wood panels as wall, floor and roof elements.
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LIGHT WOOD-FRAME  POST + BEAM MASS TIMBER

Figure. 2. Three wood building construction systems (WW-WSP 12)

Amongst the wood products used for MTC systems, Cross laminated timber CLT is the
most recent engineered wood product to enter the construction market in Canada and
the US. Up until the construction of what was the tallest wood mass building in the
world, Brock Commons building at the University of BC (NaturallyWood 2017) , CLT
applications in Canada were limited to heavy duty platform oil rigs and some showcase
demo buildings. (NRCan 2019). According to the definition by the American Panel
Association - APA: “A CLT panel consists of several layers of kiln- dried lumber boards
stacked in alternating directions, bonded with structural adhesives, and pressed to form
a solid, straight, rectangular panel.

CLT panels consist of an odd number of layers (usually, three to seven,) and may be
sanded before shipping. While at the mill, CLT panels are cut to size, including door and
window openings, with state-of- the art CNC (Computer Numerical Controlled) routers,
capable of making complex cuts with high precision. Finished CLT pan el s are
exceptionally stiff, strong, and stable, handling load transfer on all sides.”(APA 2016).
CLT panels be produced in large sizes (up to 0.5 metres (18”) thick, 4 metres (12’) wide
and 24 metres (72’) long) into which door, window and service openings can be
machined. An odd number of layers is normally used (to decrease warping), and nails
or screws may be used for added strength. Alternatives to CLT include a variety of other
panels such as NLT — Nail laminated timber or DLT — dowel laminated timber.

Because of its strength and dimensional stability, mass timber offers a low-carbon
alternative to steel, concrete, and masonry for many applications. With a very high
strength to weight ratio particularly compared to concrete, MTC can be used in
conjunction with other wood systems such as post-and- beam, or in hybrid structures
with steel or concrete. On the other hand, mass timber is not necessarily a good
alternative to light wood-frame construction systems because dimension lumber framing
provides a compelling combination of performance and cost where permitted by code.
In fact, building types where traditionally designers typically default to forms of
construction other than light wood-frame, including offices, public/institutional buildings,
schools, and taller mixed-use occupancies, may offer greater appeal and suitability for
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mass timber than low- rise commercial or residential building. This paper however will
only address the case of a 10-storey residential building.

The 10-storey building framework

For the purpose of this case study, the following performance properties were used
(StructurLam 2017)
= CLT Wall panels
o Density: 485 kg/m3(SPF)
o SpecificHeat Capacity: 1.6kJ/kg K (dependent on moisture content)
o Thermal Conductivity: RSI Value: 0.84 per 100mm (K-m2/W),
o R Value: 1.2 per inch (h-ft2-°F/Btu)
To convert from (BTU*in)/(hr*ft2* F) to W/(m*K) value must divide by 6.933 o (1.2/6.933)
=0.17307 per inch of thickness
o Exterior wall thermal conductivity = 0.17307*18 = 3.115 W/(m*K)
o Interior wall thermal conductivity= 0.17307*6=1.0384
» CLT Floors panels
o Same thickness acting as two way systems.
o Deflection integrated in long term creep factors associated with wood
o design in Canadian design standards.
The 3D design for the 10-storey building is shown below with the 2 alternatives for the
super- structure consisting of either reinforced concrete or CLT floors and walls raised
over foundations.

Figure 3. Two alternatives for design: Concrete (left) and CLT (right).

In order to undertake a benchmark study, an old existing low income housing 10-storey
building was used for this case study. One basic design was made on Autodesk REVIT
and the instance properties for materials were then altered afterwards. This allowed for
an identical building to be analyzed using the different alternatives of building materials.
Below is some basic information about which building material is used for each specific
model. Given the emphasis on the superstructure, the building envelope, cladding, the
accessories and glazing in this building were identical. Figure 3 illustrates the 2 main
alternatives discussed in this paper: one using concrete and steel frame walls; one
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using CLT over concrete foundation.In this paper, two types of superstructures of the
10-storey building will be emphasized: full CLT and concrete with steel frame interior
walls.

Cost and Energy performance comparison

Cost performance of each building alternative was estimated on the basis of quantity
take-off obtained from the REVIT 3D models.. For most material prices, an average unit
price of the material was used. Labour costs were normalized to Alberta’s average labor
rates assuming the mobilization of just 1 crane and a crew of 10 specialized trades for
CLT assembly. As a result, and despite the high premium cost of the CLT panels in
addition to transportation from the closest plant, the unit price construction costs for a

Construction Costs

(5/m2)

B Construction Costs ($/m2)

CLT Concrete

10-storey CLT building were ~5% lower

Figure 4. Unit price construction costs for a 10-storey building CLT vs. Concrete

Costs for the concrete building primarily because the CLT alternative did not include drywall to increase
the fire rating. The charts below illustrated the cost breakdown estimated on the basis of material take-
ooff and associated labor costs.

CLT 10-storey Concrete 10-storey

M Labor M Labor

M Building
materials

M Building
materials

Figure 5. construction costs breakdown for a 10-storey building CLT vs. Concrete

144



Proceedings of the 2020 Society of Wood Science and Technology International Convention

Given the zero carbon framework considerations, a tabulation of operational energy requirements was
simulated directly from the outputs of the 3D model. An energy analysis was first performed based on the
industry standards of each materials. It is based on the quantity and area of material as estimated from
the quantity take-off. The BTU, electrical kwWh, and natural gas GJ energy equivalent were calculated to
illustrate two energy sources such as gas and natural gas. Overall energy costs could also be considered
using average constant rates of 0.11$/kWh and 6.00$/GJ (ATCO 2019) to conduct a full life cycle cost
analysis. The results of the energy performance are listed below.

Building Type BTU Require Per Energy in kWh Energy in GJ
Hour

Concrete 2,067,167.49 605.85 2.19

Full CLT 1,269,818.21 372.16 1.35

Table 1. Energy performance comparison.

Energy performance was analyzed using the heating degree day (HDD) method where the demand for
energy needed to heat a building incorporates the heating degree days, based on Calgary data, the
seasonal efficiency of the fuel, heat combustion value and approximate cost of the energy.

In addition to the above calculation solely based on material performances, an energy model of the
building design of the 2 alternatives was performed against a NetZero energy benchmarking. The results
are shown below. It is to be noted however, that the building design did not include any electrical and
mechanical systems.The 2 alternatives used the same type of building envelope and exterior cladding
and the EUI is simulated for heating and cooling the building for a Calgary based location.

442 | 430 4391428

439 436

KWh/m?2/yr w kWh/m?2/yr W
-~
“'- ‘\\ > R L8
N G

Full CLT 10-Storey Concrete 10-Storey

‘,

Figure 6. Energy use intensity simulation of the 2 alternatives of the 10-storey building

The benchmark comparison of two alternatives for a 10-storey building using concrete
and CLT has indicated limited differences in terms of impacts of cost and energy
performances. Nevertheless, we believe that CLT provides slightly more flexibility in
terms or energy requirements and thereby a lesser carbon footprint when it comes
down to construction.
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Conclusion

Despite some limitations, the case study presented in this paper may indicates the
followings:

» The construction of a 10-storey tall wood mass building using CLT is more
economical than a traditional concrete with steel construction method of
construction

» The EUI of the superstructure of a CLT 10-storey building for a northern
hemisphere climate zone such as Calgary Alberta on average indicate a similar
energy performance to concrete 10 storey building. However, the heating degree
day HDD Method clearly favours CLT as a building material with nearly 50%
lower energy requirements.

From a Construction Project Management perspective and a value analysis requirement
for decision making, a life cycle analysis for embodied energy as well as a life cycle cost
analysis may differentiate more the 2 alternatives.

Within the ZCB framework towards environmental impacts, operation carbon that would
result from the EUI would indicate the same carbon impact for both alternatives to the
10-storey building. In addition to converting the EUI into carbon impacts, a building LCA
life cycle analysis to measure the embodied carbon would make the case for using CLT
and MTC as a carbin sink.
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Abstract

Climate change is currently one of the biggest threats to humanity. Buildings generate around 40% of
the total carbon emissions in the world, considering contributions from the production process of the
materials, the construction of the building, and its operational phase. Besides carbon emissions, the
building sector is also responsible for many other environmental impacts such as land transformation
and waste generation. It is therefore urgent to carefully analyze those impacts, to determine how to
optimize them while considering the local situation of the building. For this study, a wooden single-
family model house was compared in different locations in Europe using Life Cycle Assessment. The
main purpose is to analyze how the impacts over the entire life cycle of the house vary depending on
the location. Initial results indicated that heating was the major impact source (air, water) in cool
climates, as expected. In warmer climates, heating water was the most significant impact. Based on
these initial findings, additional steps to reduce the buildings impacts were considered and compared
using local alternative renewable materials in Valencia, Spain and Portoroz, Slovenia as they have
reasonably comparable climates. For the Spanish context, a compressed rice-straw and wood
structural panel system was considered as an alternative to light wood framing, and in Slovenia, the
rock-wool insulation materials were exchanged for wood-fiber insulation, while the light wood frame
was kept. The results demonstrate the advantages of optimization with local materials but highlight
the difficulties of using limited resources as a widespread solution. Nonetheless, local alternative
materials often have other environmental impacts and support a more circular economy.
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Abstract

Today’s bio-based building materials, even if well-characterized from the technical point of view, are
often lacking reliable models describing their aesthetical performance during service life. Appearance
changes of materials are related to several deterioration processes, caused by biotic and abiotic
factors. The kinetic and/or intensity of such changes is varying due to structure, location,
microclimate, architectural design and the materials used for construction. The goal of this research is
to characterize and model selected aesthetical aspects of building materials, combined with a
numerical simulation of its visual changes as a function of deterioration processes. A novel method for
fusion of multi-sensor data (including color, texture, gloss, roughness) into a single indicator
expressing “satisfaction with appearance” or customer perception is recently tested in a frame of
CLICKdesign (Delivering fingertip knowledge to enable service life performance specification of wood)
project. It will allow the design of procedures for the definition of the limit states (aesthetical and
functional), as well as optimal scheduling of maintenance and/or replacement actions. The tool,
dedicated to investors, architects, construction engineers, professional builders, suppliers and other
relevant parties, including final customers will be validated and integrated with BIM software.
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Abstract

Reducing the environmental impacts of products and activities becomes more and more important
as the world’s population grows and limits of the earth’s carrying capacity are closing in or already
exceeded. Wood and engineered wood products, coming from a natural source, are generally seen
as more environmentally sound than alternative products and materials. However, to keep up with
the general development of environmental efficiency (i.e., less environmental impact per produced
unit), wood and engineered wood products should also improve their environmental footprint. In
this contribution, the standardized method of life cycle assessment is used to investigate a range
of wood and wood products with a focus on building materials, like glued-laminated timber
(glulam) and oriented strand boards. Where data permits, the Environmental Footprint indicators
as recommended by the European Union, are applied. The results are used to highlight fields of
improvement and strategies for an even lower environmental profile for wood materials and
products and could be of interest for producers as well as purchasers and users of materials and
products based on wood materials. By combining all strategies, a reduction of the overall
environmental footprint by up to ca 60 % was achieved.

Key words: environmental impact, engineered wood products, optimization, oriented strand board
(OSB), glued-laminated timber (glulam)

Introduction

Wood products have been used for centuries, have a natural origin and are generally seen as an
environmentally sound material (Obucina et al, 2017). However, as the world’s population grows
(United Nations, 2019), so does also the use of materials and products and their accompanying
environmental impact (Crippa, 2019). The carrying capacity of our one and only world is limited;
therefore, environmental efficiency (i.e., less environmental impact per produced unit) strategies
are needed to cope with larger demand from a growing world population. This is also valid for
wood products, especially in the building sector where engineered wood products could play a
significant role as the core for high rise mass timbered buildings (Ramage et al. 2017). As
competing products to wood, like concrete, steel and glass, are not sleeping but working to
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continuously improve the environmental footprint of their product, so should the wood industry in
order to not be left behind.

This contribution applies the standardized method of life cycle assessment (LCA) (1SO14040/44
(2012), cradle-to-gate, to investigate a range of wood and wood products with a focus on building
materials like glued-laminated timber (gluelam) and oriented strand boards (OSB). Where data
permits, 13 different Environmental Footprint (EF) indicators, as recommended by the European
Union (2020), are applied. The results are used to highlight fields of improvement and strategies
for an even lower environmental profile for wood materials and products that could be of interest
for producers as well as purchasers and users of materials and products based on wood materials.

Materials and Methods

Ecolnvent database v 3.5 (Ecoinvent, 2018), as implemented in the LCA software SimaPro v 9.0
(Pré Consultants 2019), is used for this analysis. This database includes a range of different life
cycle inventories for building materials and wood products. The cut-off system modelling and
global (or rest of the world) geographical data has been used as a reference. The cradle-to-gate
system boundary, including forestry operations, transport and manufacturing, has been chosen. For
the life cycle impact assessment, the EU Environmental Footprint indicators are applied, except
the toxicology impact categories, which are replaced by newer ones not yet implemented in the
software used.

The starting point for different strategies (or parameters) of influence has been chosen with the
background that the production itself is to a large extent already optimized. This might be more or
less the case. Then, environmental impact reducing potential also outside the direct control of the
producing company, but still under some control (for example, buying decisions), has been
investigated. Seven strategies to reduce the environmental footprint of OSB and glulam products
are investigated. These are presented in Table 1.

Table 1: Description of strategies reported
Strategy
No. Name Description
1 Reduce the amount of glue Resins are reduced by 20 % (amount, but
(low glue) similar effect if the environmental impact of
the resin is reduced by 20 %)
2 Modal shift to train Transport by ship and heavy-duty vehicle is
performed by train (200 km) instead
3 Local supply of wood raw The production site is located near the wood
material source, such that local sourcing (50 km
lorry) is possible
4 Clean electricity All electricity is coming from renewable

sources (100 % waterpower from river)
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5 Biomass heat only (not glulam) Fossil energy sources (natural
gas and oil) for heat production is replaced
with biomass (wood chips)

6 Reduced wood input Wood need is reduced by 10 % (amount, but
same effect if the environmental impact of
the wood raw material is reduced by 10 %)

7 Combined Combination of several strategies (see
above; Glulam: no. 1,3,4 and 6; OSB: no.
1,3-6)

No. 5, Biomass heat only, is applied only in the OSB case, as heat from biomass is already
implemented in glulam reference production. The different strategies are combined in no. 7, with
the exception of no. 2, Modal shift to train, as this is not realistic for local (50 km) supply of wood
(where no. 3 is applied to reduce the impact from transport of raw materials).

Results and Discussion

Results are presented in Figure 1 (glulam) and Figure 2 (OSB) and show the reduction for each
strategy adjusted for each of the investigated environmental footprint impact categories (measured
in percentage). The characterized results are reported in Annex | and Il for better transparency.
The results show that the combined strategy, as expected, leads to the highest reduction, up to 60
% for climate change (glulam). Clean electricity is a very promising single strategy for both glulam
and OSB.
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Climate change (CC)
Resource use, mineral 60%
and metals 50%

Ozone depletion

Resource use, energy
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Water scarcity formation, HH
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and freshwater
Eutrophication

Eutrophication terrestrial

Eutrophication marine

freshwater
——Low Glue —— Modal shift to train Local supply
Clean electricity ——Wood reduction —— Combined

Figure 1. Reduction potentials for different strategies in relation to no action-reference for glued-laminated timber
(glulam), depicted for different environmental impacts.

Investigated strategies optimization for glulam lead to a reduction of 0 % for low glue in the land
use impact indicator and up to 50 % for clean electricity in the eutrophication freshwater impact
category, followed by 45 % in climate change and ionizing radiation impact categories. The
respiratory inorganics impact category is difficult to reduce; in total for the combined strategy,
only 10 % reduction is achieved.
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Figure 2. Reduction potentials for different strategies in relation to no action-reference for oriented strand board
(OSB), depicted for different environmental impacts.

The results for OSB show that, overall, even with also targeting heat supply, the reduction in
environmental impact was not as large as with glulam. The exception was in the category of
respiratory inorganics, where OSB had a satisfactory reduction of 33 % for the combination
strategy, while glulam had only a 10 % reduction. The most promising strategy for OSB was a
shift to clean energy, both electricity (from waterpower) and heat (from biomass).

Strategy no. 1 Reduce the amount of glue (low glue) leads to a larger reduction of environmental
impact for OSB than for glulam. The reason for this can partially be explained by OSB’s use of
much more glue than glulam per ms, such that a 20 % reduction leads to 3.6 kg reduction in glue
for OSB but “only” 2.3 kg of glue for glulam.

No. 2, modal shift from heavy-duty vehicle to train, makes sense only for land transport and long
distances. A further reduction of the modal shift to train might be reached if all train transport is
electrified. This scenario applies the same ratio of diesel train to electric train (ca 50/50) as in the
reference situation.

Other strategies to further reduce the environmental impact of OSB and glulam are upstream in
forestry, where the building of forest roads and use of wood harvesting machines are believed to
have potential. However, this is left for future research.

Even though the percentage reduction is not directly transferable, as the amount of glue, transport
length and mode, energy source and wood by-products (cutoffs) are different, the results for OSB
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and glulam are believed to point in the same direction for other similar engineered products, like
particleboard and cross laminated timber.

Downstream, in the production of buildings and furniture, to optimize the use and reuse of
materials (minimize waste), material recycling and energy recovery strategies at end of life are
believed to be of importance for the life cycle environmental impact of engineered wood products.

The economical cost of different strategies investigated are believed to be responsible; some could
even bring a higher profit or cost savings as more environmentally sound wood products goes hand
in hand with more efficient transport and production processes and might even be higher priced in
the market. However, a financial cost analysis has not been part of this study.

Summary and Conclusions

Different strategies were applied and adjusted in order to improve the environmental profile of
engineered wood products, specifically glulam and OSB. With relatively small (e.g., 10 %
reduction of wood in production) adjustment, considerable reduction of the environmental impacts
of wood products are possible, especially if several strategies are applied and adjusted in
combination.

Shifting to clean energy (electricity for glulam and both heat and electricity for OSB) could
considerably lower environmental impacts. By combining different strategies, a total reduction of
10 — 61 % for glulam and 10 — 52 % for OSB was achieved. This shows that producers of
engineered wood products have a range of strategies available to easily further reduce the life cycle
environmental impact of their products. This should be pursued by the wood industry to ease
competition with other materials.

Similar research could be done on products from specific geographical regions, as these can be
quite different from the global reference made in this contribution. Also, further up in the value
chain (e.g. forestry) and further down the life cycle to end of life should be investigated to find
further strategies (or parameters) to optimize with the aim of reducing the overall environmental
footprint of engineered wood components and their final products.

The results presented here will be used to optimize wooden buildings, for example, to make an
environmentally optimized single-family house and compare it to the average European nearly
zero-energy building (nZEB) (Schau et al 2019).
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Annex 1

Impact category

Climate change

Climate change - fossil

Climate change - biogenic

Climate change - biogenic, emissions
Climate change - biogenic, uptake
Climate change - land use and transform.
Ozone depletion

lonizing radiation, HH

Photochemical ozone formation, HH
Respiratory inorganics

Acidification terrestrial and freshwater
Eutrophication freshwater
Eutrophication marine

Eutrophication terrestrial

Land use

Water scarcity

Resource use, energy carriers

Resource use, mineral and metals

Unit

kg CO2 eq
kg CO2 eq
kg CO2 eq
kg CO2 eq
kg CO2 eq
kg CO2 eq
kg CFClleq
kBq U-235 eq
kg NMVOC
an

disease inc.
mol H+ eq
kg P eq

kg N eq

mol N eq

Pt

m3 depriv.

MJ

kg Sbeq

Glulam

No action
(Reference)

2.68E+02
2.66E+02
-1.64E+03
3.26E+02
-1.97E+03
8.99E-01
2.97E-05
1.29E+01
1.63E+00
8.38E-05
1.96E+00
1.34E-02
4.99E-01
6.37E+00
3.41E+05
1.29E+02
3.67E+03

7.06E-04

Glulam

Low glue

2.57E+02
2.55E+02
-1.64E+03
3.25E+02
-1.97E+03
8.95E-01
2.80E-05
1.25E+01
1.60E+00
8.26E-05
1.88E+00
1.28E-02
4.90E-01
6.14E+00
3.41E+05
1.10E+02
3.48E+03

6.44E-04

Glulam

Modal shift
to train

2.66E+02

2.64E+02

-1.64E+03

3.26E+02

-1.97E+03

8.94E-01

2.98E-05

1.28E+01

1.60E+00

8.37E-05

1.91E+00

1.30E-02

4.88E-01

6.25E+00

3.41E+05

1.29E+02

3.65E+03

7.01E-04

Glulam

Local
supply

2.49E+02
2.47E+02
-1.64E+03
3.25E+02
-1.97E+03
8.89E-01
2.58E-05
1.17E+01
1.49E+00
8.21E-05
1.81E+00
1.28E-02
4.54E-01
5.87E+00
3.40E+05
1.27E+02
3.39E+03

6.53E-04

Glulam

Clean
electricity

1.47E+02
1.46E+02
-1.58E+03
3.25E+02
-1.90E+03
6.80E-01
2.43E-05
7.12E+00
1.29E+00
7.86E-05
1.33E+00
6.68E-03
3.87E-01
5.07E+00
2.89E+05
1.11E+02
2.18E+03

6.72E-04

Glulam

Wood
reduction

2.60E+02

2.57E+02

-1.48E+03

3.26E+02

-1.80E+03

8.40E-01

2.83E-05

1.23E+01

1.57E+00

8.31E-05

1.90E+00

1.31E-02

4.81E-01

6.17E+00

3.10E+05

1.28E+02

3.55E+03

6.83E-04

Glulam

Combined

1.12E+02

1.11E+02

-1.42E+03

3.24E+02

-1.74E+03

6.13E-01

1.78E-05

5.25E+00

1.08E+00

7.53E-05

1.07E+00

5.28E-03

3.23E-01

4.21E+00

2.63E+05

8.85E+01

1.64E+03

5.41E-04
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Annex 2

Impact category

Climate change (CC)

CC - fossil

CC - biogenic

CC - biogenic, emissions
CC - biogenic, uptake

CC - land use and transform.
Ozone depletion

lonizing radiation, HH

Photochemical ozone formation,
HH

Respiratory inorganics

Acidification terrestrial and
freshwater

Eutrophication freshwater
Eutrophication marine
Eutrophication terrestrial
Land use

Water scarcity

Resource use, energy carriers

Resource use, mineral and metals

Unit

kg CO2 eq

kg CO2 eq

kg CO2 eq

kg CO2 eq

kg CO2 eq

kg CO2 eq

kg CFClleq
kBq U-235 eq
kg NMVOC
an

disease inc.

mol H+ eq

kg P eq

kg N eq
mol N eq
Pt

m3 depriv.
MJ

kg Sbeq

0osB

No action
(Reference

3.82E+02
3.81E+02
-1.21E+03
3.70E+02
-1.58E+03
8.06E-01
4.85E-05
1.43E+01
2.51E+00
2.28E-05

2.59E+00

2.36E-02
7.19E-01
7.24E+00
2.51E+05
1.48E+02
6.00E+03

1.68E-03

0osB

Low glue

3.53E+02
3.52E+02
-1.21E+03
3.70E+02
-1.58E+03
7.84E-01
4.33E-05
1.34E+01
2.39E+00
2.15E-05

2.41E+00

2.16E-02
6.71E-01
6.88E+00
2.50E+05
1.32E+02
5.53E+03

1.47E-03

0osB

Modal shift
to train

3.55E+02

3.53E+02

-1.21E+03

3.70E+02

-1.58E+03

7.94E-01

4.23E-05

1.25E+01

2.34E+00

2.04E-05

2.38E+00

2.26E-02

6.70E-01

6.68E+00

2.50E+05

1.45E+02

5.58E+03

1.58E-03

0osB

Local
supply

3.49E+02
3.47E+02
-1.21E+03
3.70E+02
-1.58E+03
7.81E-01
4.27E-05
1.23E+01
2.23E+00
1.99E-05

2.28E+00

2.19E-02
6.32E-01
6.25E+00
2.50E+05
1.44E+02
5.54E+03

1.59E-03

0osB

Clean
electricity

2.86E+02
2.85E+02
-1.21E+03
3.69E+02
-1.58E+03
6.61E-01
4.49E-05
1.00E+01
2.27E+00
1.92E-05

2.11E+00

1.82E-02
6.38E-01
6.30E+00
2.50E+05
1.34E+02
4.84E+03

1.66E-03

0osB

Biomass
heat only

2.65E+02
2.64E+02
-1.17E+03
4.16E+02
-1.58E+03
6.63E-01
4.26E-05
1.00E+01
2.29E+00
1.98E-05

2.12E+00

1.84E-02
6.49E-01
6.44E+00
2.50E+05
1.34E+02
4.52E+03

1.66E-03

0osB

Reduced
logs input

3.76E+02
3.74E+02
-1.06E+03
3.70E+02
-1.43E+03
7.53E-01
4.73E-05
1.39E+01
2.45E+00
2.23E-05

2.54E+00

2.34E-02
7.03E-01
7.06E+00
2.26E+05
1.47E+02
5.91E+03

1.66E-03

0osB

Combined

1.99E+02

1.98E+02

-1.01E+03

4.15E+02

-1.42E+03

5.66E-01

3.09E-05

6.91E+00

1.85E+00

1.53E-05

1.62E+00

1.45E-02

5.06E-01

5.02E+00

2.25E+05

1.14E+02

3.54E+03

1.35E-03
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TallWood Design Institute:
Latest Resilient Design and Seismic Engineering Research

Evan Schmidt, TallWood Design Institute, USA

Abstract

TallWood Design Institute (TDI) represents an interdisciplinary collaboration between three colleges at
two US universities and is tasked with overseeing a program of applied research aiming to
characterize and improve advanced timber products and building systems for adoption in US
construction.

Research is carried out by a network of affiliated faculty members and industry partners in the
architecture, engineering and construction communities. Areas of investigation range from
seismic/structural performance to moisture/durability, acoustic, fire, manufacturing and
human/environmental health.

In addition to highlighting key aspects of TDI's applied research program and industry testing
consortium, this presentation will outline two new interdisciplinary projects of particular interest in the
realm of resilient timber design for seismically active regions.

The first project, "Design, Construction and Maintenance of Mass Timber Post-Tensioned Shear Walls"
will characterize and validate the long-term performance of cross-laminated timber (CLT) and veneer-
based (LVL and mass plywood) post-tensioned rocking shear wall systems, in terms of anchorage
detailing, and system response to climate, moisture, dimension changes and tension loss. Additionally,
a related project engaged in construction and post-occupancy monitoring of the Oregon Forest Science
Center will be discussed in context.

The second project, "Innovative Lateral Systems for Mass Timber," will generate benchmark data
characterizing the performance of multiple innovative mass-timber shear wall systems from the scale
of connectors to full-scale building systems up to three stories tall. This work is intended to lay
groundwork for upcoming full-scale NHERI shake table tests that are part of a multi-organization
research initiative looking at seismic performance of mass timber building systems.
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Are wood and sustainability-related terms emphasized more nowadays
than 20 years ago? Corpora-based study in Czech and Slovenian languages

Vaclav Sebera, Innorenew CoE, Slovenia
vaclav.sebera@innorenew.eu
Julija Ursic, Innorenew CoE, Slovenia
i ic@i

Abstract

It is well known that wood, despite its morphological and property complexity, is a material that
makes a great sense to be used in constructions for many reasons such as thermal and structural
benefits and sustainable aspects. If we acknowledge these facts, then one would expect that “wood”
has been pronounced (i.e. it was written and spoken about wood) with an increasing trend in last two
decades during which a call for sustainability and sustainable materials has been increasing in our
society. But is it really truth, do we really promote, speak, write and publish about wood more now
than 20 years ago? This work would like to try to answer such questions by language analysis using
linguistic tool such as Czech National Corpus that comprises about 4.5 billions of words, and Slovenian
corpus Gigafida that has about 1.8 billions of words, both containing data for nearly two last decades.
The further research questions were: who pronounce wood more, women or men?; what degree of
education is the most frequent for people who speak about wood?; what are the most frequent
collocations to word “wood”?; what kind of material people pronounce the most? In conclusion, we
would like to outline whether statistical analysis of the language can help us to understand whether
people have changed their approach to sustainability, wood and related terms in last two decades.
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Options for Climate Change Performance Indicators for Cross-laminated
Timber

Lars G.F. Tellnes, Ostfold Research , Norway
lars@ostfoldforskning.no
Kristine Nore, Splitkon AS, Norway
risti Dspli
Anne R. Ronning, Ostfold Research, Norway
anne@ostfoldforskning.no

Cross-laminated timber is a structural building material increasingly used in larger buildings substituting concrete and steel
materials. Often, climate change mitigation is a motivation and wood products have benefits from typically lower fossil fuel use,
carbon sink in the material and potential for secondary use with reuse, recycling or energy recovery. The standard EN 15804 is
commonly applied to document the environmental impacts of individual materials, but some aspects such as carbon storage and
benefits beyond life cycle often left out when comparing to other materials in practice. There has been a wide focus on such
issues in research, but the implementation of these aspects in environmental criteria applied in procurement and buildings design
guidelines are more limited. The objective of the paper is to assess different approaches to a more holistic modelling of the
climate change mitigation potential of wood products and how the aspects can be applied in industry used criteria for materials in
sustainable constructions. The study focusses on practice in Norway, while the research is linked to the international agenda.

From research, how to deal with temporary carbon storage has had a large focus within life cycle assessment (LCA) in the last 10
years. Most studies assume zero contribution as it is assumed that the carbon sequestration is equalled by the carbon released at
end-of-life. However, there has been several methods developed for time-adjusting of biogenic carbon in LCA, but these have not
been included in standards so far and seems too complicated for industrial widespread use. Outside the LCA framework, carbon
storage in products has also been increasingly focused in the national greenhouse gas inventories where it is called “Harvested
wood products” (HWP). Besides, carbon storage, wood products has the benefit after end use in potential for secondary use. In
many LCA these benefits are left out to avoid double counting, but increased focus on consequential LCA has challenged this

practice.

To make more holistic approaches to climate change mitigation potential to be applied by decisions for material choice in
buildings, there is a need for common frameworks, but there is also a potential by individual organisation to set more specific
requirements. In Norway, there has been developed a standard for greenhouse gas calculation of buildings (NS3720), so this
should be used as a framework, but there would be a need for further specification when used in green public procurement or
other green building classification schemes such as BREEAM-NOR. In public procurement, there is also possible for projects to
apply environmental cost of carbon emissions to weight the reduced climate change impact to an increased cost. These many
approaches can give quite different results, but it can be challenging to defines on approach as the right. Further research and
development should therefore focus on how these approaches can be applied in practice and facilitate the use through guidelines
and best practice case studies.
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CONTRIBUTION AND POTENTIAL OF THE WOOD INDUSTRY AND
ITS PRODUCTS TO THE CIRCULAR ECONOMY': CASE EXAMPLES
FROM THE US AND CENTRAL-SOUTHEAST EUROPE

Andreja Pirc Barci¢i — Eric Hansenz

1Assistant professor, University of Zagreb, Faculty of Forestry, CROATIA
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ABSTRACT: Sharing and collaborative value-delivery models are aspects of the circular
economy. Currently, renew and repair schemes for durable, wood-based (bio-based) products, such
as furniture, are still rare. A combination of shifting consumer behaviour and rapidly-evolving
digital technologies is disrupting long-established business models across many industries and
putting increasing pressure on traditional growth models. For example, sharing and collaborative
principles applied to products and/or services will give the potential to increase product longevity,
reusability and the sharing of materials. Product sharing can also facilitate the sharing of
overcapacity or underutilization, improving the efficiency of resource use. Given that the level of
wood used in residential and public construction, interior design, and outdoor design continues to
expand, results and information conducted during this work can help in the process of
implementing sharing and collaborative economy principles in the wood-based sector. Perhaps the
hardest part will be convincing consumers/customers, but also other stakeholders to change their
use/behavior and way of thinking. An improved understanding of the sharing and collaborative
economies is therefore needed to inspire more thoughtful and appropriate responses to these
variegated realities, in terms of policy, regulation and institutional support. However, there hasn’t
been an opportunity thus far to consolidate this body of work for wood sector communities and to
collaboratively shape a future agenda on the topic. The aim of this work is to present a contribution
of the wood-based industry to the concepts of sharing and collaborative economies as components
of the circular economy based the U.S. and Central-South-Eastern European countries.

Key words: circular economy, sharing and collaborative models; wood-based products
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A THEORETICAL BACKGROUND OF THE SHARING & COLLABORATIVE
CONCEPTS AS ASPECTS OF THE CIRCULAR ECONOMY

Bioeconomy and circular economy (CE) are concepts which complement each other.
Furthermore, the wood-based sector together with forest sector play a central role in a bioeconomy,
because they provide material, bioenergy and a wealth. More precisely, bio-based industries have
a long history of discussing and partly realizing cascade use of wood. On the other hand, the
circular and sharing economy concepts are related. Sharing and collaborative models are aspects
of the circular economy. Currently, renew and repair schemes for durable, wood-based (bio-based)
products, such as furniture, are rare. Their effect on material demand will in any case largely
depend on consumer response and rebound effects. One example that highlights sharing and
collaborative economy principles in the field of wood furniture comes from IKEA. IKEA has been
piloting various initiatives across its European stores to see how they can build circularity into
their offer to customers with an aim to support customers to care and repair, rent, share, bring back
and resell their IKEA products to prolong product life.

Accoridng to Sposato et al. (2017) the development of a sharing economy can bring new
opportunities in economic terms, but sharing models also are able to bring interesting
environmental advantages in terms of resource savings and avoided waste. For this reason, the
sharing economy within the wood-based sector can be considered connected to circular economy
issues. Circular economy is a term to define an economic system that foresees restorative and
regenerative mechanisms (Ellen MacArthur Foundation, 2012). It is representative of a broad
number of interpretations that have in common an increased efficiency of resources by minimizing
waste and resource extraction (Chertow, 2000). Its main objective is to oppose the linear economy
by closing the loops in terms of resources and materials (Sposato et. al. 2017). As the European
communication “Towards a circular economy: A zero waste programme for Europe”
(COM/2014/0398 final/2) states: “These are based on experience of successful initiatives that
could be scaled up and applied more widely, and include among others, in the consumption phase,
collaborative consumption models based on lending, swapping, bartering and renting products,
and product service systems to get more value out of underutilized assets or resources (e.g., cars,
tools, lodging)” (European Commission (EC), 2015a). What do cars, printers, clothing, and
furniture have in common? Or perhaps better, what will they have in common. Some expect that
in the future many of these products will no longer be owned. Instead, consumers will access them
via some form of renting. Sposato et al. (2017) noted results from the French Agency for
Environment and Energy Management (2014) that one third of domestic waste may turn into
potential sharing goods and the 33% of the total environmental impacts can be avoided through
collaborative economy models. A report of the study office of the European Parliament (2016)
concludes (according to results from Italian Statsitical Yearbook 2015) that more than 46% of
domestic consumption in Italy is recoverable/reusable through sharing economy models.

In the past ten years, technology has dramatically changed our lives and social media have
revolutionized the way we communicate and collaborate with each other in ways that weren’t
earlier possible (Smith et al. 2015). Nesta (2014) observed that the sharing economy has become
a popular term to describe a range of various business models, activities and organizations in order
to get a new perspective on the social, environmental, and economic value that can be created from
a number of assets and skills, in innovative ways. According to Codagnone and Martens (2016)
there is no ‘shared’ consensus on what activities comprise the ‘sharing economy’. Furthermore,
the activities and organizations that are today commonly referred to as the 'sharing economy' have
also been labelled as ‘collaborative consumption’ (Botsman, 2013; Botsman and Rogers, 2010a;
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Botsman and Rogers, 2010b). The sharing economy represents a fundamental shift in how
consumers value products. In the current commercial economy, consumers value ownership which
contributes to conspicuous consumption and waste resulting in artificially high demand for natural
resources. Collaborative consumption can mitigate these negative effects, but poor communication
and small social networks constrain the concept (Smith et al. 2015). According to Coyle (2016)
the sharing economy offers a quick and cheap way of matching supply with demand for goods and
services. The main innovation in the business model of the sharing economy lies in the
technological platforms and mobile apps which bring demand and supply together and group them
in a way which was not possible before (quicker, cheaper and on a larger scale), including in
geographical areas or services sectors where the concentration of players is lower and where new
commercial opportunities are now arising (Basselier 2018). Veleva and Bodkin (2018) noted that
according to World Economic Forum (2016) it is estimated that the circular economy will provide
an economic opportunity of over $1 trillion as well as significant social and environmental
benefits. On the other hand, according to a European Commission Report (2018a) on the
collaborative economy, the overall size of the collaborative economy in the EU-28 in 2016 is
estimated to be EUR 26.5 billion. Additionally, the collaborative economy offers about 394,000
jobs across the EU, representing about 0.15% of total EU-28 employment. The largest markets for
the collaborative economy can be found in France (25% from total collaborative EU-28 market),
UK (17%), Poland (10%) and Spain (10%). These top four countries also offered the most jobs in
the collaborative economy (approx. 74,600, 69,400, 65,400 and 39,700, respectively) in 2016. In
general, the seven largest collaborative economy markets in the EU (France, UK, Poland, Spain,
Germany, Italy and Denmark) represent about 80% of total collaborative revenues in the EU-28 in
2016.

Developments around the sharing economy are also taking place in North America. Many
platforms started originally in the United States and are beginning to have a significant impact in
many European countries. While these platforms have the technical capacity to work globally, they
often need to be adapted to local contexts and their usage differs across regions in line with local
customs and regulations. Remarkably little research has been done using a side-by-side
comparison of types of platforms (monetary, non-monetary) for different purposes (labour, spaces,
goods). From lighting-as-a-service to the rise of clothing rental, more companies are beginning to
catch on to the potential of providing products-as-a-service (PaaS) through rental, pay-per-use and
pay-per-service models for items that traditionally have been purchased outright (and usually
landfilled when no longer needed). In February 2019, the Swedish furniture company IKEA
announced a furniture leasing trial to explore “scalable subscription services" for everything from
couches to kitchens. Yet while some already have dubbed IKEA’s pilot, which will roll out only
in Sweden for now, the "Netflix of furniture,” the details of access over ownership become
increasingly more complicated with physical things than with digital. Many more companies—not
just social enterprises—are including matters of sustainability in their strategic decision-making
and choose to include circular economy practices in their business models. However, many circular
economy-minded businesses have a narrow definition of what it means. For example, the report,
called Opportunity and Disruption: How Circular Thinking Could Change U.S. Business Models,
surveyed 300 U.S. based executives in companies of various sizes across four sectors—
automotive, consumer electronics/telecoms, food/agriculture and healthcare showed some
interesting figures about the circular economy. The report looked at whether U.S. companies were
including sustainability issues in their growth strategies and, as part of that, what role circular
economy goals were playing in those considerations. The study showed that managing ongoing
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product maintenance, adapting sales and distribution models and rethinking product pricing were
the three most challenging changes a company would have to make. The report also found that
62% of American companies are planning to move toward circularity and that almost twice as
many U.S. firms are embedding sustainability in strategic decision-making compared to the year
before (from 48% to 85%). In the February 2019 issie of Forbes, Van Rial notes that that there is
still work to be done to get the full benefits out of circular economic thinking, it’s all about a
comprehensive approach to transforming a company’s business model with the goal of creating
and retaining value across all processes in their organizations. That means rethinking everything
from product design to financing to recycling.

According Codagnone et al. (2016) regarding sharing there are different new business
models that are being developed: (1) P2P (Peer-to-Peer) where the exchange happens among
individuals intended as "private”; (2) B2P (Business-to-Peer), where the change happens among
companies and single consumers and consumers become now individuals linked in virtual
communities; (3) P2B (Peer-to-Business) among single consumer to companies; and (4)- B2B
(Business-to-Business) among companies themselves. Additionally, according to the EC (2016a),
there are three categories of collaborative actors: service suppliers that share goods, resources,
time and/or competencies; the users of these services; and the mediators that act through
collaborative platforms. Vaughan and Hawksworth (2014) interpret that ‘sharing economy’
concepts are seen as closely related to the ‘circular economy’ and/or the ‘collaborative economy’,
but with no clear distinction between consumption and production activities. ~ Several core
elements of the sharing economy, such as promoting access over ownership, enabling peer-to-peer
connections, and accelerating the use of digital platforms, have the potential to foster greater
inclusivity. According to the study regarding sharing economy and business opportunities
conducted by Pluess et al. (2016), maximizing the potential of the sharing economy will depend
not only on innovation by individual businesses, but also on collaboration among companies,
policymakers, and civil society organizations;

Sharing economy platforms have experienced a meteoric rise in recent years, and are
projected to grow rapidly in the near future. The rapid growth of some of these platforms has
stirred considerable debate over application of state and local regulations to these platforms and
the suppliers who use them. For example, the Internet and social media are enabling individuals to
more easily connect and share ideas. The maker economy is creating the possibilities to create
new streams of income, both for individual artisan sellers as well as for local family-based makers
(European Commission 2015a). Digital platforms generally placed under the ‘sharing economy’
and various other labels match different groups of users and providers and increase the scale and
speed of traditional transactions such as selling, renting, lending, labor trade, and provision of
services. In many cases, these platform-mediated activities involve peer-to-peer or peer-to-
business transactions that occur in a regulatory vacuum.

Documents supporting sharing & collaborative economy
The labels ‘sharing economy’ and 'collaborative economy' are used in official documents
of the European Commission (EC, 2015b); the European Economic and Social Committee (EESC,

2014); the European Parliament (European Parliament, 2014); and the US Federal Trade
Commission (FTC 2015).
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European identity is strongly characterized by inclusivity and social solidarity, thus the
collaborative economy represents an opportunity for social innovation in these terms. In recent
years, a European network has focused on articulating a European perspective and an appropriate
research agenda to study the realities of the collaborative economy. There has been a series of EU-
supported initiatives aimed at examining new social and economic models for achieving
sustainable growth. For example, the EU Innovate project investigates the creative, innovative and
entrepreneurial roles of users in developing sustainable novel products, services and systems
(http://www.euinnovate.com/en/sustainable-enterprises). National initiatives have also emerged
and innovation and growth value of the collaborative economy has also been recognized widely
outside of Europe. The collaborative economy offers greater choice to consumers and new
opportunities to entrepreneurs, but citizens and businesses must be aware of existing rules and
obligations. In its Communication on “A European Agenda for Collaborative Economy”, issued
in June 2016, the European Commission announced that it would continuously review
developments in the European collaborative economy. According to the communication, the EU
provides clarity on applicable EU rules and policy recommendations to help citizens, businesses
and EU countries fully benefit from new business models and promote the balanced development
of the collaborative economy. In October 2018, the Commission organized the high-level
conference, 'Collaborative economy: opportunities, challenges, policies’ in Brussels to take stock
of policy, regulatory and market developments since the adoption of the Communication on the
collaborative economy in June 2016. During the conference the Commission published the results
of research about the use of the collaborative economy. The results indicated that one in four EU
citizens have used services offered via collaborative platforms and one in five say they either have
offered such services or can imagine doing so (European Commission, 2018b). According to the
EC (2016), the role of the platforms is essential because they link suppliers with users and allow
transactions among them and have grown rapidly thanks to digital progress like internet,
applications, and social networks.

To better understand the economic activity generated and issues raised by emerging
internet peer-to-peer platforms, the US Federal Trade Commission held a workshop in June 2015
entitled The “Sharing” Economy which has brought together economic, legal, stakeholders, and
business experts with an aim to examine competition, consumer protection, and economic issues
arising from sharing economy activity. Workshop results show some of the factors underlying the
growth of the sharing economy such as how platforms can facilitate entry by small suppliers by
providing them with the means to efficiently reach customers on a large scale; and how small
suppliers can offer goods and services at attractive prices because they can employ underutilized
assets (FTC 2015).

The global economy is rapidly becoming digital and ICT is no longer a specific sector but
the foundation of all modern innovative economic systems. The Internet and digital technologies
are transforming the lives we lead, the way we work — as individuals, in business, and in our
communities as they become more integrated across all sectors of our economy and society.
According to a Digital Single Market Strategy for Europe (European Commission, 2015b), a
digital single market is one in which the free movement of goods, persons, services and capital is
ensured and where individuals and businesses can seamlessly access and exercise online activities
under conditions of fair competition, and a high level of consumer and personal data protection,
irrespective of their nationality or place of residence. The same document states that, platforms
generate, accumulate and control an enormous amount of data about their customers and use
algorithms to turn this into usable information. The growth of such data is exponential — 90% of
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all data circulating on the Internet were created less than 2 years ago. Moreover, platforms have
proven to be innovators in the digital economy, helping smaller businesses to move online and
reach new markets. New platforms in mobility services, tourism, music, audiovisual, education,
finance, accommodation and recruitment have rapidly and profoundly challenged traditional
business models and have grown exponentially. The rise of the sharing economy also offers
opportunities for increased efficiency, growth and jobs, through improved consumer choice, but
also potentially raises new regulatory questions.

Case examples from the US and Central-Southeast Europe

Business-to-business and business-to-peer connections — Example of IKEA

IKEA recently launched a furniture rental offering as part of it shift towards the circular economy.
The world's largest furniture retailer has unveiled plans to rent its products to consumers for the
first time, as it strives to become a 'net-positive' business by 2030. The launch of the scheme came
after IKEA UK’s sustainability manager Hege Sabjernsen said that building a circular economy
into IKEA’s business model developing a closed-loop solution will be “fundamental” to the
retailer’s ability to grow and remain relevant with customers in the future
(https://www.dezeen.com/2019/02/20/ikea-rental-furniture-circular-economy-design, 2018). The
company’s 2017 sustainability report (Ingka holding B.V. and its controlled entities,
2017) highlighted that these processes were delivering tangible results. The report outlined a 5.8%
increase in total sales for the financial year. Globally, IKEA has already trebled the sales from its
'sustainable life at home' products. According to Torbjourn Loof, IKEA’s chief executive, IKEA
is working towards an ongoing target of becoming “a truly circular retailer” trialing furniture
leasing across its Swedish stores firstly focusing on office furniture for business owners. Under
the proposed scheme, businesses will rent their furniture for a set period before it is taken back by
IKEA for either refurbishment, upcycling, resale or recycling. In that way they will prolong the
furniture lifecycle. If the proposed business concept trial is successful, IKEA may roll the concept
out across other markets and to add kitchens for the consumer market. The most important thing
is that if the proposed business concept will be successful it will be fundamental to the company’s
ability to grow, remain relevant with customers, and survive long-term. In 2017, IKEA last
launched its first kitchen incorporating 100% post-consumer recycled (PCR) plastics and PCR
wood. All products are now being designed using its ‘democratic design’ principles, which are
founded on circular values and focused on making products accessible to all (IKEA Sustainability
Report, 2018).

Business-to-peer & busines-to-business sharing

More than 40 years ago, CORT (Chantilly, VA, US) began with a single goal in mind: to
deliver unparalleled customer service to people and businesses. They began with residential
furniture rental in five regions across the United States and have grown to become the nation’s
leading provider of transition services, including furniture rental for home and office, event
furnishings, students and the military communities, and other services. In addition to their 100+
offices, showrooms and clearance centers across the United States, it has operations in the United
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Kingdom and partners in more than 80 countries around the globe.'We believe that our customers,
colleagues and partners deserve great. And we believe that great things come from an authentic
commitment to delivering our very best, every time, everywhere' - Jeff Pederson, President and
CEO.

The company SOFRINNOV (Ramonville-Saint-Agne, France) is involved with the
construction of shelters that can be used in emergency situations (e.g., refugee camps) and in
construction of bungalows and houses compliant with high level thermal needs and low carbon
emissions. Both products are developed by recycling woods pallets and using them as building
blocks. By creating a piece of wood that acts as a cement between the pallets, they can be
assembled as needed. As an example, construction time for a 25m2 space takes one day for one
person and everything can be assembled by hand without power tools.

The company Feather (New York, San Francisco, Los Angeles, US) believes that furniture
ownership is a thing of the past. Through their circular model, they allow members to use the
furniture items they need today and when their life or tastes change, they pick it up and give them
a second (and third and fourth) life. Furthermore, the company points out that being a flexible
subscription service is what makes it possible for their customers to live more conveniently. That's
why Feather offers furniture changes to all subscribers. A furniture change is any trip that Feather
team makes to someone’s home. During these trips consumers may swap items for different ones
and/or return items to the Feather ecosystem if they don't want or need them anymore. Members
qualify for one free change every year; all other furniture changes are flat-rate and cost $99
regardless of the number of items being swapped, picked up, or added. Delivery and assembly are
included in this price. Most of the items have been previously used by another Feather subscriber.
After each deployment, every Feather item undergoes a quality check and extensive sanitation
process before it arrives to be assembled in new consumer home. We believe that when life
changes, your things should be able to change with you — without spending a fortune or hurting
the planet in the process!

Since 1935 more than one and a half million Aalto stools have been sold. In 2006, Artek
(Helsinki, Finland) began collecting used Aalto furniture, searching them out from flea markets
and old factories, schools and shipyards. This led to the founding of the Artek 2nd Cycle initiative,
which offers these re-discovered pieces for sale, beginning a second cycle in their lives. Artek 2nd
Cycle not only showcases the longevity of Artek furniture, it also promotes conscious consumption
— the idea that what we buy should be carefully chosen, cherished rather than disposed — and seeks
to honour the natural materials that have gone into producing these enduring designs. Gaining
character and beauty through everyday use, each Artek 2nd Cycle piece of furniture ages with
grace, becoming unique with time. “Nothing is ever reborn, but neither does it totally disappear.
And that which has once been, will always reappear in a new form.” Circular thinking?

The Dutch wood working company Herso (Loosbroek, the Netherlands) uses reclaimed
wood to make new products, from furniture to floors. Herso uses wood from old floors, furniture,
cut offs from carpenters and of course their own. They select good pieces of wood, even small
ones, to use in their designs. Iron pieces, such as nails, are also reused, while sawdust is use to
make bio-alcohol, cat litter, and compost. In the rare case they need to use new wood, it is always
FSC certified. Rather than just selling their products, Herso has a sort of deposit money
arrangement. In essence, you rent the products. During its use, the product keeps a value that is
determined beforehand. At the end of use the product can be handed in, so that Herso can use it
again to make new furniture and floors. All Herso’s tables are solid and made by hand. They only
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use biodegradable glue. The company also takes on various projects, such as the no-waste floor of
Circl, a circular pavilion in the Netherlands. The floor is the size of a football field and made from
wood from all sorts of sources, such as a villa from the 50s, old furniture, a hardwood terras,
window frames, and an old door. All this waste wood is turned into a beautiful wooden floor. And
Herso promises that when the pavilion is deconstructed in 25 years, that they will make new
products from the floor.

For Nnof (Vilvoorde, Belgium), office furniture that needs replacing is no longer simply
waste. It provides the raw material for Nnof interior designers to design new furnishings which
dovetail perfectly with trendy new office design concepts. This design service fits in seamlessly
with the principle of the circular economy. Instead of simply dumping existing office furniture,
Nnof creates a new cycle that gives it a second or even third life. Nnof stands for 'nearly new office
facilities": office furniture that is almost new. The Vilvoorde company designs offices with mostly
recycled material, which usually comes from the customer's previous interior. Chairs are re-
upholstered, tables are given a new top layer, cupboards are disassembled and transformed into
new furniture. The end result does not look like a thrift store, but simply as a new interior. In the
last two years they have committed the company to re-working, e.g., they use tablets from old
tables to make seating furniture, or they design a rack system made from used table bases. If
customers leave them somewhat free in their ideas, they can reuse a very large part of their interior.
How did they get there? “Around the turn of the century I started to read a lot about climate
change, our handling of raw materials and all the problems that awaited us”’, managing director
Didier Pierre. 'That was not fun!

Summary

A combination of shifting consumer behaviour and rapidly-evolving digital technologies is
disrupting long-established business models across many industries and putting increasing
pressure on traditional growth models. For example, sharing and collaborative principles applied
to products and/or services will give the potential to increase product longevity, reusability and
the sharing of materials. Product sharing can also facilitate the sharing of overcapacity or
underutilization, improving the efficiency of resource use.

In this study, scientific papers, professional study documents, and policies regarding the sharing
and collaborative economies in the U.S. and Europe (economy in general, but also within the
wood-based sector) were reviewed and summarized, all relative to sharing and collaborative
models as aspects of the circular economy. A theoretical background of the circular economy and
sharing and collabrative models as aspects of the circulary economy were developed with an
example of IKEA, one of the best-known examples of sharing economy in the wood-based sector.
Also, documents and policies supporting sharing and collaborative principles related to the U.S.
and European markets were examined. Based primarily on the work of Codagnone and Martens
(2016), Botsman (2013), Botsman and Rogers (2010a); Botsman and Rogers (2010b); and
Codagnone et al. (2016) examples of the sharing economy and/or collaborative economies related
to the U.S. and Central-Southeastern European market were traced. Examples were categorized
based on different business models - P2P (Peer-to-Peer); B2P (Business-to-Peer), P2B (Peer-to-
Business); B2B (Business-to-Business). Further, data analysis about perceptions of the sharing and
collaborative economies within the wood-based sector was conducted using data from a survey of
the Slovenian wood-based sector stakeholders. Given that the level of wood used in residential and
public construction, interior design, and outdoor design continues to expand, results and
information conducted during this work can help in the process of implementing sharing and
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collaborative economy principles in the the wood-based sector. Perhaps the hardest part will be
convincing consumers/customers, but also other stakeholders to change their consumption
behavior and way of thinking. An improved understanding of the sharing and collaborative
economies is therefore needed to inspire more thoughtful and appropriate responses to these
variegated realities, in terms of policy, regulation and institutional support. However, there has not
been an opportunity thus far to consolidate this body of work for wood sector communities and to
collaboratively shape a future agenda on the topic. Also, we hope that this study will bring a
definite value to European and US initiatives on business innovation within the wood-based
industry. The information and knowledge from this study will also be valuable for other
researchers and scholars examining the collaborative economy in the wood-based sector.

More importantly, this study is giving wood industry stakeholders information and extends
knowledge regarding the circular economy and sharing economy which should be used in the
development of the actions needed for the cascade use of wood, wood products and utilization of
wood following ‘circular’, ‘sharing’, and/or ‘caring’ principles in the wood-based sector.
Cascading use of wood is the smart way to use a natural resource — putting it to good use before it
is reused, recycled and finally burnt for energy. It strongly overlaps with circular economy ideas.
Acknowledgement: The authors would like to thank the Socoety of Wood Science and
Technology for Short Term Scientific Mission Scholarship support for Andreja Pirc Barci¢ .
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Abstract

Digitalization is an increasingly important topic in various business domains, regardless of its size.
Despite all the benefits that digitalization brings, the introduction and use of digital technologies
in business processes could bring certain challenges and obstacles, especially in subsectors with a
low digitalization level. In European countries, the rate of digitalization is measured with a
plurality of indicators, among which is also the Digital Economy and Society Index (DESI). In
2019, Slovenia was ranked as 16th among 28-member states, while other Alpine region countries,
i.e., Austria, Italy, and Germany, were ranked on the 13th, 24th, and 12th places, respectively.
Although available digitalization measures cover a large spectrum of domains and views, the
analysis revealing the digitalization level of the Small and Medium-sized Enterprises (SMEs),
limited only to the natural fiber domain, cannot be detected. In order to overcome the identified
gap, analysis was made measuring the current digitalization level of SMEs operating in the wood
fiber value chains. The paper presents the preliminary results of the gathered data, acquired using
a survey questionnaire gathering the information from the identified SMEs from Slovenia and
Italy. As the results indicate, the level of digitalization in the respondent SMEs is rather low.
Although digitalized areas and departments can be detected, a lot of space for possible
improvements is still open, allowing multiple possibilities for digitalization development.

Keywords: SMEs, digitalization, tools, wood fiber, Alpine Region, Slovenia, Italy, obstacles
Introduction

Technological development is becoming an indispensable constant, regardless of the business
domain in which companies operate. Daily, we are witnessing the technological changes, making
the work easier, processes more straightforward and faster, and providing support for different
business tasks. Nowadays, digitalization also penetrates extensively into the domains whose
primary orientation is not related to IT. According to the definition, digitalization is the use and
integration of digital technologies aiming to change the business model, reorganize the work
within an organization and upgrade processes within a company [1], [2]. The European Union
supports digitalization strongly, to the extent that increasing the usage of ICT technologies and
their potential for economic growth is one of the main pillars of the Europe 2020 Strategy and the
Industry 4.0 revolution [3], [4]. Regardless of all the benefits that digitalization brings, the process
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can be very challenging for SMEs. According to the European Commission, SMEs are companies
with less than 250 employees and less than a 50 million EUR turnover or 43 million EUR Balance
Sheet in total [5]. According to the 2018/2019 Annual Report on European SMEs published by the
European Commission [6], over 25 million SMEs were registered in the European Union (EU-
28) in 2018, which made up 99.8% of all EU-28 enterprises operating in the non-financial business
sector.

In recent years, a lot of attention has been paid to the introduction of digitalization into SMEs in
different business domains. The current state can be seen within the available indexes and
measures of digitalization. One of the most known is the Digital Economy and Society Index
(DESI) [7], measured by the European Commission. It is used for measuring the level of
digitization in EU countries with the use of six areas: connectivity, human capital/digital skills,
use of internet services by citizens, integration of digital technology by business, digital public
services, and research and development of ICT [7]. Another one is the Digital Transformation
Scoreboard (DTS) [8] as part of the Digital Transformation Monitor (DTM) [9] which was
launched in 2016 by the European Commission. Its primary purpose is to monitor the
transformation of existing industries and businesses. DTS consist of several dimensions, and each
is divided into two categories called enablers and outputs. Enablers are again divided into several
categories, including digital infrastructure, investments and access to finance, supply and demand
of digital skills, e-leadership, and entrepreneurial culture [10]. On the other hand, OECD in the
context of the Going Digital project [11], among others, reveals digitalization indicators
specifically for the SMEs™ subdomain. Many country-level metrics can also be detected. In the
Trentino region in ltaly, research was done for assessing the level of digitalization of enterprises
and evaluating possible strategies to optimize its internal processes with Industry 4.0 technologies
[12]. In Germany, in Baden-Wiirttemberg, the “Digital Economic Index” was measured based on
1,124 interviews with companies. The index measured the degree of digitalization of business
processes, internal company procedures, and workflows, as well as the intensity of the use of new
digital technologies and services. Another study, the “Digitization Index for Small and Medium-
sized Enterprises 2019/2020”, in which 2,095 SMEs took part, shows that German SMEs are
working on their digital transformation continuously [13].

The available information reveals great insight, also into the digitalization level of the SMEs. But
still, they do not provide an insight into the digitalization level and tools used within SMEs divided
by various domains, for example, the natural fibers domain, e.g. SMEs in wood fiber value chains.
The manufacturing of wood and wood-based products takes an important place in the European
industry ecosystem, with the highest number of registered enterprises, i.e. around 160,000 in 2017
[14]. SMEs operating in the manufacturing of wood and wood products contribute to this industry
by producing a 60-80% share of added value [6]. For example, Slovenia, the second most forested
country in Europe, has 85%:1 of SMEs registered in the fiber-based sectors, which also includes
the wood fiber sector [15]. Another example is the Italian Trentino region. In 2019, about 41,583
m3 of wood was sold, where approx. 39,000 m3 came from spruce wood, 220 m3 from larch and
900 m3 from pine [16]. Despite the industry prevalence, the manufacturing industry of wood and
wood products is, in general, characterized by a low number of investments in research and

1 Estimation based on the number of members (SMEs) of Strategic research and innovation partnership for Sustainable food
production, Circular Economy and Wood Industry Cluster Slovenia.
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development (R&D) initiatives, and it is categorized as a “low-tech” industry [6], affecting its
current digitalization level.

The paper aims to present the preliminary results of the analysis of the digitalization level of SMEs
included in different wood fibers value chains, like the eco-construction value chain in Slovenia,
or the recycled wood value chain in Italy. The study was performed within the EU-project Smart
SME’s, which is co-financed by the European Parliament through the Alpine Region Preparatory
Action Fund Il (ARPAF IlI). The data were acquired with a survey questionnaire gathering the
information from the Slovenian and Italian (Trentino region) SMEs identified in different wood
fiber value chains.

The structure of the paper is as follows. The next Section presents the implemented survey,
covering the questionnaire structure and gathered results, presented in a structured form also as a
comparison between Slovenian and Italian SMEs. Among other information, obstacles are
presented for the expansion of the digitalization detected by SMEs. The last Section sums up the
results, providing final comments and remarks on the gathered information.

Digitalization rate of wood fiber value chains

The data within the implemented analysis were gathered using a structured questionnaire, which
was divided into different parts, combining content-related questions. The first part of the
questionnaire covered company information, the second part covered the current state of
integration of digitalization in the company, in the third part companies were asked why and in
what way they are willing to invest in digitization, and in the last, fourth part, the questions looked
into any targeted external support gathered from companies’ regions used for adaptation of new
digitalization technologies. To achieve the highest possible response rate, the questionnaires were
translated into the language of the country in which the company was located, i.e. Slovenian and
Italian. The questionnaires in Slovenia were distributed as an online questionnaire, while also sent
to the respondents in paper form.

Surveyed SMEs and their digitalization level

Sixteen SMEs from the Alpine region responded to the survey, 12 from Slovenia and four from
Italy, specifically from the Trentino region. 56.3% of surveyed SMEs came from the production
sector, 37.5% process wood, while only a few SMEs operate in the wood procurement or
construction sectors, 12.5% and 18.8%, respectively. Most surveyed SMEs had a low to moderate
level of digitalization. In Italy, only 50% of SMEs provided an answer to this item, indicating that
they rarely use digitalization tools. On the other hand, half of the surveyed SMEs in Slovenia use
digitalization tools in approximately 50% of their work, approximately one third uses it rarely or
never, and only 8.3% use it in all processes.

Table 1 - Frequencies and percentages for processes where digitalization already takes place in
surveyed SMEs.

Slovenia Italy Total
f % f % f %

175



Proceedings of the 2020 Society of Wood Science and Technology International Convention

Purchasing 7 58.3 1 25.0 8 50.0
Production 9 75.0 2 50.0 11 68.8
Packaging 3 25.0 0 0.0 3 18.8
Logistics 5 41.7 1 25.0 6 37.5
Sales 8 66.7 3 75.0 11 68.8
General management 9 75.0 3 75.0 12 75.0
Other 3 25.0 0 0.0 3 18.8

Table 1 lists the most common processes or departments within respondent SMEs, where
digitalization is already a common practice. The digitalization is most commonly used in the
general management department, followed by the sales, production and logistics departments. In
Slovenian SMEs, packaging is the process with the lowest digitalization, and in Italian SMEs,
logistics, purchasing, and packaging are among the processes with the lowest levels of
digitalization.

The use of ICT tools for communication within the surveyed SMEs

Communication, either with clients or partners or within the company, is a promising area,
allowing numerous digitalization options. Different communication options within Slovenian and
Italian SMEs are presented in Figure 1. The most commonly used ICT tool for the communication
with partners and clients in Slovenian SMEs is email, and in Italian SMEs their websites. When it
comes to the phone and email, both options are the second most used within Italian SMEs, followed
by different messaging applications. In contrast, in Slovenian SMEs, email is followed by phone
and the company website. Online sharing platforms or messaging applications are used less
commonly, followed by fax and external services for distance meetings.

Communication with employees in Slovenian SMEs is most often done via phone and email, and
less frequently via other tools. External services for distance meetings are used as un(commonly)
as a fax. Communication with employees within the Italian SMEs is performed by phone and
email. Fax or external services for distance meetings are not used at all.

Which tools do you use to exchange information with clients or partners, and among
employees?

External services for distance meetings
Messenger/WhatsA pp/Telegram or similar

Online file sharing platforms

Email

Fax

Phone

Company website

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

IT - employees ~ WIT - clients/partners SLO-employees  WSLO - clients/partners
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Figure 1 — Survey results considering exchanging information with clients, partners and among
employees.

Digitalization goals and present or future digitalization investments

In order to invest in digitalization, companies must see a clear goal and advantage. Therefore, the
surveyed SMEs were asked which goals they associate with digitalization. Slovenian SMEs stated
innovations and productivity as the most frequent answer, 58.3%, followed by cost-saving, 50%,
and new clients or markets, 41.7%. When it comes to the surveyed SMEs from Italy, new clients
and markets were most commonly associated with digitalization, at 75%, followed by innovations,
50%. However, none of the Italian SMEs associated digitalization with productivity or cost-saving.

Some of the surveyed SMEs had already taken, or were willing to take some measures and actions
towards digitalization. Among Italian SMEs, the most common option was investment into the
development of the company’s website and e-recruitment on social media, followed by online
advertisements and promotion. Only 25% of SMEs (would) invest in the acquisition of novel or
significantly improved hardware and/or software and in the introduction of new IT security
concepts and applications, while none (would) invest in the reorganization of the workflow for
integration of new digital work steps. On the other hand, three-quarters of Slovenian SMEs
(would) invest in the acquisition of novel hardware and/or software. Around half (would) invest
in the website development, in the development of new concepts for marketing or sales via the
Internet, and e-recruitment in social networks. Investing in the introduction of new IT security
concepts and applications, and reorganization of the workflow for integration of new digital work
steps to increase the level of digitalization is less frequent among Slovenian SMEs.

Perceived digitalization obstacles

Although digitalization is an emerging topic in almost every business domain, different obstacles
are perceived, especially among small and medium companies whose primary domain is not
related to IT. Regarding the digitalization obstacles SMEs are facing, a similar trend can be
observed in both countries. Very commonly, lack of financial resources is exposed, stated by at
least half of the respondents within Italian and Slovenian SMEs. It was followed by a lack of
qualified personnel, as well as difficulties with reorganizations. The more technologically oriented
obstacle, i.e. lack of data protection and security is the least commonly experienced challenge in
both countries.

The most commonly exposed obstacle, lack of financial resources, is a known problem, which
countries try to address by using different kinds of targeted support. Since the support is available
in Slovenia and Italy, the survey looked at whether the surveyed SMEs are receiving any external
targeted support related to digitalization. As the results indicate, only one Italian SME is receiving
funding aimed as an investment in production processes. The number is similar within the
Slovenian SMEs. Two of them responded that they are currently in the application process for
targeted external support, while one of them will invest the funding in purchasing processes.
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Conclusions

The results of the preliminary analysis researching the state of digitalization in Slovenian and
Italian SMEs included in the wood fiber value chain are presented. The results reveal a relatively
low level of digitalization for both Slovenian and Italian SMEs. Only a minority of the SMEs’
departments and processes are digitalized, offering a lot of space for further development and
implementation. However, it can be observed that SMEs are faced with several challenges and
obstacles when it comes to digitalization, with lack of financial resources being the most
predominant one. As the financial aspect is a known obstacle, not only for SMEs, countries are
addressing the challenges with different kinds of targeted external support. But, as indicated by
our results, only a few of the surveyed SMEs are receiving external funds to increase their level of
digitalization. Since the survey covered only a small sample of Slovenian and Italian SMEs, the
results could not be generalized, and have to be interpreted with caution. Nevertheless, they still
offer a great insight into the current digitalization rate of SMEs embedded in wood fiber values
chains.
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Abstract

The Circular Economy (CE) has become a prevalent topic in policy and research in Europe during the
last years. In 2015, the EU Circular Economy Package was adopted which defined priority areas
relevant to the forest-based sector and wood use. The most important of these were Construction &
Demolition and Biomass and bio-based products. With this new focus, the EU shifted its narrative
focus from becoming a recycling society and using waste as a resource to extending the life and value
of products, materials, and resources in the economy as long as possible. This latter narrative
continues in the European Green Deal (EDG) was accepted by the European Commission in December
2019. Plans are under way to implement broad national policy support for it throughout the EU. The
EDG sets the goal of driving Europe to become the first climate-neutral continent, highlighting several
priority areas for policy development. The main opportunities for Wood under the EDG seem to lie
under the building and renovation and sustainable industry policy areas. However, construction related
topics here are primarily related to energy efficiency and material minimization through renovation.
Several construction materials are specifically mentioned, but wood is not (in contrast to cement and
steel, sand, and gravel). Moreover, the value of steel, chemicals, and cement is highlighted as
indispensable to Europe’s economy, targeting a zero-carbon steel making process by 2030. Forests
are addressed extensively in the EDG, with the emphasis on reducing de-forestation and increasing
afforestation to increase the absorption for CO2. While promoting a circular bioeconomy is mentioned
as part of plans for forest policy, it remains difficult to see the same support for wood value chains as
for steel and cement related value chains. At this stage the lack of specific mention of wood or wood
value chains implies several things for the future of wood in Europe’s plans for the circular economy:
First, as researchers and practitioners, we must shape product development with environmental and
social impacts in mind; second, developing materials, products, and processes that align with key
activities in the EDG such as renovation, material reduction, digitization; and, third, be active in
developing policy at the regional, state, and international levels that support the role of wood in the
circular economy. The H2020-funded WoodCircus project addresses each of these items, including
research and policy recommendations for strengthening the role of the forest sector in the CE.

The authors gratefully acknowledge funding support from the EC for the WoodCircus H2020 project
(GA# 820892). Authors MB and KTM gratefully acknowledge the EC for funding support from the
InnoRenew CoE H2020 project (GA# 739574).
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Abstract

The forest sector has been historically acknowledged as a male-oriented and male-dominated
workplace. Due to this image, women were reported less likely to choose a career in the forest sector.
As a part of the first author’s PhD dissertation, this study utilizes interviews to explore the perceptions
of women leaders on the role of universities in diversifying the forest sector. Our respondents are
women administrator leaders (e.g., dean, vice dean, department head) in the top four forestry
universities in the world based on The Center for World University Rankings: Swedish University of
Agricultural Sciences (SLU) in Sweden, Oregon State University (OSU) in USA, University of British
Columbia (UBC) in Canada, and University of Helsinki (UH) in Finland. Most of our respondents agree
that there is today, better gender diversity in their institutions due to university and college/faculty
efforts. However, a leader mentioned that there has been a heavy burden on early women faculty
member entrants to the field. These few individuals carry a disproportionate service workload
representing diverse perspectives on committees and in other university work. This takes time away
from primary job requirements such as research, at times resulting in poor performance reviews and
at other times resulting in exhaustion.
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Abstract

The Malaysian timber industry is an important income generator for the Malaysian’s economy. In
2019, the export revenue of timber and timber products was valued an excess of RM22 billion. The
supply of raw material is central in order to further develop this thriving industry towards continuous
growth. With natural forests being kept safe via sustainable forest management practices and with
heightened awareness in conservation and green practices, the timber industry is looking at
alternative raw material. There are 5.7 million hectares of oil palm plantations in Malaysia. After 25
years, the oil palm trees will begin yielding less fruit and need to give way for replanting of new young
trees. This presents a boon to the timber industry as the felled oil palm trunk (OPT) is a renewable
source of alternative raw material. It is expected close to 11 million OPT logs will be felled to make
way for replanting every year. This alternative material has come at the right time for timber industry.
With tough competition in the global marketplace, rising costs and tight supply of timber, the timber
industry has been looking for a revival. The solution appears to be in OPT which is able to be
processed into plywood and timber. Initiative that carried out by Malaysian Timber Industry Board
(MTIB) and the timber industry, both in the past and present, has enabled OPT to become a new and
an important source of raw material for conversion into veneer, plywood and other timber products.
To date, MTIB has encouraged and promoted a number of activities particularly in the processing of
OPT into value-added downstream products for further utilization in both construction and furniture
industries. There are fundamental differences between OPT and natural forest logs in the area of
density, moisture content and mechanical properties. These attributes require modified equipment and
processing methods for peeling, sawing, drying, chemical treatment, gluing and finishing. These
differences pose challenges to the existing plywood and timber factories that have to research and
identify the best operational techniques to process OPT. There are many challenges in processing OPT.
More research work would be needed especially in the process of transforming OPT into plywood and
other timber products. Good quality products can be made, however the ultimate test is how well the
market can accept them. The emergence of plywood and sawn timber made from OPT should present
an attractive proposition to importing countries as it is environmentally friendly and sustainable. This
is also in line with rising demands for environmentally friendly and sustainably managed timber
products in the developed countries. With this in mind, many initiatives have to be undertaken to
introduce these timber products to the global market.
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Moving Past the Traditional Structure of Academic Publishing — Realignhing
Incentives with the Goals of Science
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Academic publishing is dominated by an oligopoly of a small number of large publishers, with Elsevier, Sage, Springer, Taylor
& Francis and Wiley accounting for more than 50% of all articles within scientific, technical and medical (STM) publishing.
Between 1986 and 2005, serial expenditures for the member libraries of the Association of Research Libraries have increased by
302%, while the number of serial items purchased over the same period has increased by only 45%. In 2014, STM publishers
generated a revenue of several billion dollars, and as these publishers obtain the content they are selling free of charge, their
average profit margin reaches the extraordinary value of 37%.

Simply put, within the current structure of academic publishing, the large publishers generate high profits while only contributing
marginal value to the system. In the realm of social sciences and economics, such behavior is known as “free-riding”, a type of
market failure. Usually, this leads to under-production of the goods or services affected and the system eventually breaks down.
However, in the case of academic publishing under-production is avoided because the content creating institutions, i.e. the

universities have an apparent dependence on the publishers, which further amplifies the publisher’s status as free-riders.

The current situation has caused an incentive structure that encourages a publication bias towards positive results, “salami-
publishing” of marginal scientific findings, and an exponentially increasing number of peer-reviewed publications, even though,

historically, actual scientific progress has only been linear.

One solution to these problems would be to report scientific studies without using the traditional publishing companies as
middlemen, by creating a community-based and non-profit publishing platform, but this has not happened, yet. From a game-
theory perspective, the current situation is similar to a so-called “stag hunt” game that has developed towards a risk-dominant
Nash equilibrium. This means that for any one actor within the system it is safer to avoid risk and instead maintain the status quo,

even though all actors would be better off if they would cooperate and move towards a pay-off dominant strategy.

Historical analyses of other stag hunt-like situations have shown that moving from the risk-dominant equilibrium towards the
pay-off dominant equilibrium is difficult because most actors predominantly act out of self-interest. A possible approach to solve
this dilemma could be to re-align the incentive structure within academic publishing in a way that the self-interest of individual
actors aligns with the larger goal of science, which is the establishment of increasingly accurate descriptions of the natural world.
Hence, my objective is to gauge the interest for this topic within the wood science community, and to start a discussion about
which steps need to be taken in order to put such a re-alignment of incentives into practice.
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Abstract

Over the past decade, an education in Wood Science has continued to attract fewer students as a
career option at universities across the US. For example, at one land grant university in the
Appalachian region, the wildlife and fisheries management program attracts 70 to 80 new students
every fall. In contrast, the wood science program in that same university draws fewer than 10
students every fall. But in terms of potential employment after graduation and the earning potential of
graduates from these two programs, a wood science graduate is highly marketable and will generally
earn more than a graduate from a wildlife and fisheries program. Graduates from a wood science
program will typically receive two or even three employment offers with an average starting salary
ranging as much as $50 to $70K annually, depending on his/her specific responsibilities. The wood
science program at West Virginia University (WVU) continues to struggle with low enrollment and
scrutiny from University administrators hoping to expand programs. This paper focuses on the efforts
of the Wood Science Program at WVU over the last ten years, from the successful re-accreditation
review in 2010 to the last re-accreditation review in 2020. We will focus on how undergraduate
education has evolved over this time, as well as the impact of changing enrollment goals on the
program and its sustainability over time. Topics such as sustainability, green building, carbon
footprint, and circular economy have driven educational changes at many institutions of higher
learning and many academic administrators believe that students entering university demand an
education that incorporates these terms into the curriculum. This program, undergoing to challenges
and opportunities, is also moving in that direction and it is performing aggressive recruiting activities
in conjunction with the University Forest Resource Management Program and several wood-related
companies to promote, attract, recruit and retain students in both, Forestry and Wood Science and
Technology fields.
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Material Choice: A New Frontier in Corporate Sustainability
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Corporate involvement in achieving environmental sustainability has been proliferating during the last four decades, but it is
generally restricted to the choices firms implement to make their production processes environmentally friendlier. As a result,
while there is a significant body of literature that seeks to discern between green firms and non-green firms within an industry,
such juxtapositions at an industry level are rather scant. This is striking, particularly because the environmental impacts of a firm
are intrinsically and inherently tied to the nature of the basic raw material that passes through its value chain. Competing raw
materials may lead to significantly different end-of-product life cycle environmental impacts, even between firms with the same
level of commitment to greenness in their production processes. This understanding, while common among LCA scholars, is not
fully integrated in corporate sustainability literature. Our primary purpose in this presentation is to explore the role of material
choice in corporate sustainability. Specifically, we address how material choice imposes fundamental restrictions on a firm’s
ability to mitigate its environmental impacts. Overall, we propose that corporate sustainability discourse ought to shift its focus
away from firm level initiatives to focus on industry characteristics. We argue that the keystone choice in sustainability decisions
is about materials. The process choice is a secondary, though important, matter.
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Abstract

Thermal modification is a relatively new wood modification process in the United States (US). The
production of thermally-modified wood (TMW) in the US is estimated in 100,000 cubic meters per year
and hardwood species commonly known as yellow poplar (tulip wood) and ash are the most common
treated species in this industry. In this project over 1000 architects were surveyed to ask their
knowledge on TMW. Only 15% of the respondents indicated they have worked with TMW in some
capacity, indicating that there is still little awareness of TMW in the architectural community. The most
common perceived advantage of TMW by architects is dimensional stability while there is little
knowledge by the respondents on pricing and availability of TMW.
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Abstract

Ghana has made significant headway toward poverty reduction over the past few decades. However,
Poverty is pervasive in rural areas and in recent times, in the regional cities across the length of the
country. In Kumasi, the Ashanti region of Ghana, is situated the country’s biggest wood processing
and furniture production hub. The Sokoban Wood Village (SWV) employs over 12,000 direct and
indirect jobs. A study was conducted to assess how this men dominated trading community is helping
women in poverty alleviation in fulfiiment of the Sustainable development Goal One (SGD1). The
survey revealed an interesting trade, emerging at the Sokoban Wood Village where women are using
wood waste from the processing of wood to produce charcoal. This is done by heaping scrap wood
covered with sawdust for carbonization without cutting trees in the forest. Over 70 women are
involved in this business, each making approximately USD 90 a week from the production of 7.2m3zof
charcoal for both local food vendors and domestic use. The charred sawdust is used as soil
conditioners for local vegetable producers within the Kumasi metropolis. Despite the tedious nature of
the carbonization process, it is a real livelihood for their families. In conclusion, the activities of these
women is saving the cutting down of trees by charcoal producers leading to sustainable forest
management.

Key Words: Women group, livelihood, Charcoal, sustainable forest management, Scrap wood
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In the past decades, glulam has been produced almost exclusively from spruce due to its broad availability and easy machinability
[1]. However, nowadays silviculture changes and the availability of other species, e.g., beech, birch, larch and Douglas fir, will
increase [2]. Some of those species offer new opportunities for glulam due to their higher durability or higher mechanical
properties. On the other hand, production processes have to adapt to those species and still be profitable, as well as fulfilling
standards for quality and safety.

An adhesive type often used in glulam production is the one component polyurethane (1C-PUR) because of its high throughput in
the production due to short processing times. However, in combination with the earlier mentioned species, 1C-PUR struggles to
gain technical approval. This is due to too high delamination rates and too little wood failure. Nevertheless, when applying a
primer onto the wood prior to the adhesive, 1C-PUR complies with regulations. Since the primer is an additional step in the
production, it hinders an adaptation in the industrial-scale manufactory. Therefore, a deeper understanding of the primers’
functions would set the first step to integrating it into the adhesive formulation.

In this study, we investigated the effect of a hydrophobic resorcinol-based primer and a commercial hydrophilic primer on beech,
birch, larch and Douglas fir bonded with 1C-PUR. Thus, two sets of experiments were conducted, where untreated wood was
compared with primer-treated wood. First, the influence of the primers on the bond quality in the glulam was assessed by
European standards for mechanical testing. Also the progressive method of digital image correlation (DIC) is applied to gain a
deeper understanding of changes in the stress distribution in and around the bondline. Secondly, the primers’ influence on the
hydrologic processes near the surface of the wood was evaluated by means of an automated dynamic vapor sorption device
(DVS), vapor flow rate, contact angle and its swelling behavior.

Mechanical tests reviled a significant improvement in the tensile shear strength and wood failure percentage, especially when
tested on wet wood. In addition, changes in wettability and sorption behavior of the wood were observed, even though the
samples differ between the primers. However, no significant changes in the vapor flow rate, as well as the swelling and
shrinkage, were perceived.

Based on the currently available results, we conclude that i) the hydrophobic primer supports the wood structure, which leads to a
change in stress distribution near the bondline, whereas ii) the hydrophilic primer changes the water transport near the bondline at

high humidity values and in the wet stage of the wood.
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Bark is the outer layer of trees and therefore protects the inner structures from environmental impact. Currently its potential is not
exploited, as bark is mainly used as fuel in the sawmills. This implies that a high amount of potential raw material is wasted,
since bark is an interesting material to obtain value added products. Moreover, and due to an increasing demand of energy there
is also an increase interest in developing efficient insulation materials from renewable resources, and bark could be one of the
possible options. The purpose of this study was to use spruce bark as a raw material to produce porous structures that could be
implemented as insulation materials, since spruce is commonly use in the wood industry, and the amount of its bark available is
higher than other species. Thus, wet spruce bark was obtained directly after debarking and disintegrated into different particle
sizes by different chippers and mills. Furthermore, bark fibres were successfully produced by means of a laboratory refiner.

Consequently, particles and fibres with different morphological properties were obtained and characterized by incident light

microscopy and particle size distribution. In order to obtain a porous material different bio-based and non-biobased binders such
as cationic starch, wheat gluten, bone glue and polyvinyl acetate (PVAc D3) were investigated. The foams could be produced by
mechanically introducing air inclusions with low water contents and hardened to stable structures by conventional hot air drying.

The porous structures were finally characterized in terms of density, morphology, thermal conductivity and mechanical
properties. The results reveal comparable properties to conventional bio-based insulation materials. Thus this study draws
possible pathways to utilize bark as insulation material, without complex material pre-treatment.

Biography

190


mailto:m.busquetsferrer@wood-kplus.at
mailto:a.rindler@wood-kplus.at
mailto:o.vay@wood-kplus.at
mailto:c.hansmann@wood-kplus.at
mailto:wolfgang.gindl-altmutter@boku.ac.at

Proceedings of the 2020 Society of Wood Science and Technology International Convention

Influence of Atmospheric Air Plasma Pre-Treatment of Veneers on the
Mechanical Properties and Stability of Beech Plywood

Se_bastian Dahlet1' _
S_ergej Medve_d_1 o

iUniversity of Ljubljana, Biotechnical Faculty, Department of Wood Science and
Technology, Slovenia
2Rogac Plus d.o.o0., Slovenia

Abstract

Wood-based sheet materials such as plywood, fiberboard, particleboard, and oriented strain board find
applications in civil engineering, building technology, furniture manufacturing and many more. All
these materials rely strongly on an effective bond formation between the resin and the wood base
material, which gives rise to their mechanical performance and stability, as well as their resistance to
moisture and liquids. In our study, we present the use of the PlasmaTreat Openair© commercial
atmospheric air plasma system, which we employed for the pretreatment of veneers of common beach
(Fagus sylvatica L.) wood before formation of plywood boards. Plasma treatment parameters were
optimized following the change in water contact angle. Two different stacking patterns were used for
plasma-treated veneers. The time stability of the plasma modification was investigated by forming a
second set of plywood boards 70 hours after plasma treatment of the respective veneers. The
influence of the plasma treatment on mechanical properties was studied via bending and shear
strength of the four sets of plasma-treated boards in comparison to a plywood out of the same veneer
without plasma treatment. Water and moisture resistance were tested through water immersion and
surface water resistance tests. Further, confocal laser scanning microscopy was used to determine
changes of the surfaces’ morphologies.
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Abstract

Chemical Force Microscopy (CFM) was used to quantify the adhesive forces between
functionalised tips and model substrates through adhesive force measurements to understand how
well the main components of wood-plastic composites adhere to each other.

Films of a-cellulose, lignin alkali, softwood and hardwood extractives, polyethylene-graft-maleic
anhydride (PE-g-MA), ethylene-co-vinyl alcohol (EVOH), low-density polyethylene (LDPE) and
Polypropylene (PP) were prepared. Silicon force modulation cantilevers were modified with
carboxylic acid (COOH), methyl (CHs) and the compounds typically used as compatibiliser,
namely PE-g-MA and EVOH, for force-distance measurements. The films were characterized
using Fourier Transform Infrared (FTIR) spectroscopy to confirm the presence of functional
groups. From the force-distance curves the average adhesive force between the substrates and the
coated tips was determined and principal component analysis (PCA) was conducted to ascertain
the total variance.

Strong adhesive forces can be expected between similar chemical groups and accordingly strong
adhesive interactions were found between the -COOH coated tip and cellulose and extractives
films. Similarly, the -CHs coated tip exhibited stronger interaction on the lignin film. The
interaction between the compatibiliser coated tips and model a-cellulose, lignin alkali, softwood
and hardwood extractives components showed varied sensitivity and affinity.

CFM allows the analysis of the interaction of individual components contained in WPCs and
allows a better understanding of the bonding nature of WPC components.

Keywords: Atomic force microscopy, chemical force microscopy, adhesive force, wood-plastic
composites, surface analysis.

192


mailto:bernard.effah@kstu.edu.gh%20/%20bernardeffah@gmail.com
mailto:mmein@sun.ac.za

Proceedings of the 2020 Society of Wood Science and Technology International Convention

Introduction

Over the last few decades there has been a continuing interest in the development of composite
materials of plastic reinforced with natural fibers. Among the many reasons for such interest is the
possibility of formulating materials for use as primary and secondary structures that, on the basis
of weight and strength, are stronger and more rigid than conventional individual materials of
construction and to achieve specific performance requirements (Stokke, Wu and Han 2013,
Wegener and Windeisen 2016).

In wood-plastic composites (WPCs), wood is combined with a polymer and other additives to
produce a material with improved properties, while making more efficient use of the wood
resource. The heterogeneity of the individual WPC components, however, makes its adhesion
mechanisms complex and difficult to predict and the adhesion phenomena in WPCs are not entirely
understood (Kim and Pal 2010). To describe the adhesion in WPCs well one needs to understand
how the major components forming the bulk of the composite interact with each other. Thus to
improve the adhesion potential of the composite, the properties of the substrate and binder that can
enhance, hinder or complicate the development of optimum adhesion should be known (Orue,
Eceiza and Arbelaiz 2018).

It is of interest to note that with recent advanced surface characterization techniques, the
understanding of material surfaces has been significantly improved, making it possible to control
and tailor surface characteristics for specific applications, from a micrometer down to the
nanometer scale. One of these techniques is the atomic force microscope (AFM), which is a
valuable tool used to examine surfaces with high resolution and can image the topography, as well
as the chemical composition on the surface and mechanical properties (Gardner, Oporto and Tze
2016).

Typically AFM measurements are conducted with unmodified silicon probes to obtain
topographical images and in this case the tip-sample adhesion corresponds to van der Waals
interactions between the tip and sample surface, which does not provide information about the
chemical properties of the material being analyzed. However, specific chemical interactions can
be determined with chemically functionalised AFM probes to help identify specific binding
interactions (Berquand and Ohler 2010, Deda et al. 2012). The chemical functionalization of the
tip results in increased sensitivity to selected functional groups, which is termed Chemical Force
Microscopy (CFM) (Duwez et al. 2001). With CFM it is possible to investigate molecular
interaction of interest, while all other interactions are repressed (Le Moigne et al. 2018).

A good understanding of the surface characteristics and the adhesion properties of the major
components forming WPCs would help to optimize the design of WPC products. This study sought
to provide some insight on the adhesion between WPC components through CFM analysis to
create high resolution images of the surface morphology, as well as the distribution of functional
groups and to quantify the interactions between coated AFM tips and substrate films at the
molecular level.
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Materials and methods

Low-density polyethylene (LDPE, Sasol Polymers) with a MFI value of 65g/10min and
polypropylene (Sigma-Aldrich, Isotactic, average Mw-12,000, and Mn-5,000) were used to make
films for AFM and FTIR analysis. The polymers used as compatibilizers were poly ethylene-co-
vinyl alcohol (EVOH, Sigma-Aldrich, 44 mole % ethylene, Tm = 165 °C, glass transition
temperature Tg = 55°C) and oplyethylene-graft-maleic anhydride (PE-g-MA, Sigma-Aldrich,
viscosity 1,700-4,500 cP 140 °C). a-cellulose and lignin alkali were obtained from Sigma-Aldrich
and extractives of pine (softwood) and eucalyptus (hardwood) were supplied by the Department
of Forest and Wood Science at University of Stellenbosch.

Films of a-cellulose, lignin alkali, softwood and hardwood extractives, as well as PE-g-MA,
EVOH, LDPE and PP were prepared from solution and pellets by direct deposition and film
casting.

FTIR spectroscopy analysis was carried out using a Nicolet Is10 FTIR spectrophotometer operated
in the absorption mode, in the wavenumber range of 4000-400 cm-1. The spectra were obtained
with a resolution of 4 cm-1 and averaged over 32 scans.

Silicon force modulation cantilevers from Nanosensors (Switzerland) with a spring constant of 2
N/m were coated by Novascan Technologies (Ames, IA USA) with COOH and CHs groups, and
tips were functionalised according to Bastidas et al. (2005) and Klash (2010) with EVOH and PE-
g-MA. For the CFM measurements and analysis, an Easy Scan 2 AFM from Nanosurf
(Switzerland) was used in the force modulation imaging and spectroscopy modes.Force-distance
curves were obtained with all coated tips on the various substrate films and the adhesive forces
were determined.

Results and Discussion

Figure 1 shows the interaction between -COOH and -CHs coated tips and the major components
found in wood: cellulose, lignin and extractives. As expected, strong adhesive forces were
determined between similar chemical groups. The force distance curves showed a high adhesive
force between the —.COOH tip and cellulose, which contains hydroxyls groups (—-OH), followed by
extractives and a relative low reactivity on lignin. The -CHs coated tip, on the other hand, showed
a higher sensitivity towards lignin than to cellulose and extractives confirming similar studies by
Basson (2013).
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Figure 1: Adhesive force between COOH and CHs functionalized tips and model wood components

The interaction between the EVOH coated tip and the major wood components (Fig. 2) showed
the same trend as the COOH tip. A strong adhesive force of about 800nN was determined on
cellulose and softwood extractives, somewhat less on hardwood extractives and only about 250nN
on lignin. The PE-g-MA coated tip showed a fairly consistent sensitivity towards all components
with adhesive forces around 200nN. Overall, EVOH showed a larger sensitivity towards the wood
components than PE-g-MA, which might make it sensitive to different wood species with varying
chemical composition.
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Figure 2: Adhesive force between compatibiliser functionalized tips and model wood components

Figure 2 shows that EVOH exhibits a higher adhesive force on all the components and can
therefore be expected to have good interaction with all the components of a WPC. However, the
different sensitivity to the wood components could result in different compatibilising results for
different wood species. PE-g-MA showed a fairly consistent interaction to all the components,
which might be beneficial when working with different wood species.

Comparison of adhesive forces between the -COOH and -CHs coated tips and LDPE and PP films
are shown in Figure 3. A stronger adhesive force was observed with the -CHs tip on LDPE than
PP. This was expected as the polymer surfaces are hydrophobic and as such responded better to a
hydrophobic tip. However, it is worth noting that although there was a quantitative difference
between the average responses of the two tips, they were not statistically significant different. The
-COOH coated tip showed more consistent adhesive forces on LDPE and PP, while the -CHz tip
responded better to LDPE than PP. This may be due to the presence of methyl groups in the branch
structure of LDPE and PP. Quantitatively, the COOH tip showed week adhesive force on both
polymers.

The adhesive forces between different coated tips and polymer is also shown in Figure 3. The -
COOH coated tip exhibited strong interactions on all the compatibilisers. The adhesive interaction
between the -COOH coated tip and PE-g-MA is larger due to the maleic anhydride groups present
in the PE-g-MA.
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Figure 3: Adhesive force between different functionalized tips and model wood components

Tips coated with EVOH compatibiliser showed a strong adhesive force on PP and a weak
interaction on LDPE and a similar trend is seen in the with PE-g-MA coated tip (Figure 3). This
could be due to the composition of the compatibilisers with more emphasis on the use of PP for
WPCs and the presence as well as aliphatic hydroxyl group in EVOH which have the potential for
forming miscible blends with a variety of polymers containing complementary functional groups
such as esters, (meth)acrylates, acetoxys, pyridines and others (Le Moigne et al. 2018).

Figure 4 shows a PCA biplot for the WPC model substrates and different modified AFM tips. PCA
reduced the multiple observed variables to three components, which measured the sensitivity of
the coated tips to the substrates. The covariance was positive for—COOH, maleic anhydride groups
in PE-g-MA and ethylene-co-vinyl alcohol (EVOH) groups. However, it was negative for -CHs
groups. From Figure 4, -COOH and PE-g-MA coated tips show good sensitivity to EVOH and PE-
g-MA substrates. The EVOH coated tip shows a high affinity to cellulose and softwood
extractives. On the other hand the -CHs coated tip was sensitivity towards the LDPE substrate. The
variable sensitivity of all the coated tips towards PP, lignin and hardwood extractive substrates can
clearly be observed from the PCA Biplot.
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Figure 4: PCA biplot of WPC model substrates and different coated AFM tips

Conclusion

In CFM, the tip is chemically modified to detect special functional groups and their distribution
on the surface of a sample by means of adhesive force measurements. In this study, tips modified
with methyl (-CHs) and carboxylic acid (-COOH) functional groups and WPC compatibiliser
compounds of EVOH and PE-g-MA were used to mimic their interactions on model components
of wood (cellulose, lignin and extractives), polyolefins and WPC compatibilisers. The -COOH
coated tip showed strong adhesive interactions on cellulose and the extractives and the -CHs coated
tip exhibited strong interaction on lignin. Even though lignin contains some hydroxyl and acid
functional groups, it is mostly hydrophobic and a weak interaction between lignin and the
carboxylic tip was expected, while a strong interaction was expected with the -CHs tip. With
regards to the extractives, the -COOH coated tip showed strong interactions on both hardwood and
softwood extractives, as opposed to the -CHz coated tip, which had weak interactions on the same
substrates. The -COOH coated tip exhibited strong interactions on all the compatibilisers. The
compatibiliser EVOH coated tip showed strong adhesive force on PP and a weak interaction on
LDPE. A strong adhesive force was achieved between the PE-g-MA coated tip and PP and weak
adhesive force on LDPE.

From our study, the surface chemistry of model WPC components was assessed with CFM and
adhesive forces determined between wood components, polymers and compatibilisers at the
molecular level.
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Innovative High-Feed Rate Additive Manufacturing Using Sustainable
Nano- Micro- Cellulose-Reinforced Thermoplastic Composites

Douglas Gardner, University of Maine, USA
douglasg@maine.edu

Abstract

The University of Maine and Oakridge National Laboratory are collaborating on a research program to
explore Innovative High-Feed Rate Additive Manufacturing Using Sustainable Nano- Micro- Cellulose-
Reinforced Thermoplastic Composites. The research will focus on developing and evaluating low-cost
nano-cellulose- and micro cellulose-reinforced thermoplastic formulations for use in composites
manufacturing. The project will produce cellulose fibers using various type of lignocellulosic feedstocks
at different fibrillation levels, develop surface treatment approaches and efficient drying techniques.
The project will also involve innovative composite preparation and adaptation to large scale additive
manufacturing. The project will include material and process characterization at different stages of the
project and techno-economic analysis of different processes. We will also evaluate surface finishing
methods to produce a suitable tooling surface. In parallel, the project will also perform modeling
studies to predict temperature distribution and thermal distortion during 3D printing as well as
toolpath optimization. Finally, the developed materials will be demonstrated in the use phase for
different applications.
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Georg Gebitz
guebitz@boku.ac.at
Gibson Nyanhongo

g.nyanhongo@boku.ac.at

BOKU-University of Natural Resources and Life Sciences, Vienna, Austria

Abstract

Lignin accounts for around 30% of all non-fossil-based carbon sources while only about 3 % of the
lignin resulting from pulp and paper production is currently used for value-added applications.
Controlled modification of lignosulfonates (LS) with laccase-enzymes opens up a humber of
sustainable applications which are presented here. Modified LS were used to substitute fossil-based
styrene-butadiene latex as binder in coating formulations for graphic paper. Laccase oxidation resulted
in improved printing properties (reduced picking), reduced penetration according to sectional
fluorescence microscopy while Abo Akademi gravimetric water retention properties were comparable
to those obtained with reference latex. Slow-release fertilizer granules were developed from laccase
polymerized LS and alginate which prolonged the release of fertilizer from 5 to 25 days. Hydrogels and
films were enzymatically synthesized from LS and fibres (e.g. cellulose) for reinforcement. In these
materials, the laccase remained active and completely reduced oxygen to water in a closed system,
making it suitable for application as oxygen barrier system. Finally, laccase functionalized LS have a
potential as biobased glues for various applications. In addition to up-grading of LS, laccases have
likewise great potential to covalently functionalize (e.g. hydrophobization, antimicrobial) lignocellulose
materials. Thereby, functional molecules like fatty acid esters, alkylamines, aromatic amines,
fluorophenols or tannins were enzymatically coupled to lignin moieties. Covalent binding was proven
by using lignin model molecules like syringylglycerol B-guaiacyl, guaiacylglycerol B-guaiacylether and
dibenzodioxocin together with LC-MS, XPS and NMR analysis. Overall, this demonstrates the potential
of enzyme-based processes for up-grading lignin and lignocellulosic materials.
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Wood is a bio-based and renewable material with superior properties, however, dimensional constraints or limitations in specific
properties exist. During the past century different engineered wood products have been developed to overcome these limits. Most
developments are combining wood particles, wood veneer sheets, or solid wood lamella, all glued with adhesives to materials
such as particleboards, plywood or cross laminated timber. Formaldehyde-reacting adhesives are currently used in the wood
industry. Existing regulations are limiting formaldehyde emissions, but the bio-based resource wood is still combined with a
petrochemical component, with a separation of these components at the end of the product life-cycle being impossible. The aim
of this research is to develop sustainable products without any toxic chemicals, which enables value creation within a natural
cycle. The cradle-to-cradle design principle is adopted, as proposed in the 1990s by Braungart and McDonough, which defines
products optimized for a biological cycle, a technical cycle, or the combination of both. To apply this for engineered wood
products, two possibilities exist: (1) separate material components at the end of life, or (2) use only non-toxic and biodegradable
materials. Within that frame a novel sandwich panel was developed. The panel has two wooden surface layers, made from
plywood, and a core layer made from a non-woven hemp mat. A novel adhesive with a lignin-base was used to assemble core and
face layers. The panel is lightweight and demonstrates a good thermal performance. Due to the flexible non-woven core, the new
panel type is also elastic and impact-resistant. This property profile makes the panel interesting for indoor facings, claddings or
partition walls in sports halls and gyms.

Key words: cradle to cradle, wood, hemp, lignin, bio-based, adhesive, sandwich panel, non-woven, lightweight
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Abstract

The continuous demand of plywood underlines that it is one of the important products in the wood
panel industry. Plywood can be used for many applications, a basic distinction is made between
interior and exterior use. The resins generally used in European plywood production are urea (UF) and
phenol formaldehyde (PF). Both resin systems have advantages and disadvantages. UF resins are both
inexpensive and widely used, but respond sensitively to the effects of moisture and water and release
formaldehyde during hydrolysis (Dunky 1998). Due to their chemical stability in cured state, PF resins
are resistant to moisture and weathering and have few to hardly any formaldehyde emissions, but are
more expensive than UF resins (Dunky & Niemz 2002).

A common practice to reduce the disadvantages during processing of these resins is the addition of
additives. Among other benefits, additives can reduce the consumption of raw material and thus lower
the price of the adhesive, or improve processing parameters. There are two main categories of
additives: extenders and fillers, while the first one has adhesive properties itself (EN 923-15).

Among other extenders available, wheat flour is used most commonly. However, the quantities of
wheat flour added to the resins are usually based on operational experience. There are rarely
systematic scientific studies in literature on the effects of the addition of wheat flour and its main
ingredients to resins. Wheat flour generally consists of 67-70 % starch and 12-18 % protein
(Lindhauer 2010).

In this project, wheat flour and its main components were systematically studied in various quantities
as an addition to either UF or PF resins. To identify the influence of the flour and its components on
the resins, the physico-chemical and mechanical properties of the adhesives and the plywood panels
thereof were investigated. Possible limitations, also with regard to the quantities added, were
evaluated.

The aim was to add quantities of up to 100 % extender, based on solid content of the resins. The
addition of protein to the two resin systems was limited to a maximum of 30 % due to its strong
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influence on the viscosity. Although the extenders behaved differently with respect to viscosity of the
resins and in terms of buffer capacity, no effect on curing behavior could be observed with either UF or
PF resins.

The influence of extenders on wet shear strength of plywood panels was investigated according to EN
314-1. Panels with UF-based blends were pre-treated according to the criteria for interior use and
panels with PF-based blends according to the criteria for exterior use. The treatments considered most
critical for each area of use were applied.

For all UF-based panels wet shear strength was tested and results met the requirements of EN 314-2,
while for PF-based panels satisfactory results were obtained only when small amounts of wheat flour
or starch were added. For the case of PF, protein could be added up to 30 % still meeting the
requirements of EN 314-2.

Keywords: UF, PF, wheat extenders, viscosity, ABES, plywood, wet shear strength

Biography

205



Proceedings of the 2020 Society of Wood Science and Technology International Convention

Influences of various infill orientations on specific
mechanical properties of 3D printed wood/Polylactic Acid
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Abstract

The production of components using Additive Manufacturing (AM), in particular Fused
Deposition Modeling (FDM), has increased significantly in recent years. Not only the process
technology itself has steadily developed, also the product range of materials for FDM has
continuously grown.

In addition to many commonly utilized thermoplastic polymers which are suitable for
conventional FDM — such as Polylactic Acid (PLA) or Acrylonitrile-Butadiene-Styrene (ABS) —
some very special materials, including wood/PLA composites (wood filaments), have also been
successfully used for FDM. Basically, wood filaments are composite materials made of the
thermoplastic polymer PLA, in which wood fibers are embedded. Such compounds provide
several benefits in connection with specific mechanical properties, while having a positive
environmental footprint.

In this paper, possible effects of different infill patterns (infill orientations) on selected
mechanical characteristics — in particular tensile strength, compressive strength as well as charpy
impact strength — of FDM 3D printed specimens are analyzed. The specimens were produced
using two specially made wood/PLA composites — consisting of one specific PLA polymer
(Ingeotm 3251D) which was blended with two various contents of wood fibers (ARBOCELe®
C100). In connection with the wood fiber content, one wood/PLA composite was made of

15 wt. % wood fibers and the other was made of 25 wt. % wood fibers. A commercially
available Ultimaker 2+ from Ultimaker B.V. equipped with an unmodified 0.6 mm nozzle was
used for processing the non-abrasive wood/PLA composites. After several preliminary tests, the
printing speed was finally set to 22.5 mm ¢ sec-1, to ensure the best possible printing quality.

The FDM 3D printed test specimens were tested as a function of the infill orientations (infill

patterns) applied as well as the wood fiber content used. In the context of the infill patterns, the
influence factors of seven different orientations — in particular 0°, 15° crossed, 30° crossed,
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45° crossed, 60° crossed, 75° crossed and 90° — on selected mechanical material properties have
been investigated.

It can be shown that there is in some ways a direct correlation between the applied infill pattern
(infill orientation) and the measured mechanical characteristic. In addition, it can also be
demonstrated that a higher wood fiber content in the wood/PLA composite leads to significantly
higher mechanical properties.

A further development of conventional FDM 3D printing is the so-called 4D printing. In this
case, a moisture-induced shape transformation of the FDM 3D printed object is caused over time.

Key words: Fused Deposition Modeling; FDM; Wood filaments; Mechanical performance;
Tensile strength; Compressive strength; Charpy impact strength; Infill orientations; Infill patterns
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Introduction

In recent years, a lot has happened in 3D printing using FDM methodology. A large variety of
new materials with interesting properties became available for 3D printing — including wood
filaments — at the same time the process technology being steadily adapted. Especially for new
materials, it is essential to know exactly specific material characteristics, as these significantly
affect the final performance of the 3D printed object. In addition, when using 3D printing, the
internal structure (infill) of the object can be influenced, which in turn can affect specific
mechanical properties.

Basically, all thermoplastic materials can be utilized for manufacturing physical three-
dimensional objects with the aid of FDM 3D printing. This manufacturing method builds a layer-
by-layer model by depositing the melted thermoplastic material until the three-dimensional
object is finished (Gebhardt, 2011).

As a result of sustainability concerns as well as environmental concerns, companies worldwide
are trying to substitute petrochemical-based products by using innovative materials made of bio-
polymers which are reinforced with natural fibers, so-called bio-composites (Mohanty et al.
2002; Faruk et al. 2012).

Researchers around the world have already reported the successful utilization of wood fillers. In
general, fillers made of wood are preferred due to the low price — compared to the more
expansive synthetic filler materials — and the unlimited availability (English and Falk 1996;
Osswald 1999; Williams and Wool 2000; Bledzki and Faruk 2003; Peltola et al. 2014). In
addition, filler materials made of natural resources have a low density (Holbery and Houston
2006), which leads to a noticeable light-weight structure in comparison to synthetic fibrous
fillers, such as glass fibers (Summerscales et al. 2010).

Materials & Methods

Formulations and fabrication of specially made wood/PLA composites

The PLA granulate (Ingeotm 3251D) supplied by NatureWorks LLC (Minnetonka; USA) and the
wood fibers/particles (ARBOCEL® C100) provided by JRS J. Rettenmaier & Séhne GmbH + Co
KG (Baden-Wirttemberg; Germany) was compounded using a twin-screw compounder, without
adding any additives like colorants or coupling agents during the compounding process. As soon
as the wood/PLA composite was compounded, it was shredded and compounded again to ensure
a more homogeneous distribution of the wood fibers/particles in the polymer matrix. In total, two
different wood/PLA recipes were applied for fabricating the wood filaments, which were then
used for manufacturing the test specimens. In general, the components of the wood filaments are
the same, they only varied regarding the wood fiber content (composite #1: 15 wt. % and
composite #2: 25 wt. %). Both wood filaments had a diameter of 1.75 mm, respectively. Table 1
shows the various wood/PLA recipes of the two specially made wood filaments.
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Table 1. Comparison of the two specially made wood filaments in terms of composition.

Recipe of the wood/PLA composites used
ID PLA (Ingeotm 3251D) Wood fibers (ARBOCELe® C100)
[wt. %] [wt. %]
Composite #1 85 15
Composite #2 75 25

Test specimens production

An Ultimaker 2+ from the Dutch company Ultimaker B.V. (Geldermalsen; Netherland) was
utilized for fabricating the different specimens for testing the mechanical performance of the two
specially made wood/PLA composites. The FDM 3D printer was equipped with a standard

0.6 mm nozzle for processing the wood filaments. In addition, specific printer settings were
adjusted, in order to produce test specimens having the best possible quality. The print speed was
decreased to about 22.5 mm e sec-1, while the infill speed was set to about 13.5 mm ¢ sec-1.
Default settings were applied for the nozzle temperature as well as the build plate temperature,
the nozzle temperature being maintained at 210°C, while the build plate temperature being set to
60°C. The slicing software Cura (v 3.2.1) from Ultimaker B.V. was utilized for the slicing
procedure as well as for adjusting the process parameters — including the varying infill
orientations (infill patterns) applied — for producing the test specimens.

Infill orientation (infill pattern)

In order to identify a possible influence of various infill patterns (infill orientations) on specific
mechanical properties — such as tensile strength, compressive strength as well as charpy impact
strength — seven different infill orientations were selected and applied for fabricating all test
specimens. The infill patterns (infill orientations) are depicted in figure 1.

-

- -
~

(a) (b)
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Figure 1: All seven infill patterns applied for fabricating the test specimens | (a) 0° | (b) 15° crossed | (c) 30° crossed
| (d) 45° crossed | (e) 60° crossed | (f) 75° crossed | (g) 90°

Impact strength (unnotched specimens)

A pendulum impact tester CEAST 9050 Pendelschlagwerk from Instron GmbH (Darmstadt;
Germany) was utilized, in order to investigate the charpy impact strength of the FDM 3D printed
test specimens. In addition, the testing machine was equipped with a hammer which is capable to
apply an impact energy of 0.5 J, and all measurements were conducted according to the standard
DIN EN ISO 179-1 (2010).

Tensile strength

A Zwick/Roell 2250 — universal material testing machine — from the Zwick Roell Group (UIm;
Germany) equipped with an add-on device for testing the tensile strength and a 20 kN load cell
was utilized for the investigations. The cross-head speed during testing was set to about

10 mm « min-1, while the initial distance between the lower and upper grip was about 115 mm,
meaning a resulting clamping length of about 17.5 mm. All measurements were implemented
according to the standard ONORM EN 1SO 527-4 (1997).

Compressive strength

For testing the compressive strength of the FDM 3D printed test specimens, the same universal
testing machine was utilized which was used for measuring the tensile strength. In this case, the
testing machine was equipped with a 250 kN load cell as well as an add-on device for testing the
compressive strength. The cross-head speed during testing was also set to 10 mm ¢ min-1. All
measurements were conducted according to the standard ONORM EN 1SO 604 (2003).

Results and Discussion

The following results come from the previously published publication (Kain et al. 2020).
Furthermore, additional investigation results regarding special mechanical properties can be also
found in this publication.

Impact strength (unnotched specimens)

An analysis of the impact strength (unnotched specimens) illustrates that FDM 3D printed
specimens having an infill orientation of 0° provided by far the highest measured characteristic
values, as it can be seen in figure 2. Basically, the more the infill pattern (infill orientation) shifts
towards 90°, meaning the infill orientation being equal to the testing direction, the more the
resulting impact strength decreases. In general, the adhesion of two adjacent filament strands is
not that good, for that reason the FDM 3D printed structure can only slightly withstand the
impact of the hammer.
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E 15 wt. % wood fibers E 25 wi. % wood fibers

o

Impact strength (unnotched) [ kJ/m?]
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15° crossed
30° crossed
45° crossed
60° crossed
75° crossed

Infill orientation

Figure 2: The behavior of the impact strength (unnotched specimens) depending on the infill orientation applied as
well as the wood/PLA composite used (composite #1 or composite #2).

Tensile strength

Figure 3 illustrates an analysis of the ultimate tensile strength of the FDM 3D printed test
specimens as a function of the infill orientation applied and the wood fiber content within the
wood filaments used (composite #1 or composite #2). The box plots show that the highest
possible tensile strength can be measured when an infill orientation of 15° crossed or 30° crossed
is applied, depending on the wood/PLA composite used. Additionally, it is also assumed that the
behavior of the ultimate tensile strength — as it can be seen in figure 3 — directly correlates with
the printing path (infill orientation) followed by the print head to create the three-dimensional
object. As outlined in relevant literature (Stark and Rowlands 2003; Peltola et al. 2014), a higher
content of wood fibers in the specimen leads to higher mechanical characteristics (compressive
strength, tensile modulus, compressive modulus, tensile strength, etc.). Due to that reason, test
specimens made of the wood/PLA composite having a higher share of fibers, generally lead to a
higher mechanical performance.

5 15 wt. % wood fibers B 25 wt. % wood fibers
= __ ——
25 ||

20

Ultimate tensile strength [ N'mm?]

15° crossed
30° crossed
45° crossed
60° crossed
75° crossed

90°

Infill orientation

Figure 3: The behavior of the ultimate tensile strength as a function of the wood/PLA composite (composite #1 or
composite #2) used and the infill orientation applied.
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Compressive strength

Figure 4 shows the evaluation of the compressive strength co,2 of the FDM 3D printed test
specimens, depending on the fiber content of the wood/PLA composite used and the infill
orientation (infill pattern) applied. Basically, the behavior of the compressive strength is related
to the tensile strength behavior (as it can be seen in figure 3), but not being that pronounced. The
highest possible material characteristic denoting the compressive strength can be measured when
the infill pattern (infill orientation) is set to 0° or 15° crossed. This means, the infill orientation is
parallel or almost parallel to the loading direction, which leads to an optimal flow of forces.

P 15wt % woodfibers  [™ 25 wt. % wood fibers
80

70— T i —

60 - = =
50

40

30

20

Compressive strength o, , [ Nmm?]

15° crossed
30° crossed
45° crossed
60° crossed
75° crossed

90°

Infill orientation

Figure 4: The behavior of the compressive strength co,2 depending on the infill orientation (infill pattern) applied and
the fiber content (composite #1 or composite #2) in the wood/PLA composite.

Summary and Conclusions

It can be shown that there is a direct correlation between the infill orientation (infill pattern)
applied and the mechanical performance (tensile strength as well as compressive strength) of the
FDM 3D printed test specimens. The behavior of both mechanical properties is not exclusively
directly correlated, as it can be seen in figure 3 as well as in figure 4.

For the impact strength it can be claimed, that FDM 3D printed specimens with an infill
orientation (infill pattern) of 0° show the best possible impact strength. The further the infill
pattern (infill orientation) shifts towards 90° (the testing direction corresponding to the infill
orientation), the worse the resulting mechanical properties become.

In addition, it can be demonstrated that the wood fiber content of the wood/PLA composites
(composite #1 or composite #2) has an influence on the mechanical performance of the FDM 3D
printed test specimens. Basically, it can be shown that a higher fiber content tends to result in
higher mechanical characteristics of the FDM 3D printed biocomposites. At least up to a wood
fiber content of 25 wt. %, a noticeable improvement in mechanical characteristics can be
observed.
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Taking into account all the results obtained, it is strongly recommended to carefully select the
infill pattern (infill orientation) — especially for load bearing components — in order to obtain the
best possible performance for the FDM 3D printed objects.
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Abstract

In the decade since the building of Nanowood in 2009, the University of Ghent’s Center for X-ray
Tomography (UGCT) has deepened its expertise, and its portfolio of techniqgues to investigate
materials. Nanowood is an X-ray CT scanner specifically designed for high-resolution investigation of
wood and wood-based materials. It is capable of reaching resolutions down to 400nm, and possesses
an ingenuous modular system (two X-ray sources and two detectors), to provide the most adequate
setup for the study of a given wood-based sample (Dierick et al., 2014).

Specifically, when studying the interaction of wood with water, the contrast between these two phases
can be particularly low, due to the similarity in density and elementary composition. However, the
study of this interaction is particularly relevant not only for wood, but also for engineered-wood, such
as wood-based panels. Indeed, their behavior remains largely un-characterized, while their use
worldwide continues to grow.

To study this interaction, we are able at UGCT to use a hygroscopy setup. Coupled to a generator of
moist air (GenRH, System Measurements Systems Ltd., UK), an indigenous climate chamber allows to
visualize in-situ a sample swelling under the effect of water absorption (Patera et al., 2017). The most
recent use cases involved medium-density fiberboard (MDF), and advanced reconstruction algorithms
to compensate for the motion artefacts inherent to the acquisition of tomograms on a non-stable
sample. Eventually, the results revealed the three-dimensional deformation field, in a representative
sample, during swelling at 95% relative humidity (Kibleur et al., in preparation).

Furthermore, aside from the interaction with water, the pure mechanics of wood-based panels present
exceptional complexity. Moreover, although macroscopic tests may dynamically characterize the
material, the true nature of the deformations down to the level of the constituent (e.g. wood fibers,
wood flakes, etc...) is unknown. However, we are able to use a dynamic load cell (Deben Ltd., UK), for
use in combination with CT. This cell can apply a load of up to 5kN, in compression or in tension. In
the latest works, this enabled us to visualize, at different compression steps, the evolution of the
microstructure in laminated veneer lumber (LVL) and oriented strain board (OSB). The results
confirmed the impact of the glue on the local stiffness, but also revealed the importance of high-
density intrusions protecting the microstructure (Li et al., in review).
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Overall, time-resolved X-ray CT, often referred to as 4D CT, presents growing opportunities for
advanced material characterization. Our research group combines expertise and innovativeness, on
hardware and software alike. The present work highlights such innovations, specific to wood-based
materials.

Biography

215



Proceedings of the 2020 Society of Wood Science and Technology International Convention

Edge Banding Performance Analysis of Wood Based
Material in The Furniture Industry

Kucuk Huseyin Koci=— Ender Hazir2 — Sedanur Sekers

1 Prof., Istanbul University-Cerrahpasa, Istanbul, Turkey
* Corresponding author
hkoc@istanbul.edu.tr
2 PhD., Istanbul University-Cerrahpasa, Istanbul, Turkey
ender.hazir@istanbul.edu.tr
3 Msc., Istanbul University-Cerrahpasa, Istanbul, Turkey
sedanur.seker@istanbul.edu.tr

Abstract

Edge banding applications have an intensive use in the furniture industry due to the visuality,
added value and protective properties it provides. In addition, the edge banding process is an
important step in the production process. In this study, the results of PVC based edge banding
application applied to the 18 mm MDF (Medium Density Fiberboard) and PB (Particle Board)
slide edges are evaluated. Samples were taken from an industrial process by sampling method. In
the application, a computer controlled computer edge banding machine was used. In the edge
banding machine parameters such as speed glue temperature, speed and pressure were kept
constant. Dependant variable was edge banding performance while independent variable was
selected as material type. Edgebandign performance was analyzed with ANOVA and probability
plot.

According to results, material type was found as significant factor. MDF and PB for edge banding
performance values were found as 0.049 and 0.051 N/mmz, respectively.

Key words: Furniture, edge banding, adhesion resistance, edge banding performance, quality
control

Introduction

One of the most common processes seen in almost all modern furniture products is edge banding
application. This process, which seems simple in practice, actually has a complex process detail
with at least 5-6 parameters taken into account. For this reason, edge banding machines working
with traditional managements have quickly been replaced by computer controlled smart edge
banding machines all over the world. However, it is not possible to say that the problem has been
solved optimally even if the widespread use of computer controlled machines provides an increase
in quality and efficiency in edge banding. Because one of the important problems that arise in the
life cycle of products such as furniture and doors is that the edge bands are opened to the process
of use or deformed at various levels causes the function of the product to weaken.
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Edge Band applications have an intensive use in the furniture industry due to the visuality, added
value and protective properties it provides. However, edgebanding applications are an important
cost item in the process. The edgeband cost accounts for 3% of the cost of particle board and coated
particle board [1-3].

The first time woodworking appeared most commonly dates back to the medieval period. In this
period, massive trees were used as raw materials in furniture and threaded bushings were used as
joining technique. In this style, drawer, chest, carved door wings were made, and over time,
mosque and church furniture were transferred. Box furniture constructions were obtained by
adding narrow solid woods side by side [4]. Nowadays, with the rapidly developing technology,
important changes have occurred in the furniture sector, but the use of wood and wood composites,
which are wood-based wood composites, has become widespread due to the limited demand for
wood and the increasing demand for furniture [5-7].

Wood-based boards are produced in a way that their surface areas are homogeneous but their cross-
sectional areas cannot be aesthetically pleased due to their production technologies. For this
reason, it was necessary to perform a complementary aesthetic application on the sectional part of
the plate, which has been applied any surface treatment. While the edge massif application was
widely used in the past, today this application has been replaced by the combined materials under
the name of edge band produced from various raw materials. Since the edgebands require a second
process to cover the edges after the surface treatment of the boards is completed, the furniture
industry has developed production techniques in accordance with this production technique [8].

PVC Edge Band emerges as a product with thermoplastic feature, which is the most common use
area. The fact that it has been used for many years has led to the fact that the production technology
of this material has advanced and its usage area has been expanded further. The most important
feature of the glued edge bands is that they are produced in accordance with the coated plate
surfaces used in furniture manufacturing under today's conditions. By using quality raw materials,
it can be ensured to obtain high standard products. The fact that it is very suitable for furniture
production processes and offers a wide range of options for color matching with other materials
has made PVC edgebands the most used type of edgebanding.

Wooden edge bands are wooden strips obtained by cutting the coatings obtained from solid trees
by peeling or cutting management in the longitudinal direction and by cutting them in special
dimensions to the place of use. Although wood products are not alternative for those who cannot
give up their natural appearance, using wood edgebanding that is fully compatible with this wood
look is undoubtedly an important place in furniture production. When choosing wood belts to be
used, it will be very accurate to choose quality wood [9-11]. Sagli [12]; investigated the effects of
application time, edge band type and edge band thickness on adhesion performance in edge band
application in melamine coated particle boards. As a result of the study, it was revealed that the
factors determined had an impact on adhesion performance. In the study of Lyu et al. [13], they
applied PVC edgebanding to fiber board based materials in the edgebanding process. In evaluating
adhesion performance, they made performance evaluation based on glue amount, temperature and
application speed parameters. As a result of the study, the maximum performance was reached at
140-150 ° C, the amount of glue 363-379 gr / m2 and the application speed at the factor levels of
13-15 m/ min. In the study of Sedlecky and Gasparik [14], they conducted researches in terms of
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processing and energy consumption of wood-based materials with edge banding applied. As a
result of the study, it was concluded that the energy consumption increased in the drilling process
for the materials with edge banding. Yapici et al. [15] investigated the effects of edgeband
thickness on performance on solid edgebanding applications. As a result of the study, they stated
that 5 mm thickness gives better results in MDF applications. Sacli and Neseli [16] Using the
Taguchi experiment design, melamine-coated particle boards studied the performance evaluation
of the edgeband thickness at the end of the aging period. It is concluded that the aging period and
edgeband thickness are important on performance.

The experimental design approach is a method used in planning the experiments and evaluating
the data obtained as a result of the application in an objective way [17-19]. By using the
experimental design in evaluating a process or developing a new product, information about the
process can be gathered, effective parameters and interactions between the parameters can be
monitored, and it is based on investigating optimum levels by type of quality characteristic. One
of the most important experimental design techniques used for the development of products and
processes, reaching a structure required by certain standards, meeting customer requests, is the
response surface method. This method can be used in the development and improvement of new
processes as well as the improvement of existing systems. In cases where a specified quality
characteristic (response) is affected by different parameters and levels, it is a method aimed at
optimizing this quality characteristic by using mathematical and statistical methods to make
modeling and analysis. Response surface method; reveals the re