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ABSTRACT
The construction industry significantly contributes to global greenhouse gas emissions,
underscoring the need for sustainable building materials. Mass timber, an engineered wood
product made from laminated lumber- stands out for its environmental benefits and aesthetic
appeal. However, research on its adoption particularly in the U.S., is limited. This study addresses
this gap by examining the knowledge, perceptions, and adoption factors among academia (students
and faculty) and industry professionals in the U.S. construction Industry.
A survey of 440 responses from the AEC community was analyzed using the Kruskal-Wallis test
to identify key disparities in knowledge gaps, perceptions, and adoption factors between academia
and industry. The findings revealed notable differences in knowledge gaps related to mass timber,
emphasizing the need to address the distinct informational needs and perspectives of academia and
industry. Additionally, the study uncovers significant variations in perceptions, particularly
concerning mass timber performance and safety aspects. These insights highlight the necessity for
tailored communication strategies and educational initiatives to bridge perceptual divides.
Key factors influencing the adoption of mass timber were also identified, revealing significant
gaps between academia and industry professionals. The study has additionally conducted among-
group analyses for students, faculty, and industry professionals considering the AEC community,
as well as industry groups based on their levels of experience. These findings provide crucial
implications for policymakers, practitioners, and researchers, informing targeted interventions and
policy measures to promote the widespread adoption of mass timber in sustainable construction
practices.
Overall, this thesis advances our understanding of the dynamics surrounding mass timber adoption

in the U.S. construction industry.
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1 CHAPTER: INTRODUCTION

1. BACKGROUND

Over billions of years ago, the journey of life began with the birth of Mother Nature and
subsequently, human existence. Alongside human evolution, emerged fundamental needs such as
food, clothing, and shelter. Among these, shelter holds paramount importance in ensuring human
survival and well-being. Throughout the millennia, humans have continuously strived to meet
these essential needs, resulting in the development of various techniques and methods for shelter
construction. To date, we boast over billions of dollars construction industry dedicated to ensuring
the provision of buildings for shelters, manufacturing, and other essential requirements. This
industry underscores the ongoing significance of shelter in human civilization and the vast
resources devoted to meeting these basic needs.

In our quest to build shelters, we have employed diverse materials and methodologies. However,
this endeavor has not been without its consequences, impacting both human lives and the natural
environment. While these efforts have provided us with necessary protection and comfort, they
have also exerted both positive and negative effects on the Earth and its ecosystem.

1.1.1 Environmental impact of the construction industry

The development of life and technology on Earth have come along with their very own drawbacks
leading to the emission of more than 40% of global greenhouse gas (GHG) emissions. And not

just greenhouse gasses but also carbon emissions over large scales (IEA, 2022).
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Figure 1.1: Annual Global CO2 Emissions (IEA, 2022)

Fig. 1.1 shows the annual global CO2 emissions due to the built environment (Architecture 2030,
2022). According to research by Bimhow the construction sector solely contributes to 23% of air
pollution, 50% of climate change, 40% of drinking water pollution, and 50% of landfill waste (Go
Contractor, 2017)

The U.S. Green Building Council (USGBC) also states that the construction industry accounts for
40% of worldwide energy usage, with an estimation that by 2030 emissions from commercial
buildings will grow by 1.8% (United States Green Building Council (USGBC), 2018).

Per IEA (2022), just three materials i.e., concrete, steel, and aluminum are responsible for 23% of

global emissions. With such statistics and predictions who would not want to make a difference
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Figure 1.2: Annual Global CO2 Emissions (IEA, 2018)



and make the world a better place again?
As a result, more sustainable building techniques are required to be adopted on an urgent basis
which will minimize the construction's negative effects on the environment while still satisfying

modern society's demands.

1.1.2  Advantages and Environmental Benefits of Wood Construction

“Wood” is a highly “versatile” resource because it can be utilized in various forms, and for a wide
range of purposes. It is renewable, recyclable, locally available, sustainable biodegradable also has
quite a lower energy, water, and carbon life cycle footprint than other products. Basically, it’s the
ultimate “green” product (Forests, 2023). But when wood is considered as a building material,
people are cautious of two prominent factors: deforestation and structural limitations of wood
(HKS, 2022). Considering deforestation, the United States has about 750 million acres of
forestland to date, and since the 1940’s the forest growth in states has been observed to
continuously exceed its harvest (Martinez, 2015). Hence, an ample amount of wood is available to
be used as a building material. Also, wood is a renewable resource and if harvested responsibly -
the flow of wood can be maintained (Ramage M. H.-W., 2017).

In the context of construction materials, wood has historically been perceived as structurally
limited, often deemed insufficient for supporting structures beyond a certain height. Concerns
related to fire susceptibility, water infiltration, and wood decay have contributed to a preference
for alternatives such as concrete and steel, believed to offer greater strength and stability. However,
this perception is not always aligned with reality, as concrete and steel can entail significant
misconceptions and substantial financial investments. In contrast, wood, despite harboring some
environmental concerns, presents a more favorable carbon footprint compared to steel or concrete

(Wood Products & Carbon, 2023).
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Figure 1.3: The Forest Carbon Cycle (American Wood Council, 2022)

Fig. 1.3 from the American Wood Council data, best explains how wood is the best building
material, and it absorbs carbon dioxide during the process of photosynthesis and later converts that
into carbon. Above 50% of the weight of the tree is carbon and when this is used as lumber for the
building material, the carbon is stored back in the building till the life of the building. Hence,

Nature has its own carbon solution (American Wood Council, 2022).



1.1.3 Mass Timber and its Environmental Benefits
According to Roberts (2020), mass timber, often described as “Wood, but like Legos”, emerged
as a popular building material in Europe in the early 1980s. While this concept is relatively new
to the US construction industry, it has gained prominence due to its potential to revolutionize the
building sector. Mass timber offers sustainable alternatives to traditional building materials,
presenting various environmental benefits and advantages (Roberts, 2020).
Mass Timber is an engineered wood product produced using softwood trees, coniferous such as
spruce, pine, fir, larch, hemlock, southern yellow pine, etc. which are either nailed or glued
together. It consists of large solid lumber panels that can be used as walls, roofs, and floor slabs
(Lehmann & Hamilton, 2011). These engineered mass timber products are as follows:

e (Cross-Laminated Timber (CLT)

e Glued Laminated Timber (Glulam)

e [Laminated Veneer Lumber (LVL)

e Nail-Laminated Timber (NLT)

e Dowel-Laminated Timber (DLT)

e Other Structural Composite Lumber (SCL) (Laguarda & Espinoza, 2014).

Major strength

Individual boards direction

placed adjacent to
make a layer

Layers bonded with

Minor strength adhesives

direction

Figure 1.4: Cross-Laminated Timber Configuration (Ebrary.net, n.d.)
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CLT is made of 1-1.6 inches thick engineered lumber that is glued together alternating 90 degrees
(Laguarda & Espinoza, 2014). This formation used for CLT is proven to achieve improved rigidity,
stability, and mechanical properties in two directions (Evans, 2013).

One of the earliest instances of mass timber can be traced back to the 1990s in Austria. Since then,
it has been introduced to both the North American and Australian markets (Mallo & Espinoza,
2018). Presented in Table 1.1 are the top 10 Tallest Mass Timber Buildings in the World (Tallest

Mass Timber Buildings, 2022).

RANK NAME CITY COUNTRY | HEIGHT (M) [ FLOOR COUNT | STRUCTURAL TYPE | FUNCTION STATUS YEAR
1 Ascent Miwaukee |United States|  86.6 25 Tamber Concrete | poidential | UN9eT | o0p0
Hybrid Construction
2 Mystimet Brunsunddal |  Norway 85.4 18 All Timber Mixed Use | Completed 2019
3| Home Vienne Austria 84.0 24 'I'lmbi;y(;:)izcerte Mixed-Use | Completed 2020
4 Hour Amsterdam | Netherlands 73.0 22 3 ancrete Residential Under. 2022
Hybrid Construction
5, Sara Kunushus | Skelletted Sweden 72.8 20 Tember Steel Hybrid MiseOUse | Completed 2021
6 Dohem Rotterdam | Netherlands 70.5 22 e Conc_r gl Mixed-Use | Completed 2012
Doorman Hybrid
7 55 Southbank | Melbourne | Australia 69.7 19 U %3’;‘:?6 Steel| \iseG Use | Completed | 2020
8 Welington | Melbourne | Australia 65.0 15 EterConciets Office under | 5003
Hybrid Construction
Timber Concerte . . Under
8 Roots Tower Hamburg Germany 65.0 19 Hybrid Residential Construction 2023
10 Koomet Gothenburg Sweden 60.0 15 U Coqcerner Mixec Use Under. 2022
Hybrid Construction
10 Abro R'jtf]‘;:r Switzerland 60.0 15 Timber Concern Hybrid| MoerC Use | Completed | 2019

Table 1.1: Top 10 tallest M.T buildings in the world

According to (Caulfield, 2020), the mass timber building sector is anticipated to experience a
twofold increase every two years until 2034. By that time, the construction industry is projected to

sequester more carbon than it releases.
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Figure 1.5: MT Construction/ Year and Carbon Impact/ Year

Mass timber is becoming more and more popular as a sustainable substitute for conventional
construction materials like concrete and steel as a result of a growing trend toward sustainable
building techniques in recent years. Analysts predict that by 2034, there will be new demand for
12.9 million board feet of lumber that would require nearly 77 million acres of new forestland.
Hence, the mass timber is expected to expand dramatically over the next few years. (Caulfield,
2020)

One of the key benefits of mass timber is that it has a lower carbon footprint than traditional
building materials. This is because mass timber manufacturing uses less energy than the
manufacture of concrete and steel (Laguarda Mallo & Espinoza, 2015). Moreover, mass timber is
produced using wood that has been harvested responsibly, making it a resource that may be
regenerated over time.

Another benefit of mass timber is that it produces less waste than traditional building materials.
This is due to the mass timber production method being extremely efficient. Mass timber may also
be readily recycled or repurposed at the end of its existence, minimizing its impact on the

environment even further (Azeez, 2022).



Mass timber stands out among various construction materials due to its recognized attributes such
as strength, durability, environmental advantages, and aesthetic appeal. Additionally, compared to
traditional materials, mass timber construction is characterized by potentially faster, quieter, and
less disruptive progress (Laguarda Mallo & Espinoza, 2015). The adoption of mass timber in the
US construction market has progressed gradually, despite its numerous perceived benefits. Various
factors may contribute to this gradual adoption, and an exploration of these factors would be

valuable.

1.1.4 Current Development of Mass Timber Construction

One of the most notable examples of mass timber construction is the Ascent MKE, in Milwaukee,
Wisconsin which is currently the tallest building in both the United States and the world. It is 25
Stories off the ground and 284.1 feet tall comprising retail spaces, amenities, and 259 luxury
apartment units. It is also predicted to hold roughly 7,200 metric tons of CO2 within (Biro, 2023).
There are a few other examples as well such as Mjostarnet, Brumunddal in Norway which is 280
Feet tall - one of the tallest mass timber buildings in Europe. Also, HoHo Wien, Vienna in Austria,
which is 275.6 feet tall, Haut in Amsterdam which is 240 feet and 21 stories residential building
which is also one of the tallest buildings in the Netherlands, etc. (Tallest Mass Timber Buildings,

2022).
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Figure 1.6: Ascent MKE, Milwaukee, W1I.
(KAA Design Group, Nairn Olker) House



Another good example of mass timber is the Brock Commons Tallwood House, 174 feet tall,
located in Vancouver, Canada which is also a part of the University of British Columbia’s Point
Grey Campus. This is an 18-story student housing building that provides housing facilities to 400
students. It provides a practical example of mass timber construction for the future generation of
architects, engineers, and builders, and it may excite students and make them curious to learn more
about it (Biro, 2023).

As per Fig. 1.8 (WoodWorks, 2024), a total of 2,115 mass timber projects are built or are underway

in 50 states comprising either multifamily, commercial, or institutional projects.

Mass Timber Projects In Design and Constructed in the US (March 2024)
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Figure 1.8: Mass Timber Projects in the US
(The WoodWorks Innovation Network WIN, 2024)

In tandem with the growing prevalence of mass timber projects, the regulatory landscape
governing mass timber buildings has undergone progressive changes. Beginning with the 2015
International Building Code (IBC), subsequent modifications occurred in 2018, and further
updates took place in 2021. Looking ahead, there are anticipated changes slated for the 2024 IBC
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edition. These evolutionary adjustments are designed to enhance the acceptance and integration of

mass timber construction methods by addressing safety considerations and aligning with

established building standards (Codes, 2021).

While the evolution of construction types has been ongoing, the introduction of three novel

construction types represents a respectively unprecedented development in building codes. These

new types, closely associated with traditional heavy timber construction, include Type IV-A for
buildings where structural elements are entirely shielded with noncombustible protection, Type

IV-B for buildings with structural elements predominantly safeguarded with noncombustible

protection, and Type IV-C for buildings where most structural elements remain unprotected

(Codes, 2021). Even in Type IV-C, noncombustible protection is mandated for concealed spaced,

shaft walls, and the exterior surface of outside walls. Under these classifications:

e Type IV-A typically encompasses buildings where structural elements are fully shielded with
noncombustible protection, suitable for various applications such as office and residential
structures (Codes, 2021).

e Type IV-B is commonly found in structures where structural elements are mostly protected
with noncombustible materials, catering to a range of uses including commercial and
institutional buildings (Codes, 2021).

e Type IV-C applies to buildings with a significant portion of structural elements left unprotected
and is often employed in industrial or warehouse structures (Codes, 2021).

e Type IV- HT (Heavy Timber) construction is a type of construction in which the exterior walls
are of non-combustible material and the interior building elements are of solid wood, laminated
heavy timber, or structural composite lumber, without concealed spaces or with concealed

spaces (Codes, 2021).

10
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Figure 1.9: Representative Building (Showalter, 2020)

These code modifications reflect the increasing acceptance and acknowledgment of mass timber

as a practical construction material and advise producers to boost output.

1.2 RESEARCH NEEDS

As advancements continue to unfold across various sectors, the construction industry has
consistently explored and integrated novel materials and techniques. Despite this trend, mass
timber, a relatively recent introduction to the US construction market, has been undergoing a
gradual acceptance process. This adoption pace is notably slower compared to that observed in
European countries, a discrepancy attributed to the need for a thorough analysis of the materials’
market potential (Shafayet & Ingrid, 2020). Consequently, this study is poised to play a significant
role in advancing the promotion of mass timber.

Multiple factors may contribute to the sluggish adoption rate of mass timber. These factors include
insufficient knowledge, cost implications, adherence to building codes and regulations,
educational gaps, and prevailing attitudes and perceptions toward the material (Lupien, 2018).
Moreover, the limited availability of resources and information regarding the market potential of

cross-laminated timber (CLT) poses a challenge. This scarcity hinders entrepreneurs and early

11



adopters from securing financing for the development of mass timber in the US (Laguarda &
Espinoza, 2014). Consequently, there is a compelling need to thoroughly investigate and address

the barriers and challenges hindering the adoption of mass timber within the US construction

industry.

(a) Importance of Mass (b) Correlation of knowledge
Timber utilization in the of Mass Timber with its
construction industry. practical application.

(a) (b)

GAP
ACADEMIC OUTPUTS INDUSTRY OUTPUTS
FILTER

(d) (©)
(d) Importance of fit and (c) Practical application
alignment of real-world issues framed for academic
problems within academic research problem statement.
research questions.

Figure 1.10: Model Demonstrating Academic & Industry Outputs

One area that requires research is the perceptions and attitudes of academia towards mass timber.
While there is a lot of research available on the industry professional’s attitudes towards mass
timber as a building material, there is a significant gap in our understanding of how the faculty and
students perceive this building material. Faculty members play a pivotal role in educating the
future workforce, making their perspectives crucial in shaping decisions related to mass timber.
Addressing this gap can contribute valuable insights, offering a nuanced understanding of the
industry’s future. Combining academia and industry into a single study is essential to provide a

holistic view of the stakeholders involved in the adoption of mass timber (Laguarda M. M., 2017).

12



Studying them together will illuminate the educational needs and preferences of future
professionals, ensuring that the industry workforce is well-informed about mass timber.

Another research need is to understand how industry professionals at different levels of experience
think about it. Such as architects, owners, contractors, engineers, and developers’ views over mass
timber as a building material and their willingness to adopt it in their projects. Uncovering these
attitudes is essential, as they hold the potential to influence decision-making processes within the
industry. By combining insights from both academia and industry professionals, this research aims
to provide a comprehensive understanding of various stakeholder's views on mass timber, offering
valuable insights into its adoption and implication for the future of the construction Industry. The
significance of studying both academia and industry in tandem lies in the comprehensive
understanding it offers, capturing the entire spectrum of perspectives that can influence the
acceptance and integration of mass timber in construction practices. This integrated approach is
crucial for developing informed strategies and recommendations that cater to the diverse needs
and expectations of all stakeholders involved.

Investigation of the barriers to the use of mass timber is crucial as the study can then offer ideas to
get through the challenges and increase the adoption of mass timber. This study can also help
identify potential areas of improvement in the industry, such as changes in regulations and

guidelines.

1.3 RESEARCH GOALS AND OBJECTIVES
This research aimed to better understand the attitudes, beliefs, and barriers towards the adoption
of mass timber as a structural building material considering two main groups:

1) Academia (students and faculty)

2) Industry

13



> Architecture

A4

Civil Engineering

| S—
7
\

{ Student
Construction

Management )
\
—)[ Academia ]—
s R,

> Architecture

Civil Engineering

Y

|
N
J

—)[ Faculty
Research Group

. o
= . Y
N Construction
L Management
& N
> Architeture
L. ®
] r B
)[ Industry > Civil Engineering
) { j
4 R N\
N Construction
Management
.

Figure 1.11: Target research group model

Within academia, it was essential to differentiate between students and faculty, as their perceptions
are both individually significant and collectively influential. This distinction is crucial because
students, trained by faculty, eventually transition into the industry where they encounter real-world
challenges. These challenges often feed back into academic research and development, creating a
continuous cycle of knowledge transfer and application. Understanding the perspectives of these
two subgroups separately, as well as their interconnected role in the educational and professional
cycle, provides a more comprehensive view of mass timber knowledge propagated and applied.

To delve deeper the research further subdivided the three groups- Students, Faculty, and Industry

into specific disciplines within the Architecture, Engineering, and Construction (AEC) sectors,

14



including architects, civil engineers, and construction management professionals. These subgroups
were analyzed in detail to capture variations in perceptions as they are the key decision-makers in
the industry. Their views are critical in understanding the broader acceptance and potential barriers
to mass timber adoption.

The study considered the perspectives of experienced professionals from the industry, including
architects, engineers, and contractors as well as faculty and students in academia, who are
responsible for preparing the future workforce. This research aligns with the NSF grant, awarded
to Michigan State University, to develop ground groundbreaking mass timber design and
construction curriculum.

By identifying key knowledge gaps and barriers, the study supports MSU’s initiative to enhance
mass timber education and adoption. The NSF funding will help MSU, and its partners develop
cutting-edge curricula and outreach strategies, which this research will complement by providing
updated insights into current attitudes and perceptions. This alignment with the NSF’s grant goals
underscores the relevance of this study in contributing to the border effort of making mass timber

a mainstream construction material.

15
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Figure 1.12: Research Base Model

The study aimed to explore:
1. The key knowledge gap between Academia and Industry related to mass timber
2. Differences in perception of mass timber between Academia and Industry and what factors
influence this perception
3. Factors influencing the adoption of mass timber if they are the same between Academia
and Industry professionals
4. Patterns and trends in attitudes, beliefs, and barriers among the different subgroups.
By understanding the present attitudes, beliefs, and barriers of these groups, this study contributes
to the existing body of knowledge and helps develop updated data for future studies and

developments.
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1.4 RESEARCH METHODS

This section outlines the research method employed to accomplish the goals and objectives:
Earlier in the proposal phase, a mixed-method approach was proposed for this study, incorporating
both quantitative and qualitative data collection analysis techniques. However, upon further
consideration and in light of practical considerations, the decision was made to proceed with the
quantitative methods, specifically the online survey.

This study utilized a random sampling technique and later categorized participants into
experienced and inexperienced professionals from the industry including, architects, engineers,
and contractors as well as academic faculty and students from the AEC community such as
architecture, civil engineering, and construction management.

The survey preparation process underwent rigorous procedures to ensure accuracy and precision.
This involved conducting a pilot test with a diverse group of 15 participants, compromising
industry professionals, faculty, and students. The aim was to identify and rectify any potential

issues in the survey content and structure.

1.4.1 Data Collection

Data collection entailed distributing online surveys to academia (faculty and students) across
departments such as architecture, civil engineering, and construction management, as well as
Industry professionals including architect engineers, and contractors. The survey was designed to
gather quantitative data on attitudes and beliefs about mass timber, demographic information, and
level of experience with mass timber. Likert scale questions were incorporated to measure the

strength of opinions.

17



1.4.2 Data Analysis
The collected data underwent thorough preprocessing of data to address missing information and
inconsistency response patterns. And were further analyzed considering both among-group and
between-group comparisons.
For between-group comparisons, the data was classified into the following categories:

e Academia (Student and Faculty) vs. Industry
For among-group comparisons, the data was classified into the following categories:

e Academics (Student and Faculty): Discipline (Architect vs. Engineer vs. Contractor)

e Industry: Discipline (Architect vs. Engineer vs. Contractor)

e Industry: Experience level (<lyr vs. 1-5yrs vs. 5-10yrs vs. 10-20yrs vs. > 20 yrs.)
1.4.3 Considerations for Ethics
The Institutional Review Board (IRB) of Michigan State University examined and approved the
research design and methods to ensure adherence to ethical standards. (MSU 1. , 2023)
Participants were informed about the study's objectives, their legal rights, and voluntary

participation. The data collected was kept confidential and used exclusively for research purposes.

1.5 RESEARCH SCOPE AND LIMITATIONS

While the study aims to provide insights into the attitudes, beliefs, and barriers of various groups
towards mass timber, it is constrained by several factors.

The data collection method relies solely on online surveys, which inherently introduced limitations
associated with self-reported data. This may have led to biases or socially acceptable responses,
potentially affecting the accuracy of the findings. Although all the efforts have been made to ensure
the survey questions were unbiased and neutral, participants may have also struggled to recall their

opinions and beliefs accurately.
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The study was conducted over a limited time frame, which restricted its ability to capture changes
in attitudes and beliefs over a longer period. This time constraint could have hindered the study’s
ability to provide a comprehensive understanding of evolving perspectives on mass timber within
industry and academia.

While efforts were made to include a diverse range of participants from industry and academia,
there may still have been inherent biases in the sample population. Certain groups or demographics
may have been underrepresented, impacting the generalizability of the study's findings.

Despite these limitations, the study provided valuable insights into the adoption of mass timber
and its implications for the construction industry. By acknowledging these limitations, the study
sought to ensure transparency and integrity in its findings, allowing for a more nuanced

interpretation of results.
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2 CHAPTER: LITERATURE REVIEW

As we acknowledge, mass timber stands as a relatively recent entrant into the US construction
industry. Originating in Austria and Germany in the 1990s, mass timber has played a pivotal role
in the construction sector across European countries. Its rapid ascent to prominence can be
attributed to its inherent sustainability, global abundance, and versatility compared to traditional
carbon-emitting materials like steel and concrete. Despite these attributes, the widespread adoption
of mass timber in the US faces several challenges. Therefore, this thesis delves into the attitudes
and perceptions surrounding mass timber, examining not only its reception within the construction
industry but also among academic circles. The aim is to illuminate the factors influencing its

acceptance and identify potential challenges.

2.1 ATTITUDES TOWARDS MASS TIMBER IN THE US CONSTRUCTION INDUSTRY
Research so far has found a varied number of attitudes of different people working in the
construction industry such as architects, contractors, etc. over mass timber used as a building
material, though not much information is available on the attitudes of the academia towards it.
According to study results from expert interviews based on (Laguarda & Espinoza, 2014), Cross
laminated timber (CLT) offers performance comparable to concrete or steel, with a reduction of
weight. The layered arrangement gives good rigidity, stability, and mechanical properties making
it usable for the construction of walls, floors, roofs, elevators, shafts, stairways, etc. Another
research finding based on expert's views from the fields of architecture and other US construction
practitioners was that the level of awareness of mass timber in the United States was very low (
(Laguarda Mallo M. F., 2014); (Laguarda Mallo & Espinoza, 2015); (Mallo & Espinoza, 2018);

(Shafayet & Ingrid, 2020).
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As per (Shafayet & Ingrid, 2020) findings, several challenges hinder the widespread adoption of
mass timber construction. These challenges include a lack of experience in timber construction,
the presence of unskilled workers contributing to on-site accidents and delays, poor coordination
among project parties, design-related complexities, and the elevated cost of mass timber panels
along with associated fire hazards.

In their 2022 study, Ahmed and Arocho noted that a significant number of participants engaged in
mass timber projects reported having experience levels between 1 and 5 years, signaling that the
understanding of mass timber is still in its early stages. Identified drawbacks include the absence
of timber manufacturing plants, a shortage of experienced personnel, high costs associated with
engineered wood, and limitations in building codes. The study suggests that Cross-Laminated
Timber (CLT) may be cost-competitive for certain construction types, such as high-rise
commercial or multifamily residential buildings and low-rise commercial and industrial structures
where a wood frame system is applicable (Ahmed, 2022). However, respondents concurred that
CLT might not be cost-competitive in scenarios where light wood frame construction is a viable
option (Laguarda Mallo M. F., 2014). Additionally, according to (Laguarda Mallo & Espinoza,
2015), CLT applications are deemed suitable for residential single-family buildings but less

optimal for industrial structures.

2.2 PERCEPTIONS OF MASS TIMBER IN SUSTAINABLE BUILDING

The perceptions of mass timber in the United States construction industry vary depending on
various factors, such as an individual's experience working with mass timber, knowledge in the
field, and role in the industry. According to research by (Laguarda Mallo & Espinoza, 2015) and
(Mallo & Espinoza, 2018), some professionals view mass timber as a sustainable and innovative

building material whose aesthetic characteristics and structural and environmental performance
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are ranked the highest making the system highly competitive against concrete or steel. Hence
marking its potential to revolutionize the industry. Others are more skeptical and cautious about
its use due to some major challenges such as lack of knowledge about mass timber, lack of
technical information, lack of durability of wood, misperceptions about wood as a building
material, mass timber fire performance, initial and total cost of construction as compared to that
of the traditional construction, structural capability, etc.

According to (Laguarda & Espinoza, 2014), barriers to the adoption of CLT were building code
compatibility, CLT availability in the domestic market, and misconceptions about wood as a
building material. The author said that in the current state, the US is required to import CLT
elements from Canada or Europe adding to the total construction costs. They found CLT was
promising and has been adopted nationwide, yet skepticism exists as experts believe CLT would
end up finding a niche market in some regions but not in others where traditional construction
materials such as steel and concrete are still dominant.

Apart from this as witnessed in (Laguarda Mallo & Espinoza, 2015) research, the lowest-ranked
feature of CLT was post-construction maintenance due to the common belief that wood is
susceptible to deterioration due to its organic nature and requires more maintenance. From this
research, it was also noted that the respondents also showed concerns regarding compatibility
issues with the building codes leading to wide adoption of the system in the US. In addition to all
the concerns mentioned above vibration and acoustic performance were also brought up in the
research conducted by (Mallo & Espinoza, 2018) which ranked the lowest. Resulting from expert
interviews for research based on (Laguarda & Espinoza, 2014), technical drawbacks were

observed such as acoustic and vibration performance, Construction experts believed using acoustic
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membranes on one side was a must. Another concern raised was about the volume of wood utilized.
One expert believed CLT panels use three times more wood than a wood frame system.

On the other hand, there are a few advantages of using mass timber one of the key advantages of
mass timber is it’s a versatile engineered wood product, sustainable in nature with good strength,
durability, and environmental benefits. The wood itself is a natural and renewable resource which
is advantageous over the energy-intensive and non-renewable traditional material (Laguarda &
Espinoza, 2014). Mass timber construction has many environmental benefits one such being
environmentally friendly material leading to carbon footprint reduction as compared to that of steel
or concrete. Also, CLT requires less time and labor for construction, and it's available in
prefabricated systems, reduces on-site waste and accidents, and construction noise, and is cost-
effective overall (Laguarda Mallo & Espinoza, 2015).

However, issues with fire safety and durability continue to be a major obstacle to adoption. Some
experts are still skeptical about the performance of mass timber in large-scale fires, despite the fact
that it can be constructed to adhere to high fire safety regulations (Barber, 2018). Furthermore,
experts believe that mass timber buildings may be more vulnerable to moisture damage and
deterioration than conventional building materials. According to (Shirmohammadi, Leggate, &
Redman, 2021) when assessing the usage of mass timber in buildings, experts also take cost into
account. Although the use of mass timber might result in long-term cost advantages because of its
durability and energy efficiency, it can be more expensive initially due to a lack of qualified
workers and adequate production facilities. Despite these reservations, mass timber building is
becoming more popular in the US, and curiosity to understand its potential benefits as well as its
drawbacks is increasing. Many experts are working hard to create best practices for mass timber

building and find solutions to the problems it presents (Kremer & Symmons, 2016).
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Figure 2.1: Mass Timber Research Trend Overtime
(Williamson & Ross, 2015) (2018) (Lo Ricco M. T., et al., 2022)
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2.3 THE IMPERATIVE OF A SKILLED WORKFORCE IN MASS TIMBER
CONSTRUCTION
In the heart of the United States construction industry, a quiet revolution is taking place. Wherein
the AEC community is rediscovering an age-old material i.e., Wood, but with a modern twist,
engineered wood known as mass timber. Which now seems the future's most preferred building
material to build skyscrapers instead of using other traditional materials. Hence, amid a
transformative era in construction, it becomes increasingly evident that a well-trained workforce
is a key to successful integration and perception of mass timber within the United States

Construction industry.

2.3.1 The Timber Revolution

Mass timber, characterized by engineered wood products such as CLT and glulam, signals an
innovation in construction practices and has captured the imagination of architects, developers,
and environmentalists. In addition to being environmentally friendly, it is also architecturally
flexible, cost-effective, and offers speedy construction. However, these and other such advantages
of mass timber can only be utilized if there is an adequate workforce available and if the workforce
has the knowledge and skills required.

As we know adoption of a new material is a task and needs a lot of effort to prove the advantages
of such material in order to make a smooth entry into the market. Mass timber also faced challenges
entering the United States market with various concerns but overcame a few such as
misconceptions about wood as a building material, general awareness, availability, fire, etc.
(Laguarda & Espinoza, 2014) & (Unpublished Data, 2022) with the emergence of the building
code, but a few other concerns are still observed to emerge over the years. It has been observed

that since 2014 workforce development-related challenges remain as barriers to the vast adoption
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of mass timber as a building material as stated by (Laguarda & Espinoza, 2014) In her research
respondents stated the difference between being aware and being proficient in mass timber
adoption, they surely lacked the education required for the smooth adoption.

Hence, the issues arising due to this, such as poor coordination and lack of mass timer-specific
skills all of this can be solved by educating the target audience and by providing various
educational programs as also recommended by research (Laguarda Mallo & Espinoza, 2015) and

these trends seemed to be the same as noted by research (Mallo & Espinoza, 2018).

Survey participants' responses regarding their familiarity with CLT. N = 351.
Awareness Count of respondents  Percent of respondents (%)
Very familiar 15 43
Somewhat familiar 133 379
Not very familiar 137 39.0
Have not heard about it 65 185

Table 2.1: Survey Participants Responses,
(Laguarda Mallo & Espinoza, 2015)

Table 5. Familiarity with CLT reported by respondents? N=113.
Familiarity with CLT Count of respondents Percent
Very familiar 13 11.5%
Somewhat familiar 29 25.7%
Not very familiar 45 39.8%
Have not heard about it 22 19.5%
Unanswered 4 3.5%

Table 2.2: CLT Familiarity Data (Mallo & Espinoza, 2018)

Due to this lack of a skilled workforce, obviously does exist and has been cited as a safety concern
over the years. Hence, to fill this gap a few researchers across various regions including Australia
and the United States have identified common themes. (Zaman, Chan, Jonescu, & Stewart, 2022)
researched the industry perceptions in Australia and his research found that among the critical
challenges, the need for a trained workforce is extremely crucial. The research also marks the
importance of an equipped workforce not only with traditional carpentry woodworking skills but

also with the modern advanced structural and environmental principles of mass timber.
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Talking about the United States mass timber construction industry, (Shafayet A. & Ingrid, 2021)
conducted a feasibility assessment of mass timber as a mainstream building material and their
findings illuminate the necessity of a well-trained workforce in overcoming the existing
challenges. The authors also emphasize that in order to take full advantage of mass timber's
potential, industry stakeholders must invest in workforce development to bridge the gap of skills
and ensure workers and efficiently handle mass timber projects. In another such research
highlighting the critical gap about training and skills requirements conducted by (Lehmann &
Kremer, 2023) expresses the necessity of education and training programs tailored to the unique

demands of mass timber construction.

No Opinion Not challenging at all May be a challenge u Very challenging

Inadequate specialized subcontractors 4% 25% n%

Inadequate skilled workforce 39% 61%

Narrow/confined construction sites 7% 29% 54% m

Inclement weather 4% 21% 54%

Structural frame installation (e.g. facade, floor elements, airtight/water tightand o/ 21% 57% n
connectors)

Correction of deficiencies (e.g. cracks in wood panels) ~ 11% 25% 61%

PERCENT OF RESPONDENTS

Figure 6a. Mass Timber “construction challenges” in Canada (N=28).

Figure 2.2: MT Construction Challenges in Canada (Syed, 2020)

In Canada, (Syed, 2020) research on priorities, barriers to adoption, and challenges in the
engineering, procurement, and construction (EPC) phases of mass timber projects. Identifies a
common theme running through the challenges, which is a shortage of skilled workforce and
inadequate specialized subcontractors, particularly professionals who are well versed in the field
of mass timber. This shortage of trained workforce not only hampers industry progress but also

emphasizes the need for focused efforts to train and develop the workforce quickly.
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Hence, to address these needs Woodworks has initiated an excellent solution the Wood Works
Mass Timber Design Manuals, consisting of Volume 1 and Volume 2. These manuals play a vital
role in educating professionals such as architects, engineers, contractors, and students interested
in mass timber construction. In light of the growing demand for expertise in mass timber.
Woodworks has launched the Mass Timber Construction Management Program. This program
focuses on the project managers and installers to equip them with the necessary skills to excel in
the industry. The manuals are a great initiative and ensure the development of a competent
workforce essential for driving the growth of the mass timber industry in the United States (Wood,
2021) (Wood, 2022).
Across diverse geographical contexts and various research perspectives, a theme appears pointing
toward the need for a skilled workforce in the mass timber construction sector. This study
demonstrates the need for education, training, and other certification programs to equip workers
with the necessary skills and knowledge required to navigate the unique challenges presented by
the mass timber construction industry.
In essence, a skilled workforce is like the cornerstone that holds together and supports this
sustainable and innovative construction method.
2.4 FROM FOREST TO SKYLINES: MASS TIMBER’S GREEN REVOLUTION IN THE
U.S.
In the U.S. construction industry, mass timber is sweeping in with a silent revolution. This
revolution doesn’t lead to noises of the machinery of steel but whispers through the forest leaves.
Mass Timber with its eco-friendliness and sustainable nature is entering the US construction

landscape, redefining not just the aesthetics but also the environmental conscience. This section

28



explores the environmental and carbon performance of mass timber in the United States, where
two distinct responses have taken shape.
On one hand, some believe mass timber is a remarkable carbon-storing system where the carbon
is held within the building throughout the life cycle, mitigating the carbon footprint of the built
environment. But on the other hand, concerns are raised about the impact on forests, highlighting
the need for sustainable forest practices. Hence, exploring the transformation from the carbon-
storing capability of mass timber to the challenges of deforestation and other concerns.
Utilizing wood products as a construction material represents a significant climate solution due to
their lower energy and carbon emission footprint during manufacturing and also due to their ability
to store carbon throughout their lifespan.
The 2016 report from the UN Food and Agriculture Organization, titled “Forest for a Low Carbon
Future”, highlights six strategies for incorporating forests and wood products into climate change
mitigating efforts:

1. Increasing Tree Plantation

2. Enhancing carbon density in existing forests.

3. Augmenting carbon storage in wood products

4. Mitigating deforestation and degradation

5. Substituting biomass for fossil fuels in energy generation

6. Employing wood products in construction materials to reduce emissions associated with

manufacturing higher-emissions alternatives (Wood, 2022)

Hence utilizing wood products is an important and effective practice that can work alongside
various other ways forests are used, leading to positive outcomes for climate and conservation

efforts.
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The research by (Cover, 2020), signifies the potential of mass timber in tall buildings, emphasizing
its role as a sustainable choice. Stating one key advantage is carbon storage. Trees absorb carbon
dioxide during its growth and when they are harvested to use as a building material this carbon
remains in the wood and doesn’t emit into the atmosphere, therefore acting as carbon sinks,

mitigating the carbon footprint of the built environment.
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Figure 1. A simplified illustration of the dual potential carbon benefits of mass timber construction: (1) storing sequestered
carbon in the wood building materials and (2) avoiding carbon emissions associated with production of alternative materials.

Figure 2.3: Dual Potential Carbon Benefits of Mass Timber Construction

Despite the many advantages of mass timber, concerns about deforestation still exist. (Himes,
2020) research explores the potential for responsible forestry practices to mitigate deforestation
concerns. The utilization of sustainable sources of timber with responsible land management
ensures the environmental benefits of mass timber construction without risks. This deforestation
concern doesn’t seem to be a part of the latest trend but emerged as people's attitude since the
research conducted by (Damette, 2011) brought to the forefront the same issue, the impact of

unsustainable timber harvested and its potential for deforestation. Pointing out towards responsibly
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sourcing timber and ensuring that the environmental benefits are not overshadowed by the
deforestation risks.

With the increase in interest in mass timber, many builders and architects have concerns regarding
the increasing demand for wood products and its potential negative effects on forests. However,
empirical evidence and economic models have shown that this demand leads to more forest land
and not less. A recent report by the USFS highlights a few key points such as:

e The Forest and woodland areas in the United States are leveled up at 823 million acres,
covering over one-third of the U.S. Landscape and containing 1 trillion cubic feet of wood
volume.

e The forest industry in the United States makes up 17% of the global round wood production
and the nation's high industrial round wood consumption per capita.

e Although 67% of the forest land is available to harvest, only 2% of it has been cut down
per year. While natural events like insects, various diseases, and fires disturb a significant

percentage.
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e A significant threat to the forest is due to wildfires and insects and other diseases,
necessitating active forest management practices, including thinning to reduce wildfire

severity and accelerate carbon absorption (Wood, 2021).

US Forest Growth, Removals, Mortality and
Inventory 1952-2012 (Million Ft?)
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USFS 2014 US Forest Resources Facts and Historical Trends.

Figure 2.4: US Forest Resources Facts and Historical Trends (USFS 2014)

U.S. Forest Services have revealed a relationship between industrial timber harvest and sustainable
forest management. Regions with a higher level of timber harvest and forest output tend to have
lower rates of deforestation. Market demand drives the economic justification for sustainable
forests and forestry practices. The timber revenue plays an important role in supporting forest
management and brings in policies favoring sustainability. The U.S. Forest Service also
emphasizes the importance of timber revenues in sustainable forest management and maintenance
of economic viability. The U.S. Forest Services also monitors the health of the U.S. forests through
its Forest Inventory Analysis (FIA) program. This program offers insights into the forest trends,

ownerships, and impacts of growth over time. On the other hand, if the timber value decreases due
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to low-value use or limited demand the sustainability of the forest becomes compromised. The
Intergovernmental Panel on Climate Change (IPCC) also recognizes the role of sustainable forest
management in lowering greenhouse gas emissions and contributing to adaptation efforts. Also,
the increase in demand for timber can lead to greater carbon storage in product stocks and offer
substitution benefits. According to the Forest Climate Working Group, currently, the United States
is estimated to store 1.5 billion metric tons of carbon which is equivalent to 5.4 billion tons of
CO2. Most of this comes from the housing stock with 80% being wood frame construction. Hence
by promoting wood in the construction sector, there is significant potential to achieve substantial
carbon benefits which is comparable to removing millions of cars from the road annually (Wood,
2021).

According to the USDA Forest Service FIA Data, projections were made regarding the supply of
softwood timber in the United States to meet the expected high-volume demand for mass timber
consumption in 2023. These projections considered the entire United States as three distinct
geographic regions: North, South, and West.

The analysis shows the U.S. Forest growth is anticipated to exceed harvest levels by 18% even

after accommodating the incremental demand for both lumber and mass timber by 2035 (Wood,

2022).

Estimated Growth and Harvest Volume with
Projected 2035 Mass Timber Demand

Forest growth
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harvest volume
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Figure 2.5: Estimated Growth and Harvest Volume with Projected 2035 MT Demand,
(Woodworks Mass Timber Vol 2, 2022)

33



Apart from this evidence, research also signifies addressing psychological barriers. Since wood in
the physic mind itself is believed to be a not-so-strong material, and prone to decay, etc. Hence,
beyond technical aspects, the perceptions, and attitudes of individuals towards the use of “Wood”
play a vital role in material selection. (Kremer & Symmons, 2016) in their research have explored
this to make mass timber a commonly used and fully integrated material for construction practices.
In evaluating the carbon and environmental performance of mass timber in the United States, it is
evident that mass timber offers advantages as a carbon-storing construction building material.
However, a comprehensive strategy that considers the entire lifecycle and ensures sustainable
forestry practices is crucial. The current discussion surrounding mass timber highlights its potential
to be used as an eco-friendly building option, provided that the environmental considerations are

put into practice.

2.5 BROADENING HORIZONS: A COMPREHENSIVE LOOK AT MASS TIMBER’S
DIVERSE PERFORMANCE

As we begin to embark on the exploration of mass timber’s overall performance, it is important to

check the complexities and variations that define the building material. In this section, the author

plans to expand knowledge by exploring the general performance of the new material.

2.5.1 Fire Performance of Mass Timber

Results from a nationwide survey of United States architect firms conducted by the research of
(Laguarda Mallo & Espinoza, 2015) marked fire performance as the major perceived disadvantage.
Hence, the fire performance of mass timber is an important aspect when evaluating its viability as
a building material within the United States. As wood is often mistakenly assumed to behave
poorly in case of fires (Mehaffey, 2014) although research is evidence of it performing

exceptionally well (Schmid, Konig, & Kohler, 2010) & (Frangi, Fontana, & Jubstl, 2009). With
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the introduction of Wood as a building material and as it gained prominence as a sustainable and
innovative building material, in the US construction industry there has been noticed a growing
interest in understanding the fire performance of mass timber. To address this concern, it is
important to examine the standards that govern fire safety in construction. The fire safety
requirements for mass timber construction are mostly determined by building regulations, fire
ratings, and industry standards. In order to ensure compliance and safety, it is essential to

understand these requirements.

2.5.1.1 Fire Resistance and Safety Measures

The assessment of mass timber fire resistance is the foundation for determining its safety and its
performance during an event of fire. Many researchers have conducted extensive investigations to
evaluate how the different mass timber components such as Cross Laminated Panels, Glulam
beams, and columns behave when tested for fires under controlled conditions (Laguarda Mallo &
Espinoza, 2015).

These tests include exposing mass timber specimens to high temperatures and checking for the
rate of charring and structural integrity under high heat conditions.

Studies in this field reveal insights into the behavior of the mass timber during a fire, highlighting
the mass timber's ability to retain structural integrity and ensure occupant safety. This knowledge
is extremely crucial for architects, engineers, and policymakers as they formulate building codes
and standards specific to mass timber.

2.5.1.2 Charring Rates & Predictive Models

The charring of mass timber is the gradual burning of the outer layer of wood when exposed to
fire conditions. It is considered to be a natural resistant mechanism in wood-based materials like

CLT, Glulam, and other mass timber components (Crespell, 2011). When a mass timber
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component burns in fire its outer layer chars or burns slowly creating a barrier that insulates the
core of the timber. The charring process is considered to be beneficial in fire safety because it helps
prevent the structural integrity of the mass timber element. As the outer layer of mass timber chars,
it forms a protective shield around the element and prevents the fire from reaching the core
(Laguarda & Espinoza, 2014). This process of charring slows down the rate at which timber loses
its strength during a fire event, and also provides time for the occupants to evacuate the building
and for the firefighters to take full control. Researchers have worked (Mehaffey, 2014) on
predictive models to estimate the depth and duration of charring for various mass timber
components under standard fire conditions. These models help to design fire-resistant structures
by providing insights into how different mass timber components behave and their impact on
charring rates and 