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Abstract

In recent years, the Netherlands has witnessed a growing housing shortage, prompting an
ambitious plan by the government to address the demand through increased construction of
new housing until 2050. Moreover, as part of environmental commitments, new dwellings and
existing housing stock must align with current energy performance standards and the circular
goals by the same target year. Hence, exploring alternative ways of increasing housing capacity
is crucial to meet the growing demand while ensuring alignment with the environmental
requirements.

This research examines timber top-up’s structural feasibility and circular potential to expand
existing dwellings’ area as an alternative to a common practice: deconstruct followed by
building new. Furthermore, provide an approach to the circular principle of Reuse to transition
existing Reinforce Concrete structure in dwellings from a linear to a circular economy.

The present thesis consists of a literature review analysis of the potential of mass timber to top
up, followed by the analysis of two local case studies that implemented this strategy. Then a
dwelling with a relevant RC structure typology in the city of Deflt is selected as a case study to
propose a conceptual modular structural design for a Timber Top-up system.

Three scenarios with different area capacities are proposed and tested to analyze the
structural feasibility based on four structurally defined criteria (Reaction in the foundations,
Utilization and reactions of the main RC structural components & timber components &
deflection limit), followed by the analysis of the CO2 footprint of the Top-up scenarios. The
tests are performed with the parametric structural analysis plugin Karamaba 3d, followed by
the use of the software Granta Edupack with its feature Ecoaduti tool. The result showed that
topping up using mass timber is an effective strategy to reduce the Upfront embodied carbon
of existing RC structures while increasing the area capacity of the building.
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11 Background

According to the Dutch National Agenda, the housing shortage in the Netherlands
has been increasing in recent years. In 2020, 325000 homes were needed to meet
the current demand of residents, which is projected to increase to 420,000 by 2024
to continue growing over time (Ollongren, K.H., 2018). As a result, there is an urgent
need to rapidly build new homes to address future demand, as the existing homes
cannot accommodate the required space (Ollongren, K.H., 2018). Additionally, in the
Netherlands, approximately 16,000 dwellings have been demolished annually over
the past decade due to their failure to meet the needs of current residents and local
governments regulations (Pardo Redondo, 2021), as depicted in Figure 1 Demolition
of dwellings in the Netherlands from 2012 to 2020 (Pardo Redondo, 2021).

number

Figure 1. Demolition of dwellings in the Netherlands from 2012 to 2020 (Pardo Redondo,
2021). The orange line represents residential duwellings.

The Dutch Housing National Agenda emphasizes that more than simply accelerating
construction projects in the medium term is needed. It is necessary to increase the
planning capacity for housing in the most strained regions in the short term and
initiate an adequate number of new plans (Ollongren, K.H., 2018). In certain areas, it
is evident that the existing built-up areas will need more planning capacity in the long
term to meet the substantial housing demand resulting from a growing population, as
shown in Figure 2. Therefore, exploring alternatives to increase the planning capacity
besides demolishing and building new is essential to face the demand for housing
units in the short, medium, and long term.

On a global scale, it is anticipated that over two-thirds of the world's population will
reside in urban areas by 2050, leading to a considerable increase in the demand
for new housing. Consequently, constructing high-rise buildings in urbanized areas
becomes a sensible approach to boost the production of construction materials and
meet this increased demand (Zegarac Leskovar & Premrov, 2021).

Furthermore, due to the Paris Agreement's environmental commitments, most new
dwellings plus the existing housing stock in the Netherlands must align with the current
energy performance standards and the circular goals in 2050. This necessitates
responsible utilization of natural resources and effective waste management, as the
Construction industry is responsible for consuming over 32% of natural resources and
generating a quarter of the global solid waste (Duarte, Maria, et al., 2020).

Timber top-ups to increase dwellings area
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Figure 2. Projected population in the Netherlands in the coming year (PRIMOS 2020).

1.2 Problem statement

From an economic perspective, it is common worldwide to tear down existing
buildings and construct new ones with larger capacity. However, this raises concerns
about sustainability regarding using resources and managing waste. For example,
in the Netherlands, most recently demolished buildings were constructed between
1900 and 1970, and many had Reinforced Concrete (RC) structures. Moreover, many
of these buildings were still in their first life cycle (Pardo Redondo, 2021). Similarly, on
a global scale, buildings designed to last 100 years or more are being demolished
frequently, with an average replacement cycle of around 40 years in the UK and
even shorter periods of approximately 20 years in China (Allwood, 2014).

Moreover, as mentioned by Duarte et al. (2020), It is important to note that a
significant percentage (around 80%) of the building demolished nowadays have
reinforced concrete structures, leading to a large amount of concrete waste.
Meaning that the construction industry is not fully utilizing the energy embedded in
the building represented by the materials and processes but also is contributing to
the generation of excessive concrete waste.

Reduction of the amount of waste at the EoL

Duarte et al. ( 2020), in their literature review about the Circular economy in the
construction industry, bring to attention the fact that reducing the amount of waste
generated at the end of the life cycle of a building and managing the resources
efficiently considerably reduces the negative impacts on the natural environment
compared to other twenty sustainable practices studied in the paper. Therefore,
reducing as a strategy might be relevant for RC in the construction of structures, as
it is today's most widely used construction material for this purpose. It is estimated
that roughly 25 billion tons of concrete are produced globally yearly, or over 3.8 tons
per person yearly (WBCSD, 2009 ). Twice as much concrete is used worldwide as all
the other construction materials added together.

Although The specific amount of harmful impacts in a concrete unit is relatively
small (in comparison with other construction materials, as seen in Section 5.2.2).
Due to the high global production and utilization of concrete, RC structures' final
negative environmental impact is significant as it consumes a significant amount of
natural resources that generate waste (Marinkovi¢ et al., 2014).

In recent years, there have been a considerable amount of studies and efforts from
academia and industries to research how to reduce RC waste when a building
enters its End Of Life, as discussed in the following section.

Concrete recycling as material and as a component.
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Inhis research about recycling, Allwood (2014) found that demolished concrete canbe
recycled. However, it cannot be recycled back into its original constituent materials
or complete original form. Moreover, for cement, ceramics, and composite materials,
there has yet to be a recycling route by which the material could be returned to its
original structure and quality. However, one of the main challenges is that recycling
generally involves a loss of quality where it is currently impossible to control the
content of recycled material with the same precision applied to virgin material.

If we analyze the composition of RC concrete one by one, we will see that cement
cannot currently be recycled for several reasons, as Badraddin et al. (2021)
mentioned. To mention some of them:

Most cement (Portland cement in particular) is supplied as a dry powder, to
which water is added to trigger a hydration reaction. This reaction cannot easily be
reversed, requiring a considerable amount of energy compared to producing new
cement from virgin materials. Moreover, cement is a one-way material, as Worrell &
Reuter (2014) mentioned, as there are no commercial processes for cement recycling.

Furthermore, recycled cement has a lower quality than cement produced from
virgin materials (Badraddin et al., 2021).,

And also today, plenty of natural resources exist worldwide to meet the demand
for atleast 20 to 10, as seenin Figure 9.

Continuing with the analysis, the steel present in the RC matrix faces a similar
challenge as cement. On the one hand, at present is not possible to create the same
quality of steel as the one produced from virgin materials, and also (although it has
one of the highest recycling rates compared to other materials) its extraction can be
too costly to make it feasible as mentioned by Allwood (2014).

Suppose we now analyze the recycling of RC from a component perspective. In that
case, concrete can be crushed and transformed into an aggregate called Recycled
Concrete Aggregate (RCA) to produce new concrete. However, it is essential to clarify
that RCA's most common recycling practice is mainly used in unbound applications
for road bases, backfilling, and road pavements, as in The Netherlands (Marinkovic et
al.,2014). In some cases, RCA can be used as a partial or total replacement of coarse
natural aggregate in new structural concrete with low-to-medium strength structural
concrete, as Marinkovi¢ et al. (2014) explain in their research. Therefore, instead of
being recycled, in reality, it is downcycled, which is even lower in hierarchy in terms of
End of life strategies, as seenin Figure 3

Property RC with recycled aggragated 100%

lower by 5-20%; commonly there is

Compressive strength
P et little effect below 30% replacement.

Typically lower by 0-30%; commonly there is little

Tensile strength
& effect below 50% replacement.

Typically reduced by 15-30%, although limit values
reported are 5% and 45%; commonly there is little effect
below 20% replacement,

Modulus of elasticity

Shrinkage increasedtypically by 10-20%,

Creep increased by 25-50%,

Water absorption increased typically by 40-50%,

Freezing and thawing resistance Same or slightly decreased (up to 10%)

Table 1. Properties of concrete made of 100% RCA. One of the most significant research about RCA,
according to (Marinkovic et al., 2014). Conducted by Pryce-Jenkins (2011)

Timber top-ups to increase dwellings area
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Moreover, crushed concrete requires a considerable amount of energy to be
processed compared to mined aggregates. In turn, this may drive up requirements
where concrete might have a higher embodied carbon than the one made of
regular aggregates, worsening the overall impacts. Therefore, according to Worrell
& Reuter (2014), no evidence that recycling concrete in this form substantially
reduces emissions.

Furthermore, In their literature review,

Circular Strategies Marinkovi¢ et al. (2014), after studying
economy e and comparing 103  studies about
Smarter ' ‘ experimental research on the structural
product T performance of RCA from the last ten

use and
manu-
facture

years, found that the physical properties
are significantly reduced compared to RC
made of virgin aggregates as can be seen
in Table 1.

Although there has been significant
B rese@r;h on fecyc\img Com.cre.te,'it is
lifespan of essential to clarify that recycling is still one
product 5 Refurbi of the lowest strategies in transitioning
and its from a linear to a circular economy
parts compared to Reducing, Reusing, or

‘ : Refurbishing components and materials.

Therefore these strategies might have
a more significant potential to reduce
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Useful unwanted  environmental  impacts.
application (Allwood, 2014). Moreover, as Worrell &
of mate- : : Reuter (2014) mentioned: “Successful

7 rials recycling can reduce the demand for new
economy ore or biomass, but successful material

efficiency reduces the total demand for

Figure 3. Research about the Lifecycle of material processing.

RC has been studying the possibilities to Furth . 3 -
reduce concrete waste primarily by reusing, urthermore, as seen In rigure 3, a wider

recycling, and Downcycling. The 10 “R” of set of strategies with a more significant
sustainability framework for transitioning to  potential impact across all  material
Circular Economy by Potting et al. (2017) CE  c|gsses can be found under the umbrella
strategies. term “material efficiency,” which describes
the aim to deliver material services with
less material input. As discussed in the next section, RC concrete components
might be repurposed or remanufactured instead of recycled after demolition.

Repurpose and remanufacture concrete components by deconstruction.

On a component scale, there have been successful attempts to repurpose and
reuse concrete elements by conferring them the capacity to be disassembled
and reused. For instance, the Finnish company, Peikko, produces extensive bolted
mechanical steel connections for concrete elements enabling disassembly for
reuse in subsequent buildings, as seen in Image 1 . Thereby, as mentioned by
Eberhardt et al. (2019) to prolong the elements’ service life by Reusing, and avoiding
environmentally burdensome production of new concrete elements.

The principle behind the Reuse of concrete lies in conferring “dry” mechanical
joints between prefabricated modules that can be reversed, making the modules
capable of being reused. Furthermore, opening the possibilities for RC components
at their End of Life (EoL), as mentioned by Allwood (2014), because not only can
the components be reused, but these alternative offers concrete companies an
attractive new business model that might transition RC from linear to circular
Economy: Rather than selling a low-margin powder to constructors, they can sell or
lease structural modules whose value can be maintained over several generations
of buildings.

TUDelft-BK| 2023
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On the other hand, the report oo
"Disassembly Potential 2.0" by Van Vliet
et al. (2021) proposes a practical method
to assess the potential for disassembling
components in buildings quantitatively.
The report primarily focuses on evaluating,
through a series of steps, the disassembly
potential of a building based on the
ease with which its components can be
disassembled to be reused in the following
cycle.

Furthermore, as will be discussed

in Section 3.1 when it comes to RC Image 1. Detail of the system PCs® and PCs®

structures,  this  quantitative  method  p g stem with DELTABEAM® by Peikko.
analyzes the parameters of existing Example of o dry connection to conferee
components, providing stakeholders with  assembly and disassembly properties  to
the opportunity to assess the feasibility —cerated prefab RC slabs.

of reusing concrete instead of opting for

demolition.

Despite the benefits of Reuse, there are still limitations, as Coelho & De Brito (2013)
studied in their research about conventional demolition versus deconstruction
techniques. This comparative study of traditional demolition versus deconstruction
of a standard 100 m2 housing block in different countries was conducted, where it
is explained that this strategy faces various challenges compared to conventional
demolishing and recycling of RC, such as:

Thelack of experience in deconstruction techniques and the need to implement
specific tools that may not always be available.

The high costs of dismounting compared to demolishing, as low rates for
Reinforce Concrete Waste landfilling favors traditional demolition.

The time it takes to execute dismountability, which can be harder to estimate
in terms of cost.

Nevertheless, it was concluded that deconstruction might be a competitive
alternative in those cases when local landfill disposal fees were higher than 30 euro/
ton, which is currently the case in Germany (213 euro/ton), Canada (64 euro/ton), and
Sweden (30 euro/ton).

1.3 Hypothesis

As discussed in the previous section, several circularity strategies have been studied
to reduce the consumption of natural resources and minimize waste products in
the construction of buildings. Moreover, the framework proposed by Potting et al.
(2017) arranges all of them by order of importance and according to different aims
to specific objectives, as seen in Figure 3. In this framework, commonly known as
“The ten R’s of sustainability,” are analyzed all of the previously mentioned strategies
contribute to the transitioning of products from a linear to a circular economy, in
this particular case, the transitioning of buildings. This figure shows that strategies
such as Reuse are positioned in a higher hierarchy than recycling. According to this
framework, the Lifetime extension of a product or system has a higher impact than
just recycling materials through recovery processes.

Furthermore, when examining the literature on the reusability of RC structures, it
becomes apparent that most research efforts primarily concentrate on retrofitting
methods to prolong the lifespan of RC structures and bring them in line with local
structural codes, as discussed by Allwood (2014). However, other scenarios, such as
expanding the building's capacity to meet current demand, need more attention in
these studies.

Timber top-ups to increase dwellings area
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Hence, it raises the question: What if it would be possible to increase the number of
square meters by using the same amount of RC existing components?, Expanding
an existing building’s area without compromising its structural load-bearing
capacity possible?

The focus of this research aims to analyze an approach to using as much as possible
the existing components of RC structures without deconstructing them, not only to
extend structures’ lifespan through Reuse, as seen in Figure 3 but the possibility to
upcycle the structure by increasing its capacity in the area.

Timber as an alternative to RC

Ramage et al. (2017) conducted research highlighting the comparable strength
parallel to grain between mass timber components and reinforced concrete (RC).
Although mass timber may not match the pure compression strength of RC, its
low density presents a competitive advantage in specific scenarios, even when
compared to other conventional structural materials, as shown in Chart 1.

Furthermore, in cases where components are subjected to tension and compression,
the strength-to-weight or elastic modulus-to-weight ratio of mass timber makes it
a suitable choice for structural design.

Chart 1 demonstrates the strength-to-weight and modulus-to-weight ratios of
steel, timber, and reinforced concrete, indicating that certain softwood variants
perform similarly to steel. Consequently, the potential for timber to possess @
higher strength-to-weight ratio than RC implies the possibility of substituting RC
components with timber in specific scenarios within existing building structures.
Such a substitution would allow for an increase in structural load and expansion of
the area without a corresponding increase in mass.

_ 30 1 . . . T
E
2
= 25+
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S 20¢ :
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Strength normalized by density ((N/mm?)/(kg/m?))

Chart 1. Density and Compression strength for different materials, according to the relevant design
standards. (Michael H.Ramage & Henry Burridge, 2017)
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Therefore, this graduation project aims to investigate the feasibility and limitations of
employing timber structures as top-up additions to existing RC buildings to extend
their capacity and face the problem described in section 1.2.

By incorporating a Timber top-up to expand the area of an existing RC building,
not only can the available space is increased with the integration of new timber
components, but also the lifespan of the structure can be extended as it can
accommodate additional functionalities due to changing needs, as can be seen in
Figure 4.

Al A3 A5 B1 a-c4 D1
Extraction manufacture Construction Use Eol Eol potential

Cnstruction of
Pavements

Agreggate
Columns, beams,
slabs.

Prefab Slabs.

Buildings structure
fist cycle

Materials in an RC
building strcuture

Insitu casted
walls —_—

Crushed RC

Use stage

A5 B1 c1-c4 C1-C4 D-1

manufacture Construction Use EoL EoL Eol potential

| Agreggate rodds First cycle

Prefab Slabs.

Prefab Gallgie slabs

first cycle second cycle
| I

| | Concrete
components

Agreggate
for pavements

Buildings structure Buildings structure RCA -Agreggate
first cycle with Top-Up

In situ casted

walls 8 Glulam Trusses
Glulam colums
Glulam beams

Prefab beams CLT slabs

Use stage

| e

Figure 4. Top: Material flow chart of the materials in an RC structure for a building with different potential End Of Life Scenarios. Bellow: The
same situation was described above by adding timber Top-Ups to prolong the lifespan of the RC structure.

Timber top-ups to increase dwellings area




—
o
[ Top-up ]

Graduation studio Structural design for change

()1  Introduction

Moreover, the project aims to analyze this strategy compared to the scenario
where a new building with a higher capacity replaces the existing one. Hence, to
offer another alternative to the deck of strategies that might be applied when
transitioning an existing building from a linear to a circular economy.

1.4 Research question

How can the area capacity of existing Reinforced Concrete structures be increased
and extend their lifespan by using timber top-ups?

1.5 Sub-questions

To address the main research question, the study proposes the following sub-
questions. These subquestions serve as a navigational framework within the report’s
structure. Each subquestion is followed by a description of how it will be addressed
in the report:

SQ. 1| Which structural timber systems can be more effective when topping up
existing Reinforced Concrete Structure (RCS) buildings? (literature review: Section
3: Timber: As a material to create top-up structures.).

SQ. 2 | What opportunities and limitations have topping up an existing RC
structure building with timber?W (Section 2: Topping Up existing buildings & Section
5: Research through Design).

. SQ. 3| How to make visible topping up in the decision-making for stakeholders
when facing demolishing/building new? (Section 5.1: Research through Design).

SQ. 4 | To what extent can the copacity of an existing RC building with timber
beincreased by reducing the weight of the RC structure? (Section 5.2: Research for
Design).

1.6 Approach and Methodology

To answer these questions, the following methodology is proposed, which is
structured in five stages: Introduction, Theoretical Framework, Research for Design,
Experiment, and Results & Conclusions. Each part consists of sections that will delve
into the specific topics of the report, as seen in Figure 5.

Introduction Theoretical framework Research for Experiment Expected
Design results

Method

%[ Design Framework ]

Background

Study cases

o )
(e
Results

H Scenario 3

]

Hypothesis

Timber

Products

Problem
statement

Timber

Components

Structural systems %[ Design Proposal ]——9[ Scenario 4 ]—
Research —
question

Discussion

SQ.1 $Q.2

Conclusion

SQ.3 .4
5Q Cellular concrete

Concrete

Study case
building

Circularity parameters

Figure 5. Structure for the methodology of the graduation project. Own elaboration.
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Introduction OT

The introduction will serve to introduce the topic and provide the necessary context
for understanding the research on timber top-ups as has been described in Section 1.

Then a theoretical framework will be developed through a literature review, focusing
on relevant local case studies of top-ups developed in the Netherlonds. These
explained case studies in Section 2 would establish a context for the research question
and sub-questions.

Subsequently, Section 3 will analyze the characteristics and properties of timber
as a material and its relevance in designing Timber top-ups for RC structures. The
technical literature on timber's mechanical and physical properties will be examined,
along with an analysis of its environmental impacts on the structural design.

The findings will be organized and analyzed based on different composition scales,
starting with timber as a structural material, followed by timber as a product, and
then moving on to timber components. The analysis will conclude by exploring
timber components in creating timber structural systems according to the European
structural codes: Eurocode O (ECO) and 5 (ECH).

Following the literature review, Section 4 is proposed a relevant case study of an RC
building in the Netherlands with the potential for being topped up for further analysis.

After understanding timber's potential as a structural material for topping up and
selecting a Case study, Section b: “research for design,” aims to develop two products.
First, an approach for a framework in the decision-making process for Timber Top-
ups (Section 5.1), and second, the conceptual modular design of a Top-up timber
system for existing RC structures based on the design framework in Section 5.2.

Moreover, in Section 5.2.4, three scenarios with different area capacities will be
proposed: Top-up without deconstructing any RC component (5RC+1T), Top-up by
removing one layer and adding three layers (4RC+3T), andTop-up by removing one
layer and adding four layers (4RC+4T).

Subsequently, the experimental part of the project in Section 6 aims to test relevant
structural criteria (bending shear strength and deflection) to understand the
preliminary structural feasibility of the top-up scenarios. Additionally, an analysis
and comparison of the upfront carbon emissions of each scenario will be conducted,
including a theoretical scenario where the entire structure is demolished and replaced
with a new one of similar capacity.

A parametric simulation model of the case study and the proposed scenarios will
be created using Rhino 7, Grasshopper, and Karamba3D software to assess the
structural feasibility results. The analysis will serve two objectives: firstly, to determine
the extent to which it is structurally feasible to increase the capacity of the study
case by reducing the weight of the RC structure and topping it up with timber, and
secondly, to evaluate the CO2 footprint of topping up with timber compared to
demolishing and building anew.

To assess the upfront carbon emissions analysis, the CO2 footprint resulting from two
cycles will be calculated: the existing building before the Top-up intervention and
the building after the Top-up. The volumes of both RC and Mass timber will also
be estimated. These analyses will be conducted using Rhino 7/, Grasshopper, Ansys
Granta Edupack, and Ecoaudit Tool software.

Finally, the results will be plotted and analyzed in Section 7, followed by the discussion.
1.7 Scope and limitations

As explained in Section 2.2, topping up an existing building is a transdisciplinary
approach. Therefore, it is essential to acknowledge that this research on the
structural feasibility and CO2 footprint of increasing the capacity of a building with
timber is just one aspect among many parameters from different fields that should
be considered. Future research should explore opportunities and limitations from
other relevant fields to provide a more comprehensive analysis.

Timber top-ups to increase dwellings area
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(O1 Introduction

This graduation studio is focused on the Building Technology field, specifically within
the graduation studio of Structural Design for Change, meaning that the project
will analyze the structural constraints, possibilities, and feasibility of topping up a
specific case study in the Netherlands. Moreover, the research examines timber
building top-ups as a circular strategy within the broader context of transforming
an existing building's structure to transform using circular design principles.

It is important to note that this research will exclusively focus on analyzing the
building's RC (Reinforced Concrete) structure. Further research will be necessary
to analyze the implementation of top-ups about other shearing layers, such as
facades, partitions, and services. | am topping up existing buildings.

-
N
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()2 Introduction to top-ups

With an ever-reduced building space worldwide, we have seen many examples in
the recent past of densification. In all the cases, different technical approaches have
been considered, in some cases, as can be seenin Figure 6,leading to unconventional
solutions to preserve as much as possible what is constructed below.
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Figure 6. Different approaches to topping up worldwide. Taken from (Hermens et al., 2014) :

Broadgate: A building is constructed around a park to preserve it. VNO: A building is constructed
around a highway to avoid relocating it. The NEMO museum in Amsterdam is a specific example
of topping up, as it is built on top of a tunnel. The resulting forces in the piles change from tension
to compression, allowing the walls, which were previously laterally loaded, to bear the additional
weight in compression. No other foundation was necessary.

The Pathé cinema in Rotterdam is constructed above an underground parking garage. The heavy
finishing of the original square is removed and replaced with a lightweight structure. A steel and
composite structure js utilized to create the cinema theaters. No other foundation was needed.

Through puncture: The Hearst Tower in Manhattan and the Elbe Philharmonic in Hamburg
demonstrate how densification can be achieved while preserving relevant construction elements by
creating separate structures to support the new construction.

From a circularity perspective, densifying and using as many as possible of the
resources that the current building holds also represents a significant benefit from a
waste-reduction point of view. Reusing components will always be positioned on a
higher hierarchy regarding circular economy transition strategies, as seen in Figure 3
on page 11 (Potting et al., 2017).

In the case of RC structures, The benefits of densification align with the potential
opportunities that topping up with timber can offer. As further explained in
Section 3.1, Timber construction is known for its lower environmental impact than
traditional construction methods, as it has a smaller carbon footprint than other
construction materials. Therefore, the combination of densification benefits and
the sustainability potential of timber Top-ups in existing construction is a promising
alternative to explore in transforming existing buildings to follow circular principles.

21 Opportunities in top-up

Topping up with timber instead of demolishing offers various benefits beyond
environmental considerations. We can identify additional advantages, as can be
seen in Diagram 1such as:

Social-economic: As mentioned in Section 1, there is an opportunity to top up to
address the current housing shortages. However, as analyzed by the TUDelft SUM
Team (2022) for the Solar Dechatlon 21/22, in social housing dwellings, increasing the
building's area capacity might also lead to creating communal spaces for residents
with a cultural and social division to improve their living conditions. Moreover,
diversifying the resident group with new economic target groups will allow for more
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Sometimes existing buildings
and infrastructure are being
demolished, some buildings

are built over existing city
fabric, and some are built
through existing buildings.

In all the cases, these
densification strategies have
arisen to respond to society’s
interests for existing buildings

facing loss in functionality,
damaged structures, and the
need to preserve historical
and cultural aspects of
valuable resources.

Hermes et al.(2014)

Increasing the area of an
existing building presents
an economic incentive

to renovate out-of-date
buildings. It might provide
the necessary economic
leverage to execute energy

performance improvements.
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harmonic living in places with the lowest socio-economical rates.

Urban Impact: Enabling the building to have multiple uses positively affects the
surrounding urban environment. It increases urban flows and creates landmarks
within cities, enhancing the overall urban fabric.

Economic: For building owners in dwellings, increasing the area of an existing building
presents an economic incentive to renovate out-to-date buildings. This incentive
becomes particularly relevant for post-war tenement buildings with outdated
facades and services. It provides the necessary economic leverage to transform
these buildings towards being zero-energy or, at the very least, improving their energy
performance.
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Diagram 1Analyzing Topping up through the lens of the three pillars of sustainability (also known as
"The three Es of economy framework”).

Moreover, this economic benefit significantly impacts residents in tenement buildings
by allowing them to enhance their living conditions. By improving the performance
of systems and facades within the building, they can experience better comfort and
energy efficiency without being displaced from their homes. Additionally, most of
the construction work takes place on the roof of the existing building, minimizing
disruptions to their living spaces.

2.2 Criteria to be considered when topping up.

In their paper, Verburg & Barendsz ( 2000) analyze the utilization of steel framing
structures for top-ups in existing buildings. Although the research topic differs in
terms of materiality, the considerations and criteria presented in the research can
still be deemed pertinent to the study, as they can be applicable when proposing an
approach to address the research question in the graduation project.

This research (Verburg & Barendsz, 2000) analyzes the essential criteria in The
Netherlands to consider when proposing a steel top-up in an existing building; the
studied criteria are:

Existing Building’s lifetime

Pertinent to the research question, before planning to add new levels to an existing
building is important to assess the building's expected lifetime carefully. Typically,
topping-up is carried out in conjunction with other interventions, such as deep
retrofitting, to extend the building's lifespan.

Fitting with the urban plan

Furthermore, if necessary, the intervention should be able to accommodate the new
requirements resulting from increasing the area. This includes considerations such as
providing sufficient parking space and storage facilities and ensuring proper access
to the new spaces. Additionally, it is crucial to assess the potential impacts on the
surrounding environment. For example, analyses such as shading assessments are
necessary to determine if the increased building volume would unexpectedly block
sunlight in certain areas.

Timber top-ups to increase dwellings area
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Financial feasibility

In terms of costs, adding extra levels can represent a considerable investment,
especially for unforeseen interventions and unconventional building methods. In
that sense, some buildings are better suited to add extra levels. Therefore, a financial
assessment should include costs per unit (old and new), subsidies, and ‘land use’
costs to validate its feasibility.

Structural feasibility

Described as technical feasibility in this document, this criteria involves assessing the
foundation and building structure to determine whether it can support additional
levels or if improvements and reinforcements are required before adding extra
weight to the building. As a rule of thumb, an additional 12% of the total building
mass can be added to existing buildings.

Co-operation from the municipality

Its relevant from a local perspective, the support of the municipality and approval
of the project, therefore the vision of the municipality for the neighborhood plays @
significant role as increasing height might change land use and costs,

Co-operation from the inhabitants.

A successful plan to top up is only possible if the inhabitants in and around the
building agree with the addition and the nuisance it will cause during construction.
They can be convinced by possible benefits like an added elevator, renovation of
the entire building (lower energy costs), or some expenses for the nuisance.

Architectural conditions and regulations of the top-up

The added volume should complement the overall oppearance of the
neighborhood. It is important to consider practical options for accessing the new
levels. Additionally, it should be determined whether the existing building has
storage space that can be repurposed to accommodate the additional dwellings.
In the case of lightweight structures, meeting fire regulations can be challenging, as
Emergency staircases must be added to the intervention to comply with the code.

Overall, taking aninterdisciplinary approach is crucial for successfully implementing
a top-up intervention in an existing building. This approach requires analyzing
relevant considerations from various fields of knowledge. In the context of this
graduation studio: Structural Design for Change, the research will primarily
investigate timber top-ups' structural and circular feasibility. However, these
explained criteria would be considered when approaching the design of a Decision-
making framework for timber Top-ups in section 5.1. It is essential to consider these
criteria extensively, as feasibility relies on technical and environmental aspects and
the broader considerations outlined.

2.3 Analysis of study cases

As seen in Figure 6, various projects worldwide have implemented different
approaches to increase the capacity of existing buildings. Each of these
approaches responded to tailored solutions to meet the specific requirements
of the context and the interests of the people around each project. To mention
some of these requirements: Increasing capacity, avoiding obsolescence through
renovation, activating urban areas by creating landmarks, and renovating heritage
constructions. Consequently, the strategy of topping up encompasses a wide
range of approaches in which the possibilities of structural systems, materials,
shapes, textures, and intensities of the increase might be unlimited. Moreover, some
projects even involve independent structural foundations and separate structures
attached to the existing ones.

Given that the primary objective of this project is to transform an existing
building using circular principles, it is imperative to prioritize waste reduction as
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Taking an interdisciplinary
approach is crucial for the
successfulimplementation
of a Top-up intervention

in an existing building. This
approach requires analyzing
relevant considerations from
various fields of knowledge.

Figure 8 . Top: Photo taken in 1946 of
the Teruel Building. Bottom: photo
of the De Kareel building today.

Two strategies were
considered: First, Propose

a lightweight structure
composed of steel and
timber to achieve floors that
could weigh 1/5th of the
weight of standard Dutch
codes). And second, to
create stability by building
two stability cores.
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a hard constraint. Therefore, the case study analysis will focus on case studies
where the existing structure is made of RC utilized to the maximum extent in the
new intervention. Moreover, cases where topping up was achieved by utilizing the
existing foundation of the building. Since the problem statement is based in The
Netherlands, this will define the search for buildings built within this country.

After an extensive search, two well-documented case studies were selected for the
analysis: The Karel Doorman building in Rotterdam and the intervention by the SUM
team for the Solar Decathlon 2021, which will be described in Sections 2.3.1& 2.3.2.

2.3.1 Case study 1: De Karel Doorman Building.

The information presented in this section is derived from two primary sources. The
first source is aninterview conducted with architect Mark Van Tilburg, who represents
lbelings VVan Tilburg Architecten, the firm responsible for designing and coordinating
the intervention in the case study. The second source is the research conducted by
Hermens et al. (2014) along with the graduation thesis by Cobelens (Cobelens, 2018)
in his graduation Thesis of Civil Engineering.

During World War I, the city center of Rotterdam was almost destroyed. In the
following years, during the city reconstruction, The Ter Meulen building was built
between the years 1948 and 1951. Designed by the Dutch architect Van den Broek &
Bakema, it symbolized the city’s reconstruction after the war.

As can be seen in the top image in Figure 8, The main characteristic of this project
lies in the strategy used back then to allow future vertical expansion, where the
2nd floor (dedicated in principle to housing offices and a canteen) was conceived
during the structural design of the pile foundation to hold an expansion for a future
salesroom. In that case, the offices and canteen would be replaced to a new-to-be-
built 3rd floor. In addition, the design comprised an open floor plan made possible
by a structural system of columns and beams that provide lateral stability avoiding
structural walls. Therefore, ultra-light-weight building concepts were implemented,
allowing the building to have a five times higher density than similar projects back
then, making vertical expansion possible.

In the late 70s, two extra floors were placed on the original building. This was
possible by using relatively lightweight floors. However, during the 90s, the retail
market changed, and the building deteriorated. In the OOs, an initiative to reactivate
the building arose where heritage characteristics played a significant role. After
analyzing the existing structure, The architects and engineers concluded that there
was potential in the over-dimensioned RC structure of this building to add 16 new
lightweight stories with apartments truly on top of the existing building. Using the
existing load-bearing system of columns and pile foundation allowed it to keep the
original building.

For the new top-up structure, the existing columns and beams were suitable to bare
the new loads and provide the lateral stability required through rigid frame action.
With a column grid layout of 8 x 10 m and column sections similar in almost all the
floors (around 850 mm in the basement and 800 on the 2nd floor) was determined
that the compression strength of the columns was 250 kg/cm2, which can be
compared to a concrete garde C14/17 strength according to Eurocode O (EC 0). The
beams were suitable as they had a 600 x 850 mm dimension, capable of bearing
a compression strength of 200 kg/cm2. Regarding the health of the concrete,
Inspections indicated that the quality of the construction was excellent. After visual
and destructive testing of the concrete, it was determined that its strength was
around 40,9 N/mm?2.

Moreover. the original foundation was designed with reinforced prefabricated
concrete piles, with a shaft dimension of square 380 mm and a + shaped pile tip of
760 mm. Making foundation loadbearing capacity much larger than the originally
intended 70 tons (or 200 kN according to present codes).

Timber top-ups to increase dwellings area
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Image 2 Structural stability scheme before and after the intervention Structural stability scheme
befeinmayafiveselutiortoorthe challenge of adding 16 stories to the existing building

lay in separating the horizontal loads derived from the wind pressure that might
affect the Top up from the vertical loads (Dead and live loads). Therefore, two
strategies were considered: First, Propose a lightweight structure composed of
steel and timber to achieve floors that could weigh only 250 kg/m2 (1/5th of the
weight of traditional Dutch concrete apartment buildings.). Moreover, to create
stability by building two concrete stability cores that might be used for staircases,
elevators, and service ducts.

As a result, by using these two strategies, the structural load-bearing system
changed from a system with a rigid frame action, with bending moments in the
beams and columns caused by horizontal loads, to a system with supported
columns, only having to carry vertical loads as can be seen in Image 2. The new
building was named then “De Karel Doorman” and demonstrated that it is
possible to achieve urban densification by building on top of existing buildings
or infrastructure. Understanding the hidden load-bearing capacities of existing
structures gives excellent possibilities to add a significant amount of apartments or
other functions in city centers.

2.3.2Solar Decathlon Europe competition 21/22 SUM team

For the following Study case analysis, report # 7 by the TUDelft's SUM Team
(TUDelft SUM Team, 2022). Moreover, Section 36: Engineering & Construction
Report was used.
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Timber was chosen as the
primary structural material
because it was a bio-based
renewable resource that
encompasses low embodied
energy and because of its
carbon sequestration and
workability.

Image 3 Picture 1. Render
of the proposal of teom
SUM. The team focused on
proposing and analyzing the
possibilities of Topping up an
existing building in the city of
The Hague.
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for a renovation project for the post-war Walk apartment building in Dreven, a
Southwestern district in The Hague. The objective was to enhance the quality of life
and increase the area’s capacity by renovating the existing building and adding two
additional stories. Moreover, since the buildings in the Dreven neighborhood have
a similar typology, featuring an RC cellular concrete structure, this strategy was
scalable to all of the 100 hectares complexes.

To increase the lettable floor area of the buildings, the proposal involved adding 30
wooden modules on top, following the Passive House standard. These modules were
prefabricated as two 3D units, easily transported and assembled on-site. Timber was
chosen as the primary structural material due to its renewable and bio-based nature,
low embodied energy, carbon sequestration capability, and workability. Moreover,
The flooring consisted of Leveled Veener Lumber (LVL) ribbed decks, known for
their lightweight properties, reduced thickness requirements, simplified framing,
lower logistical costs, and decreased construction waste. The construction process
employed dry connections to ensure circularity and demountability. LVL offered the
benefits of low weight, dimensional stability, and high load-bearing capacity.

Given the questionable structural capacity of the existing buildings, lightweight
timber framed walls with vertical studs were employed as the primary load-bearing
structure. This combination proved efficient, facilitating drilling, fastening, and fitting
while ensuring predictability and dimensional stability. To address the span of the
beam connecting the two modules, an additional glulam post was introduced to
transfer the vertical loads. For stability, modularity, and prefabrication purposes,
each module had one column, and the mirrored units were fixed together on-
site using fasteners. The structural design of the Top-up embraced circularity and
modularity, primarily utilizing 2D and 3D modular elements.

Each prefabricated module consisted of ribbed floor and roof decks, three sides
of load-bearing timber framed walls (one opaque and two with openings), and
one column. The 2D elements were combined in the factory using dry connections
to create 3D modules with a total width of 3m, aligned with transportation,
manufacturing, and lifting requirements. This dimension corresponded to the
production size, allowing wood panels to be cut and sawed into the necessary LVL
beams and panels.

The proposed strategies by the SUM team exemplify how lightweight timber top-
ups can effectively achieve vertical expansion in existing buildings. The concept
of lightweight and strength was realized using timber as a structural material and
incorporating components sharing similar characteristics, such as vertical frame
walls and horizontal studs in the flooring systems.
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Timber: As a material to build top-up ()3

Regarding environmental sustainability, wood has a long history as an
environmentally friendly building material in countries with boreal forests. Therefore,
in these countries, wood-based products are highly competitive compared to the
rest of the structural materials (Russell & Kumar, 2017). One of the reasons for this
is that timber is a renewable material binding carbon during its growth, which leads
to a lesser impact on the global warming potential, as compared to other building
materials in the construction sector, as mentioned by Zegarac Leskovar & Premrov,
(2021).

Therefore, to understand how timber can be used as a structural material for the
design of timber Top-ups, this Section will analyze timber from the two main fields of
study of the graduation studio to approach o SQ. 1& SQ. 2:

First, in Section 3.1, from a Circularity perspective, to understand its relevance in the
transitioning from a linear model to a circular for existing buildings by topping up
using timber structures.

Furthermore, from Sections 3.2 to 3.5, from a structural perspective, to understand
which species, products, components, and systems might be effective in the design
stage of timber Top-ups. Therefore, its structural properties will be analyzed first,
followed by the products used to produce structural components.

2015
"*Tropical hardwood-.‘
- Softwood
‘Bamboo
Aluminum

2065

Figure @ Estimated remaining material supplies
worldwide (years to the left). Taken from (Lugt & Harsta,
2020)

3.1 Timber to Transform an Existing RC building using circular principles.

Forests cover approximately one-third of the Earth's land surface and provide
various ecosystem services essential for human well-being. These services include
providing food, fresh water, and raw materials, regulating air quality, climate, and
water, and offering cultural and recreational value (Lugt & Harsta, 2020).

As studied by Carle & Holmgren (2009), Out of the total global forest area of 4
billion hectares, around 54% is utilized for timber production, food cultivation, and
other product manufacturing. Roughly 24% is dedicated to conservation, with half-
grown on legally protected land. Although planted forests constitute only 7% of
the total forest areaq, they contribute significantly to the global supply of industrial
roundwood, accounting for 35-40% presently and potentially reaching up to 80%
by 2030 if the current expansion trend continues. These newly established forests
aim for high species diversity and long rotation cycles, which enhance biodiversity
and increase resilience against pests and wildfires.

Moreover, according to (Lugt & Harsta, 2020), Europe has demonstrated a notable
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increase in the carbon stock of its forests, primarily due to intensified reforestation
efforts and improved forest management practices. The region's positive approach
presents an opportunity to reduce the reliance on other construction materials with
limited reserves, as shown in Figure 9. However, this can only be achieved through
careful planning and sustainable harvesting of wood resources, ensuring that the
current forest stock is not compromised for future generations.

Deforestation and Certification Schemes.

The increase in demand for timber products and deforestation is a common
concern. However, Lugt & Harsta (2020) point out that the leading causes of
deforestation are related to land use and the value attributed to the land for other
uses due to not considering the environmental and economic value of the forest.

Consequently, in places where conserving forests under pressure from other
economic activities becomes challenging as long as ecosystem services are not
monetarily valued. In the case of Europe, because of the combination of local
protection policies for forests, and the recognition of the added value found in
forests, the use of timber is not a factor of deforestation in the present days in this
region.

Moreover, forest certification schemes like the Forest Stewardship Council FSC
and the Program for the Endorsement of Forest Certification (PEFC) are crucial
in combating deforestation, illegal logging and valuing forest ecosystem services.
Therefore, certified hardwood derived from sustainably managed tropical forests
contribute to preserving a forest that would otherwise be destroyed for other
purposes.

Figure 10 illustrates the forest development in the last years, from which certified
forests account for 13% of the total forest area (525 million hectares in 2020, with a
yearly growth of about 5% over the past decade), according to Vogt et al. (2019).
Moreover. 37% of these certified forests are in Europe and 48% in North America.
Unforutanelly, the chart shows that tropical regions experience significant forest
loss. The total forest coverage in Africa and South America was approximately 1550
million hectares in 2020, with an annual forest loss of 6.5 million hectares (Vogt et
al., 2019).

Africa Asia Europe ussia North and Oceania South
(excl Russia) Central America America

Figure 10. Global forest area in different continents in the past years (Mha). | REER
Bl 2000

2010

Bl 2015

3.1.1 Biobased materials compared to techno-cycle Materials

A potential for transforming an existing RC structure using circular principles
is offered using mass timber products made of biobased materials instead of
Technocyle materials.

According to McDonough & Braungart (2010), Bio-cycle materials refer to materials
originating from living organisms or biological processes, while techno-cycle
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materials are materials derived from non-renewable resources such as minerals,
metals, and fossil fuels. As stated by these authors, Bio-cycle materials are typically
renewable, biodegradable, and have a lower environmental impact than techno-
cycle materials, which undergo extraction, manufacturing, and disposal processes
within a linear economy.

Therefore utilizing materials from the bio-cycle, such as Timber, instead of those
from the techno-cycle, such as RC, prompts benefits such as they are renewable,
exhibit a low or even negative carbon footprint in contrast to the typically high
carbon footprint, and possess biodegradability.

Although the discussion regarding what is environmentally more convenient between
the use of bio-cycle and techno-cycle materials prompts an extensive discussion
with several aspects to be considered, this research sets the stage for the following
Sections, which will examine the topics of Upfront Upfront embodied carbon and
carbon credits throughout the life cycle of Timber.

3.1.2 Upfront embodied carbon and Carbon credits during the timber’s life cycle.

Upfront embodied carbon refers to the emissions associated with timber
production, including logging, transportation, and processing processes. It accounts
for the carbon dioxide released during these activities, contributing to the timber's
overall carbon footprint. According to Olivier et al. ( 2017), from the total 35% of
Greenhouse Gas emissions (GHE) from the construction industry, Upfront carbon
emissions correspond to 28% (11% overall), while operational 72% (24%). The
concept of upfront embodied carbon in timber construction is closely tied to the
calculation of biogenic CO2 absorbed by trees during their growth and its impact
on the overall carbon footprint of buildings.

0.4
Other
{non-energy)
Transport AFOLU
(Agriculture,
nternational transport Forestry and

Other Land Usel

Energy
i Total 49.4
Buildings
Fnergyuse 68 Gt
Materials 25 Gt
Industry
Concrete 1L6GL (85%) {(material
Aluminium 020t (8%) production)
Plastics 015Gt (5%)
Steel 0.95 Gt {32%)

Buildings

Figure 11 Division of GHG emissions worldwide (billions fo tons of CO2), taken from (Lugt & Harsta,
2020).
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Lugt & Harsta (2020) describe how the biogenic CO2 absorbed by trees during
their growth can be calculated and how it can affect the upfront embodied carbon
in buildings with the concept of “Carbon credits.” The calculation of CO2 stored
in timber is relatively straightforward. Approximately half of the mass of oven-
dry timber consists of carbon, and by using the molecular weight ratio of CO2 to
carbon, the amount of CO2 locked in timber products can be determined based on
wood density, as seen in Equation 1.

This calculation of CO2 captured is stored in trees as biomass, which will be
processed into timber products. Furthermore, When these timber products end
their life, if they are discharged and burnt for energy recovery (unless reused), the
carbon captured during the tree's growth is released back into the atmosphere.
However, suppose the timber product is burned in an electrical power plant, @
common scenario in Western European countries. In that case, the resulting energy
generation can replace electricity from fossil fuels. This substitution of fossil fuel-
based electricity with renewable energy sources grants the timber product a
'carbon credit," contributing to a negative carbon footprint.

In the case of timber components, the temporary sequestration effect of carbon in
wood is considered in each producer's Environmental products Declarations (EPDs)
following the EN 15804 standard. Moreover, it is accounted for as a negative value
during the production phase (modules A-1to A-3) and a positive value (emission)
during its Eol phase in module D2.

3.2 Timber as a structural material.

Porteous and Kermani (2007) explain that the classification of commercial timbers
into softwoods and hardwoods is based on their botanical origin (coniferous and
deciduous ) and not on the actual hardness of the wood, In that sense, Softwoods,
which are usually evergreen and have needle-like leaves, are characterized by
naked seeds or cone-bearing trees and are made up of single-celled structures
called tracheids. These structures serve as conduits and support the tree as fibers
that confer rigidity to Softwood timber.

Hardwoods, on the other hand, are generally deciduous and have broad leaves
that are shed at the end of each growing season. The cell structure of hardwoods is
more intricate than that of softwoods, with thick-walled fibers providing structural
support and thin-walled vessels acting as a medium for food conduction, making,
in many cases, stronger than softwoods. Although timber from deciduous species
might have a higher strength than the one from Softwoods, these last ones are
more commonly used due to their greater availability, ease of processing, lighter
weight, high strength-to-weight ratio, and faster growth rate than hardwoods.
Hence, softwoods are more practical and cost-effective in structural design.

3.2.1 Physical Properties of Timber

As a structural material, timber differs from steel, reinforced concrete or other
composites because it is a biological and natural material with an orthotropic
disposition, meaning that the mechanical and physical properties differ significantly
on the fiber direction.(Frobel & Godonou, 2022). Therefore a volumetric unit of
timber will vary depending on its radial, longitudinal, and tangential direction in
sawn timber.

Therefore, In structural design, it is crucial to recognize whether timber is loaded
parallel or perpendicular to the grain. In the first case, timber has a superior
strength, typically 1/10 compared to perpendicular, often close to zero.

3.2.2 Combustible characteristic

Timber, being a combustible material, has the potential to ignite and burn when
exposed to heat or flames. Ostman (2017) explains that this is due to the organic
composition of wood, which includes cellulose, hemicellulose, and lignin. These
organic compounds can decompose and release flammable gases when heated.
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Carbon stotage of timber kg=(p
wood/2)*(44 g/mol/12g/mol).

Equation 1  Carbon sequestration
calculation of timber based on its
density.

Although timber from
deciduous species might have
a higher strength than the
one coming from Softwoods,
these last ones are more
commonly used due to their
greater availability, ease of
processing, lighter weight,
high strength-to-weight ratio,
and faster rate of growth
compared to hardwoods.
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different stress in wood. By disregarding
the difference in tangential and radial
direction, the number of variables can
be reduced to six, often denoted:
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might be present in a timber
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The heat from a fire causes the moisture in timber to evaporate and triggers the
decomposition process, generating flammable gases like carbon monoxide and
hydrogen. When exposed to a flame or spark, these gases can ignite and sustain @
fire.

However, when timber is used as a structural material, measures can be taken
to ensure that larger structures maintain their structural integrity in case of a fire.
Ramage et al. (2017) explain that thisinvolves implementing various strategies, which
will be further explored in Section 3.5.3. Examples include using non-combustible
materials to enclose smaller timber components and considering the charging rate
in mass timber elements.

3.2.3Density-to-strength ratio

The starting point of this graduation project focuses on this main property. The
capacity of timber to have a high density-to-strength ratio compared to other
conventional structural materials makes it a suitable candidate to Top-up existing
structures. Timber's strength parallel to the grain is comparable to that of reinforced
concrete, with hardwood slightly stronger and softwood slightly weaker. The
strength-to-weight or elastic modulus-to-weight ratios are measures of the mass of
material required for a structure of a given area. However, as seen in Table 2, timber
Strenght-to-density ratio might withstand, but it cannot match modern high-
strength concrete's compression strength.

Both timber and concrete are less stiff and strong than steel, although timber's
lower density makes it more efficient for long-span or tall structures where the load
is mainly its own weight, height, or span, and softwood performs similarly to steel in
those measures. Therefore, timber is a structurally efficient material for structures or
parts of structures where a high proportion of the load is the self-weight. However,
as will be further discussed in the following sections, adding more timber mass in the
composition of structural components by using Engineered wood products (EWP)
can support and transfer a considerable amount of dead loads that might be
present in a timber Top-up.

MATERIAL DENSITY STRENGTH STRENGTH/DENSITY

(kg/m") (MPa) [10-* MPa.m"/kg|
Structural steel 7800 400-1000 50-130
Concrete (compression) 2400 30-120 13-50
Clear softwood (tension) 400-600 40-200 100-300
Clear softwood (compression) 400-600 30-90 10-150
Structural timber 400-600 15-40 30-80

Table 2 . The relation between strength-density of different structural materials includes timber
products, according to (Karol et al., 2018). Although the strength and density vary between species
and mass timber products, this chart can give an overal

3.2.4Moisture content

As a natural material, timber is hygroscopic, meaning it fluctuates in moisture
content relative to its surrounding environment. Moreover, it is susceptible to fungal
degradation above 20% moisture content. However, European standards for
structural timber also specify an upper limit of 20% moisture content for 'dry graded’
timber to receive a defined strength grading (Ramage et al.,2017). Furthermore, drier
timber also provides a more receptive substrate for gluing and is lighter to transport.
On the other hand, equilibrium in the moisture content might be necessary to avoid
shrinkage in service.

For structural purposes, moisture content and its variation in timber play a significant
role in the strength and stiffness of wood-based products. Therefore, to incorporate
this effect in the structural design, three service classes have been defined in EN
1995:

Timber top-ups to increase dwellings area
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Service class 1 - Average moisture content does not exceed 12 %
. Service class 2 — Average moisture content does not exceed 20 %
Service class 3 - Average moisture content exceeds 20 %.

Although in mass timber production, it is more common to find Service Class 1
products for the reasons mentioned above, it is relevant to remember that moisture
percentage might vary over time, making its physical properties overcome what
has been stated in the design codes in the future.

Moreover, as explained in Section 3.1.2, moisture plays a relevant role in Carbon
Sequestration. The carbon sequestration potential is reduced when timber has a
higher moisture content. Because moisture limits the amount of carbon stored in
the wood, moisture acts as a barrier, occupying space within the timber that could
otherwise be used to store carbon.

Onthe other hand, as explained by Lugt & Harsta (2020), the carbon sequestration
capacity increases when timber's moisture content decreases through natural
drying or specific drying processes. As moisture is removed, the wood becomes
denser, allowing a greater carbon concentration to be stored within its structure.

3.2.5Temperature

Besides ensuring constant moisture content through its lifespan, keeping control of
the surrounding temperature of wood-based products between -30 °C to +90 °C
is also imperative, as the strength and stiffness of wood decrease with increasing
temperature). In the case of fire, temperatures above 95 °C (or 65 °C for long-term
loads) might result in thermal degradation of the wood material. Moreover, due to
higher temperatures, the cellulose chains around the fibers are shortened, and the
structure of the hemicelluloses changes.

On the other hand, temperature variations can produce thermal expansion and
contraction, which can cause the timber to change dimensions as it absorbs
or releases heat. When the temperature of the timber increases, it expands in
size, while a decrease in temperature causes it to contract. These changes in
dimension can lead to stress on the timber. Therefore the connection design must
be considered this effect to avoid potential cracking, warping, and other forms of
deformation in the timber component. Maintaining steady temperature conditions
is crucial for preserving the stable characteristics of timber and ensuring the long-
term durability of the component, enabling its future reuse.

3.2.6Creep (Sagging)

When utilizing timber as a structural material, it is crucial to consider the direction,
magnitude, and nature of forces in designing the structural system and account
for its unique properties as a natural material. Unlike other conventional materials,
timber's physical properties can be influenced by factors such as the duration
of load and size, which can cause variations in its behavior. For instance, timber
is susceptible to sagging when subjected to constant loads over time. Although
most of the deformation is recovered upon load removal, a small permanent
deformation typically remains. Additionally, tests have shown that the bending
strength of timber decreases with increased loading time, particularly in bending
scenarios.

3.2.7 Timber Grading for Structures

According to Frobel & Godonou (2022), to ensure that processed timber materials
can support anticipated maximum loads as part of a structure in service, it is
necessary to strength grade each piece of dimensional timber according to
local codes. In the case of Europe, the BS EN 140871 grading standard permits
the specification of a chosen strength class of timber and uses the characteristic
strength values of that class in their design calculations, as seen in Table 3.
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According to this standard, Strength grading consists of visual strength grading
(VSG) and machine strength grading (MSG).

VSG is defined by rules describing weakness-related features, such as knots on the
timber surface and any splits or related defects that may occur due to drying. On
the other hand, MSG tests the characteristic values of stiffness and density for the
strength classes.

The relevance of visual and machine grading in structural timber designis their ability
to ensure that the timber used in construction meets the required strength and
safety standards. By assigning a grade to the timber based on its strength properties,
lts possible to decide the appropriate timber composition in the structural project
and ensure that it will perform as expected.

Conclusion section 3.2

In conclusion, when designing Timber Top-ups or other lightweight structures, it is
important to consider timber's moisture content, temperature, and creep. These
considerations become even more significant when dealing with Engineered Wood
Products, particularly in larger-scale applications such as long-span beams or
columns with a significant section.

Softwoods are often preferred for timber top-ups due to their favorable strength-
to-weight ratio. However, it is essential to acknowledge that they are susceptible to
changes that can impact their physical properties, potentially exceeding the limits
specified by structural codes for their intended lifespan.

Therefore, carefully evaluating the loading conditions and environmental factors is
crucial during the construction of the structural system. Additionally, maintaining
moisture content and temperature levels is vital to ensure softwood structures'
long-term performance and durability. Considering these factors, timber-based
constructions' structural integrity and reliability can be effectively preserved.

Characteristic strength properties (N/mm?) Stiffness properties (kN/mm?) Density (kg/m*)
Bending Tension Tension Compression Compression Shear | Mean 5% Mean Mean shear | Density Mean
Streneth class 0 90 0 90 modulus of modulus of modulus of modulus density
B elasticity 0 elasticity 0 elasticity 90
(fmk) (frox)  (frook) (feox) (fe00.k) (fux) | (Eomean) (Eoos) (Evomean)  (Gmean) (p) (Pmean)
Bending parallel
cl4 14 8 04 16 20 17 7.0 47 0.23 0.44 290 350 Sh‘:ﬁ?ﬁfé_‘“d E
2 Cl6 16 10 0.5 17 22 1.8 8.0 54 027 0.50 310 370 o
B Cl8 18 11 0.5 18 22 2.0 9.0 6.0 0.30 0.56 320 380
g’ C20 20 12 0.5 19 23 22 9.5 6.4 0.32 0.59 330 300
%_ c22 22 13 0.5 20 2.4 24 10,0 6.7 0.33 0.63 340 410
2 |cu 24 14 0.5 21 25 25 1.0 74 0.37 0.69 350 420
E c27 27 16 0.6 22 2.6 2.8 1.5 7.7 0.38 0.72 370 450
"§ C30 30 18 0.6 23 21 3.0 12.0 5.0 0.40 0.75 380 460
Z C35 35 21 0.6 25 2.8 34 12.0 8.7 0.43 0.81 400 480 meinlr; nlr compression
s |c40 40 24 0.6 26 2.9 38 14.0 9.4 0.47 0.88 420 500 F;“;’ ;?f;’“-
cas 45 27 06 27 3.1 38 15.0 10.0 0.50 094 440 520 Jua> Jep TC B
C50 50 30 0.6 29 3.2 3.8 16.0 10.7 0.53 1.00 460 550
" D30 30 18 0.6 23 8.0 3.0 10,0 8.0 0.64 0.60 530 640
-3 D3as a5 21 0.6 25 8.4 34 10,0 8.7 0.69 0.65 560 670
Z | D40 40 24 0.6 26 8.8 3.8 1.0 94 0.75 0.70 590 700
= D50 50 30 0.6 29 9.7 46 14.0 1.5 0.93 088 650 T80
2
'% Da0 60 36 0.6 32 10.5 53 17.0 14.3 1.13 1.06 700 840 Tension or compression
] D70 70 42 0.6 34 13.5 6.0 2000 16.8 1.33 1.25 Q00 1080 perpendicular to grain
= fisasfom and Egg

Table 3. Strength grading according to EN 338: 2003, taken from (Porteous & Kermani, 2007). This
classification can be observed in the difference in physical properties of conifers and deciduous
species. Although Hardwoods can perform better than most the softwoo
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3.3 Timber Products for structural components

As explained by Ramage et al. (2017), Structural timber products can be classified
based on the primary transformation processes after the logs are harvested from
the forest. These processes, as illustrated in Diagram 2, can be organized into three:
Sawing processes, Pelling processes, and stranding processes, which produce the
raw material that will be converted in a second process into linear and planar
components.

After the wood is harvested from certificated woods, the crown is removed, and
often, it is debarked in the forest to be transformed into Solid round timber.

Sawing: corresponds to cutting logs or trees into wood planks, also known as
sawn timber or lumber. Logs are then classed and stockpiled underwater sprays
to maintain steady moisture conditions and avoid drying out. Some of the better
quality ones are sent to peeling plants to manufacture veneers. However, the
majority (depending on the quality) are sent to sawmills to convert round logs to
sawn timber.

Peeling: The logs that meet the desired criteria for producing veneers are
fed into a la machine that rotates the log against a stationary knife blade, which
removes a thin layer of wood from the log's surface. This process is repeated several
times, rotating the log slightly each time until the entire log has been peeled into @
continuous sheet of veneer. The veneers are then sorted by quality, thickness, and
size. The higher-quality veneers are used for high-end products, such as furniture,
while lower-quality ones are used for engineered timber products.

Stranding: The logs suitable for producing engineered timber products after
debarked are cut into small pieces that are sorted and graded based on their
quality and size. Next, the logs are fed into a machine that uses a large rotary drum
to flake the wood into thin strands. This process, called flaking, involves cutting
the logs at an angle to produce thin, flexible strands of wood that are then dried
to remove any remaining moisture, which helps to improve their strength and
durability. Once dried, the strands are sorted by length and thickness, and any
defective strands are removed. Finally, the strands will be used to produce boards,
as will be further discussed in section 3.21.

Sawing  Drying, planing, grading Timber

"
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e

3 - -\-'-\.\_\_\_\_-
—
—

Stranding Drying, sorting Strands -

Diagram 2. The processing chain of engineered timber products is taken (Ramage et al., 2017).
This diagram illustrates an overall of processing of the most common structural timber products
available in the market.
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3.3.1 Engineered Wood Products (EWPS)

“The basic element of modern timber construction is, therefore, the plane and no
longer the linear member,” declared Swiss architect Andrea Deplazes in 2000,
stating that timber construction is developing into a “plate tectonics” system from a
‘linear” system. (Kaufmann et al., 2018)

As described in the previous section. The readily available sawn sections of softwood
are limited in size and quality. Moreover, the most significant section sizes available
are 75 mm thick x 225 mm wide and at most 5 meters long (Porteous & Kermani,
2007). In that sense, building structural systems with higher capacities are necessary
to increase the amount of timber in components in its section and shape.

Therefore, as seen in Image 7, Engineered Wood Products (EWPs) were developed at
the end of the XX century to overcome the limitations of sawn timber for structural
components by incorporating a combination of adhesives and dry connections in
various forms. These products are engineered and tested to predetermined design
specifications and to respond to national or international standards. According to
(Porteous & Kermani, 2007) EWPs may be selected over solid-sawn timber in many
applications due to a number of advantages such as:

. They can be manufactured to meet application-specific performance
requirements.

. Large sections or long-length panels can be made from small logs by removing
or dispersing defects.

. They are often stronger and less prone to humidity-induced warping than
equivalent solid timbers. However, particle- and fiber-based boards readily soak
water unless treated with a sealant or paint.

. EWPs do not swell or shrink, allowing for accurate mechanical properties
prediction.

In their study, Michael H. Ramage et al. (2017) extensively classify the most
commonly used Engineered Wood Products (EWPs) for structural purposes that
might be used in the proposal of timber Top-ups for existing structures. However,
since the study case for this graduation project is set in the Netherlands (as will be
explained in detail in further sections), the next part of the document will focus
on studying just the EWPs validated by the local structural codes, in this case, the
Eurocode 5 (EC 5). In that sense, the structural design proposed in section 5.2 will
be closer to being feasible. It will bring the possibility of using normative approved
components for timber top-up systems closer to reality.

Therefore, after analyzing the most common existing EWPs in the market, the
following sections will review the products that, due to their structural and circular
capacities, might be suitable for producing timber components in the design of
timber top-ups. The analysis of the products not mentioned in this section might be
found in Appendix B.

Glued-laminated timber (Glulam)

As defined in their book Structural timber design to Eurocode 5, Porteous & Kermani
( 2007), Glued-laminated timber, also known as glulam, is a structural timber
product made by bonding small sections of timber boards (called laminates)
together with engineered high-performance adhesives (Commonly Polyurethane
reactive adhesives or PUR). The laminates are laid up so their grains are parallel
to the longitudinal axis, resulting in a strong and rigid product compared to sawn
timber. These individual laminates are usually 19-50 mm in thickness and 1.5-5 m in
length, and they are end-jointed using a technique called finger jointing that allows
the production of components with lengths of almost 16 mts long.

Timber top-ups to increase dwellings area
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Glulam can be manufactured with laminates of different grades to match the
level of design stresses, commonly by arranging the higher-grade laminates in the
outer sections of the component (which are highly stressed regions when used as a
beam). In comparison, the lower grade laminates are used in the inner parts. This
makes it possible to use the timber resource more efficiently.

For its production, High-performing synthetic polyurethane (PUR) is applied to the
faces of the laminates to assemble glulam. They are then placed in mechanical or

hydraulic jigs of the appropriate shape and size and pressurized at right angles to
the glue lines.

For structural purposes, Glulam can produce structural components subjected
to combined bending and axial loading, such as beams or columns. Moreover,
according to the author, the key design considerations focus on four main
strategies:

Choice of materials for the Glulam component: On one hand, consider the
properties of the individual laminates for structural calculations (density, strength,
stiffness, and moisture content). And in the other hand, the type of adhesive used to
bond the laminates as it affects the mechanical properties of the component. This
aspect can be considered by reviewing the technical product sheets of different
providers that can ensure the product’'s mechanical properties.

Ensure structural capacity of components: The design of glulam members
must ensure they can carry the required loads with sufficient strength and stiffness.
This involves calculating the design resistance of the member using appropriate
partial safety factors in the Ultimate Limit Design method (ULS) and Serviceability
Limit State (SLS), further explained in section O.

Durability: Ensure conditions to resist deterioration due to environmental
factors such as moisture, fungi, and insects (as explained in section 3.1). This can
be done after selecting appropriate preservatives and coatings in the production
stage and ensuring adequate ventilation and drainage conditions on the
intervention site.

Considering the inner structure of the Glulam component: For the design of
connections between glulam components and their loading, the properties of the
individual laminates and the adhesive used to bond them must be considered. The
connection design should also ensure that the load transfer between the members
is efficient and that there is sufficient strength and stiffness to resist the applied
loads. Being a product made of laminates, it can present concentrated stresses
that might delaminate the component without considering its composition.

Using Glulam to create structural components offers several advantages, including
increased strength and stiffness compared to solid timber of equivalent size and
shape, particularly in width, length, and section. This results in greater design
flexibility and enables longer spans without intermediate support. Additionally,
modern production methods allow for the manufacture of various shapes and
sizes to meet specific design requirements, making it particularly well-suited for
applications where high strength in bending and axial loading is required.

Cross-laminated timber (CLT) and Doweled laminated timber (DLT)

In recent decades, one of the most significant developments in timber for structural
building design is the introduction of cross-laminated timber (CLT) and Doweled
Laminated Timber (DLT). Introducing these materials into the construction of
buildings has led to increased use of timber in large-scale construction. This is
because it can create planar geometry structural components that minimize the
inhomogeneity and anisotropy inherent in wood's fibrous structure (Kaufmann et
al., 2018), allowing greater design flexibility and the ability to create larger, more
complex structures with timber. Moreover, using different species with different
service classes of timber made the form even better than Solida-sawn timber
components.
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As seen in Image 9, CLT is composed of at least three layers of laminates made
from softwood and/or hardwood that varies in thickness from 60 mm to 400 mm or
more (depending on the producer and the structural requirements of the building),
into panels that can be produced in widths up to 3.5 meters up to 20 meters long,
making it a suitable option for planar structural components such as slabs or shear
walls. Its main characteristics may vary depending on how it is placed and loaded
in a structure. However, this material's most relevant feature is that the constituent
laminates' properties determine the CLT panel’s properties.

Compressed wood dowels

Pre-drilled holes

- e
*

Image 9 Sections of a CLT and DLT laminated used for structural compoentns .

In the book Manual for Multistory Building, Kaufmaan et al. (2018) state the main
mechanical properties of this material used as a planar component that might be
used in the design of timber Top-ups as well:

Loads along the plane (wall system): In this structural situation, the planar and
homogeneous cross-sectional strength of cross-laminated timber walls makes it
easy for them to absorb horizontal loads in the direction of the wall, makings them
ideal for bracing multi-story buildings.

Loads perpendicular to the edge (Slabs): As a slab, CLT can span different
distances depending on their thickness and support configuration. The load-
bearing direction of a CLT element depends on the position and number of layers
of its boards. The main load-bearing direction runs parallel to the top layers since
the layers in the span direction determine its structural performance. Linear support
that distributes loads evenly is optimal for CLT elements, although loads can be
supported at specific points.

Overhangs: Itis possible for CLT slabs to overhang on two sides, and the degree
of overhang can be adjusted according to the load-bearing capacity of the main
load-bearing directions. To facilitate the distribution of loads within the element,

Timber top-ups to increase dwellings area
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supports can be positioned from the corners toward the center of a panel. CLT
elements can form rigid plates that brace buildings when the ceiling slabs are
correctly joined.

Like CLT, DLT is made by stacking multiple softwood laminates together ( Image
9). However, instead of cross-laminating the layers, the layers are aligned in the
same direction allowing a planar surface as well. Moreover, the layers are then
mechanically interlocked using hardwood dowels or timber fasteners, which are
inserted through the thickness of the panel at regular intervals to create a strong,
rigid, and stable composite structure. This prominent feature limits the amounts of
bounding agents, making it perform better regarding environmental impacts in its
Eol.

However, according to Sotayo et al. (2020,) unlike CLT, DLT panels have limited
span capacity, which means design challenges that may affect, in this case, its
use in timber Top-ups. The reason behind this is that, since there is the absence of
cross-lamination in DLT laminates, the structural rigidity and strength are reduced,
meaning that the ability of slabs and walls to bear weight across larger areas might
be limited. Therefore, this may result in the need for additional structural support
or alternative materials and the higher mass that will increase the Upfront Upfront
embodied carbon in the intervention.

Overall, because of the reasons exposed in this section, the use of CLT and DLT in
Timber Top-ups might present an opportunity to respond to the different structural
constraints that might appear during the design process of the timber top-ups.
Therefore, its application might vary depending on its specific use in the building,
and its decision should be carefully analyzed to respond to the structural and
circular constraints efficiently.

Timber: As a material to build top-up ()3

General Conclusion for timber products for structural components

In conclusion, after reviewing all of the available timber products for structural
design, we will find that depending on the structural and architectural constraints,
Some products are more suitable for specific structural components. However, To
create timber components that might respond to the structural demands of topping
up existing buildings, EWPs are required instead of natural timber to allow more
significant dimensions. However, it is relevant to consider for the structural design
that the dimensions of these products are limited, as they depend on the size of the
machines that manufacture them and the capacity of the existing transportation
methods.

Regarding the structural constraints, as in natural timber, the strength per unit of
EWPs will vary depending on how loads are positioned and more over-related to
the alignment of the product’s materials, which might affect the composition of the
structural system and might be something to take into the design phase.

On the other hand, from a circular perspective, The quantity of synthetic binding
agents used to create EWP varies for each product and affects their environmental
impact: Although the amount of these agents is usually a tiny percentage compared
to the amount of timber, its variation might result into impacts due to the additional
resources required for manufacturing and disposal of these materials.

Table 4, presents a comprehensive overview of the mechanical properties of various
exposed Engineered Wood Products (EWPs) to facilitate comparison. Based on
the evaluation, it can be inferred that Cross-Laminated Timber (CLT) and Glulam
demonstrate superior performance compared to other components across most
of the assessed parameters. This suggests that CLT and Glulam are highly suitable
options for designing Timber Top Ups, considering their exceptional performance
capabilities.
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0,9 0,9 2,9 9200 4600 7200 4800 1200%2400 260
0,9 0,9 2,9 8700 5000 7400 4600
2,3 2,3 13800 10500 600*20000 510
1,3 1,3 13800 10500 2500*%20000
8,6 8,6 10300 11700 2440*14630 420
3,2 3,2 10300 11700
1,1 1,1 6,9 6780 2680 4300 3200 2400%*4800 550
1,5 1,5 7 10000 10000 9800 9800 \3500*16000 460
1,6 16 7,2 11000 12000 9600 9600 |3500*16000 500
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Tabble 4 Structural properties of different timber products.
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3.4 Structural timber components

The most commonly used structural components in timber construction are
prefabricated walls, ceilings, and roofs. Therefore, this section will discuss the
different types of components employed in timber structures, specifically focusing
on those commonly found in multi-story timber construction. This analysis aims to
examine their respective demands on the support of timber structures and explore
their potential application in the design of Timber Top-ups.

3.4.1 Vertical structural components

These components will be characterized based on their orientation within the
structure: vertical structural components (walls and columns) and horizontal
components (ceilings and plates). By conducting a comparative analysis of these
various structural elements, we can comprehensively understand their advantages
and disadvantages.

Columns

As seen in the previous section, Glulam has an outstanding compression parallel
to grain that allows continuous sections of the fibers compared to other EPWs;
therefore, it can be an effective alternative to use in the design of columns in
timber structures subjected to flexo compression. Moreover, since they can be
prefabricated in considerable sizes, they can be produced in many sections.

CLT walls

Because of its interlayer composition, In CLT, vertical layers of boards best support
vertical loads in cross-laminated timber walls. As a result, a wall with vertical
boards in the top layer is stronger than one with horizontal boards. The walls'
planar homogeneous cross-section and strength enable them to easily absorb
horizontal loads in the wall's direction, making them well-suited for bracing multi-
story buildings.

DLT walls

Dowel laminated timber walls as a component can absorb heavy vertical loads
as they are applied in the direction of the wood's grain. Moreover, by stacking the
laminates next to each other, buckling can be prevented in the direction of their
weaker cross-sectional axes and, therefore, homogeneous planar distribution of
forces where the weak points are minimized. However, due to its composition of
staking laminates, DLT walls present a relatively low stiffness when subjected to
horizontal loads along and transverse; therefore, they might require additional
components such as bracings to ensure their stability.

Laminated veneer lumber walls

As explained in section 3.3.4 LVL, Being made of rotary-cut veneers with some
layers at 20° angles reduces the wood'’s anisotropic properties and balances out
any inhomogeneities in the wood. In that sense, LVL walls can optimally transfer
Vertical loads as far as the material walls are mainly aligned in the vertical direction,
enabling these walls to bear heavy loads. Laminated veneer lumber’s excellent
structural properties mean it is used to reinforce other timber structures around
bearings and joints.
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3.4.2Horizontal structural components
EWP Beams

Although beams can be made of solid timber or solid construction lumber, as seen
in previous sections, this limits the dimensions of their cross sections. Therefore,
EWPs such as Glulam and LVL can create beams with greater sections that can
withstand and transfer bigger loads. Moreover, EWPs can also be configured to
create variations in geometry in sections that might have a more efficient volume-
strength ratio, resembling the geometry sections of steel beams, such as IPE profiles
and box sections. These sections are:

Timber I joist sections: | beam made of thin wood-based material webs with solid
timber upper and lower flanges that absorb tensile and compressive forces and
brace the thinner web against buckling. This section follows the principle where the
beam section is mainly subjected to compression in the upper section and tension in
the lower part of the beam.

Timber box sections: Box beams follow the same principle as |-joist, but their
geometry helps them to resist lateral buckling better. Here the upper and lower
surface layers take on the function of upper and lower flanges.

Trusses: A trussed beam’s web minimizes the use of material necessary to form arigid,
shear-resistant connection between its upper and lower flanges. Its members are
subject mainly to regular forces, with only the upper flange also subject to bending
loads. This system is more commonly used when big spans are required where it is
required to reduce the self-weight of the component in order to withstand low loads,
such asin open space areas.

Beam and box ceilings (Ribbed box)

Beam ceilings consist of beams covering the primary span of a slab attached with
panels or boards extending from beam to beam to form a ceiling. In this case, the
direction of the beams follows the bigger span, meaning that they transfer loads
unidirectionally. This principle applies to ceiling structures with a wide range of beam
spacings. This system cannot work well in deflection compared to other systems due
to the lack of an effective section in the lower part of the slab. However, box ceilings
correspond to an alternative to face this limitation.

Following the same principle as Beam ceilings, Box ceilings, sometimes called hollow
box ceilings, are lighter ceiling slabs and ribs combined with planking to create a very
high-performance planar support structure. They enable the ceiling slab’s thickness
to be minimized and benefit from the fact that.

Although these elements might be efficient regarding volume-strength ratio, their
use in timber ups might be limited as they may lack the mass sufficient to respond to
fire resistance, as will be discussed in further sections.

CLT and DLT slabs

CLT elements function structurally as relatively homogeneous slabs. Their spans
depend on the slab’s thickness and support situation as they have a main and
ancillary load-bearing direction depending on the positioning and number of their
layers of boards. Therefore, it can be used in structural slabs, on the one hand, as the
primary load-bearing element of the slab, supported by a grid of beams or columns,
and on the other, in conjunction with other materials, such as concrete, create
composite structural slabs.

Timber top-ups to increase dwellings area
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It will perform differently depending on the direction where the top layers
determine the span direction to determine its structural performance. Compared
to others, one characteristic of these systems is their possibility to overhang on two
sides in proportion to their load-bearing capacity in the main and ancillary load-
bearing directions and be installed to have a continuous beam effect. Moreover,
CLT slabs can form rigid plates and, if the ceiling slabs are appropriately joined, can
effectively brace buildings.

On the other hand, as seen in previous sections, DLT, not using synthetic bounding
agents but mechanical connections, will perform lower compared to CLT, requiring
a larger amount of material to overcome this limitation.

Laminated veneer lumber ceilings.

Laminated veneer lumber (LVL) ceilings are designed to function as uniform slabs
with a clear main span direction, following the direction of the fibers in the layers.
As aresult, linear supports are required. On the other hand, LVL panels with crossed
layers can also support an additional load-bearing direction and can be supported
at various points. The span of these elements will depend on the thickness of the
panel and the support system in place. LVL elements are sturdy and can effectively
support buildings, provided the slab elements are correctly connected.

Overall, horizontal and vertical components can be integrated into different
contexts to address distinct structural and architectural considerations that
present limitations and opportunities, as seen in Image 10. The case study chosen
in Section 4.1 investigates the most appropriate conditions for a specific situation
involving RC structures.

Subsequently, in the upcoming section, an analysis will be conducted from a
structural design perspective to determine the optimal combinations based on EC
5. This analysis will consider various parameters, including fire resistance, modularity,
wind loads, and durability, as crucial requirements for timber structures.

Vertical structural
elements

' Horizontal structural
elements

\%%
a hdh
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Image 10 Comparison matrix of EPW in
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3.5 Structural timber systems

After understanding the main characteristics of timber and how it can be used
as a component and product for timber Top-ups, follows the integration of these
elements into a structural composition that would host the Top-up. Moreover, this
stage involves choosing the dimensions of load-bearing members and modeling
the load-bearing structure’s requirements for material resistance, performance, and
durability during the structure’s service life.(Frobel & Godonou, 2022).

Therefore the following section will describe the most relevant criteria in the proposal
for the structural design of timber to set a design framework for the design of Timber
Top-ups. To do so, Eurocode 5 works as an extension for Eurocode O: which uses the
Limit design States analysis to define Structural design.

3.5.1 Principles of limit state design for timber components

As defined in EC O (ENV 1995-1-2, 1995), the objective of the limit state method is
to define the conditions beyond which the structure no longer satisfies the relevant
structural performance requirements in two scenarios:

. The Ultimate limit state (ULS): related to the safety and evaluating the states
associated with collapse or other forms of structural failure such as rupture, loss of
equilibrium, transformation into a mechanism, and fatigue.

. Serviceability limit states (SLS), related to those states in which the structure,
although standing, behaves in an unsatisfactory way due to excessive: deformation,
vibration, cracks, or damage in a negative way affecting the use.

lts application in the proposal of structures can be described in five main steps:

. Define the relevant limit states for the structural behavior to be checked.
. Define the respective design situations for the structure (Conceptual design).
. Determine the appropriate actions and load combinations to be considered.

(Load cases).

. Using appropriate structural models for design and taking account of the
inevitable variability of parameters such as material properties and geometrical
data. (Calculation and simulations).

. Verify that none of the relevant limit states is exceeded. (Verification).

Overall, applying the limit state method in the design of timber top-up structures
within existing RC structures offers a systematic approach to assess the structural
feasibility of a conceptual structure. Therefore, as described in Section 5.2.4,
following these five steps, the limit state method will facilitate the design of the
Timber top-up.

3.5.2 Durability

As explained in EC 5, durability is a crucial parameter to consider when applying
timber Top-ups. It refers to the ability of the structure and its elements to remain
fit for use throughout the design working life while accounting for potential
deteriorating factors that may arise during this period.

According to this code, several key criteria contribute to the durability of timber
structures. For the Conceptual design of structures, the most relevant ones are
explained:

Firstly, the structure’s intended use must be considered during the elements’ pre-
dimension. For example, mass timber slabs involve considering factors that may
impact the composition of the element over its working life and making provisions to
accommodate them.

Timber top-ups to increase dwellings area
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Secondly, the required design criteria should be clearly defined from the outset,
identifying any elements needing replacement during the working life. Aligned
with the principle of design of Dissasembly, the design should be planned in a way
that allows for replacement while ensuring the continued fitness for the use of the
structure.

Moreover, careful consideration must be given to the expected environmental
conditions for installing the timber components. As seen in Section 3.2, changes
in environmental conditions can affect the strength properties of Top-ups, so it
is essential to ensure that they are designed to function within the appropriate
service class conditions throughout their working life.

Furthermore, choosing a robust structural system is advisable, capable of safely
withstanding known design hazards. Ideally, the system should incorporate built-in
redundancy beyond the minimum requirements specified by the code, providing
extra resilience.

Considering these criteria and implementing measures to address them, applying
timber top-ups can result in durable structures that effectively meet their intended
purpose over their design working life.

3.5.3 Fire Safety and Resistance

In section 3.1, it is stated that timberis a combustible material. However, as Ramage
et al. (2017) explained, .this does not necessarily mean that timber cannot be used
for construction due to its combustibility. Timber is often preferred for construction
due to its excellent thermal insulation properties. When timber burns, it forms
a layer of char that can help protect and maintain the strength and structural
integrity of the wood inside. This is why large timber sections can often be used
when non-combustible materials like steel require special fire protection.

The requirements for timber structures might vary depending on the type of
components and structural system. However, Eurocode 5 looks for minimum fire
resistance requirements expressed in terms of the length of time the structural
elements must maintain their load-bearing capacity and ability to prevent the
spread of fire and smoke.

In the Netherlands, the Fire Building Decree (known in Dutch as the "Bouwbesluit")
is the code that regulates fire safety in buildings. Its goal is to prevent casualties
and the spread of fire to other areas by maintaining the load-bearing capacity
and integrity of a building and its components for a certain amount of time while
people evacuate the construction.

Image 11. Due to its combustion properties, timber creates a charring layer that protects the
components during a fire.
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Therefore, the code provides resistance and regulations based on the function
types of buildings, divided into three main categories: housing, utility buildings with
sleeping accommodations, and utility buildings without sleeping. The length of the
fire resistance required, or the time that the building must maintain its load-bearing
capacity and integrity, depends on the function type of the building and its height,
as seenin Table 5.

The code states, as well as a design principle, the compartment of fire resistance to
avoid a sub-fire or fire compartment collapse, as long as this does not lead to the
collapse of structures outside the compartment within a specific time frame. This is
to prevent progressive collapse.

In the case of timber top-ups, being a new intervention must be considered the
category of a new building, and in many cases reaching the height of 13 meters,
therefore a 120-minute resistance must be considered.

Highest floor of Fire resistance, expressed in minutes Reduced fire resistance at a
accommodation permanent fire load density of < 500
area above mea- MJ/m?, expressed in minutes
surement level

L1 60 30

60 30
<7 m]
90 90 (no reduction)
7-13 m
120 120 (no reduction)
>13m

Table 5. Fire resistance requirements for new housing, according to the Building Decree of 2012. In
a building 2.8 mts S.S.L from the fifth floor (14 mts) for new buildings: 120 minutes. Therefore the
charring layer or fire resistance should be calculated based on this principle. Taken from (Bouwbesluit
2012)

3.5.4Lifespan and EolL in timber structures.

According to Michael H. Ramage et al. (2017), it is important to employ wood in
products with a design lifespan that matches or exceeds the tree growth rotation
period for sustainable use of wood resources. This allows for "sustainable-yield
logging" or “cascading” of the material, as seen in Image 12. Therefore, aiming for @
prolonged service lifespan of the structure aligns with the cascade use principle for
wood, prioritizing the following order of use: wood-based products, Reuse, Recycling,
Energy recovery, and last but not ideal, Disposal.

Furthermore, by analyzing the strategies of the 10 Rs of sustainability framework
shown in Figure 3 about the lifespan and end of life of timber for structures, it
becomes evident that structural systems have potential as described as follows:

. Reuse: Timber's durability allows its components to be reused in further
applications. Design considerations must ensure controlled conditions of moisture,
temperature, and ongoing monitoring to ensure the components' physical integrity.
The challenge lies in designing long-lasting interface protocols that enable
subassemblies to last through multiple generations of products (Allwood, 2014).

. Remanufacture: Mass timber elements can be adapted or repurposed for
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different functions or applications within a structure or other projects. For example,
timber beams or columns can be reused in different configurations or layouts to
accommodate changing spatial requirements. Structural capacities must be
within acceptable values according to local codes.

. Repair and Refurbish: Various methods can be employed to repair mass
timber elements, restoring their structural integrity and enabling continued use.
The specific repair techniques depend on the type of damage or degradation
encountered.

Repurpose: Mass timber elements offer opportunities for repurposing, as
their shape and configuration can be altered to serve different functions in future
cycles. With their high structural parameters compared to interior layouts or
partition walls, structural elements hold great potential for repurposing as they can
be reconfigured to serve purposes with a lower load-bearing capacity.

Energy Recovery: At the end of their service life, the Mass timber structure
that cannot be repaired or reused can be utilized as biomass for energy generation
through combustion or gasification. This allows for energy extraction from timber
while reducing reliance on fossil fuels.

In structural design, developing standardized open architecture and interfaces
would greatly enhance the possibility of reusing components and assemblies to
maximize their lifespan (Allwood, 2014). By considering these strategies, timber can
contribute to a circular economy by extending its usefulness and minimizing waste.

3.5.5 Connections

Design connections between load-bearing members are a crucial aspect of
timber structures. According to Michael H. Ramage and Henry Burridge (2017),
the size of the structural member can be influenced by the dimensions required
to accommodate the connection. This is because edge distances from connectors
are established to prevent splitting, which may necessitate additional material in
the structure solely to accommodate connections. Therefore, The efficiency of a
connection is determined by the ratio of its strength to the strength of the member
it connects.

Furthermore, the design of reversible and robust connections in timber top-up
structures can enhance their potential for disassembly and reuse. As mentioned
by Brancart et al. (2017). Considering potential reconfigurations can significantly
increase the reuse potential of components, particularly in kit-of-parts structures.

Image 12 Cascade process of mas timber used in buildings, compared to wood growth to create
Sustainable yield Logging.
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Conclusion Chapter 3

Overall, when considering the design of timber top-ups and structural timber
principles, several parameters play a vital role in ensuring the success and
sustainability of such structures. It can be concluded from this section the relevance
of specific parameters that might help to align the design in the transition of the
existing building in a circular process:

First, designing for disassembly is crucial, as it allows for the efficient dismantling
and reusing of components, minimizing waste and maximizing resource utilization.
Secondly, modularity enhances flexibility and adaptability, enabling easy
modifications and reconfigurations as needs change over time. Throd, controlled
environmental conditions, such as moisture and temperature, are essential for
preserving the integrity and durability of timber elements.

Additionally, incorporating long-span components and structures enhances the
efficiency of space utilization and reduces the need for intermediate supports,
providing greater design freedom. Lastly, considering fire resistance measures is
crucial to ensure the safety and resilience of timber top-ups in the face of potential
fire hazards. These concepts applied to the case study will be addressed in Section 5
by incorporating them into the design process of timber top-ups.

Timber top-ups to increase dwellings area
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41 Case study selection

Previous to the Research for the Design stage of the project, the proposal of a case
study is required to use as a reference to develop the design of the structural system.
Moreover, to respond to the area capacity of housing units stated in Section 1.1, this
case study should be a specific residential building in The Netherlands that will be
used as an example to Top-up with timber. Based on what has been described so far
in the introduction and the literature review, the specific structural criteria defined to
select this building to consider the following:

The selected building should have an RC structure: As explained in the problem
statement, the object of study of the graduation project is to analyze how to reduce
RC waste.

Moreover, The selected building should represent a relevant typology of
structural systems within the Dutch context. This choice adds significance to the
identified problem in the project background and allows for the potential scalability
of the proposed design solution during the design stage.

The structural integrity of the building should be intact and in optimal
conditions, ensuring the safety of its current occupants. As outlined in the project's
scope and limitations, the primary objective is to explore the potential for increasing
the building's capacity. Therefore Retrofitting the existing RC structure will not be
considered part of the scope of the graduation project.

4.1.1 PostPost-war Walk-up Apartment Buildings

Post-war Walk-up Apartment buildings in the Netherlands are an important housing
solution within the Dutch context, especially for affordable urban housing (Bernard
Colenbrander, 2020). These buildings were predominantly constructed between the
1950s and 1970s to respond to the housing shortage following World War Il. In today’s
context, they continue to be popular due to their affordability and convenience.

As of 2016, there were still 409,363 post-war period apartments (1945-1945) in the
Netherlands, accounting for approximately 15.1% of the current housing stock. Major
cities such as Amsterdam, Rotterdam, The Hague, and Utrecht. It is assumed that
many of these buildings consist of walk-up apartments.

According to (Oorschot et al., 2018), these buildings are typically linear structures
comprising four to five stories with multiple stairwells, each leading to eight
apartments and a shared front door. They feature outdoor galleries for circulation,
and their roofs are generally flat or slightly pitched. Additionally, the ground floor
often provides storage space.

More specifically, in the 60s, larger European construction companies introduced
more sophisticated building methods and construction systems to meet the urgent
demand for housing. As a result, various reinforced concrete (RC) industrialized
methods with similar structural typologies were employed in Walk-up apartments
throughout the country.

Similar structural typologies within specific regions can be attributed to agreements
between contractors and local governments. Moreover, this arrangement aimed
to minimize transportation costs between production sites and building locations,
leading to the typological consistency of RC structures in dwellings constructed
during this period.

4.1.2 Importance of Postwar Walk-up Apartments in the Dutch Context.

Walk-up Apartment buildings are often constructed to high standards of quality
and durability. They are designed to last for many years, making them a sustainable
option for housing. Therefore they are proposed for the case study selection because
by prolonging their lifespan instead of demolishing it is possible to preserve and even
enhance specific positive characteristics, as mentioned by (Oorschot et al., 2018),
suchas:
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Image 13 Examples of Post-war Walk-Up Dwellings in The Netherlands.Jop: Post-war apartment
building in the Marco Pololaan in Utrecht & Apartment building in Proosdijerveldweg in Tilburg.
Bellow: Robijnhof Utrecht& Post-war apartment building in Gillisbuurt in Delft.

Affordable Housing: With rising housing costs in urban areas, many people
in the Netherlands are turning to these buildings to find affordable and centrally
located housing.

Efficient Use of Space: This typology was designed to make the most efficient
use of space. With multiple floors and apartments accessed through shared
stairwells, these buildings can accommodate many residents without taking up
much space.

Urbanization: As urbanization continues to be a trend in the Netherlands,
These buildings are often located in urban areas, making them an ideal choice for
people who want to live close to work, school, and other amenities.

Community Living: Living in a Walk-up Apartment building can provide a
sense of community and shared living. Residents can build relationships and create
a sense of belonging with shared spaces and common areas.

For this reason, Postwar Walk-up Apartment buildings remain a relevant and vital
housing option for society in the Netherlands even 70 years after construction.

4.1.3 The neighborhood of Gillisbuurt, district of Buitenhof, Delft.

The residential complex in the neighborhood of Gillisbuurt, located in the south of
the city of Delf .t is an example of a Walk-in apartment with an ERA-1 system. This
neighborhood, located in the district of Buitenhof's, is a residential area surrounded
by considerable greenery, composed of 14 Walk-in buildings with five stories
distributed along the block and around massive green areas with vegetation.

The document called “Integral exploration of the Buitenhof area-opportunity
cards by the Delfts Geemente” set up a plan for this district where several spatial
interventions are proposed to improve the socio-economic conditions of the people
that live there. Among the most relevant ones can be found: The construction of o
heat grid, proper drainage for the green areas, an update of sewage systems, and
the demolition and construction of new residential complexes.

TUDelft-BK| 2023
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For the neighborhood of Gillisbuurt, the document proposes an intervention where
the two towers on the Chopinlaan (blocks O and P) are demolished to create space
for a new development that will enhance the liveliness and attractiveness of the
neighborhood, in this case, Single-family homes with a front garden in order to create
visibility from the courtyards on where the Haydnlaan where an urban intervention is
proposed as can be seenin Image 15.

The reason behind the decision to demolish and to create more visibility to the
inner courtyard follows the goal, as stated in the same document, to tackle specific
challenges that this neighborhood has compared to other ones in Delft.

According to data provided by the municipality of Delft, the Gillisbuurt neighborhood
exhibits a relatively high concentration of low-income residents compared to
other areas within the city. In 2019, Gillisbuurt had a household low-income rate of
39.8%, surpassing the average for the municipality of Delft. This suggests a greater
prevalence of economically disadvantaged households in Buitenhof compared to
other neighborhoods in Delft.

While the graduation project's main focus does not involve an in-depth analysis of
the socio-economic conditions of Gillisbuurt's residents, it is important to highlight
theseissuesin this section. They serve as contextual inputs and aid in decision-making
regarding strategies for the architectural proposal within the project. Consequently,
the two towers located on Chopinlaan Street, slated for demolition, are chosen as a
case study to guide the design phase of the graduation project as these towers are
composed of RC structures. The characterization of the building itself will be further
discussed in section 5.2

7

Image 15. Location in
Delft of the study case:
Gillisbuurt residential
complex.

Top: Location in the city of
Delft.

Bottom: residential
complex of Gillisbuurt in
the Buitenhof distric.
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Image 16. Plan for the Gilisburrt neighborhood according to the “Integral exploration of the Buitenhof area-opportunity cards by the Delfts
Geemente.”In red opacity are marked todays location of the Walk-in apartments that will be subjected to demolition.
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As seen in Section 2, there needs to be more literature about construction methods
for timber top-ups in existing RC buildings. As seen in Section 3.5, a reason that might
relate to the use of timber in structures for highrise constructions is a relatively recent
practice, which means that its application is still experimental. Consequently, this
prompts a challenge to approach the research question: How to increase the area
capacity of existing Reinforce Concrete structure buildings and extend their lifespan
by using timber top-ups? as there are limited documented data and literature that
would help to analyze what are its benefits and limitations of Timber Top-ups.

Moreover, insufficient literature regarding topping up timber directly affects SQ.3:
How to make topping up in the decision-making for stakeholders when facing
demolishing/building new? No theoretical background is available to base the
feasibility of a top-up timber structure. Therefore, the graduation project focuses on
producing specific approaches aiming to fill this gap :

First, a proposal of a design framework that will document the design process
necessary to assess the feasibility of timber Top-up. Furthermore, to define the
inputs and hard constraints necessary to evaluate the possibilities and limitations of
the strategy.

And second, the design of a timber top-up structure for the study case described
in Section 4.1.3. The reason for designing a specific structure for the case study is to
include, from a practical perspective add, inputs to the design framework. Moreover,
to ensure this framework is coherent.

Therefore, In the case of the graduation project, the design will be conducted in
parallel, as relevant findings might appear during the design of the top-up that
complements the design framework.

5.1 Approach in the proposal of a Design framework for Timber top-ups

A design framework is a step-by-step definition defined in a diagram that defines the
inputs and outcomes necessary to assess an objective. In the case of the graduation
project, a diagram that aims to approach SQ. 3 by documenting the steps in the
design of a timber top-up.

Therefore, agraphical tool capable of organizing processesis required to construct the
design framework. In his book: “Workflow Modeling: Tools for Process Improvement
and Application Development,” Sharp & McDermott (2009) states that a swimlanes
diagram provides a clear and structured view of how various activities are performed
by different individuals, teams, or departments involved in the process. In this case,
assuming the decision-making of a Timber Top-up requires the analysis of different
stakeholders from different fields, it might be an effective graphical tool to organize
the process.

As defined by the author, the process starts by listing the steps of the process. To do
so, a diagram called the “augmented scope model” (Diagram 3), aims to recognize the
success of a process by understanding and addressing the broader context in which
the process operates. Moreover, this model allows for a more comprehensive process
analysis by considering the interdependencies, inputs, outputs, and interactions
between the core process and its surrounding activities. The defined steps for the
design framework to analyze the feasibility of timber top-ups are defined as follows:

Feed back loops

Trigger NN NN Result
¥ N N2 N3 N3 \
N ~ < < A
N RN PN 0N PEERN _

Sorted Hard & Soft Proposal
constrains E

Diagram 3. Proposal of augmented Scope model in the decision-making of Timberlop-Ups.Based
on (Sharp & McDermott 2009)
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. The Collect stage comprises a series of processes to establish the foundation
for analysis by developing a contextual understanding of the case study. It involves
gathering all available data relevant to the subject matter. Additionally, this stage
may generate additional information necessary for subsequent stages but is
currently unavailable.

. The Analysis stage involves filtering and analyzing the data collected during
the previous stage. This stage aims to organize the data based on its relevance and
importance in the decision-making process for Timber Top-ups.

o1
o

. Definition stage: In this stage, the hard and soft constraints are defined based
on the data filtered and organized in the previous analysis stage. These constraints
are requirements that the Timber Top-up proposal in the case study must meet.
The defined constraints can include quantitative and qualitative aspects, which will
be evaluated in the following stages.

. Propose stage: In this stage, the defined hard and soft constraints act as
input for designing a Timber Top-up for the case study. Considering a broad
range of constraints during the design process enables more accurate results in
the subsequent evaluation stage, resulting in a more precise and well-supported
proposal. Moreover, this approach allows for exploring multiple architectural or
engineering proposalsin different scenarios, facilitating a comprehensive evaluation.

. Fvaluate stage: The previously proposed scenarios undergo testing in the
evaluation stage. This involves assessing the performance of the defined criteria
for each iteration using digital tools. Parametric design tools can be employed in
this assessment to evaluate different iterations and optimize the results in each
proposed scenario.
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Diagram 16. Swimlane diagram for the Design framework in the desition making for timber top-ups.

. Results stage: In this final stage, the evaluation process yields preliminary results
for each scenario based on the specified criteria. These results are then compared
across the different scenarios to gain insights into their potential and constraints.
Through this comparison, a discussion can be facilitated to assess the feasibility of
implementing a top-up solution for the specific case study.

Based on the augmented scope model illustrated in Diagram 3, a swimlane diagram
is proposed where the are specified necessary activities to fulfill the goal. As can be
seen in Diagram XX, each dependency to be analyzed for topping up is assigned a
'swimlane" or a horizontal lane. These swimlanes are typically arranged vertically,
representing the process's sequence of activities or steps where the responsibilities of
the different dependencies are visually separated, allowing for a better understanding
of the handoffs and interactions.

It is relevant to mention that the design process for the graduation project will
primarily focus on the dependencies of Structural Mechanics and Circular Design.
However, it's important to note that analyzing the feasibility of a Timber Top-up is
not limited to these two fields alone. Considering additional constraints from other
fields of study can lead to a more specific and well-founded proposal. Moreover, the
design framework should include the analysis of other relevant dependencies, such
as Urbanism & Landscape, Architecture, and Management, which may contribute
significant findings to the process. Although these areas of knowledge will be
mentioned in this research, their development should be further explored in future
studies.
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5.2 Processes followed in the design of a timber top-up

The following section describes the processes illustrated in the design framework in
diagram XX. Moreover, in parallel, the design process of the timber top-up for the
Gillisbuurt residential complex will be differentiated in italic text font.

5.2.1 Collect

The first step in the design Framework focuses on collecting the historical records,
drawings, and building details in the case study. This involves researching to locate
and obtain relevant historical records, such as construction documents, architectural
plans, and engineering drawings concerning the target building to be Topped Up.

Collect historical records of structural drawings and existing detailing.

Besides gathering the architectural data, gathering information related to the
concrete elements' composition and dimensions is relevant. These data serve as a
valuable resource for understanding the structural characteristics and constraints
of the building, which will help in the subsequent stages of the assessment to design
the timber top-up structure.

Applied to the case study, The historical archive of the city of Delft
(Stadsarchivedelft) keeps all the available documentation related to the city’s
buildings. Moreover, for the case study building mentioned in Section 4.1.4: Walk-
in apartments in Chopinlaan Street (block O&P), there was found an extensive
database with the original Architectural drawings (Plans, sections, and facades)
as the original structural proposal (composed of structural plans, details, sizes
of components, and some specifications of the materials used back then in the
construction). All of the relevant data that might be useful for the design of the
Timber Top-up will be mentioned in the following section, 5.2.2 Analyse. However,
all of the gathered information found in the archive of the city of Delft can be
reviewed in the appendix section (Appendix A) at the end of the report.

On-site inspection of the existing structure.

The next activity in the process involves conducting an on-site inspection of the
building to gather field information; this activity aims to validate and inspect the
building drawing and specification with reality.

Moreover, examine the structural physical characteristics and conditions.
Furthermore, if technically possible, as in The case study of the Karel Voorman
building described in Section 2.4.1, destructive and non-destructive testing can
be performed in the structure to validate the main physical characteristics of the
structural components such as beams, columns, and foundations, paying attention
to any visible signs of deterioration, damage, or structural weaknesses.

Applied to the case study, an on-site inspection was conducted at the Walk-in
apartments on Chopinlaan Street in blocks O & P. The purpose of the inspection
was to visually assess the overall project, including one of the housing units. Due
to the building being occupied, it is impossible to conduct structural testing to
determine the physical characteristics of its components. However, based on
the visual inspection during the visit and the fact that the building is functioning
normally, it can be inferred that the structure is in good condition. Therefore, for
this graduation project, it will be assumed that the processes involved will produce
acceptable results regarding the structural integrity of the components.

Analysis of the design codes: Timber and concrete.

The following process involves determining and analyzing the local structural codes
and regulations that apply to the design of the timber Top-up structure. Particularly
those reloted to timber construction and structural engineering, to ensure that
further steps for the design intervention are aligned with the local safety standards.

In the Netherlands, the design and construction of structures are governed by the
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structural code Eurocode. Moreover, the NEN-EN 1995-1-1 (EC5) and NEN-EN 1994-
1-1(AC4) standards are proposed to design timber and composite structures.

In addition to Eurocode, the Building Decree (Bouwbesluit) sets out the minimum
requirements for building safety, health, usability, and energy efficiency. Moreover,
this code states the norms required to ensure fire safety and other aspects relevant
to the combination of timber and concrete in structures.

Besides the information provided by the Delfts historical archive and the report:
“Integral exploration of the Buitenhof area-opportunity cards” mentioned in Section
4.1.1 by the Delfts Geemente, no other relevant published data was found during the
conduct of this research about the case study.

However, some projects conducted by the University of Delft by the SW.AT
studio from the Building Technology Master track have researched and performed
proposals to improve the social conditions of the neighborhood's inhabitants by
proposing specific interventions in the public space. These testimonies were included
in Section 4.1.1. and might help in further steps as input for the architectural design.

5.2.2Analyse

Analysis of the existing building, including the structural typology, components,
and materials.

Starting the analysis stage, this first process aims to characterize the existing
building followed to determine the load-bearing capacity of the whole structure to
understand its current state and identify its strengths and limitations. Moreover, to
understand the configuration of the existing structure to intervene.

The analysis of the case study building is as follows described:
Walk-in apartments in Chopinlaan Street (block O&P) in Gillisbuurt.
Year of construction: 1968

Construction company: Ir. E.J.A CORSMIT c.i

Use: Residential dwellings.

Number of stories: G+4.

Number of households and typologies: 64 households, 75 m2 each, with a terrace of
11.2 m2 facing South.

Orientation: North-South.
Overall dimensions: 162 m (length), 12,89 m (width), 14 m (Height).
Characteristics of the existing structure

The Gillisbuurt blocks have a structural system that consists of in-situ casted concrete
frameworks connected by RC prefab floors, creating a strong and stable framework.
The construction is based on a grid pattern with center-to-center distances of 3.90
meters and 5.40 meters. At the same time, the floor-to-floor height is 2.8 meters,
with a variable depth between 10.64 meters and 9. /4 meters, depending on the type
of structural cell. The casted walls and prefab slabs in the floors have a thickness of
180 mm.

EFach framework accommodates 80 cells, of which /0 are designated for dwellings.
The remaining ten cells are on the ground floor and serve as storage and utility
rooms.

components and materials:

As mentioned in the previous section, the main components of the existing concrete
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Image 10.Axonometric of the case study: Gillisbuurt dwellings in Delft.
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Images 11. Photos taken from the outside, front left to right: 1. View of the facade from the Chopinlaan. 2. View of
the west facade of the building. 3. Detail view of the south facade.
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structure are two: The concrete prefab slabs that were produced back then by the
company E.J.A CORSMIT c.iin their facilities in Bergambacht in Zuid-Holland.
And the cast in situ walls with steel reinforcement.

According to the archived structural specifications (Appendix A), the specified
concrete for the project was K300. In current standards, specifically NEN-EN 1992
and Eurocode 2, this specification translates to a concrete type known as C19/22.
This concrete type primarily consists of Portland cement, sand, aggregates, and
water in a mix ratio of 1:.2:3.For the reinforcement steel bars, a reference code
QRn48 was used, indicating steel with a yield strength of 480 MPa.

In addition to the main structural components, the terraces, gallery access, and
supporting cantilever beams are prefabricated elements that adhere to the
specifications mentioned above. The comprehensive list of components and their
corresponding composition of raw materials can be found in Diagram 5.

Parametrization of the existing model as a base for the analysis

In the following process, all the gathered data (construction drawings, architectural
plans, technical reports, literature, and any other available documentation in the
previous stage) is sorted and analyzed to Parametrize the existing building into o
3d model using Rhino 7 and Grasshopper. Moreover, define the parameters to be
assessed and controlled in the proposal stage.

In the Study case, a script in Grasshopper was developed based on the available
planimetry of the structure. One of the main characteristics of the script was the
possibility of removing the number of layers of the RC structure with a slider, as
seeninImage XX.

e ——"

i geometry to Loads, Supports & Analysis Results
structural Hinges

1
Existing RC structure
Geometry 9 components

definition definition

Figure 16 Script definition of the parametrized model. Top: Planimetry from the building extracted
from the 3d model

Calculation of embodied energy and embodied carbon of the existing structure.

The subsequent step involves the analysis of the building's life cycle, specifically
focusing on the Upfront embodied carbon throughout its entire first cycle and on
understanding the environmental impact of the building's construction, operation,
and end-of-life potential.

Therefore, factors such as the energy intensity of the materials, the distance traveled
during transportation, and the energy required for on-site construction activities are
considered.

In the study case, this analysis was achieved by using the Granta Edupack software
with the EcoAudit feature, in which, by inputting the components of the existing
structure, it was possible to obtain the current COZ footprint of the project.
Moreover, as seenin graph XX, the feature of Eol potential is used to analyze three
possible scenarios to process concrete: Downcycle, recycle, and Reuse.
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Diagram 16. Upfront carbon of the existing RC structure for the Gillisbuurt residential complex with
three possible scenarios to manage the waste if deconstructed.

't is essential to clarify that the values used by Granta Edupack and illustrated in
chart XX are based on a database fed with numbers taken from literature review on
different research papers about LCA analysis. Therefore, these numbers are reference
values that might be further compared with a specific LCA of the project that would
consider all the construction variables in the construction of the building.

Analysis of the structural capacity of the existing structure and its components.

This analysis helps determine the load-bearing capacity of the whole structure to
understand the building's current state and identify its strengths and limitations.
Moreover, this analysis looks to compare the structural capacity of the existing
building to support and transfer the expected loads and design requirements of the
proposed timber top-up structure.

It's relevant to highlight that in some cases in The Netherlands, RC structures might
be over-dimensioned to bare the current load cases to comply with safety factors of
out-to-date design codes, conferring the existing structure an additional capacity to
withstand and transfer some additional loads.

In the study case, the structural feasibility of top-up relies heavily on the structural
capacity of the concrete vertical components of the structure. Therefore, using
the software Karamaba 3d, the structural utilization of the RC walls in the existing
structure is analyzed, as seen in Image XX.

49.4%

58.1%

BEC
Cem
o |
DN
]

Image XX. To the right: Render showing the existing utilization of structural componentes of the
Parametric model of the Gillisbuurt RC structure today. To the left: reactions in the foundations.

As seeninthe graph, walls have an overutilization capacity in those elements allowing
them to withstand a major load case. Further research is needed to determine if this
over-dimensioned capacity is also present in the foundation piles. It's worth noticing
that the loads can increase by 40% in the largest load cases.
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5.2.3Define
Definition of structural assumptions.

The next stage in the process focuses on defining the structural assumptions based
on hypothetical scenarios of building Timber Top Ups in the existing structure.
Moreover, to make a guess based on previous knowledge in structural design about
how the entire structural system will work, especially considering the impact of the
timber top-up on the existing reinforced concrete structure.

In the study case, these assumptions, along with predefined structural parameters,
include as seen in Figure 16:

a. Constructing a lightweight structure on a rigid concrete base may result in
concentrated tension stresses, particularly in the reinforced concrete walls beneath
the timber top-up.

b. Timber top-ups at certain heights are exposed to significant wind loads
compared to the original building, necessitating stabilizing elements to withstand
and transfer horizontal loads.

c. To avoid creating differential load reactions in the foundation that could
destabilize the structure, the weight and loads of the top-up should be uniformly
distributed, ensuring even loading of the existing structure.

Figure 16 Definition of structural assumptions.

Definition of load case scenarios and structural situations.

This stage focuses on determining the specific load cases that will be considered
during the design of the timber top-up structure. Moreover, these load cases
are defined based on factors such as the structure’s intended use, location, and
architectural constraints. Therefore, various load scenarios can be proposed
throughout the lifespan of the second cycle of the building.

The defined load cases are also utilized in the preliminary dimensioning for the
structural elements. This means that the loads determined in this stage are also
used to estimate the initial sizes and capacities of the timber components.

Figure 17/ illustrates the load case scenarios used in the project based on the
defined Live loads, dead loads, snow loads, and wind loads for the intervention.
The calculation for the wind load is explained in detail in Appendix D.
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Load case Load Live load gk« 2,00 kN/m2
L 1358« 2,7 kN/m2 2 kN/m2 Internal: Class A Residential EC 0
::E: 1?2 Bt ii Qe 11’(7) tzjmi 3 kN/m2 Balconies: Class A: Residential EC 0
. 8k + 1.5 sk , m
Lca 1.0 g+ 15w, 4,9 kN/m2 Deadload  qx 6,00 kN/m2
LC5 135gc+ 1.5 w, 5,6 kN/m2 3 kN/m2 Partitions in lightweight CLT walls.
LC6 1358+ 1.5qc+1.5%0.6 * s 12,5 kN/m2 1,5 kN/m2 Mechanical services (HVAC, plumbing, etc.).
LCc7 1.35gc+1.5qc+ 1.5 * 0.5 * wy 13,1 kN/m2 1,5 kN/m2 Facade system (windows, doors, etc.)
LC8 1.35gc+1.5% 0.0 * gc+ 1.5 * s5¢ 4,2 kN/m2 Snow load s« 0,85 kN/m2
* * *
::gio 135gc+ 1.5 . 00 L& 15 L 56 kijz 0,85 kN/m2 Zone 1 of the Netherlands
1.35gk+1.5%0.6 * s+ 1.5 wy 6,3 kN/m2 . I
1 2
€11 1.35g+15%0.5*w+15%s, 5,4 kN/m2 i dllioacipwellhiexistne) IS Ol
[C12  135g+15%0.0% g+ 1.5%s+1.5%0.5* wy 5,4 kN/m2 19 kN/m2
Lc13 135gc+1.5* g+ 1.5% 0.6 * 5+ 1.5 * 0.5 * wy 13,9 kN/m2 Wind load  wi (h Top up) 2,45 kN/m2
LC14 1.35gc+1.5%0.0* qe+1.5%0.6 * s+ 1.5 * wy 6,3 kN/m2 2,4 kN/m2

Figure 17 To the left: Definition of load case scenarios in the project. To the right: Values of dead,
live, snow and wind loads.

Definition of structural criteria based on the Limit state design method (LSD).

This stage aims to select and analyze structural criteria derived from the Limit State
Design method, commonly used in structural codes like Eurocode. This method
encompasses structural criteria such as Yield strength, buckling, stability, fracture due
to fatigue, deflection, vibration, fatigue, and fire resistance in the Ultimate limit state
(ULS) and service limit state (SLS).

The aim is to identify the most relevant criteria that will enable a preliminary
structural assessment for evaluating the feasibility of timber top-ups. By examining
and sorting these criteria, the design team can establish a comprehensive framework
for assessing the structural viability and performance of the proposed timber top-up,
ensuring compliance with safety and design standards.

For the case study, five criteria are decided to be evaluated, the first three for the
RC existing structure related to Ultimate Limit State (ULS):

Reactions in the foundations after Toping-up: To evaluate if there are differences in
the reactions of the foundation after and before topping up.

Utilization of the components in the concrete structure: To evaluate if the utilization
of the concrete elements is in admissible ranges after the top-up intervention.

Analysis of concentrated stresses in the RC walls: To evaluate if affectation is due
after the top-up placement.

And there regarding the structure of the timber top-up:

ULS - Utilization of the Timber top-up components (maximum shear and moment):
To determine the component’s response to the structural requirements in the load
case scenarios.

ULS - Fire resistance for the top-up to withstand 120 minutes. As can be seen in
Graph XX

SLS - Deflection limit: To control the displacement of structural components of the
top-up are in admissible values.

Charring layer calculation

Notional charing depth def=dchar+ko*do 72,0lmm

Fire resistance 120 min R120 120|min

Charring rate C24 - Spruce 0,65|mm/min

Charring rate PUR 1,3|mm/min 1
Coeficcient of duration ko 1 2

line) with zero strenght and 3
stiffness do 7|mm Feparn
Charing layer depth dchar= sum layers 65,0|mm ko dy
Components Layer analysis e

Charin layer d [mm] t [min] ttotal [min]

Gipsum board tch=2,8 hp-14 20,0 42 0

Layer1 30,0 46,2 88,2 fey Initial surface of member
Layer 2 30,0 26,9 115,1 2 Border of residual cross-section
Layer 3 5,0 7,7 122,8 3 Border of effective cross-section

Figure 1/ -Calculation of the charring layer for beams.
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Definition of circular design principles

The next step in the process focuses on determining criteria that will be utilized
during the proposal stage to facilitate the transformation of an existing building
using circular principles for the intervened building. To establish these criteria, two
specific frameworks from two researchers are proposed and used as a reference:

First, the 10 "R" framework of sustainability of Potting et al. (2017) (as seen in Figure
3 on page 10), where the authors characterize key principles of circular design
to transform an existing building using circular principles such as: Reduce, Reuse,
Recycle, Repair, and Recover of the components.

Second, the work of Ljungberg, L. Y. on Materials Selection and Design for the
Development of Sustainable Products (as seenin Table 6 shows a brief theory recap
of LSD focusing on the main relevant criteria assessed in the Ultimate limit design
(ULS) and Service limit state (SLS).), where are provided valuable insights into
sustainable material choices and design strategies that can be applied to enhance
the circularity of the building intervention such as material life cycle assessments,
the use of renewable materials, and eco-friendly manufacturing processes.

Concept Characteristics
Eco-design This is also known as Design For the Environment (DFE).
Modular design Easy repair and change of components are important. e.g., parts in

copying machines and computers.

Design for material substitution | Substitution of materials with high environmental impact to more
superior materials in terms of sustainability.

Waste source reduction design Reduce the amount of material both in terms of the product itself and
packaging.

Design for disassembly (DFDA) A product should be easy to disassemble, e.g., snap fits, mechanical
locks, efc. in order to recycle the materials.

Design for recycling (DFR) DFR focuses on maximum recycle-ability and a high content of
recycled material in the product. Different materials should not be
mixed if not necessary and different parts should be labelled for easy
materials separation.

Design for disposabili Assures that non-recyclable parts or materials can be disposed in an
i ’ ° ecological way. ’ b P TQ b \e 6. Materials
Design for reusability Focuses on possible reuse of different components in a product. The Selection and Des/'gn
reused p.ans could be nesl_lened up and feused. » _ for the Deve/opment
Design for service (DFS) The design of a product is made here in order to obtain easy service .
from the outer regions. of Sustainable
Design for substance reduction Undesirable substances, which are used during the products’ life Products by
cycle, should be minimized. Ljung be rg, L. Y.
Design for energy recovery The design here is made with materials suitable for burning with a
minimum of toxic or harmful emissions.
Design for life extension Reduced waste through prolonged life for components or products is

the aim of this strategy.

Based on the these approachs to circular design principles,, hard design constraints
are proposed to be incorporated in the design:

Design for disassembly that facilitates the application of reuse, repair,
remanufacture, and recycling strategies into the Top-up, moreover, on conferring
the capacity to structural components and products to be easily assembled
and detached by limiting the amount of bounding agents by using as many as
mechanical and dry connections as possible. In that sense, it allows the easy
recovery of products, parts, and materials when a building is disassembled or
renovated.

The possibility of configuring different space plan layouts by creating open floor
plans. Reducing the section of structural elements as much as possible is possible
to create different architectural program arrangements. Therefore, prolonging
the lifespan of the building by allowing different space plan configurations.to host
different uses through its life cycle.

Efficiency in the use of material: Limiting the volume of material waste in the
production of the components of the structural systems and responding to the
structural requirements without over-dimensioning elements.

Prolong the lifespan of the components by protecting them from degradation.
Moreover, in mass timber structural components, how to protect them from
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external agents that might affect their physical and mechanical properties. As
timber is an organic material, these properties can significantly change if exposed
to differential moisture and temperature conditions over time. Additionally, it's
necessary to control biological risks during the use period for the elements to be in
the structural ranges that Eurocode 5 states.

To limit materials with a high Upfront embodied carbon in terms of CO2 emissions
and to enhance the use of one’s energy compared to the traditional ones. Although
the core of the thesis focuses on this statement, the design can be applied by opting
for structural systems, components, and connections that limit the amount of these
materials. As seen in Table XX, timber and organic materials (on the bottom of the
pyramid) have a lower environmental impact than steel and concrete (on top).

5.2.4Propose

This process focuses on the design of the entire timber top-up structure. It integrates
the pre-dimensioned structural components into a cohesive system that fulfills the
project requirements. The proposal encompasses the arrangement and connection
of the timber elements, considering factors such as load distribution, stability, and
overall structural integrity.

Definition of the grid and supports

This process involves designing the structural grid distribution and support system for
the timber top-up in the existing structure. The objective is to ensure that the new
loads imposed by the top-up are effectively transferred to the underlying structure.
The design of the structural grid and supports significantly influences the overall
structural system and the selection of appropriate structural components.

The existing grid of the Gillisbuurt building of concrete walls separated 5.4 mts and
3.9 represents an opportunity to create a lightweight system. For the case study, the
grid of the existing concrete structure described in Section 5.2.2 is used as a base to
propose the timber top-up grid, as seen in diagram XX.
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Image XX. To the left: Floor plan of the existing building with the existing
grid. o the right: Proposed grid for the top up.
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Definition of Structural Components.

This stage involves characterizing all the timber structural elements that could be
used for the timber top-up. The aim is to create a toolbox or inventory of suitable
timber components that can be utilized in the following proposal stage. This
includes identifying and categorizing different timber elements such as beams,
columns, trusses, connectors, and panels to understand the options for selecting
and integrating timber elements in the overall design.

For the definition of vertical structural components, the design principle of The open
space floor plan allows for different configurations. Glulam columns are designated
as horizontal elements to provide maximum flexibility in floor plan arrangement
and concentrate the necessary structural area in an open grid, enabling flexibility.
The elements need to be aligned with the existing walls of the structure, following a
predefined grid.

For the proposal of slabs, the grid size represents a hard constraint as, for instance,
for Cross-laminated timber production, the maximum width is 3.5 with a length
of up to 16 m, which restricts the possibility of directly connecting the slab to the
columns. Therefore, it is required to include a beam system to support it, which will

CLT 140 L5s roofslab 2.72x9.78 —- == == == == == == —= —~

CLT 140 Lbsterrace slab 9.30x1.75 —- —- —-»

N
Glulam roof Lbs beams 0.44 x 0.30

Glulam L&s columns 0.40 x 0.40 ~
N
X N

CLT140L6sfloorslab 5.30x2.56 "~
.
N

CLT 110 L3s floor slab 3.90 x 2.56 N N

Glulam beam type A L5s beams 0.60 x OAO\ AR
N N
N

Glulam L5s braces 0.40x 040 —- —- —- —-

N

CLT Rib panel CLT 80 L3s

. Glulam transition beam 0.60x 0.40 == —- —»
CLT Rib panel CLT 80 1L3s5.40x2.563- - — -
CLT Rib panel CLT80 L35 3.90 x1.21 —- —- —~

CLT 140 Lbs terrace slab 9.30x1.75 =~ =~ =~

ied components

CLT slabs Glulam beams Glulam columns Rib panel slabs

V74

Figure 21 Exploded schematic view of the Timber Top-Up and its components.
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connect the columns described in the next section for the slab. Then is a proposed
two-directional system that can fit in spans of 3.2 and 5.4. The proposed elements
for the study are CLT. Based on the grid design, the structural components can be
identified in Figure 21.

Predimension of the structural components.

In this process, the inventory of structural components proposed in the previous
stage is utilized to determine the initial dimensions of the system components. The
pre-dimensioning process involves evaluating the load requirements, structural
performance criteria, and other relevant factors to assign appropriate dimensions to
the timber components. This step helps in ensuring that the structural.

Skyciv is used to determine the minimum size based on the loads defined in Section
5.2.3 and the structural requirements stated in EC 5 for calculating beams, columns,
and slabs. The results of this dimension can be seenin Chart XX.

5.2.5 Evaluate

The next stage of the process is the evaluation of different structural scenarios for the
timber top-up proposed in the previous stage. Moreover, to demonstrate compliance
with the limited state design values specified in the structural codes.

Parametrization of the 3d model and the creation of the different scenarios.

This process focuses on adding to the model in Section 5.1.2 the structural proposals
defined in the previous section of the timber Top-ups into the digital environment.
Moreover, to input into de components of Grasshopper and Rhino gathered so farin
the process: Materials, preliminary dimensions, geometries, load cases, and supports.

Structural evaluation of the scenarios.

By having the parametrized model in Grasshopper, Karamba 3D can evaluate the
defined criteria from the previous stages and ensure that the timber top-up structure
meets the required structural values. The evaluation process in Karamba 3D includes
analyzing factors such as structural stability, load-bearing capacity, deflection limits,
and the other relevant performance indicators previously stated in the “define” stage.

For the Study case, three scenarios are defined to be evaluated in the Evaluate stage.
Scenario # 1 Don't Remove: Top-up with timber without demolishing.

This first scenario aims to understand the maximum capacity to Top-up by utilizing the
remaining structural capacity of the existing components in the RC structure. Top up
the existing structure to increase the capacity of the building as much as structurally
possible without retrofitting the existing RC structure.

Scenario # 3 Maxima: Remove one story and add four.

The purpose of this scenario is to evaluate the possibilities of height increase after
removing a fraction of the structural mass of the RC components in the structure,
more specifically, a fifth of the total mass in this case.

Scenario # 2 Minima: Remove one story and add three.

This scenario intends to analyze the results based on increasing the minimum amount
of timber layers, moreover by removing one layer and adding two additional ones.
This experiment Will set a minimum value of the area. The idea is to create a lower
value for a numeric where the range is between minimum and maximum.

Timber top-ups to increase dwellings area
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Figure 35 Scenarios to be evaluated in the next stage, from top to bottom: Dont remove, Maxima,
and Minima.

Environmental impact analysis of the scenarios with the Ansys Ecoadut tool.

The following process involves collecting data from two sources to assess the
environmental impact of the timber top-up design. Moreover, the analysis focuses
on analyzing the embodied carbon (measured in CO2 kg per m3)

Firstly, information about the mass and composition of the different design
iterations is gathered from the "Structural evaluation of the scenarios" stage. And
secondly, data related to manufacturing the structure’'s components are collected
from the earlier "Define" stage.

All of this information is input into the Ansys Ecoaudit tool, which facilitates the
assessment of environmental performance by analyzing the embodied carbon and
Upfront embodied energy of the project during its lifespan supported on databases
and assumptions from academic research.

The environmental analysis carried out with the Ansys Ecoaudit will provide valuable
results on the carbon footprint and energy consumption associated with the timber
top-up that will be discussed in the following stage.
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5.2.5 Conclude

The final stage of the framework involves comparing the structural results obtained
from the evaluation stage, including the structural and environmental impact
assessments, among the proposed scenarios.

In this stage, the outcomes of the different scenarios assessed throughout the
methodology are analyzed and compared. Moreover, to examine the structural
performance regarding stability, load-bearing capacity, deflection, and other
relevant criteria of the overall structure previously established in the earlier stages.

Furthermore, the environmental impact assessment results are also evaluated
among the scenarios. This includes evaluating the embodied carbon and energy
values obtained from the environmental analysis stage to identify which design
options have a lower carbon footprint and energy consumption, contributing to o
more sustainable solution.

Finally, by comparing the scenarios' structural and environmental results, it is possible
to make informed decisions to select a final design proposal that meets the required
structural criteria but also demonstrates o reduced environmental impact.

The outcome of the whole framework ensures that in other processes, the Top-up
timber design will align with structural integrity and sustainability objectives and

therefore give insights for the decision-making about continuing with the process or
considering a different approach.

For the conclusion and result part of the study case, Chapter 6 will describe them
and will explain the obtained results.

a est. Praesent luctus facilisis semper. Fusce eu aliquet ligula. Donec turpis ante,
aliquam in malesuada nec, tempor id enim. Phasellus porta ac ligula at suscipit.

Suspendisse eget tincidunt sapien. Ut ornare sem a consectetur aliquet. Sed
mollis, nunc eu lobortis placerat, urna enim rhoncus felis, id pretium magna eros
sit amet augue. Aenean risus neque, euismod in blandit ac, bibendum non augue.
Sed euismod neque id sapien rutrum facilisis. Sed vel volutpat tortor. Vivamus
placerat pretium semper. Phasellus rutrum orci lorem, id bibendum sapien ornare
mMaximus.

5.2.6 Architectural design

The objective outlined in Chapter 4.1.3 was the demolition of the buildings on
Chopinlaan in order to replace them with single-unit houses of reduced height
compared to the current Gillisbuurt buildings. This initiative was driven by the
Delfts Geemente's aim to enhance transparency from Chopinlaan Street to the
interior of the residential complex, which houses two parks. The intention was to
improve the urban conditions in the neighborhood.

To achieve this, the ground floor is opened up to allow for transparency and
improved visual conditions from Chopinlaan to the park. The relocation of
ground-floor apartments to the top level frees up the ground-floor space. Stores
and communal activities are added on the ground floor to diversify the building's
activities and make the neighborhood more dynamic throughout the day and
night.

Regarding the height of the intervention, the top-up involves adding two stories
of timber while maintaining the existing RC structural components as can be
seen in the rendered image 8 in the next page. This decision is made to preserve
the uniform building height in the surrounding area and prevent overshadowing
of the buildings below. It also avoids obstructing natural light and views in the
neighboring structures.

In terms of energy efficiency, the building's facade is being intervened to
reduce energy demand. This includes measures such as insulation, improved air
tightness, temperature-controlled heating systems, and improved ventilation.

Timber top-ups to increase dwellings area
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Rendered image 8. Street view of the top-up intervention in the Gillisbuurt residential complex
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These interventions aim to offset 72% of the building's total embodied
carbon represented in the use stage of the dwellings. The remaining 38%
corresponding to the upfront carbon energy, is intended to be reduced by
constructing the timber top-up.

As part of the intervention, some of the existing concrete galleries are
being replaced with timber slabs. This allows for the expansion of corridors
in front of existing apartments and the creation of sun terraces/gathering
spaces for communal interactions. It also breaks the monotony of the
current gallery facades and reduces the weight of the structure. These
terraces integrate the top-up design with the existing structure, creating a
unified architectural typology.

L Bt
Rendered image 9.Street level intervention.
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From an urban perspective, the introduction of these terraces enhances
outdoor activities and improves the relationship between residents and
the street environment. This contributes to an improved sense of security
in the sector as can be seeninimage 9.

The desition of having tilted roofs was taken as it offer numerous
advantages for the Netherlands.Having a high rainfall, the sloped roofs
enables efficient rainwater drainage, minimizing water damage in the
interior. Additionally, during snowy periods, tilted roofs prevent snow
accumulation, reducing this load in the loadcase. Moreover, these roofs
also facilitate the installation of solar panels at optimal angles, maximizing
energy generatio. Furthermore, from an architectural perspective the
angled roofs allow for better natural lighting, reducing the use of artificial
light in the interior. Lastly, tilted roofs adds and architectural interest to the
the urban landscape where flat roofs are predominant.

g
i

Renderedimage 10. Top facade of the top-up.

Rendered image 2. Facade of the top-up intervention in the Gillisbuurt residential complex
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Grid and structure

Suspendisse eget tincidunt sapien. Ut ornare sem a consectetur aliquet. Sed
Section 5.2.4 emphasizes that the top-up grid's definition relies on the existing
grid of the building's RC structure. To align with the concrete walls of the existing
structure, a proposed grid measuring 3.9 meters and 5.4 meters by 10.8 meters is
suggested, as depicted in image 11. This grid arrangement serves to organize the
placement of glulam columns responsible for transferring loads to the unidirectional

CLT slabs.

Furthermore, there is a proposal to extend the CLT slabs to create balconies on the
northern and southern sides. These extended slabs would be supported by the CLT
stabilization cores, enabling the structural system to gain rigidity and withstand
wind loads effectively.

Rendered image 13. Top:
grid for the top up.
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Additionally, a bracing system composed of glulam
beams is recommended for the transition floor between
the top-up and the existing RC structure. This bracing
system aims to distribute loads evenly between the
top-up and the existing concrete walls. Its purpose is to
ensure structural integrity and alleviate concentrated
loads on top of the RC walls.

Architectural program

The structural disposition of columns in the proposed
floor plan configurations prioritizes flexibility, aiming
to create an open floor plan that allows for adaptable
space utilization. Unlike the existing RC structure,
the top-up design's absence of fixed structural walls
facilitates easy reconfiguration and layout adjustments
according to changing needs over time. This flexibility
allows the building to accommodate diverse uses and
ensures that the lifespan of the building is extended.

Considering the predominant use in the Gillisbuurt
neighborhood is currently housing, the intervention
proposes a mixed-use approach with commercial
spaces on the ground floor. However, considering the
potential future shifts in urban dynamics, it is important
to design the building to accommodate different
housing typologies, as can be seen in image 15. This
circular approach ensures the building's ability to adapt
to changing demands and extend its lifespan.

Furthermore, the proposed structural design allows
for potential future uses beyond housing. It could be
repurposed to serve as student housing, a hotel, or even
retrofitted to comply with codes and accommodate
office spaces in the future. This versatility in potential
uses enhances the building's adaptability and ensures its
relevance to evolve and respond to the changing market
demands.

i Stabilization core — _ ~

Balconies - — — ~

Roof

| | I I I . 38
¥ ¥ T 4 ] ] - ae

Top-up

Stabilization core — — — — — —

71

Transition trusses — — -I -
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Rendered image 12. Strucures section.
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- Circulation
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By incorporating these different types of circulations, the design caters to various
functions and requirements over time. It offers flexibility and adaptability as the
building's needs may change.

Connections and assembly

For the connections of the structure, is opted for steel connections as seenin Table
/. Since timber construction has been popular in recent years, there has been

______ eatme an increase in systems capable of responding to highrise situations. The reasons
pbehind using steel respond to the benefits that they present in the present as
follows:

Terrace
Circulation From a structural perspective, allow:
142 m2
a. d- 57.8 m2 A higher structural strength compared to others: As they provide robustness

L-- Circulation

- Terrace

and strength to the timber structure, allowing it to withstand the vertical and
lateral loads experienced in high-rise buildings. The steel connections enhance
the overall structural integrity and ensure the stability of the timber system.

Durability: Steel connections provide durability and longevity to high-rise
timber structures, ensuring the long-term performance and reliability of the
connections..

From a circular perspective:

————— 102 m2
____C_lrfusg‘:; ———————— Terrace . Reversibility orjd Reusobili.ty: Steel connectors allow for th.e disgssemb\y. of
i - timber elements without causing damage, providing a reversible construction
approach. The ability to disconnect and reuse timber members facilitates the
b. e Reuse, Refurbish, and Repair of timber components in the structure.

Circulation
———- 50.5m2

LTS Terrace

Rendered image 15. Proposal for different architectural programs in the top-up: a. Circulations
trough the middle, Open space floor plan, b. Circulations trough the side with balconies. c.
Circulation trough a corridor in the middle, d. Circulation by the sides - Open space in the middle,
, e. Open space in the middle with terraces towards one side with balconies.f. L shape typology
apartments.

Circulations

The top-up design proposes two types of circulations for efficient movement
within the building. Firstly, there is the vertical circulation, which includes the
elevator shaft, ducts, and staircase. These elements are located within the
stabilization timber core, as illustrated in image 16. This vertical circulation system
allows easy access to both the existing building and also the top-up. Moreover,
The proposed circulations also serve to comply with fire safety requirements,
which mandate the placement of staircases accessible to evacuate the building
in 120 minutes.

In terms of horizontal circulation, two options are presented. The first option
suggests a central circulation route that provides lateral access to households
and rooms. This option allows for a seamless flow between different areas on
each floor. The second option is to maintain the existing circulation pattern of
the building, utilizing side corridors similar to the current layout. This choice would
maintain familiarity and continuity for occupants.

Fol sorting: Steel connectors facilitate the separation of timber and steel
components during the disassembly process at its Eol. This segregation makes
the sorting of materials efficient for recycling or proper disposal, contributing to
waste reduction and improved environmental outcomes.

The construction process of a timber structure in o top-up offers the benefit of

Rendered Image 16. Two proposal for circulations in the proposal: Black, cirulation trough the

middle of the floor plan. red, circulation trough the side.
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being performed without interfering with the use stage of the existing structure. This
means that the construction works can take place while the building below remains
operational and occupied. Moreover, the process can be resumed once the final
drawings are finished, as seen in Image 17 in the following steps:

Site Preparation: (step a): Consist of installing a crane next to the existing building that
will lift to the top of the building all of the prefab components.

Timber Fabrication: The timber components, such as glulom beams, columns, and CLT
panels, are fabricated off-site. The timber is precisely cut and shaped according to the
design specifications, ensuring accurate dimensions and connections. Moreover, Steel
connectors, such as plates, brackets, and fasteners, are positioned and installed in the
timber components.

Assembly and Erection (steps b to g): The prefabricated timber components are
transported to the construction site and lifted into place using cranes or other lifting
equipment. The components are carefully positioned and connected according to the
construction drawings. This includes aligning and bolting the steel connectors to ensure
secure and rigid connections.

Installation of Stabilization Cores and roofs (step h): Stabilization cores, typically
made of timber, are incorporated into the structure to enhance stability and resist
lateral forces. Once the main structure is in place, the construction of floors and roofs
commences. The roof made of CLT panels is assembled to create a weather-tight and
durable covering.

Finishing and Services Installation: Interior finishes, such as wall cladding, ceilings, and
flooring, are installed. Electrical, plumbing, and heating.

Research for design
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Table /. Proposed connections for the structural system

f. g. h.

Rendered image 17. Assembly process of the top up; a. (If applicable) deconstruction of RC components, b. Installation of transition beams. c. Instalation of steel column conectors in the transition floor. d. Instalation of Ribbed box slab in the trasnsition floor. e.Instalation of transition trusses. f. Instalation of beams,
g. Steps fand g are repeated until the desired height is reached. h. Instalation of roof berams and roof slab.

e.
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For the experiment setup, the defined scenarios are analyzed based on the following
criteria; they will be explained in the further section based on the software used to
perform the simulations:

Rhino 7 + Grashopper +Karamba 3d to analize:
Reaction in the foundations after Toping-up.
Utilization of the Timber top-up components (maximum shear and moment).
SLS - Deflection limit (Nodal displacements).
Reactions of the concrete structure (Nodal displacements).
Utilization in the concrete structure.

Rhino 7 + Grasshopper + Granta Edupack + Ansys Ecoaudit Tool to analyze:
Upfront embodied carbon.

6.1 Experiment Set-up

Scenarios set-up: RC elements remove, timber added, mass and volume

Input values to be used in the software Granta Edupack to calculate the upfront

Stories of | Stories of | Volume of | Volume of | Mass of Mass of Increase in
concrete timber concrete timber concrete timber |Total Area area
removed added removed added removed |added C24 capacity

Stories [ Stories | M3 | | kg | Kg | M2 | % |
[ O [Structure today o | o | | 0 | o | w2230 | 00 |
1 | o [ e | O [ 607042 | 132660 | 153 |
2091
2788

Table 10 Table with the Set-Up for evaluating the experiments

carbon emissons of the stucture.

Parameters Unit
Existing building area 11223
Area of one layer of a existing 2244.6

m?2
Area of onelayer of a Top-Up 2032 m2
Exixting volume of concrete in the existing building 4191 m3

kg
m3
Y%

Existing mass concrete in the existing building Q72162

Existing mass timber in one layer kg/m3
Existing volume of concrete in one layer 838,2

density of scpurce C24 420,0 kg/m3
ratio of molecular weight Co?2

kg*m3

Secuestred carbon of Spruce C24
Dissasembly potential of with concrete building 0,54
Dissasembly potential of timber top up building

704
3,7
12

Moisture of timber 12

Table 11 Parameters the will be used in the simulation in Granta Edupack
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Definition of disassembly potential for the reuse of RC components in the
existing structure and for the timber components in the top-up

Parameter Prefab existing|In cast existing 1:::;“ lOptup

RC Slabs RC walls ponents
Environemtal Cost indicator ECI 16,59 16,59 16,59
Connection type CT 0,60 0,10 1,00
Connection accesibility CA 0,80 1,00 1,00
Dissasembly potential of the connection DPc 0,69 0,18 1,00
Independency 1D 1,00 040 1,00
Geometry of product edge GPE 1,00 1,00 1,00
Dissasembly potential of the compoisition DPcp 1,00 0,57 1,00
Dissasembly potential of the product or element DPp 0,81 0,28 1,00
Dissasembly potential of building DPb 0,54 1,00

N
(0]
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Table 12 Calculation for the disassembly potential of the components in the project based on the
DISASSEMBLY POTENTIAL MEASUREMENT METHOD VERSION 2.0.

Definition of the sequestration carbon of Spruce C 24 Timber 12% humid content
used in the timber top up components.

- density of wood
gﬂiﬁtﬁylﬂz ¥ (at 12% wood moist
captured content per kg/m?) 3.67
€O, (inkgy/m?) = X ——
1+(12/100) 9

(at 12% wood moist content)

Figure 36 Equation to estimate carbon sequestration of wood. As seen in Section 3.1.2, woods have
the potential to sequestrate carbon; based on (Lugt & Harsta 2020), the carbon sequestration of
C24 timber is calculated.

6.2 Results

6.2.1 Reaction in foundations after Toping Up.
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Flgure 37. Reactions in the foundations after toping up
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Figure 37 illustrates the reactions in the structure’s supports (measured in kKN in the Y
axis) compared to the analyzed scenarios in the X axis. Consequently, these reactions
will be the forces that will be transferred into the existing foundations of the building
in each scenario.

Scenario O: Existing building (Sc. 1) shows the current reactions in the supports today
without any intervention, where each point corresponds to support in the structure's
base.

When comparing Sc.0 with the following four scenarios, the following conclusions
can be drawn:

Scenarios 1to 3 progressively increase when more Timber Top-up layers are added.
Among these three, Scenario 3: Maxima (5c.3) demonstrates the highest reaction
increase, reaching approximately 400 kN in each support. Scenario 4:Variation (Sc.4)
shows a similar but lower result than Sc. 3.

Scenario 2:Minima (Sc.2) and Scenario 1: Not remove (Sc.1) exhibit a comparable
load increase in the supports of approximately 200 kN compared to Sc.O.

Furthermore, the hypothesis stated in Section 1.3 at the beginning of the document,
suggesting that replacing RC components with timber could lighten the structure,
is partially validated. Although timber is lighter than RC, replacing RC components
with timber components (as tested in Sc. 2, 3 & 4) does not necessarily reduce the
reactions in the existing building foundations.

One possible xplanation for these results is that while the weight of the removed RC
components might be replaced with a similar one of timber (representing more mass
and hence more area), there is an increase in the load cases due to the expanded
area of the building, which include new wind and live loads. This hypothesis will be
further investigated for the final report of the graduation project in P5, considering its
implications in the design process.

6.2.2ULS - Utilization of the Timber components used in the top-up
(maximum shear and moment).
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Flgure 38. Utilization of the Timber components (maximum shear and moment).
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Figure 38 illustrates the utilization ratios of various timber components within the
timber top-up in Scenario 3.

On the Y-axis, the utilization ratio (the applied load divided by the design capacity
of the component) is shown, while the X-axis represents the evaluated components.

Consequently, four timber components were plotted from the model: CLT cores,
CLT slabs, CLT balcony slabs, and CLT glulam columns. Plotting the following results:

The 140mm thick CLT cores exhibit an 80% excess capacity. This excess may be
attributed to two factors, which will be further analyzed in the P5 report: The cores
solely transfer tension loads resulting from wind loads on the slabs, and the charring
layer tends to increase the dimension of the element.

The CLT slabs show a utilization ranging between 50% and 80% depending on the
specific structural situation, such as the 3.9 or 5.4 meters span. The remaining excess
capacity is due to the over-dimensioning of the section caused by the charring layer.

The utilization of CLT balconies ranges from 78% to 85% —the excess utilization
results from the over-dimensioning of the section due to the charring layer.

For the glulam columns, it is evident that some columns have higher utilization
than others. This discrepancy arises because all columns currently have the same
dimensions in their section, which means that those on the lower levels of the Top-
up experience higher load cases compared to those on the upper levels, such as the
ones on the last floor, which only bear the loads from the roof.

All components are below the limits, meaning that ULS (bending, normal, and
shear) can bear and transfer the proposed load case. A further process will focus on
optimizing their section to reduce the mass of timber of the Top-up.

6.2.3SLS - Deflection limit (Nodal displacements).

Comparisson of defelction limit on the Roof Slab of the Top-up in the X axis by including and not the
stabilization cores in the scenario Maxima (4RC+4T)
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20,00

10,00
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cores cores

Scenarios
*Each 8 points= Roof CLT timber slab

Flgure 39. Utilization of the Timber components (maximum shear and moment,).

Figure 39 compares the displacement of nodes in the CLT roof slab in Scenario
3 under two strategies: utilizing stabilization cores and not using them at all. The
Y-axis represents the numerical values of node displacement caused by wind loads.
The maximum deflection limit for the overall structure, as defined by EC 0O, is stated
as max. deflection = H/500 (0.046 meters = 23.22 meters/500).
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The chart demonstrates that if the structure consists solely of beams, columns, and
slabs, the roof will experience a displacement of over 6 centimeters due to structural
instability, surpassing the acceptable values. However, in the following scenario, it can
be observed that with the inclusion of stabilization cores, the displacement values
can be significantly reduced to values that fall within acceptable limits.

Stabilization cores represent one potential strategy to address excessive deflection in
the CLT roof slab. However, it is important to note that they are not the only solution
available. In the next stage, other optimization processes will be employed to explore
alternative approaches, such as introducing bracing components to reduce the mass
of timber within the cores.

6.2.5Reactions of the RC walls in the top-up connection (Nodal
displacements).

Comparisson of displacements on the RC walls in the Z axis in the existing
structure compared to the scenario Maxima

1,00

0,50

Displacements in Z [mm]
&
&
o
=1

-1,50 Compression
Existing Maxima

building (4RC+4T)
(5RC+0T) Scenarios

*Fach 11 points= Concrete wall vertice

Flgure 40. Reactions of the concrete structure (Nodal displacements).

The following results aim to assess the impact of the top-up on the existing concrete
walls in terms of vertical displacements, as previously stated in the purpose stage as
one of the structural assumptions.

The graph illustrates the displacements in the Z-axis of the concrete walls located
in the first four stories of the existing structure. To the left, It can be observed that
the existing structure today experiences a maximum displacement in the Z axis of
only half a millimeter due to the current load case scenario, which can be considered
negligible.

6.2.6ULS - Utilization of the RC walls in the structure after Toping-up.

The purpose of thye analizis iun figure 41is to evaluate the structural capacity of the
existing RC walls in terms of the Utilization ratio when subjected to different timber
top-up scenarios. The focus on evaluating the walls is because they are the primary
components responsible for transferring and supporting loads of the top-up.

In Scenario O, it is evident that the existing structure has an overcapacity of 80%,
indicating the presence of unused potential capacity that could accommodate
additional weight.

Moving to Scenario 1, where a complete layer of timber is added, there is a 20%
increase in capacity, resulting in a total overcapacity of 60%.

Timber top-ups to increase dwellings area
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Scenarios 2 and 4 demonstrate a 30% increase in loads due to the added weight
compared to Scenario O. Despite this increase, a remaining capacity of 50% can

. . Existing building (1st. cycle)
pOt@ﬁt\QHy be Ut||\Zed tO OCCOmmOdOte an O\/@I"O(]d. Upfront carbon - Existing RC structure End of life Scenarios
The mOStdemOﬁdiﬂg SC@DOI’]O SCGHOHOB eXh.\bitSQﬂ O\/el’CQpQCity O]C AOO/ iﬁdic@tiﬁg Material manufacture| Transport Total Downcycle Recycle Reuse Total Upfront C. first cycle EoL scenario
, ’ O,
that it can withstand even higher loads without exceeding the utilization limit. A-lto A5 c1 D c1 D c1 D D
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* Includes a Dissasembly potential of building of 0,54
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Figure 42. Upfront carbon results in the first cycle for the RC structure
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6.2.7Upfront carbon Figure 43 Upfront carbon results in the second cycle for the Timber Top-up.
A roadmap was created to determine the top-up intervention's upfront energy,
illustrating 18combinations of End-of-Life (EoL) scenarios for the structure's first and
second cycles.
The project has generated 2454 tons of CO2 emissions after analyzing the extraction,
manufacturing, and transportation processes since its construction in 1968. Without
any interventions, this emission level will remain unchanged until a decision is made.
Upfront Embodied carbon in all of the scenarios
After comparing the previous iterations, the following conclusions can be drawn:
Downcycle|] Recyle+ Reuse+ Downevicel Recvies | Reuses
Reusing materials in the first and second cycles is the most effective strategy for Scenario Energy Energy Energy R Y R Y R
reducing CO2 emissions across all scenarios. recovery | recovery | recovery euse euse euse
. . . . Ton Ton Ton Ton Ton Ton
Downcycling and recycling reinforced concrete (RC) components in the first cycle, 5 e
followed by energy recovery of the timber in the second cycle, resulting in the highest 5560 50 e 5500 5500 50
overall COZ2 emissions. This strategy emits even more CO2 than leaving the structure ! SRCHT
untouched without interventions. 2 4RC+3T 3293 3227 2320 2224 2158 1251
3 ARC+4T 3599 3534 2626 1982 1916 1009
Downcycling and recycling RC components in the first cycle, followed by reusing 0
the timber, reduce CO2 emissions compared to leaving the structure without any
interventions. However, th@dﬁerencg is more noticeable when the entire structure is Figure 44 Total values of the whole Upfront Upfront embodied carbon in two lifecycle of the
dismantled and replaced with a new timber structure. building
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Upfront carbon scenarios in two lifecycles for Gillisburrt building structure
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Figure 45 Graphical representation of the whole Upfront Upfront embodied carbon in two lifecycles of the building
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71 Discussion

The findings of this study provide information on the possibility of using timber top-
ups in existing reinforced concrete structures to increase the building's area capacity.
By analyzing different scenarios. Moreover, regarding the research question:

How can the area capacity of existing Reinforced Concrete structures be increased
and extend their lifespan by using timber top-ups?

The document states that the area of the structure might be increased by having
two approaches:

On the one hand, by constructing the top-up on the existing RC structure as seen in
scenario 1 (6RC+1T), and on the other by deconstructing part of the components to
reduce the weight of the structure as seen in scenarios 2 (ARC+3T) and 3 (4RC+4T).

In both approaches, the results seen in Figure 41 (RC wall utilization) show an
opportunity in the case study’s structure, represented by the excess capacity in the RC
walls. This capacity can load them until their utilization limits, allowing components
to withstand even the highest scenario.

Regarding reactions in the foundation system, The results exposed in Figure 37 shows
that although the deconstruction of one layer of RC components might reduce the
structure's weight in scenario 2 when topping up, these reactions increase, overpassing
the values of the original structure.

However, if we compared scenarios 1 & 2 (W & 4RC+3T) can be concluded that
removing one layer of RC components and adding three of timber will have a similar
increase in the reactions in the foundations as not deconstructing and adding one
layout, which means that deconstructing would allow more capacity with a similar
load increase. In the case of scenario 3 (4RC+4T), there will be an exponential
increase in the foundation system.

Therefore, it is essential to evaluate the structural capacity of the foundation system
to withstand the new load-case scenarios derived from topping up, even if there
might be an opportunity to use the excess capacity in the utilization of existing RC
components.

However, having the base of the parametric model, it would be relevant for further
research to explore different deconstruction/adding situations that would overload

75
0% 62005

(4RC+3T) (BRC+4T)

Different tructural iterations of top up whit the same height. To the right, the scenario Maxima
(4RC+3T),
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the existing foundations to limit the size of their intervention. For example, analyzing
a scenario where two layers of concrete and four of timber are added (3RC+4T):

To approach the subquestion: How to make visible topping up in the decision-
making for stakeholders when facing demolishing/building new?

The step-by-step exposed in the exploration framework proposed in Chapter 5 was
intended to document the design process of the timber top-up for the study case.
Therefore approaching top-ups from an architectural domain contributes to visible
this strategy as an alternative to demolishing.

To approach the subquestion: To what extent can the capacity of an existing RC
building with timber be increased by reducing the weight of the RC structure?
The research shows that it can be increased as much as possible considering the
following criteria:

The height of the building is determined by the capacity of the existing structure and
its main structural components to withstand the new load case scenarios. As seen
in Figure 41 with scenario 3 (4RC+4T), it's even possible to double the height of the
building. However, since the research focused mainly on analyzing the components'
utilization and the system's load-bearing capacity, further research must analyze
other relevant structural requirements, such as connections to the existing building
and foundations’ capacity to withstand and transfer loads, that would determine
structural feasibility.

However, as illustrated in the research, the top-up's area capacity must also be
analyzed from other relevant domains of knowledge that might determine the total
height. In the case study, doubling the height of the existing building with a top-
up represents a massive aesthetical result that affects the building's aesthetics.
Therefore in this particular case, as seen in the proposal section, it opted to increase
the height of two stories.

Which structural timber systems can be more effective when topping up existing
Reinforced Concrete Structure (RCS) buildings?

As seen in the case study proposal, some structural products might be more suitable
to comply with the local fire safety regulations due to the mass required to generate
the charging layer during a fire. CLT and Glulam being mass timber components
might work to increase the height of the building considerably. Furthermore, these
two products can perform better in terms of overall structural stability necessary to
withstand the wind force in the newload case scenario. Therefore are recommended
in cases where the top-up overpass the fire safety height and is subjected to higher
wind loads. Moreover, a system based on timber columns and beams proved
effective as it confers the top-up possibility to house different plan layouts during its
lifespan.

Also, components that would rigidize the system are mandatory to create structural
stability in the top-up, as seen in Figure 39, where it was demonstrated that not
having CLT cores would surpass the allowable deflection limit of the building with
the top-up.

On the other hand, the research also focused on limiting the amount of timber
entering the chain as much as possible. Therefore although the pre-dimension
of the components was proposed with the principle of using as less as possible
necessary to comply with the safety factors, there are still opportunities to reduce
the volume used in the intervention by following strategies such as:

Reducing the section of timber Glulam columns in the upper levels: They are not
required to withstand and transfer as many loads as the ones in the bottom used for
the dimension.

Replacing the CLT cores for stabilization of the structure with another system:
Although CLT cores were used to house the elevators, shafts, and staircases, by using
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other stabilization systems in the structure, such as bracings, it might be possible to
rigidize the Structure with less use of timber.

What opportunities and limitations have topping up an existing RC structure
building?

Opportunities

From an environmental impact perspective, as seen in Figure 45, due to the capacity
of timber to sequester carbon, adding mass to increase the capacity would reduce
the upfront energy of the building considerably in all the scenarios. However, as seen
in scenarios 1& 2, adding a small timber volume might not reduce the upfront carbon
enough to compensate for the emissions produced in constructing the structure.

However, Scenario 3 (4RC+4T) proves that adding more volume to the intervention
by increasing the height would lead to higher carbon sequestration than the other
two scenarios, which means even a reduction of almost half of the upfront carbon
produced in 1968.

Moreover, it is relevant to consider that the upfront carbon emissions of the
structure represent just a percentage of the overall CO2 emissions of the building.
As mentioned by Moazzen & Ashrafian (2022), 72% of the embodied carbon of
the building Life cycle is attributed to the building's use stage, while upfront energy
represents 28%. Therefore, to effectively recover part of the CO2 emissions of the
whole building, topping up should not only be an intervention limited to increasing
the capacity of the building but also should aim to incorporate interventions that
may reduce COZ emissions in operational use.

Onthe other hand, itisrelevant to consider that In all the scenarios, if this sequestered
CO2 of timber is released into the environment at the Eol. when burning for energy
recovery, it would increase the upfront emissions of the whole structure. Therefore,
prolonging the life cycle of the timber structure as much as possible will be an
effective strategy to reduce the overall upfront carbon emissions, as can be seen in
Scenario 3 when reusing all of the components. Furthermore, it is relevant to apply in
the construction sector practices that would ensure the reuse of the structure and/or
its components as much as possible.

Limitations

Due to the relative novelty of using mass timber in buildings, there is considerable
uncertainty regarding the fate of timber components at the end of their life cycle,
whether they will be recycled, landfilled, or incinerated.

Moreover, regarding reuse as a strategy, timber being an organic material, ensuring its
durabillity and long-term steady performance of its mechanical properties through
its life cycle might be challenging as it is susceptible to be deteriorated by external
conditions such as biological agents, moisture differences, temperature differences or
deformation due sagging.

Inthe case of concrete, RC structures can face several common problems throughout

To the left, Deterioration of concrete due to corrosion (structuralguide.com). To the right: images of
a test for a CLT connection under wet conditions for a prolonged period of time (Cappellazzi et. al,
2020).
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their life cycle, including Corrosion, cracking, and degradation, which might affect
the possibility of being reused.

The potential disassembly factor Van Vliet et al. (2021) proposed for estimating the
disassembly potential of RC and timbercomponents needs to consider the structural
components' physical integration when disassembling. Therefore, cascading both
timber and concrete in multiple cycles might have limitations. Therefore, to reuse
them, evaluating their physical integrity is relevant to determining whether they are
between admissible utilization values.

In conclusion, this research thesis aimed to analyze the structural feasibility of
building timber top-ups in existing reinforced concrete structures to increase the
building's area capacity.

The findings demonstrated that although there might be different approaches to
constructing them, there are opportunities to utilize the excess capacity of RC walls
by increasing height using lightweight material, This research corresponds just to a
small piece of findings in what might be a strategy that should be analyzed from
different perspectives to make it a massive construction system.

7.2 Reflection.

The graduation project: “Timber Top-ups for existing reinforced concrete structure
Buildings” is part of the “Structural Design for Change” graduation studio of the
“‘Building Technology master track” in the Msc in Architecture at TUDelft. This
graduation studio is relevant to the construction industry’s transition from a linear to
acirculareconomy. Because by analyzing and optimizing the lifespan of existing and
new structural systems and components,itis possible to limit negative environmental
impacts by managing natural resources efficiently. Overall, the studio is relevant as
research about one of the building's most complex and intensive systems (material-
wise speaking): the structure.

My interest in the topic started after observing that demolishing existing Reinforced
Concrete structures to construct new buildings with a higher capacity was the most
common practice to respond to the increasing demand for new houses worldwide.
This prompts a sustainability discussion as, in several cases, these demolished
building structures are still in their service life phase, producing a large amount of
waste. Moreover, although significant literature has focused on studying Reinforced
Concrete recycling and reuse, it still needs to improve its practice.

Therefore, this project aims to analyze the strategy of adding a substructure made
of mass timber components to increase an existing RC structure building area when
it reaches its End of Life. Moreover, the research proposes an alternative approach
to demolishing and building a new building. Thus, the transformation of the existing
building using design principles by reusing as much as possible the existing structure
system, increasing the building’s area and extending its life span.

Therefore the research question for the project was proposed:

How to increase the capacity of existing Reinforce Concrete structures and extend
their lifespan by using timber top-ups?

After researching the state of the art of timber top-ups, in P2, | found that there
needs to be a methodology to develop Timber Top-ups on RC structures. This
leads to projects of this kind, but everyone is singular and unique depending on the
specific context where applied. Therefore | found it imperative not only to design the
system itself but to create a framework that would allow to document the process
and feed it to structure it and make a mechanism in the decision-making for future
interested stakeholders.

This finding represented a considerable income in my process because | managed
to redefine my sub-questions more to include in my outcomes the structure that
would allow me to document and follow the design of a timber Top up. Therefore,
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the product of the project became two:

The proposal of a design framework for the decision-making of timber Top-ups
in existing RC structures and

The conceptual structural design of a Top-up for a specific case study.

Moreover, the Subquestions that would help to approach the research question
became four:

Which structural timber systems can be more effective when topping up existing
Reinforced Concrete Structure (RCS) buildings? (literature review: Section 3: Timber:
As a material to create top-up structures.).

What opportunities and limitations have topping up an existing RC structure
building compared to demolishing and constructing a new one? (Section 2: Topping
Up existing buildings & Section 5: Research through Design).

How to make visible topping up in the decision-making for stakeholders when
facing demolishing/building new? (Section 5.1: Research through Design).

To what extent can the capacity of an existing RC building with timber be
increased by reducing the weight of the RC structure? (Section 5.2: Research through
Design).

The methodology was structured as follows:
Introduction (including the background) as a starting point for the research.
Construction of a theoretical framework based on a literature review.
Selection of a case study for top-up implementation.

research design, focusing on developing both products while applying circular
design principles to structures.

Experimentation to evaluate quantitative criteria for the structural conceptual
design, leading to results for analysis and discussion.

The process structure followed two principles: applying the scientific method to the
research and intuitively approaching the problem from different angles through trial
and error. It involved perspectives from both an architect and a building technologist.
Moreover, The feedback and inputs from my mentors, who had backgrounds in
sustainability, and focused on circular design and structural design, played an
immense role in shaping the process and its sequence to obtain a reliable result. If the

| Internal |

Yo N

Strenghts Weaknesses

The methodology | employed enabled me to systematically
document and organize the findings throughout the process.
This approach facilitated the evaluation of the creative process
and itz relevance in ensuring coherence and obtaining
meaningful results.

N

The methodology used in this study involved analyzing various
case studies and meticulously documenting the design exercise
in Section 5.2. However, despite these efforts, further inputs are
still needed to fully assess the feasibility of using timber for Top-
Ups. Thus, the methodology employed remains experimental in
nature, as additional research and evaluation are reguired to
gain a comprehensive understanding of the feasibility of timber

Opportunities

The weaknesses idenfified in the study also present an
opportunity for proposing a design framework for timber top-ups.
As a pioneering method, there is room for further development
and exploration, especially by incorporating insights from other
fields of study. This collzborative approach is essential to gain a
comprehensive understanding of the feasibility of timber top-ups
and maximize their potential.

o AN /

Threats

the possibility that the methodolegy employed may not align with
the reality of the construction indusiry as effectively as
hypothesized. In such a case, the methodology could be
dismissed as it would not adequately address the needs and
requirements of the industry.

External
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O/ Discussion

methodology used for the project is analyzed with a SWOT analysis, the following
findings emerge:

The project's contribution to sustainable development can be seen in the results
achieved, where it analyzed the performance in terms of CO2 emissions for Timber
Top-ups as an alternative to demolishing and rebuilding. Additionally, it explored
the concept of Reuse as another viable option for renovating existing buildings
constructed with RC structures in transforming an existing building using circular
principles, emphasizing the importance of sustainability and resource efficiency.

Regarding the project's sociocultural impact, it responds to this aspect by offering
the residents of the intervened building an alternative to reconfigure their current
living conditions by expanding the capacity of their existing buildings. By doing so,
they can gain additional space and explore different possibilities for rearrangement.
Furthermore, these newly acquired areas can be utilized for various purposes that
promote social welfare and cultural exchanges within the local communities. Thus,
the project aims to provide a financial advantage by facilitating renovation works
that can enhance the housing units' energy performance and indoor comfort. By
aligning with the principles of sustainable development, the project seeks to improve
both the living conditions and overall sustainability of the housing units.

When considering the applicability of using timber tops to top up existing reinforced
structures, a practical approach is essential rather than relying solely on scientific
analysis. Practical considerations are significant because they consider real-world
scenarios that can directly impact the feasibility of using timber tops. Therefore,
observing the practical application of timber tops in real-life situations becomes
necessary to determine how effectively they can be implemented in different
contexts.

In the context of assessing the extent to which the projected innovation has been
achieved, it is essential to consider the following aspects of the project:

Firstly, within the Professional framework, the project aims to raise awareness of
Topping Up among stakeholders in the architecture and construction field. This
involves making the concept visible and understood by these stakeholders, allowing
them to recognize its value and potential benefits.

Secondly, the project introduces a Design framework that provides a valuable tool
for decision-making in renovation projects. This tool offers guidance and assistance
in evaluating the feasibility and effectiveness of Topping Up as a viable option.

Finally, from a scientific standpoint, the project's significance lies in its practical
component. The experimental method analyzes specific criteria to assess Top-
ups’ structural and environmental performance. This rigorous evaluation helps to
determine the project's efficacy and contributes to the overall understanding of its
potential advantages and limitations.
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Appendix B - Research about timber products
Solid round timber

Solid round timber corresponds to the lumber before the sawing process that will transform it
into timber as can be seen in Image 6 . It has a long history of use in construction, dating back
thousands of years,

As it was one of the earliest and most commonly used building materials by humans, it was
utilized in the construction of a wide range of structures, including simple dwellings, farm
buildings, bridges, temples, and churches (Chilton & Mungan, 2009).

The reasons are due to its abundance and ease of use, as well as its favorable mechanical
properties, which have made it suitable for a variety of applications in structures as framing
material.

Nowadays, compared to the rest of the structural timber components, round wood poles
corresponds to the most basic form of a structural element as, for its obtention, it requires
fewer transformation processes. Moreover, removing logs branches, peeling or shaving the
bark off tree stems, and cutting the trunks to a suitable length is possible to obtain framing
elements such as beams and columns.

It results in minimal loss of timber fibers contributing to round timber's greater strength, as the
fibers remain uninterrupted even around natural defects on the log's surface. (Michael H.
Ramage & Henry Burridge, 2017).

Nevertheless, the significant negative aspect of round wood poles is that they pose difficulties
for systematic building construction. They lack straightness, gradually decreasing width or
diometer, and length and cracks. Poles can have a 'sweep' or a 'crook,' which affects
straightness. (Chapman, John, 2004).

Therefore it becomes a component challenging to scale up in multistory residential dwellings
for two reasons: It has unpredictable behavior when subjected to higher loads due to its
natural characteristics on the one hand, and on the other, its section lacks the amount of mass
necessary to withstand and transfer a considerable amount of loads in this type of buildings.

Solid Sawn Timber

Structural timber, or "solid sawn timber," is made from rounded timber poles cut from the tree
trunk. As a result, its structural characteristics closely resemble those of the tree trunk, which
provides rigidity, mechanical strength, and height to support the tree crown and branches
(Porteous & Kermani, 2007).

In structural design, sawmills produce linear timber components from the tree trunk's
geometrical shape and fiber composition. The resulting shape of the linear timber components
often depends on the size and shape of the processed trunk. As a result, the most common
structural components produced with solid-sawn timber are linear elements with rectangular,
squared, and rounded sections, including beams, columns, trusses, and bracing systems.

In the book Manual of multi-storey timber Construction by Kauffan et Al. (2018), the authors
give a complete explanation of strategies to use Solid sawn timber for structural design in
buildings according to the component arrangement these are:

Post and beam structures: This system uses solid-sawn timber columns and beams to
support the roof and upper floors, which can be designed in various shapes and sizes to provide
specific structural properties by creating an open interior space that can be used for a variety
of purposes.
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Timber frame structures: These structures use solid-sawn timber elements to create a
load-bearing framework for the building. The timber frame can be designed to support a
range of roof and floor systems and can be finished with various exterior and interior finishes.

Hybrid structures: Hybrid structures combine solid-sawn timber with other building
materials, such as steel or concrete, to create a hybrid structural system that takes advantage
of the benefits of each material.

Timber shear wall structures: These structures use solid-sawn timber shear walls to
resist lateral loads such as wind or earthquake forces. The timber shear walls can be designed
in various shapes and sizes to provide specific structural properties.

In short, solid-sawn timber can be more versatile in shape production compared to its
predecessor (the solid rounded timber). However, it prompts a limitation in the design of
structures when used as a component as it can be limited to the dimensions of the original tree
trunk and its drying process, which might result in restrictions in their use in large-scale building
structures.

Plywood and Laminated Veneer Lumber (L VL)

Plywood was the first type of EWP created at the end of the XIX century and consists of a flat
panel made by bonding together and, under pressure, a number of thin layers of veneer, often
referred to as plies or laminates.

As illustrated in Diagram 2, for its production, trough rotary-peeled process a primary process
transforms logs into 2-4 mm thick veneers and clipped into sheets of some 2 m wide. After kiln-
drying and gluing, the veneers are laid up with the grain perpendicular to one another and
bonded under pressure in an odd number of at least three laminates in sheet sizes of 1200 mm
x 2400 mm or 1220 mm =x2440 mm, where the face veneer is generally oriented with the longer
side of the sheet in most cases.

On the other hand, Laminated veneer lumber (LVL) was invented in the 60s with the need for
a strong, lightweight, and dimensionally stable alternative to traditional solid-sawn lumber,
which was becoming scarce and expensive at the time. By using the same principle of Plywood,
but alternating the Veener 90s in each layer, LVL could be engineered to have superior
strength and durability compared to Plywood.

In timber structural design, Porteous & Kermani (2007) state that these materials' structural
properties and strength depend mainly on the number and thickness of each ply, the species
and grade, and the arrangement of the individual plies.

As with timber, the structural properties of plywood are functions of the type of applied
stresses, their direction concerning the grain direction of the face ply, and the load duration.
Therefore being a planar material, Plywood may be subjected to bending in two different
planes, depending on its intended use and the direction of the applied stress :

Loads along the plane slab system): in the plane of the board, as shown in Image 8 for
example, in situations where it is used as shelving or floorboard.

Loads perpendicular to the edge (beam or wall): As shown in Figure XX for example,
when it is acting as a web of a flexural member such as in ply-webbed beams.

The use of plywood and LVL as a structural material can be extended as far as its nominal
dimensions and thickness allow it to respond to the loading system the component will be
subjected to; Unfurtanelly, as we will see in further sections, its capacities can be limited in the
design of buildings in a big scale due toits low strength compared to other EPW. Therefore, it’s
common in the structural design of framed components such as walls and slabs in low-high
constructions in single housing projects and small dwellings.

Timber Top-ups to increase RC Buildings | J.C. Gémez | P4 Report [14.05.2023 | 124



Laminated boards from strand lumber (LSL ®) (PSL) and (OSB).

according to Porteous & Kermani (2007), Laminated boards from strand Lumber (LSL) and
Parallel Strand Laminated (PSL) are produced from strands of wood species of different
species, up to 300 mmin length and 30 mm in width, where different species and combinations
are blended with a polyurethane-based adhesive. In the case of PSL, the strands are oriented
in a parallel direction, while LSL is made by orienting the strands in layers and then bonding
them together with an adhesive under heat and pressure. Due to their production processes,
PSL forms mats of 4.75 20 meters long, while LSL forms mats with the same width but with a
maximum length of up to 14.63 m long. Various thicknesses can be achieved after pressing the
mats by steam injection to achieve the required thickness of up to 140 mm.

On the other hand, Oriented strand Boards (OSB) is an engineered structural board
manufactured from thin wood strands, flakes, or wafers sliced from small-diameter round
timber logs and bonded with an exterior type adhesive (comprising 95% wood, 5% resin, and
wax) under heat and pressure.

OSB panels comprise exterior or surface layers that are composed of strands oriented in the
long panel direction, with inner layers comprising randomly oriented strands. Their strength is
mainly due to their multi-layered makeup and the cross-orientation of the strands. The use of
water and boil-proof resins/adhesives provides strength, stiffness, and moisture resistance.

Although it can be produced in a considerably extended length, its structural performance is
similar but lower compared with LVL and plywood, making it for structural purposes a material
suitable to be used in combined components such as framing for beams and slabs or |-joists
beams where its strength capacity can be enhanced by using its considerable dimensional
characteristics.
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Appendix C - Grashopper defintion script for the whole parametrized 3d models.
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Appendix C - Planimetry of the Gillisbuurt building in Delfts archive
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Appendix D - Ecoaudit reports of the existing concrete structure considering three Eol
scenarios: Downcycle, Recycle and Reuse.
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2023 2023
Manufacture: Summary Disposal: Summary
End of life Enel
Component Process Amount processed E("r:"")’y % Component ol (M?)'V %
i Prefab. concrete Slabs 180 mm thickness | Downcycle | 2,3e+06 473
[ i Wire drawing 2,86+05 kg 5,36+06 100,0 -
Prefab. concrete gallery 630 mm thickness| Downcydle | 59e+05 119
Total 5,3e+06 100 Prefab. concrete gallery beams Downcycle [ 3,6e+04 07
In sity concrete walls 180 mm Downcycle | 18e+06 36,0
stael for Recycle 26405 40
Transport: Summary Y
Total 4,9e+06 100
Breakdown by transport stage
Distance Energy EoL potential:
Stage name Transport type =) oy % P
Truck 14 tonne (2 axle) truck 50 7,36+05 100,0 Component End p:«o Tfo E?’;gy o
Total 50 7,30+05 100
Prefab. concrete Slabs 180 mm thickness | Downcycle | -4,7e+05 7.0
Breakdown by components Prefab. concrete gallery 630 mm thickness|  Downcycle -1,2e+05 18
Component ’f:sf E""my % Prefab. concrete gallery beams Downcycle -7,2¢+03 0.1
= In situ concrete walls 180 mm Downcycle | -3,56+05 53
Prefab. concrets Slabs 180 mm 470406 356405
s Te- 5 479 Reinforced stsel for components Recycle -5,7€+06) 85,9
Total 6,7e+06) 100
P'_mb. concrete gallery 630 mm 1,20+06 8,8e+04 12,1
thickness
Prefab. concrete gallery beams 7,26+04 54e+03 07
- ey Notes: Summary
In situ concrete walls 180 mm 3,50+06 2,76+05 364
stael for 2,86+05 216404, 29
Total 9,7e+06 73e+05 100
Use: Summary
Relative contribution of static and mobile modes
Energy
Mode oy %
Static 0
Mobile 0
Total 0 100
00. Existing concrete Report generated by Granta EduPack 2022 R1© 2022 ANSYS, Inc. or its Page 3/7 00. Existing concrete Report generated by Granta EduPack 2022 R1© 2022 ANSYS, Inc. or its Page 4/7

structure downcycle.prd affiiated companies. All rights reserved. Tuesday, 2 May structure downcycle.prd affiiated companies. All rights reserved. Tuesday, 2 May
2023 2023




\nsys Eco Audit Report
GRANTA E0UPAGK
CO2 Footprint Analysis Summary
1,50+06-]
"E 1e+06
E g’,’ 500000
8 | [
S od P—
-500000
Material ~ Manufacture  Transport Use Disposal ~ EoL potential
[ | CO2 (kglyear)
\Equmlem annual environmental burden (averaged over 56 year product life): 5e+04
Detailed breakdown of individual life phases
Material: Summary
Recycled | Part coz
Component Material content | mass | Qty. T°‘TL";’“ footprint | %
(%) (ig) g (g)
Prefab. concrete Slabs 180 Concrete (normal, Portland i 0/
mm hig Virgin (0%) |4.7e+06] 1 4,7e+06 5,7e+05 284
Prefab. concrets gallery 630 | Concrete (normal, Portiand
mm thi cement) Virgin (0%) | 1,2e+06 1 1,2e+06 1,4e+05 71
Prefab. concrete gallery Concrete (normal, Portland - o
cement) Virgin (0%) |7.2e+04] 1 7.2e+04 8,8e+03 0.4
In sftu concrete walls 180 Conerete (normal, Portiand | v oo 094y [3,50+08| 1 356406 43e+05 | 216
cement)
Relnforced steel for Structural gee\, ASTM A500 Virgin (0%) |2.8e+05| 1 2,8e+05 85e+05 | 425
rade A
Total 5 9,7e+06 2e+06 100
*“Typical: Includes 'recycle fraction in current supply'
00. Existing concrete Report generated by Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its Page 5/7

structure downcycle.prd

affiiated companies. All rights reserved.

Tuesday, 2 May
2023

Manufacture: Summary
coz
Component Process Amount processed | footprint %
(kg)
[Reinforced steel for Wire drawing 2,8e+05 kg 46405 100,0
|components
Total 4e+05 100
Transport: Summary
Breakdown by transport stage
Distance €02 footprint
st b
age name ransport type Tm) (ka) %
Truck 14 tonne (2 axle) truck 50 5,2e+04 100,0
Total 50 5,2e+04 100
Breakdown by components
Mass CO2 footprint
Component ) ko) %
Prefab. concrete Slabs 180 mm
4,7 2,50+04

[ 7e+06  5e+0 479
Prefab. concrets gallery 630 mm
[ 1.26+06 6,3e+03 12,1
Prefab. concrete gallery beams 7,26+04 3,96+02 07
In situ concrete walls 180 mm 3,50+06 1,9e+04 36,4

steel 2,8e+05 1,5¢+03 29
Total 9,7e+06 5,2e+04 100
Use: Summary
Relative contribution of static and mobile modes

€02 footprint o

Mode (ka) %
Static 0
Mobile 0
Total 0 100
00. Existing concrete Report generated by Granta EduPack 2022 R1® 2022 ANSYS, Inc. or its Page 6/7

structure downcycle.prd

\nsys

GRANTA EDUPACK
Product name

Country of use
Product lfe (years)

Summary:

affiiated companies. All rights reserved.

Eco Audit Report

Existing building recycle

Europe

56

[ Energy I CO2 footprint

Tuesday, 2 May
2023

Relative contribution of life phase (%)

Disposal: Summary
coz
Component E";’p"’i'n:'e footprint %
(kg)
Prefab. concrete Slabs 180 mm thickness | Downcycle | 1,6e+05 473
Prefab. concrete gallery 630 mm thickness| Downcycle | 4,1e+04 11,0
Prefab. concrete gallery beams Downcycle | 2,5¢+03 07
In situ concrete walls 180 mm Downcycle | 1,20+05 360
steel Recycle 1,4e+04 4.0
Total 3,4e+05 100
EoL potential:
- coz
Component E“:p:'o"fe footprint %
(kg)
Prefab. concrete Slabs 180 mm thickness | Downcycle | -3,3e+04 44
Prefab. concrets gallery 630 mm thickness| Downcycle | -8,2¢+03 14
Prefab. concrete gallery beams Downcycle | -5e+02 01
In situ concrets walls 180 mm Downcycle | -2,50+04 33
stael for Recycle -6,80+05 91,1
Total 7.50+05 100
Notes: Summary
00. Existing concrete Report generated by Granta EduPack 2022 R1© 2022 ANSYS, Inc. or its Page 7/7

structure downcycle.prd

affiiated companies. All rights reserved.

Tuesday, 2 May
2023

Material ~ Manufacture  Transport Use Disposal  Eol potential
Energy details CO2 footprint details
Energy Energy CO2 footprint | CO2 footprint
(MJ) (%) (kg) (%)
1,56e+07 54, 26+06 68,2
5,356+06 18, 4,026+05 137
7.29¢+05 2, 5256404, 1.8
0 0, 0 00
6,86+06 239 476e+05 16,3
2,85¢+07 100 2,93¢+06 100
[End of life potential 936+06 1,20+06
00. Existing concrete NOTE: Differences of less than 20% are not usually significant Page 1/7

structure recycle.prd

See notes on precision and data sources.

Tuesday, 2 May
2023




\nsys Eco Audit Report
Energy Analysis Summary
2e407
1,56+07
1e+07 4
B=
? S Se+06
2e
04
-5e+06-]
-1e+07
Material ~ Manufacture  Transport Use Disposal  EoL potential
[ | Energy (MJlyear) |
[Equivalent annual environmental burden (averaged over 56 year product lfe): | 5,09¢+05
Detailed breakdown of individual life phases
Material: Summary
Recycled | Part
Component Material content* | mass | aty. T"“(’l"";ﬂ“ E;‘,my %
(%) (ka) g
Prefab. concrete Slabs 180 Concrete (normal, Portland o "
mm thi Virgin (0%) |4,7e+06 1 4,7e+06 3,8e+06 244
Prefab. concrete gallery 630 | Concrete (normal, Portland " o
i Virgin (0%) [12e+06| 1 120406 | 96e+05 | 61
Prefab. concrete gallery Concrete (cr:::;\) Portland (i o%) [7,26404| 1 720404 | 59et04 | 04
In situ concrete walls 180 Concrete (normal, Portland |\ ci (055 | 3,5e+06] 1 3,56+06 29e+06 | 186
mm cement)
R Structural steel, ASTMASOO | virgin (0%) [2.8e+05| 1 280405 | 79406 | 505
rade A
Total 5 | o7ev0s | 1.6etor | 100
“Typical: Includes 'recycle fraction in current supply’
00. Existing concrete Report generated by Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its Page 2/7

structure recycle.prd

affiiated companies. All rights reserved.

Tuesday, 2 May
2023

Disposal: Summary
End of life Energy o

Component option (MJ) %
Prefab. concrete Slabs 180 mm thickness | Recycle 3,3e+06 479
Prefab. concrete gallery 630 mm thickness Recycle 8,2e+05 12,1
Prefab. concrete gallery beams Recycle 50+04 07
In situ concrete walls 180 mm Recycle 2,5e+06 36,4

steel for Recycle 2e+05 29
Total 6,8e+06 100
EoL potential:

End of life Energy

Component option (MJ) %
Prefab. concrete Slabs 180 mm thickness | Recycle -9,80+04 17
Prefab. concrete gallery 630 mm thickness| _ Recycle -2,50+04 04
Prefab. concrete gallery beams Recycle 1,56+03 0.0
In s concrete walls 180 mm Recycle 740404 13
Reinforced stel for components Recycle -5,7€+06) 96,7
Total -5,9e+06 100
Notes: Summary
00. Existing concrete Report generated by Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its Page 4/7

structure recycle.prd

affiiated companies. All rights reserved.

Tuesday, 2 May
2023

Manufacture: Summary
Component Process Amount processed E("r:"gy %
e Wire drawing 2,86+05 kg 5,36+06 100,0
| Total 5,3e+06 100
Transport: Summary
Breakdown by transport stage
Stage name Transport type Dii’;":)“ E:"my %
Truck 14 tonne (2 axle) truck 50 7,3e+05 100,0
Total 50 7,30+05 100
Breakdown by components
Mass Energy

Component o) it %
Prefab. concrete Slabs 180 mm
i 4,7e+06 3,56+05 479
;’i‘“" DD 1,26+06 8,80+04 12,1
Prefab. concrete gallery beams 7,2e+04 54e+03 07
In sity concrete walls 180 mm 3,5e+06 2,7e+05 364

steel for 2,86+05 2,1e+04 29
Total 9,7e+06 7,3e+05 100
Use: Summary
Relative contribution of static and mobile modes

Energy

Mode s %
Static 0
Mobile 0
Total 0 100
00. Existing concrete Report generated by Granta EduPack 2022 R1® 2022 ANSYS, Inc. or its Page 3/7

structure recycle.prd

\nsys

affiiated companies. All rights reserved.

Eco Audit Report

Tuesday, 2 May
2023

CO2 Footprint Analysis

Summary

1,5e+06
1e+06
E
. 5000004
g = =
o o —
)
S
-500000-{
-1e+06-|
48
Material ~ Manufacture  Transport Use Disposal oL potential
[ | CO2 (kglyear) |
[Equivalent annual environmental burden (averaged over 56 year product life): | 5,23¢+04 |
Detailed breakdown of individual life phases
Material: Summary
Recycled | Part coz
Component Material content | mass | Qty. T°'TL";"“ footprint | %
(%) (g) g (g)
Prefeb. concrete SIabs 180 | Concrete (normal, Portiand | o
ot Virgin (0%) [4.7e+06| 1 47e+06 | 57e+05 | 284
Prefab. concrets gallery 630 | Concrete (normal, Portiand "
mm thi cement) Virgin (0%) | 1,2e+06 1 1,2e+06 1,4e+05 71
Prefab. concrete gallery Concrete (normal, Portland | . oo
flsiied Virgin (0%) [7.2e+04| 1 720404 | 88e+03 | 04
In sft concrete wells 180 | Concrete (normal, Portland. | vigin (o5) |3.5e+08| 1 | 35es06 | 43405 | 216
cement)
Relrforced steel for Structural gee\, ASTMAS00 [\ iin (0%) |2.8e+05] 1 2,8e+05 85e+05 | 425
rade A
Total 5 | 97e+06 20406 | 100
“Typical: Includes 'recycle fraction in current supply
00. Existing concrete Report generated by Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its Page 5/7

structure recycle.prd

affiiated companies. All rights reserved.

Tuesday, 2 May
2023




Manufacture: Summary Disposal: Summary

co2
co2 End of life i
Component Process Amount processed | footprint % Component option "“":Z')'"' %
(kg)
i Prefab. concrets Slabs 180 mm thickness Recycle 2,3e+05 479
[Reinforced steel for Wire drawing 2,8e+05 kg 46405 100,0
|components Prefab. concrets gallery 630 mm thickness|  Recycle 5.7e+04 12,1
Total 4e+05 100 Prefab. concrete gallery beams Recycle 3,5e+03 07
In situ concrete walis 180 mm Recycle 1,76+05 36,4
steel Recycle 1,4e+04 29
Transport: Summary 4
Total 4,8e+05 100
Breakdown by transport stage
Stage name DD Distance CO2 footprint o EoL potential:
(km) (k)
Truck 14 tonne (2 axle) truck 50 5,2e+04 100,0 i €02
Component Endoflife | ¢ orint %
Total 50 5,20+04 100 option a)
Breakdown by components Prefab. concrete Slabs 180 mm thickness Recycle -2,66+05 214
component Wass C0z footprint % Prefab. concrete gallery 630 mm thickness| _ Recycle -6,50+04 54
(kg) (kg) Prefab. concrete gallery beams Recycle -4e+03 03
m_mb. concrete Slabs 180 mm 476406 250404 479 In situ concrete walls 180 mm Recycle -2e+05 163
ickness stael for Recycle -6,86+05 56,5
w‘ {5 g T 1,20+06 6,3e+03 12,1 Total 1,26406 100
Prefab. concrete gallery beams 7,2e404 3,9e+02 07
In situ concrete walls 180 mm 3,50+06 1,9e+04 364 Notes: Summary
steel 2,8¢+05 1,56+03 29
Total 9,7e+06 5,2e+04 100
Use: Summary
Relative contribution of static and mobile modes
€02 footprint »
Mode 55 %
static 0
Mobile 0
Total 0 100
00. Existing concrete Report generated by Granta EduPack 2022 R1© 2022 ANSYS, Inc. or its Page 6/7 00. Existing concrete Report generated by Granta EduPack 2022 R1© 2022 ANSYS, Inc. or its Page 7/7
structure recycle.prd affiiated companies. All rights reserved. Tuesday, 2 May structure recycle.prd affiiated companies. All rights reserved. Tuesday, 2 May
2023 2023
\nsys Eco Audit Report \nsys Eco Audit Report
i Summa
Product name Existing building Reuse Energy Analysis i
Country of use Europe
26407
Product lfe (years) 56 1,5e+07
14074
Summary:
5e+06
B=
[0 Energy [ CO2 footprint E s 0+
56406
-1e+07
-1,5+07
26407
_ Material ~ Manufacture ~ Transport Use Disposal  EoL potential
g =
%
_§_ [ | Energy (MJlyear)
o [Equivalent annual environmental burden (averaged over 56 year product life): | 3,266+05
5 —
§ i S ‘ _ . P "
K] Detailed breakdown of individual life phases
2
E
8 Material: Summary
] Recycled | Part
z s Component Material content* | mass | aty. T"“(’l"";“‘ E;‘,my %
(%) (ka) g
Prefab. concrete Slabs 180 Concrete (normal, Portland o "
mm thi cement) Virgin (0%) |4,7e+06 1 4,7e+06 3,8e+06 244
/ Prefab. concrete gallery 630 | Concrete (normal, Portland " o
e Coment) Virgin (0%) [12e+06| 1 1,26+06 96e+05 | 6,1
o Prefab. concrete gallery Concrete (normal, Portland o
Material  Manufacture  Transport Use Disposal  EoL potential i Coment) Virgin (0%) [7.2e+04[ 1 7,2e404 59+04 | 04
Insitu concrete walls 180 | - Concrete (normal, Portiand [ \;-oin (00g) [3,50+06| 1 350406 | 29e+06 | 186
mm cement)
Energy details CO2 footprint details
(e Structural f;f:l;'e’fm AS00 | virgin (0%) [2.8e+05| 1 2,8¢+05 79e+06 | 50,5
Energy Energy CO2 footprint | CO2 footprint ol s o w1 o
(MJ) (%) (kg) (%) ° e =
1,56+07 854 26406 914 *“Typical: Includes 'recycle fraction in current supply'
0 0.0 0 X
7.290+05 40 5,056+04
0 0.0 0 X
1.946+06 106 1.36e+05 2 Manufacture: Summary
1,83e+07 100 2,19e+06 100
[End of life potential ~1,56e+07 26+06 Component | Process | TEBEEE) Er';‘rgy % |
[Total | | | | 100
00. Existing concrete NOTE: Differences of less than 20% are not usually significant Page 1/7 00. Existing concrete Report generated by Granta EduPack 2022 R1© 2022 ANSYS, Inc. or its Page 2/7

structure Reuse.prd ‘Ses noles on precision and data sources, Tuesday, 2 May structure Reuse.prd affiiated companies. All rights reserved. Tuesday, 2 May
2023 2023



Transport: Summary
Breakdown by transport stage
Stage name Transport type Dii’;":)“ E:"my %
Truck 14 tonne (2 axle) truck 50 7,3e+05 100,0
Total 50 7,3e+05 100
Breakdown by components
Mass Energy

Component o) it %
Prefab. concrete Slabs 180 mm
i 4,7e+06 3,56+05 479
Prefab. concrete gallery 630 mm
i 1,26+06 8,8e+04 12,1
Prefab. concrete gallery beams 7,.26+04 54e+03 07
In situ concrete walls 180 mm 3,5e+06 27e+05 364

steel for 2,8e+05 2,1e+04 29
Total 9,7e+06 7,3e+05 100
Use: Summary
Relative contribution of static and mobile modes

Energy

Mode s %
Static 0
Mobile [
Total ] 100
00. Existing concrete Report generated by Granta EduPack 2022 R1® 2022 ANSYS, Inc. or its Page 3/7

structure Reuse.prd

affiiated companies. All rights reserved.

Tuesday, 2 May
2023

Disposal: Summary
End of life Energy o

Component option (MJ) %
Prefab. concrete Slabs 180 mm thickness Reuse 9,3e+05 479
Prefab. concrete gallery 630 mm thickness Reuse 2,3e+05 12,1
Prefab. concrete gallery beams Reuse 1,4e+04 07
In situ concrete walls 180 mm Reuse 7.1e+05 36,4

steel for Reuse 5,7e+04 29
Total 1,9e+06 100
EoL potential:

End of life Energy

Component option (MJ) %
Prefab. concrete Slabs 180 mm thickness Reuse -3,80+06 244
Prefab. concrete gallery 630 mm thickness|  Reuse -0,6e+05 6,1
Prefab. concrete gallery beams Reuse -5,9e+04 04
In st concrete walls 180 mm Reuse -2,9e+06 18,6
Reinforced stel for components Reuse 7,9e+06) 505
Total -1,6e+07 100
Notes: Summary
00. Existing concrete Report generated by Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its Page 4/7

structure Reuse.prd

affiiated companies. All rights reserved.

Tuesday, 2 May
2023

\nsys Eco Audit Report
CO2 Footprint Analysis Summary
1e+06-
E
N I
~
S
S
-1e+06
Material ~ Manufacture ~ Transport Use Disposal  EoL potential

| CO2 (kglyear)

[Equivalent annual environmental burden (averaged over 56 year product life): | 3,91e+04
Detailed breakdown of individual life phases
Material: Summary
Recycled Part co2
Component Material content* | mass | Qty. T"'TL";"“ footprint | %
(%) (ig) g (kg)
Prefab. concrete Slabs 180 | Concrete (normal, Portland . o
mm hig cement) Virgin (0%) |4.7e+06] 1 4,7e+06 5,7e+05 284
Prefab. concrets gallery 630 | Concrete (normal, Portiand "
mm thi cement) Virgin (0%) | 1,2e+06 1 1,2e+06 1,4e+05 71
Prefab. concrete gallery Concrete (normal, Portland - o
coment] Virgin (0%) [7.2e+04| 1 7,20+04 88e+03 | 04
In shu concrete walls 180 Concrete (normal, Portland Virgin (0%) [3,56+06| 1 350406 430405 | 216
cement)
Relrforced steel for Structural gee\, ASTMAS00 [\ iin (0%) |2.8e+05] 1 2,8e+05 85e+05 | 425
rade A
Total 5 9,7e+06 2e+06 100
*Typical: Includes 'recycle fraction in current supply"
Manufacture: Sl
co2
Component Process Amount processed | footprint %
(kg)
Total 100
00. Existing concrete Report generated by Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its Page 5/7

structure Reuse.prd

affiiated companies. All rights reserved.

Tuesday, 2 May
2023

Transport: Summary
Breakdown by transport stage
Distance €02 footprint o
Stage name Transport type em) ka) %
Truck 14 tonne (2 axle) truck 50 5.20+04 100,0
Total 50 5,2e+04 100
Breakdown by components
Mass CO2 footprint
Component (ka) (ka) %
Prefab. concrete Slabs 180 mm
e 4,7e+06 2,50+04 479
Prefab. concrete gallery 630 mm
i 1,26+06 6,3e+03 12,1
Prefab. concrete gallery beams 7,20+04 3,90+02 07
In situ concrete walls 180 mm 3,5e+06 1,9e+04 36,4
Reirrforced steel for components 2,8e+05 1,5e+03 29
Total 9,7e+06 5,2e+04 100
Use: Summary
Relative contribution of static and mobile modes
€02 footprint
Mode (kg) %
Static [
Mobile [
Total ] 100
00. Existing concrete Report generated by Granta EduPack 2022 R1® 2022 ANSYS, Inc. or its Page 6/7

structure Reuse.prd

affiiated companies. All rights reserved.

Tuesday, 2 May
2023




Summary

Disposal:
coz
Component E":p"’i'n:'e footprint %
(kg)
Prefab. concrete Slabs 180 mm thickness Reuse 6,50+04 479
Prefab. concrete gallery 630 mm thickness | Reuse 1,60+04 12,1
Prefab. concrete gallery beams Reuse 1e+03 07
In situ concrete walls 180 mm Reuse 50404 364
Relnforoed steel for components Reuse 40+03 29
Total 1,4e+05 100
EoL potential:
- coz
Component E":pz""’:'e footprint %
(kg)
Prefab. concrete Slabs 180 mm thickness Reuse -5,7€+05 284
Prefab. concrete gallery 630 mm thickness|  Reuse 146405 71
Prefab. concrete gallery beams Reuse -8,80+03 04
In situ concrets walls 180 mm Reuse -4,3e+05 216
stael for Reuse -8,50+05 425
Total 2¢+06 100
Notes: Summary
00. Existing concrete Report generated by Granta EduPack 2022 R1 © 2022 ANSYS, Inc. or its Page 7/7

structure Reuse.prd

affiiated companies. All rights reserved.

Tuesday, 2 May
2023



Append

< SkyCiv

STUDENT VERSION

SKYCIV BEAM ANALYSIS REPORT

Load Combination: Load Combination 1

Software: SkyCiv Beam v3.2.2
Wed May 03 2023 14:54:18 GMT+0200 (Central European Summer Time)

Project Info
File Name: Beam_D (Fre)
Included in this Report:

Free Body D:

g D)
Analysis Summary

Analysis Results

Bending Moment Diagram (BMD)

Shear Force Diagram (SFD)

lection Resi

SkyCiv Beam Summary Report

Page 10f 7

ANALYSIS RESULTS

Reactions

Support at x v
b okn 116,074 kN
525 0w 157.868 kN

Force Extremes

Result Max

Bending Moment 145135 kN-m

Shear 116074 kN

Displacement 6.779 mm

Stress Extremes
Result Max

Bending Stress 8.063 MPa
Shear Stress Total 1.061 MPa
Max Combined Normal Stress 8.063 MPa
Min Combined Normal Stress oMPa

SkyCiv Beam Summary Report

Page 3of 7

Mx

0kN-m

0kN-m

Min

28.814 kN-m

-6.832 mm

8063 MPa

ix E — Predimension of glulam Column using the software SkyCiv

FREE BODY DIAGRAM

A A
6074 kN 157.888 KN
1 I fopxm
0 528 7.12
RESULT SUMMARY
Check status Limit Ratio Max
Deflection PASS 1250 0.909 275
Custom Stress Limit PASS 250 MPa 0.032 8.063 MPa

SkyCiv Beam Summary Report

Page 2 of 7

DIAGRAMS
Bending Moment Diagratn
[ Bending Moment in Z (kN-m)

160
Eq.1 Eq.2

Bending Moment Equations

525

EQANWI () = ~232447
g for 5.25 = x=7.12

7

N30+ 11

Shear Force Diagram

[ Shear Force in Y (kN)

Eq.1 Eq.2

-100

Shear Force Equations

Eq.1 V()= -46.489x + 116.485 for 0 = x

£q.2 Vax)= -16.659 + 118,612 for 5.25

SkyCiv Beam Summary Report
Page 4 of 7




Displacement Bending Stress

[ Local Displacement Y (mm) [ Stéss: Top Bending Z (MPa) [ Stress: Bottom Bending Z (MPa)

8 10
8 8
6

4

4
2 2
0 0
2 2
-4
K
% - -8
0

0 1 2 3 4 5 6 7.1 0 1 2 3 4 5 6 7.1

Shear Stress

Location (m) Total Deflection (mm) Span @
[ Sress: Shear Total (MPa)

o omm 12
2.386 6832 mm

525 omm o

© The Deflection/Span results are calculated using the analysis results and the Deflection Limit of /250 set in the model settings. 08

0.6

04

0.2

0

0 1 2 3 4 5 6 71

SkyCiv Beam Summary Report

SkyCiv Beam Summary Report

eam section < SkyCiv

Geometric Properties STupeNT veRsiOn
s 180000 nm?
« c 150 mm
- c 0 mm SKYCIV BEAM ANALYSIS REPORT
Bending Properties Load Combination: Load Combination 1
50 : 5400000000 mm
I 1350000000 mm
00
Shear Properties
300 00 150 mm
50000.16 mm?
20
Torsion Properties
J 3704782192.989 mom
100
v 278974 nm |
Eae CORNFC R
Material E(WPa) v p (kg/m?)

1100 04 385

Glulam

Software: SkyCiv Beam v3.2.2
Wed May 03 2023 14:55:44 GMT+0200 (Central European Summer Time)

Project Info

File Name: Beam_D (Fire)

Engineer: Juan Gomez (juangoserrano@gmail.com)

Included in this Report:

FBD)

lysis Results

Bending Moment Diagram (BMD)

orce Diagram (SFD)

lection Results
< Results

SkyCiv Beam Summary Repo
Page 10f 7

SkyCiv Beam Summary Repo

Page 7of 7




FREE BODY DIAGRAM

A A
11865 ki 159 1a4 k1
' e
TP
0 525 712
RESULT SUMMARY
Check Status Limit Ratio Max
Defiection PASS 250 0522
Custom Stress Limit 250 WP 0.02

SkyCiv Beam Summary Report

Bending Moment Diagrati

160

120

100

Shear Force Diagram

-100

SkyCiv Beam Summary Repo

Page 4 of 7

DIAGRAMS

[ Bending Moment in Z (kN-m)

Eq.1

Bending Moment Equations
EQANW () = ~232447

B2 < N30 +

] Shear Force in Y (kKN)

Eq.1

a1 Force Equations
Eq. 1 Vy(x) = -46.489x + 116.485 for C

Eq.2 Van)=-166

+118.612 for

Reactions

Support at

3

Force Extremes

Result

Bending Moment

ANALYSIS RESULTS

X %

0kN 116,68 kN

okN 159.144 kN
Max

145,828 kN-m

Shear 6.68 kN
Displacement 3.901 mm
Stress Extremes
Result Max
Bending Stress 5.208 MP3
Shear Stress Total 0.768 MPa
Max Combined Normal Stress 5.208 MPa
Min Combined Normal Stress oMPa

SkyCiv Beam Summary Report

Displacement

Location (m)

@ The Deflection/Span results 3

SkyCiv Beam Summary Repo
Page 5 of 7

[ Local Displacement Y (mm)

Total Deflection (mm)
omm
0mm

re calculated using the analysis results and the Deflection

imit of L

5

0 MP2
0 MP2

5.208 MPa

Span @

set in the model settings.




Bending Stress

[ siréss: Top Bending Z (MPa) [ Stress: Bottom Bending Z (MPa)

Shear Stress

[ Stress: Shear Total (MPa)

SkyCiv Beam Summary Report

< SkyCiv

STUDENT VERSION

SKYCIV BEAM ANALYSIS REPORT

Load Combination: Load Combination 1

Software: SkyCiv Beam v3.2.2
Wed May 03 2023 14:37:19 GMT+0200 (Central European Summer Time)

Project Info

File Name: Bean

Fire)

Engineer: Juan Gomez (juangoserranog

Included in this Report:

FBD)

alysis Results
Bending Moment Diagram (BMD)

orce Diagram (SFD)

SkyCiv Beam Summary Report

Page 10f 7

Beam Section

Geometric Properties

A 984 m?
c 186 mm
< 6 mm
o0 Bending Properties
: 9407397888 mm
00 \ 552815488 mm
10 Shear Properties
- A 208322.905 mm
0 3 208320.237 mm?
20 Torsion Properties
J 535793623.69 mon
= v 336662 nm
Er ]
Material £ (MPa) v b (kg/m?)
Glulam 11000 04 385

SkyCiv Beam Summary Report

FREE BODY DIAGRAM

A A
160.277kN 217637 kN
1 I fopxm
0 528 7.12
RESULT SUMMARY
Check status Limit Ratio Max
flection PASS 1250 0.943 265
Custom Stress Limit PASS 250 MPa 0.037 9.204 MPa

SkyCiv Beam Summary Report
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Reactions

support at

Force Extremes

Result

Bending Moment
Shear

Displacement
Stress Extremes
Result

Bending Stress

Shear Stress Total

Max Combined Normal Stress

Min Combined Normal Stress

Displacement

Location (m)

712

ANALYSIS RESULTS

Y
160.277 kN
217637 kN
Max
200,455 kN-m
160.277 kN
7.042 mm
Max
9.204 MPa
1.331 MPa
9204 MPa
oMPa

[ Local Displacement Y (mm)

Total Deflection (mm)

omm

7.09 mm

omm

7.042 mm

Mx
0kN-m

okN-m

Min

-30.546 kKN-m
175.342 kN

7.09 mm

Min

9,204 MPa
oMPa
owmpa

9,204 MPa

Span @

U740

265

© The Deflection/Span results are calculated using the analysis results and the Deflection Limit of L/250 set in the model settings.

Civ Beam Summary Report

< DIAGRAMS
Bending Moment Diagra
[ Bending Moment in Z (kN-m)

S @) Eq.1 Eq.2

Bending Moment Equations

-32019: + 160.533x for 0 = x = 5.25
NP4 + 161,830 576115 for 5.25 = x = 7.12

Eq1,
52w

Shear Force Diagram

] shear Force in Y (kN)

200 \ N
Eq.2
150
100§
50
0
50
-100
-150
200
0 1 2 3 4 5 6 74

Shear Force Equations

Eq.1 Vi) =-64.039x + 160.533 for 0 = x = 5.25
£q.2 Vi) =-22729+161.83 for 5.25 s x = 7.12

Bending Stress

-sness Top Bending Z (MPa) [ Stress: Bottom Bending Z (MPa)

10
8 !
6

4

2

0

4

)

8
-10

0 1 2 3 4 5 6 74

Shear Stress

[ Stress: Shear Total (MPa)

12 <
1.0
0.8
06
04
02
0
0 1 2 3 4 5 6 74




eam section < SkyCiv

Geometric Properties STupeNT veRsiOn
A 198000 mm?
c 150 mm
e q mm SKYCIV BEAM ANALYSIS REPORT
0 Bending Properties Load Combination: Load Combination 1
I 7187400000 mm
0 I 148500000 mm
Shear Properties
" A 165003.49 mm
2 3 165000,151 mm?
200 Torsion Properties
J 4241839098.627 mom
= v 284.587 nm ‘
B RN
|

Material E (MPa) v p (kg/m?)
Glulam 11000 04 385

I ! 4y x(m)
k t >
0 sz 712

Software: SkyCiv Beam v3.2.2
Wed May 03 2023 14:36:31 GMT+0200 (Central European Summer Time)

Project Info

File Name: Bean

Engineer: Juan Gomez (uang

Included in this Report:

Free

iy Diagram (FBD)
Analysis Summary
Analysis Results

Bending Moment Diagram (BMD)

Shear Force Diagram (SFD)
lection Results
Stress Results

Beam

ction

SkyCiv Beam Summary Report SkyCiv Beam Summary Report

ANALYSIS RESULTS

FREE BODY DIAGRAM
Reactions

Stipport at X Y Mx
0 okN 4 kN N-m
0kN OkN-m
Force Extremes.
Result Max Min
Bending Moment 198.495 kN-m 38.239 kN-m
Shear 158.564 kN 173131 kN
Displacement 3.529 mm 3.54 mm
4 A Stress Extremes
Result Max Min
156564 kN 214028 kN
Bending Stress 5.079 MP2
Shear Stress Total 0.81 MPa
Max Combined Normal Stress 5.079 MP2 0 MP:
Min Combined Normal Stress OMPa 5,07
I ' dopx (m
0 535 712

RESULT SUMMARY

Check status Limit Ratio Max

flection PASS 1250 0.473 529

Custom Stress Limit PASS 250 MPa 0.02 5.079 MPa

SkyCiv Beam Summary Report SkyCiv Beam Summary Report

Page 2 of 7 Page 3of 7




Displacement

e < DIAGRAMS .
[ Local Displacement Y (mm)
Bending Moment Diagram 4 S \
[ Bending Moment in Z (kN-m) 3 (
2.\
1
4
El
2
3
4
0 1 2 3 4 5 6 74
Location (m) Total Deflection (mm) Span ©
Bending Moment Equations 0 omm -
Eq 1,3, = 3169 + 158,564 for 0 < x < 5.25 2386 354mm L1483
€92 My 2 NEDIEK + 155.714x 554,344 for 525 £ x < 7.12 . )
mm -
Shear Force Diagram
7.12 3520 mm Us29
[ Shear Force in Y (kN) © The Deflection/Span results are calculated using the analysis results and the Deflection Limit of /250 set in the model settings.

S o Ea.1 Ea.2

Shear Force Equations

Eq.1 Vil =-63.18¢+ 158.564 for 0 = x = 5.25
£q.2 Vi) =-21.87x+ 155,714 for 5.25 s x =712

Civ Beam Summary Report

Bending Stress Beam Section

[ Stéss: Top Bending Z (MPa) [II] Stress: Bottom Bending Z (MPa) Seometi Poperties

6 \ A mm:
[ 220 mm
[ 365 mm
Bending Properties
I 1426395666667 mmé
I 5182026666.667 mmé
Shear Properties
20 A 267668.785 i
A 267666.947 mm?
Torsion Properties
J 12939266587.874 mm*
" 387.561 mm
BT W
e Shape Material E(MPa) v p (kg/m?)
Rectangular Glulam C24 Spruce 11000 04 385

Shear Stress

[ Stress: Shear Total (MPa)

S

Civ Beam Summary Report
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FREE BODY DIAGRAM

SKYCIV BEAM ANALYSIS REPORT

Load Combination: Load Combination 1

136,555 KN 184309 KN

' e
TP
. . \ 0 525 712
I t o
o sz T2
RESULT SUMMARY
Software: SkyCiv Beam v3.2.2
Wed May 03 2023 14:34:18 GMT+0200 (Central European Summer Time)
Check Status Limit Ratio Max
Defiection pASS U250 0.977
Custom Stress Limit pASS 250 WP 0.036

Project Info

File Name: Beam 8 (Fire)

Engineer: Juan Gomez (uangoserranog

Included in this Report:

FBD)

Analysis Results
Bending Moment Diagram (BMD)

Shear Force Diagram (SFD)

lection Results
Stress Results

Beam

ction

SkyCiv Beam Summary Report

SkyCiv Beam Summary Report

ANALYSIS RESULTS DIAGRAMS
Reactions Bending Moment Diagratn
Stipport at 3 Y Mx B Bending Moment in Z (kN-m)
200
o okN 136,555 kN N-m Eq.1 Eq.2
0w 184300 kN 0kN-m

Force Extremes
Result Max Min

Bending Moment 32.923 kN-m

Shear 149,007 kN
Displacement 7.277 mm 7.298 mm
Stress Extremes

Result Max Min

Bending Stress 8.894 MPa
Shear Stress Total 1.205 MPa 0 MP2
Max Combined Normal Stress 8.894 MP2 omPa

Min Combined Normal Stress oMPa

Bending Moment Equations
Eq AN\, = 27205
Fad w0 <3R5

Shear Force Diagram

[ Shear Force in Y (kN)

Eq.1 Eq.2

-100

Shear Force Equations

Eq.1 Vi) =-54.41x
Eq.2 Vfx)=~18.83¢ + 134,069 for 5.25 = x < 7.12

SkyCiv Beam Summary Report
Page 4 of 7

SkyCiv Beam Summary Report
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Displacement

[ Local Displacement Y (mm)

0 1 2 3 4 5
Location (m) Total Deflection (mm)
0 omm
2386 7.298 mm
525 omm

@ The Deflection/Span results are calculated using the analysis results and the Deflection Limit

SkyCiv Beam Summary Report

Beam Section

Span @

of L/250 set in the model settings.

Geometric Properties

N A 186000 mm?
c 150 mm
< 0 mm
[s00
Bending Properties
Is00 [ 58200000 mm
[ 1395000000 mm
400
Shear Properties
300 20 155003.094 mm
155000.187 mm?
200
Torsion Properties
J 3883608731216 mm
100 .
v 281.145 mm
S E %
Material E (MPa) v p (kg/m?)
Glulam 1100 04 385

SkyCiv Beam Summary Repo
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Bending Stress

[ sirss: Top Bending Z (MPa) [ Stress: Bottom Bending Z (MPa)

Shear Stress

[E] Stress: Shear Total (MPa)

SkyCiv Beam Summary Report
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Project Info

File Name: Beam 8
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Included in this Report:

FBD)

lysis Results
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FREE BODY DIAGRAM

136,555 KN 184309 KN

' e
TP
0 525 712
RESULT SUMMARY
Check Status Limit Ratio Max
Defiection PASS 250
Custom Stress Limit 250 WP 0.023 5

SkyCiv Beam Summary Report

DIAGRAMS
Bending Moment Diagrati

[ Bending Moment in Z (kN-m)

Eq.1 Eq.2

200

Bending Moment Equations
EQANW () = ~272057 + 136.555x for 0 = x = 5.25
B2 < NATEC +

069x -4

Shear Force Diagram

] Shear Force in Y (kKN)

Eq.1 Eq.2

-100

Eq1 V=~
Eg.2 V)=

SkyCiv Beam Summary Repo

Page 4 of 7

Reactions

Support at

3

Force Extremes

Result

Bending Moment
Shear
Displacement

Stress Extremes

ANALYSIS RESULTS

X %

okn 136,555 kN

okN 184300
Max

Result Max
Bending Stress 5.758 MPa
Shear Stress Total 0.87 MPa
Max Combined Normal Stress 5.758 MPa
Min Combined Normal Stress oMPa

SkyCiv Beam Summary Report

Displacement

Location (m)

@ The Deflection/Span results 3

SkyCiv Beam Summary Repo

Page 5 of 7

[ Local Displacement Y (mm)

Total Deflection (mm)
omm
0mm

re calculated using the analysis results and the Deflection

imit of L

5

Min

32.923 kN-m

149.007 kN

Span @

L1240

443

set in the model settings.



Bending Stress

s: Bottom Bending Z (MPa)

B Sibss: Top Bending Z (MPa) [ S

Shear Stress

[E] Stress: Shear Total (MPa)

< SkyCiv

STUDENT VERSION

Beam F (fire) SkyCiv Report

Wed May 03 2023 18:43:05 GMT+0200 (Central European Summer Time)

File Name: Beam F(fire)
Software: SkyCiv Structural 3D v6.0.1 (Lic<No.: IN2hF9H4tY4w7B6tUBX9043u)
Analysis Type: Linear-Static & Buckling ‘Analysis

Included in this Report:
Job Setup

Bill of Materials

Nodal Results

Beam F (fire) SkyCiv Report

Page 1 of 6

Beam Section

Geometric Properties

257424

Torsion Properties

87468236

| E— - E—
Material E (MPa) v p (kg/m?)
Glulam C2: 11000 385

m Summary Report

Table of Contents
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Job Setup
NODE COORDINATES.
MEMBERS
SUPPORTS
MATERIALS

jons
MEMBER DISTRIBUTED LOADS
SELF WEIGHT

Bill of Materials
BILL OF MATERIALS FOR MEMBERS

Nodal Results

Default Load Combo

NODE REACTIONS
MEMBER END FORCES AND MOMENTS
NODAL DISPLACEMENTS
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Job Setup

Beam F (fire) SkyCiv Report
SkyCiv Structural 30 v6.0.1

Licence Number: IN2hFOHAtYaw7B6LUBX9043u
Date: Wed May 03 2023 18:43:05 GMT+0200 (Central European Summer Time)
Analysis Type: LINEAR STATIC & BUCKLING ANALYSIS

File Name Beam F (fire)

J0b Nane. Enpty.
Designer Enpty.
Job Description Enpty.

Length Units "

Section Length Units  mm

Force tnits K

Wonent and Torsion Units  kii-n

Pressure Units  kpa

Material Strength Units  WPa

Material Density Units  ko/n®

Wass Units kg

Temperature Units  degC

Translation Units =

Stress units _ Hpa

Wodes 3

Henbers 2

Plates 0

Meshed Plates o

Supports 3

Sections 1

Point Loads g

Distributed Loads e

Homents. 0

Member Prestress Loads o

Thernal Loads 0

pressures @

Area Loads o

Self weight o

User Defined Nodal Masses g

Auto Defined Nodal Masses o

Spectral Loads e

Wenber Evaluation Paints 0]

Extrapolate Plate Results Fron Gauss Points\ = YES

General Constraint RRRRRR
Total Degrees of Freedon

NODE COORDINATES (m)

x v z
ID_Coordinate Coordinate Coordinate
1 0.000 0.000 0.000
2 3.980 0.680 0.000
3 9.300 1.630 0.000

MEMBERS (deg, m, mm, m, kN)
ixed, R

eleased, S=Spring

Section Rotation Node A Node

1D NodeA NodeB Length Type

Angle  Fixity _Fixity

B 1 2 3.959 Nornal 4 0.000 FRFFFFFRFRFF
2 2 3 5.483 Nornal 4 0.000 FFFFFF FRFFEF

NodeA NodeB Offsst  NodeA  NodeA  NodeB  NodeB Cable TiC Disable
ID Offsets Offsets Axis ROtSHffY RotSHffZ ROtSHffY RotSHffZ Length Limit Mirror Non-Linear
10,00 000 Local - - - o o
2 6,60 0,00 Local - - S e Ho

SUPPORTS (kN/m, kN-m/rad)

eleased, S=Spring

oth Axes Restraint,

(egative-Axis Restraint Only, P=Positive-Axis Restraint Only

Node Restraint Direction XTrans YTrans ZTrans  XRot  YRot  ZRot

I code Stiffness _Stiffness _Stiffness _Stiffness _Stiffness _Stiffness Source.
D User Defined Nodal Support
2 2 eerR  semmee 2 > > = - User Defined Nodal Support
31 FFFFFE BEBEmB

m F (fi

Page 3 of 6

Bill of Materials

User Defined, Nodal Support

BILL OF MATERIALS FOR MEMBERS (m, kg)

Unit  Total  Unit  Total
Section Material Quantity Length Length  Mass _ Mass

4% Glulan bean - 440 x 300 B: Glulan C20 Spruce T 395 3.05 201188 201.188
4: Glulan bean - 440 x 300 _8: Glulam (24 Spruce 15483 5.483 278.643 278.643
479831

eam F (fire) SkyCiv Report

Page 5 of 6

MATERIALS (MPa, kg/m?, 10°%/degC)
Shear Modulus is used for members oy
Ex, Ey, Gxy, Gxz, Gyz are used for orthotropic plates only.

Young's  hear 2 N 50 Youngs  shear  Shear  Shear
® Name _Modulus Modulus Density _~ Ratio,Exp. Coeff, Wadulus x Modulusy Modulus xy _Modulus x2 _Modulus y2
& Glutan (26 Spruce 11000.00 Ao 305,000 0.4 54080

SECTIONS (mm, mm?, mm?, deg)

Materigh Shear Area Shear Area Shear Area Shear Area Torsion

© Name snape b ) oeptn _wiotn »(sTRESS) y (STRESS) x(o) _y (o) _nadiue

& Gluton bean - 440 x 399 Rectangutar o 440.000 300,000 110090.606. 110000.141 Y
Controid Ceontroid  Area yohsis = ris Torsion Principal o

L3 y Mol (Iy) Mol (12) Constant () Angle Prismatic

S 720,000 150,000 132000.000  590000000.000  2129600000.000 2291893%64.074 0,000
& W Iz Torsion Constant Shear Area Y _Shear Area Z

1D Red. Factor _Red. Factor _Red. Factor __Red. Factor _Red. Factor _Red. Factor

s

MEMBER DISTRIBUTED LOADS (kN/m)

Load rt XStart/ ¥ Start/ 2 Start/
1D Group _Position (%) _Position (%) _Member Axes  End nd  End
I o 100% 1 Global Proj.  0.000 7.880  0.000
0.000 7.8 0.000
2 o T00% 2 Globol Proj.  0.000 7.8  0.000
0.000 7.8 0.000
3 o To0% 1 Global  0.000 3.540  0.000
0.000 -3.540  0.000
T o To0% 2 Global  ©0.000 3.540  0.000
0.000  -3.540  0.000
5 © 3 Toon T Global  ©0.000 -4.020  0.000
0.000 -4.020  0.000
T o Toow 2 Global  ©0.000 -4.020  0.000
0.000 -4.020  0.000
7 o Toox T Global  0.000  0.000 17500
.00 0.000 17500
5 o Toox 2 Global  0.000  0.000 17500
0.000  0.000 17.500

SELF WEIGHT (g's)
Load x v z
Group _Gravity Gravity Gray
S 0.000 -1.000 0.000

Page 4 of 6

Nodal Results

Default Load Combo

NODE REACTIONS (kN, kN-m)

Support x v z x v z
D Node Force  Force  Force Moment Moment Moment
3 T o.000 20791 -24.094 -l6ll 8793  7.974
2 2 0.000  92.568 -102.496  ©0.000  0.000  0.000
1 3 0.000 3.0l -38.731  0.000  0.009  0.000

Reaction sum 0,090 149,369 165,231
Load Sun_-0.000 -149.369 _165.231
Equilibriun 0,000 0.000  6.000

MEMBER END FORCES AND MOMENTS (kN, kN-m)

Axial v z x v z
Member Node Force Shear Shear Torsion Moment Moment
1T 1 3043 21457 20008 0.7 8939 7.97

7.016 -40.23  45.185  -0.077  50.680 -45.127

2 2 8.9z 50.042 57221 0.000  50.689 45.127

6.066 -34.481 38.731 0.000  0.000  0.000

NODAL DISPLACEMENTS (mm)

x v z
Node Translation Translation Translation _Translation

1 0.000 0.000 0.000 0.000
2 0.005 0.000 0.000 0.005
3 0.001 0.000 0.000 0.001

Page 6 of 6
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< SkyCiv

STUDENT VERSION &) Setnp
Beam F (fire) SkyCiv Report
s

Wed May 03 2023 18:32:32 4M5G0200 (CeTtra+FnropeaT Snmmer 5ime)

li Eame: Beam F {fire)
Softu are: SkyCiv StrnNtnra+3w v6dd (DNcEoec 1E2. | Lh9tHIu YB6t7 BUL093n)
XTa-AASype: OTear StatiN's BnNk+Tg XTayAA

Included in this Report:
&) Setnp

Biof Materia-A
Eoda+ReAn+A

m F (fire) SkyCiv Report

am F (fire) SkyCiv Report.
Page 1 of 6 Page 2 of 6

&) Setnp

Z EAFRIE, S (Z PagkMm?g10°%/deMC)
5. ear Modn-nAiAnfed for mem) erAoT4c

FexFyxd yxd = xdy- are nfed for ort. otropiN p ateAoT4c

Beam F (fire) SkyCiv Report XounMs  Shear Poissond " THarmal \XounMs  Shear  Shear  Shear Poissons
SkyClv Strnhtnra 3w v © Nome Zodulus Zodulus Density . Ratiol Fxp. Coeff, Wouulusx Zodulusy Zodulusxy Zodulusx Zodulusyz Ratioxy
ONeTNe Enm) er: 1€2. | Lh9tHBU YB6t78UL093N 8 Glulam 24 Spluce 11000.000 Auth 385,000 0400 54.000 )
wate: Wed May 03 2023 18:32:32 4M5G0200 (CeTtra+FnropeaT Snmmer Sime)

XTayAA Sype: DEFXR SSXSIE s B7CODES XEXDSIS

File Nane Beam ( frilel SFCAIONS (mmgmmZgmmAgdeM

bE Name (mpty \Q ) Shear Erea Shear Erea Shear Erea Shear Erea Aorsion
Designe) (mpty ) Name pth  Width z(SARFSS) y(SARFSS)  z(AZO)  y(AZO) Radius
obE Desc) iptibn (apty 4 Glulan fean - 440 x 300 Rectangula) 8 440.000 300.000 110000.605 110900141 51717
Length Units - Centroid  Centroid Erea y-Exis 2Exis #orsion Principal Non
Sectibn Length Units  mm © v Zol ) Zol(lz)  Constant()  EnMe Prismatic
Fo)ce Units  k 4 220,000 150.000 132000000 996000000.000 2129600000.000 2291833964.074  0.000
Monent and To)sibn Units  kli-n
Iy Iy Iz forsion Constant Shear EreaX Shear Erea Y
1D Red.Lactor Red. Lactor Red. Lactor Red. Lactor _ Red. Lactor _Red. Lactor
Mate)ial Stiength Units  WPa 2

Hate)ial Density Units  ko/n
Wass Units kg
Tempe)atu)e Units  degC

Z FZ BFR DISARIBUAFD , OEDS (kN/m)

Tianslatibn Units  mm
Stjess Units __Wpa +oad rt TStart) XStart/ Y Start/
=5 3 1D Group _Position (%) _Position (%) Z ember Exes  Fnd nd__ Fnd
Hente)e N FI o 1000 1 GLoEal Pibj.  0.000 3.900  0.000
Plates o 0.000  -3.900  0.000
Meshed Plates o 2 o T00% 2 GlbEal P)bj. 0.000 3.900  0.000
Suppblts 3 0.000  -3.90  0.000
Sectibns 1 3 © o 1000 1 GlbEal  0.000 1760 0.000
Point Loads 0 0.000 1760 0.000
Dist)iEuted Lbads o T o To0% 2 Glbeal  0.000 1760 0.000
Honents. o 0.000 1760 0.000
MenEe) Plest)ess Lbads o 5 © 3 Toon T Glbal  ©0.000  1.9%  0.000
The)mal Loads 0 0.000 1.9  0.000
Pessu)es @ 5 o To0% 2 Glbeal  ©0.000 -1.9%  0.000
Aea Lbads o 0.000 1.9  0.000
Selr Weight  on T 6 o Toon 1 Glbeal  0.000  0.000 17.500
Use) Derined Nodal Masses g 0.000  0.000 17500
Auth Derined fodal Masses q O o Toow 2 GlbEal  0.000  0.000 17500
Spect)al Lbads e 0.000  0.000 17.500
WenEe) (valuatibn Pbints g
(xt)apblate Plate Results Flbn Gauss Pbints\ Y(S

SF, L WFIGHA (Ms)

Gene)al Const)aint RARRRR

Total Deg)ees br Fleedon E

Group _Gravity Gravity Gra
S 0.000 -1.000 0.000

NODF COORDINEAFS (m)

T x v
ID_Coordinate Coordinate Coordinate
1 0.000 0.000 0.000
2 3.980 0.680 0.000
3 9.300 1.630 0.000

Z FZ BFRS (deMymgmmgmgkN)
1K1 i=edxRK Re £aAedxSK SpriT

Section Rotation Node £ Node

ID NodeE NodeB ,enMh  Ape D EnMe  Lixity Lixity
1 1 2 3.95 Mojnal 4 0.000 FRFFFF FFFFFF
2 2 3 5.483 Noynal 4 0.000 FFFFFF FRFFEF

NodeE NodeB Offsst  NodeE  NodeE  NodeB  NodeB Cable AC Disable
ID Offsets Offsets Exis ROtSHffX RotSHIfY RotSHffX RotSHY ,enMh ,imit Zirror Non-inear
10,00 000 Local EE) O
2 6,60 0,00 Lbcal - S m "

SUPPORAS (kN/mgkN-m/rad)
1Kl i=edxRK Re-eakedSK SpriTg

BKBot. X=eAReAraTtxEKE egative, X=iA ReAtraiTt | TyxPK PoAtive X=AReAraITt | Ty

Node Restraint Direction T Aans XAans Y Arans

XRot  YRot

I code Stiffness _Stiffness _Stiffness _Stiffness _Stiffness _Stiffness Source.
D Use) Derined Nodal Suapb)t
2 2 eerRR  semmee 2 > > - - Use) Derined Nbdal Suppb)t
31 FFFFFE BEBEme Use) Derinég Nodal Suppb)t

eam F (fire) SkyCiv Report

Page 3 of 6
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Bi+of Materia-A

Bl,, OL ZEAFRIE, S LOR Z FZ BFRS (mgkM

unit  potal  unit  sotal
Zaterial Quantity ,enMh ,enMh  Zass  Zass

4% Glulan Eean - 440 x 300 B: Glulan C20 Sp)uce T 395 3.05 201188 201.188
4: Glulan Eean - 440 x 300 _8: Glulam (24 Sp)uce 15483 5.483 278.643 278.643
479831

eam F (fire) SkyCiv Report.
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Project Info

File Name: Beam_A (Fire)
Engineer: Juan Gomez (juangoserrano@gmail.com)

Included in this Report:

Free Body Diagram (FBD)
Analysis Summary

Analysis Results

Load Combinations Table
Bending Moment Diagram (BMD)

Shear Force Diagram (SFD)

Deflection Res

Stress Results
Beam Section
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Page 1078

Eoda+ReAn+A

Default , oad Combo

NODF RFECAIONS (kNgkN-m)

support T x ¥ v
D Node Lorce Lorce  Lorce Zoment Zoment Zoment
3 T 0.000 11143 -24.094 1611 6.193  4.078
2 2 0.000 47.33 -102.405 0.0  ©0.000  0.000
1 3 0.000 17.903 -38.731  0.00  0.000  0.000

Reactibn sum 0,080 76,382 -165.231
Lbad Sun-0.000 -76.382 _ 165.231

(@uiliE)in  6.00  ©0.00  6.000

Z FZ BFR FND LORCFS END Z OZ FNAS (kNgkN-m)

Exial v
Zember Node Lorce Shear Shear Aorsion Zoment Zoment
1T 1 19 10977 20.00 0.7 893 -4.07

3.587 20,575 45.186  -0.077 _ 50.680 -23.076

2 2 4583 26.050 57221 0.000  50.689 23.076

3 3002 17633 38.731  0.000  0.000  0.000

NODE, DISP, ECFZ FNAS (mm)

T x v
Node Aransiation Aransiation Aransiation _Aranslation

1 0.000 0.000 0.000 0.000
2 0.002 0.000 0.000 0.002
3 0.001 0.000 0.000 0.001

eam F (fire) SkyCiv Report.
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sTaskN sk
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TP
0 525 712
RESULT SUMMARY
Check status Limit Ratio Max
Deflection PASS U250 0877 U285

Custom Stress Limit
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ANALYSIS RESULTS

Reactions

Support ap X Y
) 0kN
0KkN 77.153 kN
Force Extremes
Result Max

Bending Moment 531 kN-m

Shear 57.144 kN

Displacen

Stress Extremes

Result Max

Bending Stress

Max Combined Normal Stress

Min Combined Normal Stress 0MPa

SkyCiv Beam Summary Report

GIAGRAMS
Bending Moment Diagrath

[ Bending Moment in Z (kN-m)

Eq.1
70 -

Bending Moment Equations
Eq.1 WS -11.3855%E 57.144x for 0 < x < 5.25
g2 Wiil) = -3.945¥74 56.177x ~199.988 for 5.25 = x
Shear Force Diagram

[ Shear Force in Y (kN)

Eq.1

60

40

% \@«

Force Equ

Eq.1 Vi(x)=-22.77x+57.144 for 0

Eq.2 Vi(x)=-7.89x +56.177 for 5

SkyCiv Beam Summary Report

5o0f8

Mx

OkN-m

OkN-m

Min

13.795 kN-m

09 MPa
0MPa
0MPa

6.209 MPa

LOAD COMBINATIONS

N Dead Live Wind Roof Rain
Load Load Load Load Load
Load Combination | | |

1

SkyCiv Beam Summary Report

Displacement

Location (m)

@ The Deflection/Span

SkyCiv Beam Summary Report
608

[ Local Displacement Y (mm)

Total Deflection (mm)

omm

6.581 mm
omm

6.56 mm

results are calculated using the analysis results
settings.

Snow Earthquake

Load Load criter!

Streng!

Span ©

Limit of L/250 set in the model

ia

th



Bending Stress Beam Section

B $1éSs' Top Bending Z (MPa) [ Stress: Bottom Bending Z (MPa) Geometric Properties
8 s A 144000 mm:
[ 150 nm
& o 240 mm
Bending Properties
4 400 I, 276480000 mm¢
Iy 1080000000 mm¢
5 y
= Shear Properties
0 “.._ » ,\ 120000981 e
20 A 120000.1 mm?
2
Torsion Properties
. 100 J 2640476653015 nm?*
g " 260.684 mm
5 =% %
8 -
9 . 2 8 4 8 8 2t Shape Material E (MPa) v p (kg/m)

Rectangular Glulam €24 Spruce 11000 04 385
Shear Stress

[ Stress: Shear Total (MPa)

SkyCiv Beam Summary Report SkyCiv Beam Summary Report
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SKYCIV BEAM ANALYSIS REPORT

Load Combination: Load Combination 1

57144 kN TASIKN

' i
TP
525 712
I | g
t t >
? i 2 RESULT SUMMARY
Software: SkyCiv Beam v3.2.2 Check Status Limit Ratio Max
Wed May 03 2023 14:31:49 GMT+0200 (Central European Summer Time)
Deflection PASS U250 0.466 U537
PASS 250 MPa 0015 3.786 MPa
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Included in this Report:

Free Body Diagram (FBD)
Analysis Summary
Analysis Results

Bending A

ient Diagram (BMD)

Shear F

ce Diagram (SFD)

Deflection Resu

Stress Results
Beam Section
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eV 10 ANALYSIS RESULTS O GIAGRAMS

Reactions Bending Moment Diagram
Support at X Y Mx B Bending Moment in Z (kN-m)
0 okN 57.144 kN 0kN-m Eq 2
525 okN 77.153 kN 0kN-m
Force Extremes
Result Max Min
Bending Moment 71531 kN-m -13.795 kN-m
Shear 57.144 kN -62.399 kN
Displacement 3.479 mm -3.49 mm
Stress Extremes
Result Max Min
Bending Stress 3.786 MPa -3.786 MPa
0 1 2 3 4 5 6 74
Shear Stress Total 0.457 MPa 0 MPa
Max Combined Normal Stress 3786 MPa 0MPa
Min Combined Normal Stress 0MPa -3.786 MPa Bending Moment Equations

EQ. 1 MRS -11.385x%2.57.144x for 0 = x = 5.25
g2 Wiil) = ~3.945¥74 56.177x ~199.988 for 5.25 = x = 7.12
Shear Force Diagram

] shear Force in Y (kN)
60 <A\ W
C,O Eq.1 Eq.2

s Y
20

]
-20
-40
-60
-80

0 1 2 3 4 5 6 3

Shear Force Equations

Eq.1 Vi)
Eq.2 V0

-22.77x+57.144 for 0 < x = 5.25
-7.89 + 56.177 for 5.25 < x < 7.12

Displacement Bending Stress
[E Local Displacement Y (mm) B 165" Top Bending Z (MPa) [E] Stress: Bottom Bending Z (MPa)
4 4
3 & \-_/
2
1
0
R
2
3
4
0 1 2 3 4 5 6 74

Shear Stress

Location (m) Total Deflection (mm) Span ©

[ Stress: Shear Total (MPa)
0 omm - 0.50

2386 3.49 mm U1504 045 QL
525 omm - 0.40 <
7.12 3.479 mm U537 035
© The Deflection/Span results are calculated using the analysis results and the Deflection Limit of L/250 set in the model 646
settings.
025
0.20
0.15
0.10
0.05
0 1 2 3 4 5 6 74

°

Civ Beam Summary Report




Beam Section

Geometric Properties
A 205344 mm?
[ 186 mm
[ 276 mm
Bending Properties
I 5214094848 mm#
I, 2368027008 mmé
Shear Properties
A 171121091 mm?
A 171120248 mm?
Torsion Properties
) 5524111810.849 mm#
v 313674 mm
EUaNET c
100
Shape Material E (MPa) v p (kg/m?)
Rectangular Glulam C24 Spruce 11000 04 385

Civ Beam Summat
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Appendix F - Predimension of CLT slabs sing the Stora Enso tool.
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Gillisbuurt Top-Up
Slab - CLT 3.9 spam simply supported

Juan

storgenso ~ Gomez

System

Designer JG

| aston R ] LC2:ve load cat. A: domestic esidential areas
[ an-TZBR ] Lot selfweightstructure
y
Field 1 Paay
7
{
]
3900 m) .
Global utilization ratio 95%
us &% ULS Fire SLS Vibration 95% Support .
Section: CLT 120 L3s
s Layer Thickness Orientation Material
i 1 40.0 mm 0 C24 spruce
. ETA (2019)
2 40.0 mm 90° C24 spruce
ETA (2019)
3 40.0mm o C24 spruce
ETA (2019)
ter 120.0 mm
Section Fire: CLT 120 L3s
o Layer Thickness Orientation Material
d 1 34.0mm o C24 spruce
. ETA (2019)
tor 340 mm
Fire resistance class:R 120 Time 120 min
Fire protection layering : 2 x 12.6 mm gypsum plasterboard oyt s dun ko do dowen den
Type F ’ ) . :
aypsum plasterboard Type A (acc. to EN 520)gypsum plasterboard  LMIN]  [min] [min] [ ] mm] ] {mm]
Type F (acc. to EN 520) 8 38 &5 25 1 7 7190 860
Material values
Material fox fiok o foon fosox e fkmn  Eoms  Gmem  Gomemn
Nmm]  Nmm (Nmm Nmmd Nmmd (Nmmd Nmed N [Nimmd [Nmm?]
Co4spruce 2400 140 12 w0 250 4.00 125 1200000 69000  50.00
ETA (2019)
Load
Load case groups.
Load case category Type Duration Kmod  yer Yo woow W,
LGt self-weight structure G permanent 06 1 13 1 1 1
LC2 live load cat. A: domesic, residential areas ~ Q edium 08 0 15 07 05 03

LC1:self-weight structure

continuous load

Field Load at start
[kN/m]

1.20

©2023 - Calculatis by Stora Enso - Version 5.05.0

term

Checker

Any use of results of the software is only allowed, i the resuits have been verified and approved regarding completeness and correctness by a project

structuralfuiding physics engineer. For more information see the Terms

of Use.
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ULS Flexural design
Field Dist. fuk Ym Knod Kepsy fruya Myq @l Ratio
[m] [N/mm?] (3] [ 5] [N/mm?] [kNm] [N/mm?]
1 1.95 2400 125 0.80 1.10 16.90 5.93 -1.28 8% LCO2
ULS Shear analysis
Field Dist. fux Ym Kmod fua Va Tud Ratio
[m] [N/mm?] 3] 3] [N/mm?] [kN] [N/mm?)
100 400 125 0.80 2 6.08 0.04 1% LCO2
ULS Rolling shear
Field  Dist. fix Ym Kmod fra \ Tea Ratio
[m] [N/mm?] M M [N/mm?] [kN] [N/mm?]
1 0.0 105 125 0.80 0. 6.08 0.04 5% LCO2
Stress diagram
Flexural sress Shearsress Roling shearsress
] T i
Flexural stress analysis
Myo= 593 kNm 24,00 N/mm?*
Mg = 0.00 kNm 24.00 N/mm?
Nig = 0.00 kN 125 -
080 -
110 -
1.00 -
1.00 -
1.00 -
O = 0.00 N/mm? 8.96 N/mm?
Omya = -1.28 N/mm? 16.90 N/mm?
Omzg = 0.00 N/mm? 0.00 N/mm? v
Utilization ratio 8%
Shear stress analysis
Vo= 6.08 kN 4.00 N/mm?
125 -
080 -
0.00 -
Tua = 0.04 N/mm? 2.56 N/mm? v
Utilization ratio 1%
Rolling shear analysis
Vo= 6.08 kN 1.05 N/mm?
125 -
080 -
Trg = 0.04 N/mm? 0.67 N/mm? v
Utilization ratio 5%

©2023 - Calculatis by Stora Enso - Version 5.05.0
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LC2:live load cat. A: domestic, residential areas

continuous load
Field Load at start
[kN/m]

1.00

ULS Combinations

‘Combination rule
Lco1 1.35/1.00 * LC1
Lco2 1.35/1.00 * LC1 + 1.50/0.00 * LC2

ULS Combinations Fire

Combination rule
Lco3 1.00/1.00 * LC1
Lco4 1.00/1.00 * LC1 +1.00/0.00 * 0.30 * LC2

SLS Characteristic Combination

Combination rule
LCO5 1.00/1.00 * LC1
LCO6 1.00/1.00 * LC1 +1.00/0.00 * LC2

SLS Quasi-permanent Combination
Combination rule
Lcor 1.00/1.00 * LC1
Lcos 1.00/1.00 * LC1 +1.00/0.00 * 0.30 * LC2
Ultimate limit state (ULS) - design results.

00—

Moments [kNm]

Designer JG

Page 217
03.05.2023

Checker

min M=0.00 [kNm]

V=2.3416:08 [iN]

500

1000

1000

500

Shear force [kN]

34/6.08 [kN]

08 [kN]
08 [kN]

500

1000

©2023 - Calculatis by Stora Enso - Version 5.05.0
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Utimate limit state (ULS) fire design - results

200

Moments [kNm]

Designer JG

Page 4/7
03.05.2023

Checker

00 [kNm]
85 [kNm]

200

400

00—

200

Shear force [kN]

342.92 kN)

200

400

ULS Fire Flexural design

Field  Dist. fnic Ym Kmnoa Keysy ka
m  INfmm? ] ] o] g
1 1.95 2400 1.00 1.00 110 115

ULS Fire Shear analysis

Field Dist. fux Y Knos ki fua
m Nfmm?] ] ) o) [N/mm?]
1 39 400 1.00 1.00 115 4.60

ULS Fire Rolling shear

Field  Dist. fix Ym Knoa k. fro
m - INfmm? - F] (] (o] [N/mm?]
1 39 125 1.00 1.00 115 144

Stress diagram

Flexural stress Shear st
N i

i

©2023 - Calculatis by Stora Enso - Version 5.05.0

ress

1

fnya
Nimm?]
30.36

Va
[kN]
293

[kN]
293

Mya
[kNm]
285

Toa
[N
0.06

Tra
[Nimm?]
0.00

Omya Ratio
[N/mm?]
7.40 24% LCO4
Ratio
1% LCO4
Ratio
0% LCO4

Roling shear stress
Mmme]

Any use of results of the software is only allowed, i the resuits have been verified and approved regarding completeness and correctness by a project

structural/building physics engineer. For more information see the Terms of Use.
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Flexural stress analysis Fire
Myg= 2.85 kNm 24.00 N/mm?*
Mg = 0.00 kNm 24.00 N/mm?
Nug = 000 kN 1.00
1.00 -
1.10 -
1.00 -
1.00 -
100 -
115 -
Otg = 0.00 N/mm? 16.10 N/mm?*

Omyad = 7.40 N/mm? 30.36 N/mm?

Omazg = 0.00 N/mm? < 0.00 N/mm? v
Utilization ratio 24%
Shear stress analysis Fire

Va= -2.93 kN 4.00 N/mm?*
1.00 -
1.00 -
000 -
115 -
0.06 N/mm? < 4.60 N/mm?* v
1%
Rolling shear analysis Fire
Va= -293 kN 1.25 N/mm?
1.00 -
1.00 -
115 -
Trg = 0.00 N/mm? 1.44 N/mm? v
ation ratio 0%

Service limit state design (SLS) - design results

Deformation char [mm}

400

7 min W=0.00 [mm]
7777 maxW=2.27 [mm]
g

Deformation q.p_[mm]

100

200

©2023 - Calculatis by Stora Enso - Version 5.05.0

0.00 [mm]
7 maxW=155 [mm]
g

Any use of results of the software is only allowed, i the resuits have been verified and approved regarding completeness and correctness by a project
structural/building physics engineer. For more information see the Terms of Use.

Gillisbuurt Top-Up Page 7/7
Slab - CLT 3.9 spam simply supported 03.05.2023
Juan Designer JG Checker

storgenso ~ Gomez

Reference documents for this analysis

English title

National specifications concerning ONORM EN 1995-
1-2, national comments and national supplements,
chapter 12

BS EN 1995-1-2_NA

Expertise Rolling shear, H.J. Blass
ONORM EN 1995-1-1_NA, chapter 7.3

Description
ONORM EN 1995-1-2 - National specifications concerning ONORM EN 1995-
1-2, national comments and national supplements, chapter 12

BS EN 1995-1-2 - United Kingdom - National Annex - Eurocode 5: Design of
timber structures ? Part 1-2: General ? Structural fire design ? National
specifications concerning BS EN 1995-1-2, national comments and national
supplement

Expertise on rolling shear strength and rolling shear modulus of CLT panels
ONORM EN 1995-1-1 - Austria - National Annex — Nationally determined
parameters — Eurocode 5: Design of timber structures — Part 1-1: General-
Common rules and rules for buildings; chapter 7.3

Disclaimer

building Therefore, P 3

related 1 timber structures. The user of nput values, no by the user or
plausiily.

 use of the resus of the software should not be refied upon as the bas's for any decision or action. Any use of resuls of the software is only allowes, i the resuls have been

Any modification of those are not allowed

“The user has the possibilty to make print-outs from the software.

Software,
Products GmbH, neither expressly nor implicly, provides any warranty in 9 validy, timeliness and by the software.
does also not Software, it sultabilty for @ special purpose or for the compatibilty ofthe
Software with the ones of third party producers or providers.
gross negligence Jgh Stora Enso Wood i the

excluded. This d iy, Prodt bH or th loss of
programs and/or data of the user's data processing systam.

Applicable Law: These terms of use shall be aws of rules and any of

Sale of Goods (CISG).

©2023 - Calculatis by Stora Enso - Version 5.05.0
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Winst = w[char]
Field Kaer Limit Wimit Weaic. Ratio
5] [mm] [mm]
1 0.8 L/300 13.0 23 17%
‘Wi = w[char] + w[q.p.]*kdef
Field Kaer Limit Wi Weaic. Ratio
|E| [mm] [mm]
1 0.8 L/250 156 35 23%
Waetsn = w[a.p] + wlq.p]kdef
Field Kaer Limit Wimit Weaic. Ratio
5] [mm] [mm]
1 0.8 L/300 13.0 28 21%
Vibration analysis
General
Total mass 119 [
Tributary width 16 [m]
Stiffness Longitudinal direction 33280 [kNm?
Stiffness Cross direction 128.0 [kNm?]
Modal damping 10 [%)
a 00 [
Man weight 700.0 [N]
Modal mass 187.1 [kg]
Analysis
Criterion Calc. Class | Class Il Class | Class Il ClL.I cLl
Frequency criterion min 17.039 [Hz] 4.5[Hz] 4.5[Hz] 26 26 v
Frequency criterion 17.039[Hz] 8.0 [Hz] 6.0 [Hz] 47% 35%
Acceleration criterion 0.082[m/s7  0.05[m/s7 0.1 [mis? 164 % 82%
Stiffness criterion 0.237 [mm]  0.25 [mm] 0.5 [mm] 9% aT% v v
Support reaction
Load case category kmod  Av Bv
[kN]
self-weight structure 06 234 234
234 234
live load cat. A: domestic, residential 08 195 1.95
areas
0.00 0.00
Reference documents for this analysis
English title Description
EN 338 EN 338 - Structural timber ? Strength classes
EN 1995-1-1 EN 1995-1-1 - Eurocode 5: Design of timber structures - Part 1-1: General -
‘Common rules and rules for buildings
ETA-14/0349 European Technical Assessment ETA-14/0349 of 02.10.2014
Expertise Rolling shear - no edge gluing, H.J. Blass  Expertise on Rolling shear for CLT
EN 1995-1-2 EN 1995-1-2 - Eurocode 5 — Design of timber structures — Part 1-2: General

— Structural fire design

Technical expertise 122/2011/02: analysis of load

Verification of the load bearing capacity and the insulation criterion of CLT

bearing capacity and separation performance of CLT  structures with Stora Enso CLT

elements.

Technical expertise 2434/2012 - BB: failure time tf of  Expertise on failure time tf of gypsum wall fire boards according to ON B3410
gypsum fire boards (GKF) according to ON B 3410 and gypsum wall boards type DF according to EN 520
EN 1990

N
BS EN 1995-1-1 NA

EN 1990 - Eurocode ? Basis of structural design
BS EN 1995-1-1 - UK - National Annex to Eurocode 5: Design of timber

structures - Part 1-1: General- Common rules and rules for buildings

BS EN 1995-1-2 NA

BS EN 1995-1-2 - UK National Annex to Eurocode 5: Design of timber

structures - Part 1-2: General - Structural fire design
Fire safety in timber buildings - technical guildeline for ~Fire safety in timber buildings - technical guideline for Europe; publishes by
Europe SP Technical Research Institute of Sweden

©2023 - Calculatis by Stora Enso - Version 5.05.0
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System
l a.51.00 ) l LC21ive load cat. A domestic, residential areas
l =140 l LO1 seltawsight structure
T 1
7. 4
% o
K]
b 5400 ] o
Global utilization ratio 98 %
uLs 12 % ULS Fire 38% SLS 41% SLS Vibration Support 9
Section: CLT 140 L5s
Layer Thickness Orientation Material
1 40.0 mm 0° C24 spruce
2000 mm ETA (2019)
2 20.0 mm 90° €24 spruce
ETA (2019)
3 20.0 mm 0° (C24 spruce
ETA (2019)
4 20.0 mm 90° (C24 spruce
ETA (2019)
5 40.0 mm 0° C24 spruce
ETA (2019)
teur 140.0 mm
Section Fire: CLT 140 L5s
o Layer Thickness Orientation Material
e —— doomn 0T Gatgprce
2000 mm ETA (2019)
2 8.0 mm 90° C24 spruce
ETA (2019)
teur 48.0 mm
Fire resistance classR 120 Time 120 min
Fire protection layering : 2 x 15.0 mm gypsum plasterboard  tu,  ty  tan dan ko o dewon  doin
Type F acc. HFA Report ! N .
gypsum plasterboard Type A (acc. to EN 520)gypsum plasterboard  [MIN] [min] _[min] _{mm] [ [mm] _[mm] _ [mm]
Type F (acc. to EN 520) 44 44 63 25 1 7 85.0 920
Material values
Material [ fiox fiook fook [ fux Born  Bmo @ Eo
INmme (Nmed] (Nmed (NmmE e N [Nimee] N (Nmee] (N
C24spruce 2400 1400 042 2100 250 4.00 125 1200000 690.00  50.00
ETA (2019)
Load

Load case groups

Load case category Type
Lct self-weight structure G
LC2 live load cat. A: domestic, residential areas Q

©2023 - Calculatis by Stora Enso - Version 5.05.0

Duration  Kmod 2 Ysup Wo Wy w2
permanent 0.6 1 135 1 1 1
medium 038 0 15 07 05 03
term
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LC1:self-weight structure
continuous load
Field Load at start
[kN/m]
1.40
LC2:live load cat. A: domestic, residential areas

continuous load

Field Load at start
[kN/m]
1 1.00

ULS Combinations

Combination rule.
Lco1 1.35/1.00 * LC1
Lco2 1.35/1.00 * LC1 + 1.50/0.00 * LC2

ULS Combinations Fire

Combination rule
Lco3 1.00/1.00 * LC1
Lco4 1.00/1.00 * LC1 + 1.00/0.00 * 0.30 * LC2

SLS Characteristic Combin:

ion

Combination rule
LCO5 1.00/1.00 * LC1
LCO6 1.00/1.00 * LC1 +1.00/0.00 * LC2

SLS Quasi-permanent Combination
Combination rule

Lcor 1.00/1.00 * LC1

Lcos 1.00/1.00 * LC1 + 1.00/0.00 * 0.30 * LC2

Ultimate limit state (ULS) - design results.

“10.00

Moments [kNm]

Page 2/8
29.04.2023

Designer JG Checker

min M=0.00 [kNm]

max M=12.36 [kNm]

10,00

2000.
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Shear stress analysis
Vo= 915 kN

Tos = 0.04 N/mm*
Utilization ratio

Rolling shear analysis
Vo= 945 kN

Ta = 0.04 N/mm*
Utilization ratio

Ultimate limit state (ULS) fire design - results

00—

125
25
0.8

0
0.80

N/mm?

N/mm?

Moments [kNm]

Tv:avsms[wl

Page 4/8
29.04.2023
Designer JG Checker
2%
5%

min M=0.00 [kNm]
max M=6.20 [kNm]

500

1000

00—

Shear force [kN]

Tv:amm 5o (k]

min Q=459 [kN]
max Q=4 59 [kN]

ULS Fire Flexural design

Field  Dist. fmic Y Kmnos Keysy ka
m  Nfmm?] ] (5] H 5]
1 27 2400 1.00 1.00 1.10 115
ULS Fire Shear analysis
Field  Dist. fux Ym Knoa ki fua
m INfmm? - F] o (o] [N/mm?]
1 5.4 400  1.00 1.00 115 .60
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Ty
Nimm?]
3036

Va

[kN]
-4.59

Mg Ghrl Ratio
[kNm] N/mm?]
620 1162 38% LCO4
Tua Ratio
[Nimm?]
0.09 2% LCO4
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Ultimate limit state (ULS) - design results

“10.00

Designer JG

Shear force [kN]

Page 3/8
29.04.2023

Checker

min Q=-9.15 [kN]
max Q=9.15 [kN]

[
500
1000
ULS Flexural design
Field  Dist. fmic Vm Knod Keysy fnya Myq Omya Ratio
[m] [Nfmm?] o] 3] o) [Nfmm?] [kNm] [N/mm?]
1 27 2400 125 080 1.10 1690  12.36 205 12% LCO2
ULS Shear analysis
Field Dist. fux Y Krod fua Ve T Ratio
M (Nmm? H H [Nimm?] [kN] [N/mm?]
1 54 400 125 080 2.5 9.15 004 2% LCO2
ULS Rolling shear
Field Dist. fx Ym Krod fua Va ™. Ratio
m (Nmm? H 8] [N/mm?] [kN] [N/mm?]
1 54 125 125 080 080 9.15 004 5% LCO2
Stress diagram
Flesural stress Shear siress Rollng shear sress:
il ime] Nimme]
M= 1236 kNm 24.00 N/mm?
000 kNm 24.00 Nimm?
000 kN 125 -
Koo = 080 -
Kooy = 110 -
Knmy = 100 -
Koz = 1.00 -
k= 1.00 -
000 N/mm? fios = 896 N/mm?
205 Nimm? fays=  16.90 Nimm®
0.00 N/mm? < fzs = 0.00 N/mm? v
Utilization ratio 12%
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ULS Fire Rolling shear
Field Dist. o Y Kemog K fro
[m]  [Nfmm?]  [] 5] [ [N/mm?]
1 54 125 1.00 1.00 1.15 1.44
Stress diagram
fL— Shoar srase
i i
e
6.20 kNm fmi = 24.00
0.00 kNm fnkz = 24.00
0.00 kN Ym = 1.0
kmoa = 1.00
Keysy = 110
Koy = 1.00
knmz = 1.00
k= 1.00
kn= 1.15
0.00 N/mm? froa = 16.10
-11.62 N/mm? fmya = 30.36
0.00 N/mm? < fmza = 0.00
Utilization ratio
Shear stress analysis Fire
Vg = -4.59 kN fox = 4.00
Vo= 1.00
Kmoa = 1.00
kny = 0.00
kn = 1.1
nes 009 Nimme - fu= 460
Utilization ratio
Rolling shear analysis Fire
Vo= -4.59 kN ik 5
Ym 0

T = 0.00 N/mm*
Utilization ratio
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Tra
kN] [Nimm?]
459 0.00

2%

0%
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Ratio
0% LCO4

Roling shear stress
Mmme]
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Service limit state design (SLS) - design results

Deformation char [mm}

min W=0.00 [mm]
7 max W=565 [mm]
5

500

1000

Deformation q.p_[mm]

min W=0.00 [mm]
7 max W=4.00 [mm]
5

500

Winst = Wichar]

Field Kot Limit Wit Weae.  Ratio
(] [mm] [mm]
1 0.8 L1300 18.0 56 31%

Field Keer  Limit Wit Wese  Ratio
] [mm] [mm]
1 08 L1250 216 89 41%

Waetin = W[Q.p.] + wlq.p.] 'kdef

Field Keer  Limit Wit Weae  Ratio
(] [mm] [mm]
1 08 L1300 18.0 72 40%

Vibration analysis

General

Total mass 193 1
Tributary width 26 [m]
Stiffness Longitudinal direction 5072.0 [kNm]
Stifiness Cross direction 4160 (kNm?]
Modal damping 10 (%]

a 00 []
Man weight 7000 [N]
Modal mass 5056 [kg]
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excluded. This d Under the

negiigence or intent through Stora Enso Wood Producis GmbH; the liabilty for sight negligence is

) Prodt bH the loss o

programs andior data of the User's data processing systam.
v

Applicable Law: These terms of by the laws of of

Sale of Goods (CISG).
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Vibration analysis
Analysis
Criterion Calc. Class | Class Il Class | Class Il CLI cLu
Frequency criterion min 10158 [Hz] 4.5 [Hz] 45[Hz] 44.% 4% v v
Frequency criterion 10.158 [Hz] 8.0 [Hz] 6.0[Hz] 79% 50%
Acceleration criterion 0476 [m/s7  0.05[m/s7 0.1 [mis? 952 % 476 %
Stiffness criterion 0.246 [mm]  0.25 [mm] 0.5 [mm] 98 % 49% v v

Support reaction

Load case category Kra Ay By
[kN]
self-weight structure 06 378 378
378 378
live load cat. A: domestic, residential 08 270 270
areas
000 000
Note

CLT slab 5.4 spam simply supported slab. Interior

Reference documents for this analysis

English title
EN 338
EN 1995-1-1

ETA-14/0349
Expertise Rolling shear - no edge gluing, H.J. Blass
EN 1995-1-2

Technical expertise 122/2011/02: analysis of load
bearing capacity and separation performance of CLT
elements

Technical expertise 2434/2012 - BB: failure time tf of
gypsum fire boards (GKF) according to ON B 3410
EN 1990

BS EN 1995-1-1 NA

BS EN 199512 NA
Fire safety in timber buildings - technical guildeline for
Europe

National specifications concerning ONORM EN 1995-
1-2, national comments and national supplements,

chapter 12
BS EN 1995-1-2_NA

Expertise Rolling shear, H.J. Blass
ONORM EN 1995-1-1_NA, chapter 7.3

Description
EN 338 - Structural timber ? Strength classes

EN 1995-1-1 - Eurocode 5: Design of timber structures - Part 1-1: General -
Common rules and rules for buildings

European Technical Assessment ETA-14/0349 of 02.10.2014

Expertise on Rolling shear for CLT

EN 1995-1-2 - Eurocode 5 — Design of timber structures — Part 1-2: General
— Structural fire design

Verification of the load bearing capacity and the insulation criterion of CLT
structures with Stora Enso CLT

Expertise on failure time tf of gypsum wall fire boards according to ON B3410
and gypsum wall boards type DF according to EN 520
EN 1990 - Eurocode ? Basis of structural design

BS EN 1995-1-1 - UK - National Annex to Eurocode 5: Design of timber
structures - Part 1-1: General- Common rules and rules for buildings

BS EN 1995-1-2 - UK National Annex to Eurocode 5: Design of timber
structures - Part 1-2: General - Structural fire design

Fire safety in imber buildings - technical guideline for Europe; publishes by
SP Technical Research Institute of Sweden

ONORM EN 1995-1-2 - National specifications concerning ONORM EN 1995-
1-2, national comments and national supplements, chapter 12

BS EN 1995-1-2 - United Kingdom - National Annex - Eurocode 5: Design of
timber structures ? Part 1-2: General ? Structural fire design ? National
specifications concerning BS EN 1995-1-2, national comments and national
supplements

Expertise on rolling shear strength and rolling shear modulus of CLT panels
ONORM EN 1995-1-1 - Austria - National Annex — Nationally determined
parameters — Eurocode 5: Design of timber structures — Part 1-1: General-
Common rules and rules for buildings; chapter 7.3
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Section: Wooden beam 40/40; Material: GL 24h; Service class: service class 1; Fire resistance class: R 120
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Utilization 82% Flexural stress analysis 82%
Momens i) Momens i) Jer— 000 m o= 2400 Nmm:
ottt e e m - i
et et by - LN foor= 2400 Nimm
2010.24
Ocg= 1256 N/mm? feoa=  15.36 N/mm?
0.00 N/mm? fnya= 16.00 N/mm?
0.00 N/mm?2< fnza= 16.00 N/mm? v
Shear stress analysis Y 0%
Va= 0.00 kN fux= 3.50 N/mm?
Tva = 0.00 N/mm?2< fua= 1.50 N/mm? v
Shear stress analysis Z 0%
0.00 kN fux= 3.50 N/mm?
0.00 N/mm?2< fug= 1.50 N/mm? v
athm om0 Shear stress analysis Combined 0%
Ve201020240 0 Ve 20020240000 Vi, 0.00 kN Veg = 0.00 kN
Tya= 000 NmMm?  Tg= 000 Nimm?
Ratio = 0% v
Lateral torsional buckling analysis 0%
M= 000 kNm fax= 000 Nimm®
Mza= 0.00 kNm
Nea 0.00 kN feox = 0.00 N/mm?
0. 0.00 N/mm? fooa= 0.00 N/mm?
Omyd 0.00 N/mm? fmya = 0.00 N/mm?
Omeo= 000 Nmm*<  foie= 000 Nmm?
Buckling analysis 82%
M, 0.00 kNm fox= 24.00 N/mm?
M 000 kNm

Neg = - kN feox= 2400 N/mm?
201024

12.56 Nimm? fooe=  15.36 N/mm?
0.00 N/mm? fya = 16.00 N/mm?
Omza=  0.00 N/mm* fmza= 16.00 N/mm?
Flexural stress analysis Fire 13%

fme= 24.00 N/mm?
frxz= 24.00 N/mm®
feox= 2400 N/mm?

fooa=  27.60 N/mm?
fryo = 29.28 Nimm?
Omzg= 000 Nmm*<  faze= 29.28 Nmm? v

Shear stress analysis Y Fire 0%
000 KN fo= 350 N/mm?
Te= 000 Njmme< fuo= 270 Nimm* ¢
Shear stress analysis Z Fire 0%
000 kN fi= 350 N/mm?
000 Nimm:< foe= 270 Nimm* ¢
Shear stress analysis Combined Fire 0%
v, 000 KN 000 kN
Tya=  0.00 Nimm? 000 N/mm?
0% v
Lateral torsional buckling analysis Fire 0%
000 kNm fax= 000 N/mm?
000 kNm
000 kN 000 N/mm?
000 Nimm? 000 N/mm?
000 Nimm? 000 N/mm?
000 Nimmi< 000 N/mm?
Buckling analysis Fire 13%
000 kNm fax= 2400 N/mm?
000 kNm
- kN foox= 2400 N/mm?
403.80
o 365 Nimm? foos= 2760 N/mm?
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System
[ — i
B
rat ot
Global utilization ratio 9%
uLs 91 % [ ULS Fire I

Section: Wooden beam 38/38

Section width ~ Section Area ly iz
height
fom] fom] [mm?] [mm‘] [mm‘]
& 38 38 144,400 1,737,613,000 1,737,613,000
H
380 mm
Section Fire: Wooden beam 38/38
Section width ~ Section Area ly iz
height
[em] [em] [mm?] [mm?] [mm?]
2 245 245 60,250 302,505,100 302,505,100
H
245mm
Fire resistance class:R 120 Time 120 min

Fire protection layering : 2 x 125 mm gypsum plasterboard — t  ty  te den ko do dewon den
Type F . . ¥
gypsum plasterboard Type A (acc. to EN 520)gypsum plasterboard

[min] [min] [min] [mm] [] [mm] [mm]  [mm]
Type F (acc. to EN 520) 49 54 70 26 1

7 603 1345
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Support reaction

Load case category [ A B, B, B. By  Bm
KN]  (kN] N] kN]  (N] [kNm]  [kNm]
self-weight structure 06 000 000 240 000 O [ 0.00
000 000 240 000 000 000 000
live load cat. A: domestic, residential 08 000 000 000 000 000 000 000
areas

000 000133800 000 000 000 0.00

Disclaimer
The software was created to assist engineers n thei dally business. The software with o
building erefore, P 3
related to timber structures. The user of the software. input values, ¥
plausiilty.
“The use of the results of the Software should not be elied upon as the basis or action. Any use L ifthe have b
The user tomake printouts
‘Any modification of those are not allowed.
1 the software.
or picity, pr y y . vaiiy,timeliness and completeness of nformation and data created by the software.
software, it sultablfy for a special purpose or for the compatiiity ofthe
software with the ones of third pary producers or providers.
tent through Stora Enso Wood i the labilty
Under Pr b the loss of

programs and/or data of the user's data processing system
Applicable Law: These terms of of y o

ale of Goods (CISG).
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Material values

Material ok fiox fisox feox fesox fux frxmin Eomean Gnean Eos
Nmm?]  [Nmm?] (Nmod] (Nmed] [Nmed] Nmm?] (Nmm] (Nmed] [Nmed] [Nimm?]
GL 24h 2400 19.20 050 24.00 250 350 120 11,500.00 650.00  9,600.00
Load
Load case groups
Load case category Type Duration Kmod  ya an Yo Wi
LC1  self-weight structure G permanent 06 1 135 1 1 1
LC2 live load cat. A: domestic, residential areas ~ Q medium 08 0 15 07 05 03
term
LC1:self-weight structure
vertical load
Py ex.y ex.z
[kN] [m] [m]
2166 000 000
LC2:live load cat. A: domestic, residential areas
vertical load
Py ex.y ex.z
[kN] [m] [m]
1338 000 000
ULS Combinations
Combination rule.
LCO1  1.35/.00*LC1
LCO2  1.35/.00* LC1 +1.50/0.00 * LC2
ULS Combinations Fire
Combination rule
Lcot 1.00/1.00 * LC1
Lco2 1.001.00 * LC1 + 1.00/0.00 * 0.30 * LC2
Ultimate limit state (ULS) - design results
Wormnts ) Moot i) e P P
o0 0 o) o0 0 o) i N<3003 83 W0 00 T vica a0 ]
-0 90 -0 90 ) e 7 0 AT )

[os— [os—
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ULS Flexural design
Dist  fa ok fox Vo Ko Koz Kimy
[ml [N/mm?] [N/mm?] [N/mm?] [ 2] (2 2]
00 2400 2400 1920 125 0.80 1.00 1.05

Page 3/6

05.05.2023
Designer JG Checker
Knmz ki frya fnza fooa

foa
8] [ INmm? (Nmm?] [Nimm?] [Nmm?]
105 100 1608 1608 1229 1536

Mya Mea Ne o Omye Oz Gea o Ratio
[KNm]  [kNm] (] KN]  Nmmd Nmed NmeE N
0.00 0.00 -2009.92 0.00 0.00 0.00 13.92 0.00 91% LCO2
ULS Shear analysis Y
Dist  fux Voo Knoo Ky fus Vo Tua Ratio
m [Nmm7] - F] 5] 2 [N/mm?] [kN] [N/mm?]
30 350 125 0.80 1.00 150 0.00 0.00 0% LCO2
ULS Shear analysis Z
Dist  fu Vo Knet K fua Vo Toa Ratio
m [Nmm3F] 5] 2] [N/mm?] [kN] [N/mm]
30 350 1.25 080 1.00 150 0.00 0.00 0% LCO2
Flexural stress analysis
My = 000 kNm 24.00 Nimm?
Mz = 000 kNm 2400 N/mm?
Nes= -200992 kN 125 -
080 -
100 -
105 -
105 -
10
1536 Nimm?
16.08 N/mm?
< 16.08 N/mm? v
9%
Shear stress analysis Y
Vo= 000 kN 350 Nimm2
125 -
080 -
10
o= 000 Nimm? < 150 Nimm? v
ation ratio 0%
Shear stress analysis Z
Vo= 000 kN 350 Nimm?
125
080 -
10
o= 000 N/mm? 1,50 Nimm? v
Utilization ratio 0%
Shear stress analysis
Vya= 000 kN 000 kN
f= 000 Nimm? 125 -
fug= 000 Nimm? 0.01
Toyo = 000 Nimm? 000 Nimm?
Utilization ratio 0%
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ULS Fire Shear analysis Z
Dist.  fux Voo kes Koy ki foa a T Ratio
[m]  [Nfmm?]  [] 5] [ 5] [N/mm?] [kN] [N/mm?]
3.0 350 1.00 1.00 1.00 1.15 270 0.00 0.00 0% LCO2
Flexural stress analysis Fire
Mys= 000 kNm 24.00 Njmm?
Mz = 0.00 kNm 24.00 N/mm?
Neg = -403.57 kN 1.00 -
1.00 -
1.00 -
1.09 -
1.09 -
1.00 -
1.1
N/mm? 2760 N/mm?
N/mm? 30.18 N/mm?
N/mm? 30.18 N/mm? v
24%
Shear stress analysis Y Fire
Va= 0.00 kN 3.50 N/mm?
100 -
1.00 -
1.00 -
1.1
Tua = 0.00 N/mm? < 270 N/mm? v
Utilization ratio 0%
Shear stress analysis Z Fire
Vo= 0.00 kN 350 Njmm?
1.00 -
1.00 -
100 -
115 -
Tua = 0.00 N/mm? < 270 N/mm? v
Utilization ratio 0%
Shear stress analysis Fire
Vyg= 0.00 kN 0.00 kN
fox = 0.00 N/mm? 1.00 -
115 -
fua= 0.00 N/mm? 0.00 -
Toyd = 0.00 N/mm? Tvzd = 0.00 N/mm?
i 0%
My = 0.00 kNm ok = 2400 N/mm?*
Mg = 0.00 kNm
Neg = -403.57 kN 1.00 -
1.00 -
100 -
1.00 -
1.09 -
1.09 -
1.15
0o = 670 Nimm? 2760 Nimm?
Omya = 0.00 N/mm?* 30.18 N/mm?
Omazg = 0.00 N/mm? 30.18 N/mm? v
i 25%

©2023 - Calculatis by Stora Enso - Version 5.05.0

Any use of results of the software is only allowed, i the resuits have been verified and approved regarding completeness and correctness by a project

structural/buiding physics engineer. For more information see the Terms of Use.

Gillisbuurt Top-Up Page 4/6
Glulam column 2 C 05.05.2023
Juan Designer JG Checker

storgenso ~ Gomez

Buckling analysis

000 kNm fax= 2400 Nimm?
000 kNm
200992 kN Vo= 125 -
Knos = 080 -
Koy = 100 -
Koz = 100 -
Kamy = 105 -
Kamz = 105 -
13.92 Nmm? foos= 1536 Nmm?
000 Nimm? faya= 1608 Nimm?
000 Nimm? < faze=  16.08 Nimm? v
Utilization ratio 91 %
Lateral torsional buckling analysis
000 kNm for= 000 Nimm?
000 kNm
000 KN Vo 125 -
Knos 000 -
Koy 100 -
Knmy 105 -
me= 105 -
ki 100 -
000 Nimm? foos 000 N/mm?
000 Nimm? fya 000 Nimm?
000 Nimm? < fmza = 000 Njmm? v
Utilization ratio 0%
Ultimate limit state (ULS) fire design - results
Moment i) Momers o) i e Sheatocoy ]
ftmeripe fegmrin i35 B peserton
oy 5 fiatraid ) ER T fetiatd
:

P —— P ——

ULS Fire Flexural design
Dist.  Vn  kma  keny
[m) 5] (] 5] (5] [(Nfmm?] — [Nfmm?] - [Nfmm?] - [N/mm?]
00 125 080 100 100 2400 1608 1229 1536
Mg Nea N Omyo Ocg O Ratio
KNm]  [KN] KN] [Nmmd [Nmm? [Nimm?]
000 -40357 000 6.70 0.00 24% LCO2

e fya foa feos

ULS Fire Shear analysis Y

Dist. fux Y Knoa Keyey fua Va Tua Ratio
m - INfmm? ] ] o] ] [N/mm?] [kN] [Nfmm?]
3. 350  1.00 1.00 1.00 115 2.70 0.00 0.00 0% LCO2
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Lateral torsional buckling analysis Fire

0.00 kNm fric= 0.00 N/mm?
0.00 kNm
0.00 kN Yo = 1.00 -
Kinos = 000 -
Keysy = 100 -
Komy = 109 -
kamz = 109 -
k= 1.00 -
ki = 115
0.00 N/mm? foos = 0.00 N/mm?
0.00 N/mm? Ty = 0.00 N/mm?
0.00 N/mm? < fnzo = 0.00 N/mm? v
Utilization ratio 0%

Support reaction

Load case category Koo 3 y 3 Bay e
[kN] [Nl kNl [kN] kN [kNm]  [kNm]
self-weight structure 0.6 000 000 217 000 000 000 000
000 000 217 000 000 000 0.00
live load cat. A: domestic, residential 0.8 000 000 000 000 000 000 000

000 000133800 000 000 000 000

Reference documents for this analysis

English title Description

EN338 EN 338 - Structural timber ? Strength classes

EN 1995-1-1 EN 1995-1-1 - Eurocode 5: Design of timber structures - Part 1-1: General -
Common rules and rules for buildings

EN 1995-1-2 EN 1995-1-2 - Eurocode 5 — Design of timber structures — Part 1-2: General
— Structural fire design

EN 14080 EN 14080 - Timber Structures - Glued laminated timber and glued solid
timber - Requirements

BS EN 1995-1-1 NA BS EN 1995-1-1 - UK - National Annex to Eurocode 5: Design of timber
structures - Part 1-1: General- Common rules and rules for buildings

BS EN 199512 NA BS EN 1995-1-2 - UK National Annex to Eurocode 5: Design of timber

structures - Part 1-2: General - Structural fire design
Fire safety in timber buildings - technical guildeline for Fire safety in timber buildings - technical guideline for Europe; publishes by

Europe SP Technical Research Institute of Sweden

National specifications concerning ONORM EN 1995-  ONORM EN 1995-1-2 - National specifications concerning ONORM EN 1995-
1-2, national comments and national supplements, 1-2, national comments and national supplements, chapter 12

chapter 12

BS EN 1995-1-2_NA BS EN 1995-1-2 - United Kingdom - National Annex - Eurocode 5: Design of

timber structures ? Part 1-2: General ? Structural fire design ? National
specifications concerning BS EN 1995-1-2, national comments and national

supplements
CERTIFICATE NO. EUFI29-20000564-C Product certificate
LVL G by Stora Enso_Structural design manual Design manual
column&beam_ V01
ETA 20_0291 LVL G by Stora Enso ETA
Disclaimer
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The use of the results of the Software should not b relied upon as the basis for any decision or action. Any use of results of the software is only allowed, f the resulls have been
“The user tomake print-outs

Any modification of those are not allowed.

warranty regarding
o plicity, p validy, timeliness and completeness of information and data created by the Software.
the software, s sultabiy for a special purpose or for the compatibilty of the

Software with the ones of third party producers or providers.

negigence igh Stora Enso Wood the
excluded. Under th Pr the loss of
programs andlor data of the user's data processing system.

Applicable Law: These terms of by the laws of y of

Sale of Goods (CISG).

©2023 - Calculatis by Stora Enso - Version 5.05.0
Any use of results of the software is only allowed, i the resuits have been verified and approved regarding completeness and correctness by a project
structural/buiding physics engineer. For more information see the Terms of Use.



Gillisbuurt Top-Up Page 1/10
3.9 Slab 29.04.2023

Juan Designer JG Checker
storgenso  Gomez

System

l .=100 ] LC2ilive load cat. A: domestic, residentlal areas.

l q.=1.90 (xum]

LC1:self-weight stucture

Fiold 1

RN

3900m]

Global utilization ratio 37%

uLs 12 % | ULS Fire 1% |sLs 5% | SLS Vibration 3 Support 0%

Section: CLT rib panel by Stora Enso: CLT 80 L3s - 12/20 - CLT 80 C3s

200 Layer  Thickness Width  Orientation ~ Material
| [y [mm] [mm]
i - 1 200 550.0 3 C24 spruce
i 33 ETA (2019)
i ils 2 40.0 550.0 90° 24 spruce
I vg ETA (2019)
! [H 3 200 550.0 0° C24 spruce
i | 2= ETA (2019)
| + 13 4 200.0 1200 o GL 24h
‘\ ! 3 5 200 550.0 90° C24 spruce
i 1 ETA (2019)
e 6 400 550.0 o C24 spruce
20 mm ETA (2019)
Ribs width are reduced by 20 mm for the design 7 200 550.0 90° C24 spruce
ETA (2019)
tewr 360.0
mm
ULS T=0
Field  Range from  Until  Width Momentofinertia  Area GA Kappa  Ely,netto
[m] [m] [em] [mm?] [mm?] [kN] [kNm?]
1 Start 0 08 3590 523,916,900 412376 2948224 04928  6287.003
1 Center 08 31 5500 770,026,800 53,600 38528 03743 9240.322
1 End 31 39 3590 523,916,900 415376 2048224 04928  6287.003
Layer  Thickness Width Type Material E G
{mm] {mm] NImm?] [N/mm?]
1 200mm 5500 mm L C24 spruce ETA (2019) 9600 552
2 400mm  550.0 mm c C24 spruce ETA (2019) 0 40
3 200mm 5500 mm L C24 spruce ETA (2019) 9600 552
4 2000mm 1200 mm L GL24h 9200 520
5 200mm 5500 mm c C24 spruce ETA (2019) 0 40
6 400mm  550.0 mm L C24 spruce ETA (2019) 9600 552
7 200mm 5500 mm c C24 spruce ETA (2019) 0 40
ULS T==
Field  Range from  Unfil  Width Momentofineria Area G'A Kappa  Ely.netto
m o fem] [mm‘] [mm?] [kN] [kNm?]
1 Start 0 08 3590 425,028,600 34,122 2428775 04928  5100.344
1 Center 08 31 5500 623,504,300 43,980 3158272 03743 7482052
1 End 31 39 3590 425028,600 34,122 24287.75 04928  5100.344
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LC1:self-weight structure
continuous load
Field Load at start
[kN/m]
1.90
LC2:live load cat. A: domestic, residential areas

continuous load

Field Load at start
[kN/m]
1 1.00

ULS Combinations

Combination rule.
Lco1 1.35/1.00 * LC1
Lco2 1.35/1.00 * LC1 + 1.50/0.00 * LC2

SLS Characteristic Combin:

ion
Combination rule
Lco3 1.00/1.00 * LC1
Lco4 1.00/1.00 * LC1 +1.00/0.00 * LC2
SLS Quasi-permanent Combination

Combination rule
LCO5 1.00/1.00 * LC1
LCO6 1.00/1.00 * LC1 +1.00/0.00 * 0.30 * LC2

Ultimate limit state (ULS) - design results T=0

Moments [kNm]

M
N | H

200 min M=0.00 [kNm]
max M=3.09 (kNm]

7
U= 1aan17000

o
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Layer Thickness Width Type Material E G

[mm] [mm] [N/mm?] [N/mm?]
1 20.0 mm 550.0 mm L C24 spruce ETA (2019) 7,742 445
2 40.0 mm 550.0 mm Cc (C24 spruce ETA (2019) 0 32
3 20.0 mm 550.0 mm L C24 spruce ETA (2019) 7,742 445
4 200.0 mm 120.0 mm L GL24h 7,797 441
5 20.0 mm 550.0 mm c (C24 spruce ETA (2019) 0 32
6 40.0 mm 550.0 mm L C24 spruce ETA (2019) 7,742 445
7 20.0 mm 550.0 mm [} (C24 spruce ETA (2019) 0 32
SLS T=0
Field Range  from Until Width  Moment of inertia ~ Area G'A Kappa Ely,netto

m m feml [mm] [mm?] [N [kNm?]

1 Start 0 0 3590 654,896,100 51,720 36852.8 0.4928 7858.754
1 Center 0 39 5500 962,533,400 67,000 48160 0.3743 11550.4
1 End 39 39 3590 654,896,100 51,720 36852.8 0.4928 7858.754
Layer Thickness Width Type Material E G

[mm] [mm] [Nfmm?] [N/mm?]
1 20.0 mm 550.0 mm L C24 spruce ETA (2019) 12, 690
2 40.0 mm 550.0 mm [ C24 spruce ETA (2019) 0 50
3 20.0 mm 550.0 mm L (C24 spruce ETA (2019) 12,000 690
4 200.0 mm 120.0 mm L GL 24h 11,500 650
5 20.0 mm 550.0 mm Cc (C24 spruce ETA (2019) 0 50
6 40.0 mm 550.0 mm L C24 spruce ETA (2019) 12,000 690
7 20.0 mm 550.0 mm c C24 spruce ETA (2019) 0 50
SLS T=
Field Range from  Untl  Width Momentofinertia Area GA Kappa  Ely,netto

m o mfem [mm] imm?] kN KNm?)

1 Start 0 0 3590 850,564,500 74,233 52566 0.4928 10206.77
1 Center 0 39 5500 1,235,111,000 93,333 66700 0.3743 14821.33
1 End 39 39 3590 850,564,500 74,233 52566 04928 10206.77
Layer Thickness Width Type Material E G

[mm] [mm] [N/mm?] [N/mm?]
1 20.0 mm 550.0 mm L (C24 spruce ETA (2019) 15,000 863
2 40.0 mm 550.0 mm [ (C24 spruce ETA (2019) 0 63
3 20.0 mm 550.0 mm L C24 spruce ETA (2019) 15,000 863
4 200.0 mm 120.0 mm L GL 24h 19,167 1,083
5 20.0 mm 550.0 mm Cc C24 spruce ETA (2019) 0 63
6 40.0 mm 550.0 mm L (C24 spruce ETA (2019) 15,000 863
7 20.0 mm 550.0 mm [} (C24 spruce ETA (2019) 0 63
Material values
Material Tk fiox fisox ok 2 y fkmn  Eomem  Goem  Gumean

IN‘mm?] [N/mm?]  [Nfmm?] [N/mm?]  [Nfmm?] [N/mm?] [Nfmm?] [N/mm?] [Nfmm?] [N/mm?]
C24 spruce 24.00 14.00 0.12 21.00 250 4.00 1.25 12,000.00  690.00 50.00
ETA (2019)
GL 24h 24.00 19.20 0.50 24.00 250 3.50 1.20 11,500.00  650.00 65.00
Load
Load case groups.
Load case category Type Duration Kmod Yint Yaup. Yo Wy Y2

Lc1 self-weight structure G permanent 0.6 1 1.35 1 1 1
LC2  live load cat. A: domestic, residential areas Q medium 0.8 0 15 0.7 0.5 0.3

term
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Utimate limit state (ULS) - design results T=0

1.00. Axial forces [kN]
] min N=0.00 [kN]
max N=0.00 [kN]

100

Shear force [kN]
| 17 [kN]
17 [kN]

200

200

400

ULS Flexural design T=0
Field  Dist. Ym Kmos  Keysy Knmy Knmz fnk fnya fioa

[m] o] 5} (3} 5] 2] IN/mm?] — [N/mm?]  [N/mm?]
1 115 125 080  1.10 1.00 1.00 24, 16.9 896
Field  fioe  Mya  Nes M Omya O o Ratio
INmm? kNm] kN N] [Nmme (Nmme (N/mm]
1 1344 309 000 000 -0.58 0 0.00 3% LCO2
ULS Axial force design T=0
Field Dist  fiox  foox  ¥m Knos Kersy Knmy Knmz k fs
[m]  [Nfmm] [Nfmm?] - [] 5] 2] 5] 2] 5] [N/mm?]
1 115 1400 2100 125 080 1.10 1.00 1.00 100 1690
Field Dist  Mys  fooa  Nea [ Nua Oes o Utiization
M (Nm] [Nmm KN] O (Nmm? kN [Nimme] [Nimme]
1 115 309 1344 0.00 896 0.00 000 045 5%  LCO2
ULS Shear analysis T=0
Field Dist  fux Y Knca ke fua Ve T Ratio
M Nmm3 ] 5] 3] [N/mm?] [kN] [N/mm?]
100 350 125 080 067 224 347 010 5% LCO2
ULS Rolling shear T=0
Field Dist. fix Y Kred fua Ve g Ratio
m  (Nmm? H H [Nimm?] [kN] [N/mm?]
100 105 125 080 067 347 008 12% LCO2
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Stress diagram T=0

Flesural stress Shear siress

Nmme] [

Flexural stress analysis T=0
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Roling shear stress:
e

Mya= 309 kNm 24.00 N/mm?
Mz = 000 kNm 24.00 N/mm?
Nio = 000 kN 125 -
080 -
1.10
100 -
100 -
1.00 -

o= 000 Njmm? 896 N/mm?

Oy = 058 N/mm? 16.90 N/mm?

Omzo = 0.00 N/mm? 000 N/mm? v
Utilization ratio 3%
Shear stress analysis T=0

Vo= 347 kN 350 Njmm?

125 -
080 -
000 -

Ta = 010 Njmm? 224 Nimm? v
Utilization ratio 5%
Rolling shear analysis T=0

Vo= 347 kN 1.05 Njmm?

125 -
080 -

o= 008 Njmm? 067 Njmm? v
Utilization ratio 12%
Buckling analysis T=0

Mya= 309 kNm 24.00 N/mm?
Mz = 000 kNm
Nes = 000 kN 125 -
080 -
1.00
1.00 -
100 -
1.00 -
Oes = 000 Njmm? 1536 Nimm?

Omys = 045 N/mm? 1536 Nimm?

Onzo = 0.00 N/mm? 000 Njmm? v
Utilization ratio 3%
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ULS Shear analysis T==
Field  Dist. fux Ym kmoa Ker fua \ Tva Ratio
[m]  [Nfmm?]  [] 5] [ [N/mm?] [kN] [N/mm?]
1 0.0 350 125 0.80 0.67 2.24 317 0.10 5% LCO8
ULS Rolling shear T==
Field  Dist. T Y Kimod fod Ve T Ratio
[m] N/mm?] M 8] [N/mm?] [kN] [N/mm?]
1 0.0 105 125 0.80 0.67 317 0.08 12% LCO8
Stress diagram T=w
Flexural sress Shearsress Roling shear sress
Nmm] Nmm?] Nmm?]
Flexural stress analysis T==
Mya= 3.09 kNm 24.00 N/mm?
Mz = 0.00 kNm 2400 N/mm?
Nig = 0.00 kN 125 -
080 -
1.10 -
1.00 -
1.00 -
1.00 -
O = 0.00 N/mm? 8.96 N/mm?
Omyad = -0.58 N/mm? 16.90 N/mm?
Omazg = 0.00 N/mm? 0.00 N/mm? v
Utilization ratio 3%
Shear stress analysis T==
Va= 3.17 kN 3.50 N/mm?
125 -
080 -
0.00 -
0.10 N/mm? 2.24 N/imm? v
5%
Rolling shear analysis T==
Va= 3.17 kN = 1.05 N/mm?
Ym = 125 -
080 -
Tg = 0.08 N/mm? 0.67 N/mm? v
Utilization ratio 12%
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Ultimate limit state (ULS) - design results T==

Moments [kNm]
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1 min M=0.00 [kNm]
max M=3.09 [kNm]

o

a8, 17 1 |
. ] }

200~

400

1.00. Axial forces [kN]

] min N=0.00 [kN]
max N=0.00 [kN]

o

’ 77
¥
100
Shear force [kN]

7 min Q=317 [kN]
max Q=317 [kN]

200

o

200~

400

ULS Flexural design T==

Field  Dist. Vm kmos Koy Knmy Knmz fuk
[m] 5l (5] 5] (] o] [N/mm?]
1 115 125 080  1.10 1.00 1.00 24.00
Field  fooa My Nea Nea Omya Oea O

INmm (kNm]  kN]  N] [Nmm?] [Nmmd] (NGme]
8 0.

1 1344 309 000  0.00

ULS Axial force design T==

Field Dist.  fiox feok ¥m Knoa Keysy Knmy.
M [Nfmm?] (Nfmm?] ] (c] o] ]
1 115 1400 2100 125 0.80 1.10 1.00
Field Dist. My  foa Nea froa Nea Gea

] (Nm] [Nmm] KN] (Nmm o kN] O [Nimm
896 0 000

1 115 309 1344 000
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Buckling analysis T==
309 kNm
000 kNm
000 KN

Utilization ratio

Service limit state de:

ign (SLS) - design results

fax= 2400 Nimm?
Yo = 125 -
Koo = 080 -
Kepsy = 1.00 -
Kopz = 1.00
Knmy = 1.00 -
Koz = 1.00
foos= 1536 Nmm?
faya= 1536 Nimm?
fmaa = 000 N/mm?

Deformation char [mm}

e fios
N [N/mme)
16.90 8.96
Ratio
3% LCO8
Knmz k frye
2] 5] [N/mm?]
1.00 1.00 16.90
Ota Utilization
[N
045 5% Lcos

ved regarding completeness and correctness by a project
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3%

min W=0.00 [mm]
max W=0.45 [mm]

min W=0.00 [mm]
max W=0.34 [mm]

100

B Deformation q.p_[mm]
100

B Deformation q.p. inf [mm]
100
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Winst = W[char]

Field Kaotsop Kootgo  Kaotboton — Limit Wit Weae  Ratio
G [mm] [mm]
1 08 0.6 08 L1300 13.0 04 3%

Win = wlchar] + wlq.p.]

Field Kot Kaotro  Kootpotom  Limit Wit Wese  Ratio
1] [mm] [mm]
1 08 06 08 L1250 156 07 5%

Woetsin = WIG.p.] + W[q.p.=]

Field Kaetiop Keotro  Koetorom  Limit Wit Weae.  Ratio
H [mm] [mm]
1 08 0.6 08 L1300 13.0 06 5%

Vibration analysis

General
Total mass 189 [
Tributary width 12 [
Stiffness Longitudinal direction 11550.4  [kNm?]
Stiffness Cross direction 1280 [kNm?]
Modal damping 10 (%]
a 00 []
Man weight 7000 [N]
Modal mass 2170 [kg]
Analysis
Criterion Calc. Class | Class I Class | Class I cLicui
Frequency criterion min 30887 [Hz]  4.5[Hz] 45[Hz] 11 119% v
Frequency criterion 30887 [Hz] 8.0 [Hz] 6.0 [Hz] 20% 15%
Acceleration criterion 00[ms?  005[mis?] 0.1 [ms] 0% 0%
Stiffness criterion 0093[mm]  025[mm] 0.5 [mm] a7 199 %
Support design
N Type Width  Area  kea  Vn ki fox e Ves  Vmn  Ocsos Ratio
mml ] [ H [ [Nmod Nmmd kN KN Nmm]
A Rigid plate 350 304000 080 125 150 250 2. 347 000 001 LCO2 0%
8 Rigid plate 350 304000 080 125 150 250 240 347 000 001 LCO2 0%
Support reaction
Load case category kno A By
[kN]
self-weight structure 06 148 148
148 148
live load cat. A: domestic, residential 08 078 078
000 000
Note
Load case with whole support of the slab, CLT deck on top
Reference documents for this analysis
English title Description
ETA-11/0190 selftaping screw by Wiirth
Disclaimer
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System
l a=too l LC21ive load cat. A domestic residential areas
l =190 fum] L LC1:self-weight structure
T 1
4
4
K]
k Sa00m "
Global utilization ratio 64%
s 17% | ULS Fire 1% [sLs 9% | SLS Vibration 64 % | Support 1%

Section: CLT rib panel by Stora Enso: CLT 80 L3s - 12/20 - CLT 80 C3s

200 Layer  Thickness Width ~ Orientation ~ Material
| [y [mm] [mm]
i - 1 200 644.0 [ C24 spruce
i 133 ETA (2019)
i il 2 40.0 644.0 90° C24 spruce
' vg ETA (2019)
! [H 3 200 644.0 0° C24 spruce
i | 2= ETA (2019)
| + 13 4 200.0 1200 o GL 24h
! | 23 5 200 644.0 90° C24 spruce
i 1 ETA (2019)
e 6 400 644.0 o C24 spruce
20 mm ETA (2019)
Ribs width are reduced by 20 mm for the design 7 200 644.0 90° C24 spruce
ETA (2019)
tewr 360.0
mm
ULS T=0
Field  Range from  Untl  Width Momentofineria Area GA Kappa  Ely,netto
m o mfem Imm] imm?) kN KNm?)
1 Start 0 08 4310 616,691,200 45,984 3289216 04464  7400.294
1 Center 08 46 64.40 891,148,900 59,616 4297984 03208  10693.79
1 End 46 54 4310 616,691,200 45984 3289216 04464  7400.294
Layer  Thickness Width Type Material E G
{mm] {mm] [NImm?] [N/mm?]
1 200mm 6440 mm L C24 spruce ETA (2019) 9600 552
2 400mm  644.0mm c C24 spruce ETA (2019) 0 40
3 200mm 6440 mm L C24 spruce ETA (2019) 9600 552
4 2000mm  120.0mm L L2dh 9200 520
5 200mm 6440 mm c C24 spruce ETA (2019) 0 40
6 400mm  644.0mm L C24 spruce ETA (2019) 9600 552
7 200mm 6440 mm c C24 spruce ETA (2019) 0 40
ULS T==
Field  Range from  Until  Width Momentofineria Area G'A Kappa  Ely.netto
m m fem] [mm] [mm?] [N [kNm?]
1 Start 0 08 4310 499,846,700 37,838 27037.69 04464 5998.16
1 Center 08 46 6440 721,183,500 48,832 3517292 03208 8654.202
1 End 46 54 4310 499,846,700 37,838 27037.69 04464 5998.16
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The use of the results o the software should not b refied upon as the basis for any decision or action. Any use of results of the software is only allowed, f the results have been
“The user has the possibilty to make print-outs from the software.

Any modification o those are not allowed.

Products GmbH, neither expressly nor implicily, provides any warranty in terms of accuracy, valdiy, imeliness and completeness of nformation and daa created by the software.
does also not y Software, it sultabiy for @ special purpose or for the compatibilty of the
Software with the ones of third pary producers or providers.

gross negligence Jgh Stora Enso Wood  the labilty
Prodt bH

excluded. This d& . Und
programs andior data of the usar's data processing systom.

the loss of

Applicable Law: These terms of by the laws of s and any of
Sale of Goods (CISG).
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Layer  Thickness Width Type Material E G

[mm] [mm] [N/mm?] [N/mm?]
1 200mm 6440 mm L C24 spruce ETA (2019) 7,742 445
2 400mm  644.0mm c C24 spruce ETA (2019) 0 32
3 20.0 mm 644.0 mm L C24 spruce ETA (2019) 7,742 445
4 2000mm  120.0mm L GL24h 7797 441
5 200mm 6440 mm c C24 spruce ETA (2019) 0 32
6 400mm  644.0mm L C24 spruce ETA (2019) 7,742 445
7 200mm 6440 mm c C24 spruce ETA (2019) 0 32
SLS T=0
Field  Range from  Until  Width Momentofineria Area G'A Kappa  Ely.netto

m m feml [mm] [mm?] [N [kNm?]

1 Start 0 0 4310 770,864,100 57,480 411152 04464 9250.369
1 Center 0 54 6440 1113936000 74520 537248 03208  13367.23
1 End 54 54 4310 770,864,100 57,480 411152 04464 9250369
Layer  Thickness Width Type Material E [

[mm) [mm] INImm?] [N/mm?]
1 20.0 mm 644.0 mm L C24 spruce ETA (2019) 12, 690
2 400mm  644.0mm c C24 spruce ETA (2019) 0 50
3 200mm 6440 mm L C24 spruce ETA (2019) 12,000 690
4 2000mm  120.0mm L GL24h 11500 650
5 200mm 6440 mm c C24 spruce ETA (2019) 0 50
6 400mm  644.0mm L C24 spruce ETA (2019) 12,000 690
7 200mm 6440 mm c C24 spruce ETA (2019) 0 50
SLS T=w
Field  Range from  Until  Width Momentofineria Area GA Kappa  Ely,netto

[m] [m] [em] [mm?] [mm?] [kN] [kNm?]

1 Start 0 0 4310 995,524,500 81433 57894 04464 1194629
1 Center 0 54 6440 1424365000 102,733 7365599 03208 17092.38
1 End 54 54 4310 995,524,500 81,433 57804 04464 11946.29
Layer  Thickness Width Type Material E G

[mm] [mm] [N/mm?] [N/mm?]
1 200mm 6440 mm L C24 spruce ETA (2019) 15,000 863
2 400mm  644.0mm c C24 spruce ETA (2019) 0 63
3 200mm 6440 mm L C24 spruce ETA (2019) 15000 863
4 200.0 mm 120.0 mm L GL 24h 19,167 1,083
5 200mm 6440 mm c C24 spruce ETA (2019) 0 63
6 400mm  644.0mm L C24 spruce ETA (2019) 15,000 863
7 200mm 6440 mm c C24 spruce ETA (2019) 0 63
Material values
Material fnk fiox fisok fook foook fux fkmn  Eomem  Goen  Grmean

N [Nmm? [Nmm] Nmed] [Nmed [N [Nmmd (Nmmd] [Nmmd] [N
Coaspruce 2400  14.00 012 21.00 250 4.00 125 1200000 690.00  50.00
ETA (2019)
GL 24h 2400 1920 050 24.00 250 350 120 1150000 650.00  65.00
Load
Load case groups
Load case category Type Duraon Kmod  ya Ve Yo wow

LC1  self-weight structure G permanent 06 1 135 1 1 1
LC2 live load cat. A: domestic, residential areas ~ Q i 08 0 15 07 05 03

term
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LCH:self-weight structure Utimate limit state (ULS) - design results T=0

y Axial forces [kN]
continuous load 0, min N=0.00 (kN]
Field Load at start 4 27 maxN=0.00 [kN]
[kN/m] °
1 1.90

LC2:live load cat. A: domestic, residential areas

continuous load

Field Load at start
[kN/m]
1 1.00

100

ULS Combinations
001, Shear force [kN]

Combination rule.
Lco1 1.35/1.00 * LC1
Lco2 1.35/1.00 * LC1 + 1.50/0.00 * LC2

39 [kN]
39 kN]

SLS Characteristic Combination

Combination rule
Lco3 1.00/1.00 * LC1
Lco4 1.00/1.00 * LC1 +1.00/0.00 * LC2

SLS Quasi-permanent Combination

Combination rule 500

LCO5 1.00/1.00 * LC1
LCO6 1.00/1.00 * LC1 +1.00/0.00 * 0.30 * LC2

ULS Flexural design T=0
Ultimate limit state (ULS) - design results T=0

Field Dist. Ym Kmoa Ksysy Knmy knmz fk fya foa
500 Moments [kNm] [m] 5] 5} (3} 5] 2] [Nfmm?] — [N/mm?]  [N/mm?]
min Mio 00 [kNm] 1 19 1.25 0.80 1.10 1.00 1.00 24.00 16.9( 8.96
max M=5.93 [kNm] Field fios My Nea  Nig  Omya Oea o Ratio
INmme] (kNm] kN]kN]NAmm [N [N
o 1 13.44 5.93 0.00 0.00 -0.96 0.00 0.00 6% LCO2
: %6:2 os/438 () ULS Axial force design T=0
Field Dist  fiox  foox  V¥m Knos Kersy Knmy Knmz ki v
S0 m] (N (N 8] H ¢] H B Nmm
1 19 1400 21.00 1.25 0.80 1.10 1.00 1.00 1.00 16.90
Field Dist. My feos Nea fog Nea Oca Ota Utilization
. ml  [KNm] [N/mm?7  [kN]  [N/mm?] [kN] Nfmm?  [N/mm?]
1 1.9 5.93 13.44 0.00 8.96 0.00 0.00 0.74 8% Lco2
ULS Shear analysis T=0
Field Dist. fux Ym fiez Ker foa Ve Ta Ratio
M Nmm3 ] 5] 3] [N/mm?] [kN] [N/mm?]
1 0.0 350 125 0.80 0.67 224 439 0.14 6% LCO2
ULS Rolling shear T=0
Field  Dist. fox Ym Kmod fra \ Tea Ratio
[m] [N/mm?] H 8] [N/mm?] [kN] [N/mm?]
1 0.0 105 125 0.80 0.67 4.39 0.11 17 % LCO2
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Stress diagram T=0 Ultimate limit state (ULS) - design results T==
Floxural sress Shear stress Roling shear siress: so0— Moments [kNm]
[Nmm] Nimm?] [Nimm?] 00 [kNm]
93 [kNm]
o
e Tl i
s00-]
Flexural stress analysis T=0 10,00
Myg= 5.93 kNm 24.00 N/mm?
Mg = 0.00 kNm 2400 N/mm? Aial f N
z R wial forces
Nig 0.00 kN égg : 0. min N=0.00 (kN]
2 777 maxN=0.00 [kN]
110 - Z
1.00 -
100 -
1.00 -
Otg = 0.00 N/mm? 8.96 N/mm?
Omyad = -0.96 N/mm?* 16.90 N/mm?
Omazg = 0.00 N/mm? 0.00 N/mm? v
Utilization ratio 6%
Shear stress analysis T=0
Va= 439 kN 350 N/mm® oo
125 -
080 -
0.00 -
0.14 N/mm? 224 N/mm? v 500, Shear force [kN]
6%
ing shear analysis T=0
Va= 4.39 kN 1.05 N/mm?
125 - . T
080 -
T = 0.11 N/mm? 0.67 N/mm? v
Utilization ratio 17 %
Buckling analysis T=0
s00-]
Myg= 5.93 kNm fnk = 24.00 N/mm?
Mzg = 0.00 kNm
Neg = 0.00 kN 125 -
?gg - ULS Flexural design T=«
100 - Field  Dist. Ym Knos  Keysy Knmy Knmz [ (v fioa
100 - [m] 5] 5} (5} 5] (3} INfmm?] - [Nfmm?] - [N/mm?]
000 N 1;1312 i 1 19 125 080 110 1.00 1.00 24.00 16.90 8.96
Ocd = mm? mm? 9 -
ol 0% N e N Field  faos My Neo  Nig  Onyo Oea o Ratio
Omza = 0.00 N/mm? 0.00 N/mm? v [Nfmm?] - [kNm]  [kN] [kN]  [N/mm?]  [N/mm?]  [N/mm?]
Utilization ratio 5% 1 13.44 5.93 0.00 0.00 -0.95 0.00 0.00 6% LCO8
ULS Axial force design T=«=
Field Dist. frox feox Ym kmoa Keysy Knmy kamz ki fmya
[m] [Nfmm?] [Nfmm?] (] 5] 2} 5] 2] 5] [N/mm?]
19 1400 21.00 1.25 0.80 1.10 1.00 1.00 1.00 16.90
Field Dist. My feoa Nea fioa Neg Oca. Ota Utilization
m] [kNm] [N/mm?]  [kN] [N/mm?] [kN] [N/mm?] - [N/mm?]
19 5.93 13.44 0.00 8.96 0.00 0.00 0.74 8% Lcos
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ULS Shear analysis T==
Field Dist. fux Ym kmoa Ker fua \ Tva
[m]  [Nfmm?]  [] 5] [ [N/mm?] [kN] [N/mm?]
1 0.0 350 125 0.80 0.67 224 4.39 0.14
ULS Rolling shear T==
Field Dist. frie Ym Kmod fra Va Tea
m o (Nmme H M N/mm?] [N N/mm?]
1 0.0 105 1.25 0.80 0.67 439 011
Stress diagram T==
Flesurlsress Shear stess
N mm?]
Flexural stress analysis T==
Mya= 5.93 kNm 24.00 N/mm?
Mz = 0.00 kNm 24.00 N/mm?
Nig = 0.00 kN 125 -
0.80 -
1.10 -
1.00 -
1.00 -
1.00 -
Og = 0.00 N/mm? 8.96 N/mm?

Omyad = -0.95 N/mm? 16.90 N/mm?

Omzg = 0.00 N/mm? < 0.00 N/mm? 4
Utilization ratio 6%
Shear stress analysis T=w

Va= 4.39 kN 3.50 N/mm?
125 -
0.80 -
0.00 -
Tua = 0.14 N/mm? 224 N/mm? v
Utilization ratio 6%
ing shear analysis T==
Vo= 4.39 kN 1.05 N/mm?
125 -
0.80 -
Tg = 0.11 N/mm? 0.67 N/mm? v
lization ratio 17%
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Winst = W[char]
Field  Kiooo Koo Kostboton  Limit Wit W Ratio
2] [mm] [mm]
1 0.8 0.6 0.8 L/300 18.0 13 7%
Wan = w[char] + w[g.p.]
Field Kaetsop Kaetri  Kaetbotiom Limit Wit Weaic. Ratio
] [mm] [mm]
1 08 06 08 Li250 216 20 9%
Waetfin = W[Q.p.] + W[q.p.]
Field  Kuos  Koomo  Kostboton  Limit Wit Wee  Ratio
5] [mm] [mm]
1 0.8 0.6 0.8 L/300 18.0 17 9%
Vibration analysis
General
Total mass 261 [
Tributary width 15 [m]
Stiffness Longitudinal direction 133672 [kNm?]
Stiffness Cross direction 128.0 [kNm?]
Modal damping 1.0 [%]
a 00 [
Man weight 7000 [N]
Modal mass 4011 [kg]
Analysis
Criterion alc. Class | Class Il Class | Class Il CLI cLu
Frequency criterion min 22382[Hz]  4.5(Hz] 4.5 [Hz] 209 20% v v
Frequency criterion 22382[Hz] 8.0 [Hz] 6.0 [Hz] 36% 27%
Acceleration criterion 0.005 [m/s?]  0.05[m/s?] 0.1 [m/s?] 9% 5%
Stiffness criterion 0.16 [mm] 0.25 [mm] 0.5 [mm] 64 32% v v
Support design
Nr. Type Width  Area ke  Vn koo fox  for Ve Ve Ooss Ratio
[mm] [em?] 8] 8] [1 [N/mm? [N/mm?]  [kN] [kN] [N/mm?]
A Rigid plate 350 304000 080 125 1.50 .50 X 000 001 LCO2 1%
B Rigid plate 350 3040.00 080 125 150 250 240 4.39 000 001 LCO2 1%
Support reaction
Load case category ks Ay By
[kN]
self-weight structure 205 205
205 205
live load cat. A: domestic, residential 08 1.08 1.08
000 000

Note

Load case with whole support of the slab, CLT deck on top

Reference documents for this analysis

English title
ETA-11/0190

Disclaimer

Description
selftaping screw by Wiirth
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Buckling analysi

My = KkNm
Mz kNm
Neg kN
O 000 Njmm?
Omya= 077 Njmm?
Onza 000 N/mm? <

Utilization ratio

Service limit state design (SLS) - design results

fax= 2400 Nimm?
Yo = 125 -

Knoo = 080 -
Kepsy = 1.00 -
Kopz = 100 -
Knmy = 100 -
Knmz = 1.00

foos= 1536 Nmm?
faya= 1536 Nimm?
fmza = 000 N/mm?

Deformation char [mm}
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5%

100

200

Deformation q.p_[mm]

min W=0.00 [mm]
7777 max W=1.25 [mm]
%

100

Deformation q.p. inf [mm]

min W=0.00 [mm]
7 maxW=0.95 [mm]
g

100
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The use o the results o the software should not b refied upon as the basis for any decision or action. Any use of results of the software is ony allowed, f the results have been

Any modiication o those are not allowed.

“The user has the possiblty to make print-outs from the software.

Products GmbH, neither expressly nor implicily, provides any warranty in terms of accuracy, valdiy, i
3 y sof

does also not
Software withthe ones of third party producers or providers.

eliness and completeness of information and data created by the Software.
ftware, its suitabilty for  special purpose or for the compatbily of the

gross negligence

 the liabilty

excluded. This d&

. Une
programs andior data of the usar's data processing system.

Wood

Jgh Stora Enso Wood
Prodt bH

oporational failures or the oss of

Applicable Law: These terms of
Sale of Goods (CISG).
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