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Abstract

The challenge of global warming is an increasing concern of the 21 century. The concept of
sustainability is therefore considered of high importance as it aims to protect the environment and,
more specific, reduce the emission of greenhouse gasses. This has been underlined by signature of the
Paris agreements by many countries, including the Netherlands. A major problem of the Dutch
government is the growing housing demand. The current deficiency is listed at 325,000 dwellings
(Capital Value, 2023). Also after the WWII, the Netherlands faced a housing crisis, resulting in
approximately 847,000 council houses (TU Delft, 2022). Due to aging, these flats are currently in an
outdated condition (Singelenberg & Van Vlaenderen, 2011). The massive number of flats combined
with the aforementioned deficiency of houses and the climate problem prohibit large scale demolition
and reconstruction, as this would lead to both a further short-term deficit of houses and emission of
construction-related greenhouse gasses.

Mishra et al. (2022) showed the potence of timber buildings to meet the global housing demand and
the need for low-carbon construction, by using careful forest planting. Hence, a timber top-up on
council estates constitutes a sustainable approach, which accounts for densification and the huge
building stock in city centres. The structural similarities in council estates allow the development of a
general method, which could assist structural engineers in a sustainable decision-making process to
top-up council estates. Therefore, this research is aimed to develop a method to optimize timber top-
up designs for council estates, using the following research question:

What is an effective method to optimize timber top-up designs for council estates, considering their
structural limits and environmental impact?

The scope of the research is delineated to a specific top-up method: of timber (1), for council estates
(2), whereas: strengthening for vertical weight (3), and building physic related aspects (4) fell outside
of the scope of this thesis.

The theoretical part of the thesis discusses council estates, vertical extensions, and environmental
impact.

It is found that the building period impacts the structural variety in council estates. In this research,
the scope was narrowed down to the post-war period (1946-1965), as the interwar period (1916 —
1926) shows too wide variation. Hence unfortunately no universal structural lay-out can be defined.
Uncertain is the brickwork quality of the flats.

Strengthening for vertical load is complicated and expensive and is therefore excluded from this
research as viable option. The structural overcapacity must be determined based on norm comparison.
Council estates contain, according to this research, approximately 21% overcapacity (compared to
NEN8700 load definition). Horizontal linking of the dilatations is beneficial for structure and
environment in case stability is insufficient. Both Timber Frame (Dutch: Houtskeletbouw (HSB)) and
Cross Laminated Timber (CLT) construction can be used to top-up a building. HSB is preferred for its
lightweight, CLT for its robustness. Two flowcharts are produced, providing the structural overcapacity
for distinct council estates.

The carbon footprint method must be used to determine the impact of the extension in [kg CO,-
eq./y/m? new floor area]. Due to the CO,-capture of wood, more wood use results in an increased
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negative Global Warming Potential (GWP), which seems to be positive. Unfortunately, excessive wood
logging has detrimental effects on the environment. Therefore, material use must be minimized.

The numerical part is aimed for the structural design and Life Cycle Analysis (LCA) of a modular CLT
unit and a non-modular HSB-construction, as well as a definition of the top-up method.

The CLT-construction has a weight of 6.4, or 12.3 kN/m?, for 1 or 2 storeys, respectively. The technical
lifespan (75 years) of the unit can be fully developed, resulting in a negative GWP of -32.58 (1 storey)
or -30.23 (2 storeys) [10! kg CO,-eq./y/m? new floor area]. The HSB-construction has a weight of 5.5,
10.1, and 13.4 kN/m? for 1 till 3 storeys, respectively. The technical lifespan of the HSB top-up (75
years) cannot be fully developed, as it is limited by the remaining realistic service life of the council
estate itself. The result are linear graphs indicating the GWP as function of the residual lifespan of a
council estate.

Five requirements are defined for an effective method:

1. Allows for spatial variation in structural plans;

2. Adds (if structurally possible) at least two floors;

3. Applies no strengthening for additional vertical loads;

4. Negative global warming potential for the product stage;
5. Minimizes material use per year of service life.

As both variants fulfil the first four requirements, the method optimizes based on material use per
year. Consequently, a 3-step method is developed, which considers the flat characteristics, structural
overcapacity and minimalization of material use [Section 9.3]. It is found that a large residual lifespan,
and number of addable layers increase the potence to apply a HSB top-up.

The answer to the research question is that an effective method is dependent on the structural
characteristics of the council estate (defined in section 9.3). The developed method optimizes timber
top-up designs for council estates, considering a spread in overcapacity. The optimization produces
CO;-negative extensions (Stage A1-A3), having a minimized material use per year.

To conclude, it is generally not possible to tell a priori which of the two considered timber top-up
methods is the most effective for a particular case, considering the structural limits and environmental
impact. The residual lifespan of a building determines which method is the most effective. As an
exception, the extreme residual lifespans of council estates have a predictable top-up method. A
modular CLT extension forms the most fitted solution for buildings with a residual lifespan less than 25
years, while a non-modular HSB extension is most fitted for buildings with a residual lifespan more
than 40 years. Further, it can be concluded that timber vertical extensions form a sustainable
replacement for combined demolition and reconstruction of buildings. Moreover, these facilitate the
realization of a substantial number of houses. Therefore, a vertical extension of council estates forms
a sustainable solution to the current housing demand in the Netherlands.
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Introduction

This master thesis is a research on the vertical extension of council estates, as a sustainable solution
for the present housing demand. It marks the final part of the study at Technical University of Delft, to
obtain a Master’s degree in Civil Engineering, Building Engineering with the specialization Structural
Design. The thesis is performed in collaboration with Van Rossum Raadgevende Ingenieurs B.V.

The challenge of global warming is an increasing concern of the 21 century. The concept of
sustainability is therefore considered of high importance as it aims to protect the environment and,
more specific, reduce the emission of greenhouse gasses. This has been emphasized by signature of
the Paris agreements by many countries, including the Netherlands. Another major problem of the
Dutch government is the rising housing demand. The current deficiency is listed at 325,000 dwellings
(Capital Value, 2023). Also after the WWII, the Netherlands faced with a housing crisis, resulting in
approximately 847,000 apartments (TU Delft, 2022). These council estates have similar structural
principle as a consequence of a rapid, industrial, and nationally driven building process. Due to aging,
these flats are currently in an outdated condition (Singelenberg & Van Vlaenderen, 2011). The massive
number of flats combined with the aforementioned deficiency of houses and the climate problem
prohibit large scale demolition and reconstruction, as this would lead to both a further short-term
deficit of houses and emission of construction-related greenhouse gasses.

Mishra et al. (2022) showed the potence of timber buildings to meet the global housing demand and
the need for low-carbon construction, by using careful forest planting. Hence, a timber vertical
extension on council estates constitutes a sustainable approach, which accounts for densification and
the huge building stock in city centres. The structural similarities in council estates allow the
development of a general top-up method, which will help structural engineers make a sustainable,
preliminary decision. Therefore, the author posits to develop an effective method to optimize timber
top-up designs for council estates, as a solution to the housing and environmental crisis, as well as to

the number of council houses.

Global warming Housing demand Council estate stock

—

Figure 1.1: Three-fold problem: global warming, housing demand, and large council estate stock
(self-produced).
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Reading guide

The research will consist of two parts: a theoretical and numerical part. Both parts will be outlined
below to assist the reader in understanding the structure of the report.

2.1 Theoretical part

The theoretical part contains research to council estates, vertical extensions, and environmental
impact. The preliminary study and research plan span chapter 3 and 4, respectively.

The further theoretical frame covers chapter 5 till 7.

@
0’0

Chapter 5 studies the typology of council estates, based on a literature study, archive
inspection, and parameter study. Appendix A provides background information to chapter 5.
Chapter 6 explores the timber top-up possibilities, based on a literature review, case studies,
interviews, and norm study. The chapter concludes with two flowcharts, providing an
estimated overcapacity for council estates. Appendix B provides background information to
chapter 6.

Chapter 7 explores the LCA-calculation procedure and executes exploratory calculations.
Appendix C provides background information to chapter 7.

2.2 Numerical part

The numerical part of the thesis contains the structural design and (LCA-) calculation of two variants,
as well as the presentation of the top-up method.

72
0'0

Chapter 8 explores and verifies, based on the definition for an effective method, two variants,
by structural and environmental calculations. Appendix D provides background information to
chapter 8.

Chapter 9 defines the top-up method. This method includes the flowcharts of chapter 6.
Appendix E provides background information to chapter 9.

Appendix X forms an additional appendix, containing excel sheets and hand validations of the
calculations.

Chapter 10 discusses the research and provides proposals for further research. Chapter 11 contains
the conclusions of the research.
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Preliminary research

Chapter 3 will contain the preliminary research. It will provide context over environmental changes
(international), Dutch housing situation (national), council estates, and vertical extensions (national/
regional). This chapter will conclude with a problem definition.

3.1 Context

The context describes the development of the building industry, environmental situation, Dutch
urbanisation, council estates and provides information about vertical extensions.

3.1.1 Evolution of the building industry

For centuries, the environmental impact was not considered. During the prehistoric period, perishable
building materials as leaves, branches and animal hides were used. Later in human civilisation, more
natural materials as clay, stone and timber has been used (Rowan University, n.d.). The ancient Greeks
were the first builders who used wood, to build permanent structures. The Romans started to create
the structural material concrete (Joe, 2020). In the industrial revolution, steel became a mass-
produced material (Rowan University, n.d.). During the 20" century, materials as steel, wood and
timber were optimized, while new materials were developed as plastics and polymers (Joe, 2020).

Until the 20"-century, the development of construction industry was driven by three factors: durability
of materials, increasing structural dimensions, and the degree of control over interior conditions in
buildings (Rowan University, n.d.). From the beginning of the present century, a new parameter has
become increasingly pressing: environmental impact. People become increasingly environmental
conscious. There is more focus on ecology protection, energy conservation and environmentally
conscious building materials (Joe, 2020).

3.1.2 Environmental change

The current environmental situation is outlined to understand the new parameter. Europe’s annual
temperature has increased with an average rate of 0.15 °C/decade since 1910. This is tripled to 0.45
9C/decade since 1981 (NOAA National Centers for Environmental Information, 2021). This is caused by
increased carbon emissions (USGCRP, 2017). Figure 3.1[a] presents the earth’s CO,-flux. The increased
CO;-emissions caused by fossil fuels and industry must be compensated by the atmospheric, land and
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ocean sink. The insufficient capacity of the ocean sink, results in an increased CO,-concentration in the
atmosphere (causing global temperature rises). By 2101, the expected global temperature rise equals
2.5-8.0°F [Fig. 3.1b] (USGCRP, 2017).

The Global Status Report for Buildings and Construction (2019) states that 39% of the energy- and
process-related emissions in 2018 can be linked to the building and construction sector (Global Alliance
for Buildings and Construction et al., 2019). The Dutch government has signed the Paris accord
(Nederlandse Emissieautoriteit, 2022). 49% of the CO; emissions, relative to 1990, must be reduced by
2030 (95% by 2050) (Ministerie van Economische Zaken en Klimaat, 2022).

40 Projected Global Temperatures
10
30
= Fossil fuels s RCP8.5
5 20 and industry %: 8 RCP4.5
o ° RCP2.6
D
ps < — Observed
o Land-use change e
: Land sink o
2 o
€, E
8 Atmosphere g
Q.
£
o
Ocean sink =

_2 T T T T
[a] 1880 1800 1920 1940 1960 1980 2000 2015 [b] 1801 1951 2001 2051 2101
Figure 3.1: Environmental change; [a] CO2 flux; [b] temperature rise (USGCRP, 2017).

3.1.3 Urbanisation in the Netherlands

On a national level, the Netherlands faces a population surge, leading to pressure on housing demand
in both rural and urban areas. Broitman and Koomen (2019) investigated the effect of the densification
in the city centres compared to the edges. The research was performed on four cities: Amsterdam,
Rotterdam, The Hague, and Utrecht.

Figure 3.2 provides their results. The graphs show vertically the differences in houses/inhabitants per
hectare/house between 2000 and 2017. A positive value indicates an increased ratio. The horizontal
axis specifies the distance from the city centre. Both the population and dwelling density increase in
the city centres. This in contrast to average number of inhabitants per house. In conclusion, the density
in the Dutch city centres is increasing in contrast to other world cities (Broitman and Koomen, 2019).

Despite the urbanisation, the housing demand is rising in the Netherlands. The current demand is listed
at 325,000 houses (Capital Value, 2023). This shortage is expected to rise, and major efforts are needed
to make up for the growing deficit (Ministerie van Binnenlandse Zaken en Koninkrijkrelaties, 2021). To
generate more liveable space, several options can be thought of:

- New construction of housing is an option only when there is enough space. Due to increased
land prices, housing demand and limited space, municipalities start to build high-rise (NL times,
2019).

- Rebuild of existing residential areas forms another option. Current houses will be demolished,
and more modern residential areas will be reconstructed.

- Vertical extension is a more and more investigated option. Vertical extension saves material
use and space, compared to other proposed options.
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Figure 3.2: Densification in the Netherlands (Broitman & Koomen, 2019)

3.1.4 Council estates

The period after the World War Il is marked as a period of large economic growth and expansion (Fels,
2017). The government struggled with a housing crisis, a result of the WWII. As the Netherlands
functioned as a ‘welfare state’, the government was expected to provide enough liveable provisions
for their population. The city centres formed the normative location for economic growth and
expansions (Fels, 2017).

The government signed the ‘Reconstruction Law’, to provide money for more housing. Residential
areas were preferred to develop small communities. The government desired diversity in both people
and housing. Low-, middle- and high rise had to be built jointly. Due to the housing demand, the
building process must happen faster, cheaper, and more industrial. That, at the consequence of
diversity. A dominant middle-rise building developed: the council estate (Fels, 2017).

The council estates consist mostly of three or four storeys. More floors would exceed the elevator
boundary, significantly increasing the price. The apartments include three to four rooms, with a total
area of about sixty square meters (Singelenberg & Van Vlaenderen, 2011).

Present, the districts deal with liveability problems and social deprivation. The flats are used by
immigrants and starters on the housing market (Singelenberg & Van Vlaenderen, 2011). The small
houses, stairs instead of elevators, and a poor indoor climate, results in wretched living conditions. The
bad reputation of these districts makes it undesirable for corporations to invest in these apartments.
Fels (2017) concludes that the market position of these neighbourhoods is weak.

Demolition of all council estates will be a huge task and unsustainable. Consequently, a lot of research
has been done on renovation scenarios. Singelenberg and Van Vlaenderen (2011) did research to
change the target audience by transforming the building composition. Loukopoulou (2012) studied a
building envelope refurbishment. Van der Drift (2019) investigated renovation scenarios considering
costs, energy prestation, lower temperature heating, and implementation difficulty. The distinct
studies show future potential for the council estates.

Structural improvements can be made as well. By changing towards a more innovative building
strategy, the potential of these flats will rise. The liveable space can be increased by vertical extensions
on council estates. This solution constitutes a sustainable approach, which accounts for densification
and the huge building stock in the city centres, improving the commercial value of council estates.
More than 500,000 new dwellings could be realized by applying this strategy (Doodeman, 2021). That
underlines the large potential.
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3.1.5 Rooftop extensions

Topping-up is defined as: adding (at least one) additional layer(s) to an existing building (Encyclo, n.d.).
Within the literature, three additional terms exist for a top-up: a rooftop, upward, and vertical
extension. These terms are used interchangeable.

3.1.5.1 Reference projects

Several Dutch examples exist of vertical extensions. Most famous is the Karel Doorman extension in
Rotterdam. Sixteen layers were added on top of the existing building. The extension was realized by
designing a lightweight steel structure [Fig. 3.3 a, b]. Two concrete cores were added to reinforce the
existing structure. The horizontal load has been taken by the core, to increase the bearing capacity of
the columns (Bouwwereld, 2013).

Another project is the three added floors on the former Smit-Tak headquarter. The new added
structure has been made of a lightweight steel structure and hollow core slabs [Fig. 3.3c, d]. The
existing structure used a portal structure for stability. To strengthen for the new wind load, concrete
cores were constructed. New piles were added to the foundation (Pieters Bouwtechniek, n.d.).

Old structural system
(moment resisting frame)

A

b o — in &

New structural system
(shear core)

[l -

Figure 3.3: [a] Karel Doorman building (Wind, 2012) and [b] corresponding structural system of the top-up (Wind, 2012). [c]
Groot Willemplein extension (Pieters Bouwtechniek, n.d.), and [d] related structural system change (Papageorgiou, 2016).

3.1.5.2 Structural methods
When considering a structural method for a vertical extension, Papageorgiou (2016) considered three
different methods:

1. Vertical extension without strengthening the existing building. This is a feasible solution in
case the existing structure is over-dimensioned (limited number of layers will be added).

2. Local strengthening of the structural system. Strengthening a construction is highly project
specific. Considering strengthening methods for concrete elements, two methods could be
applied: concrete jacking and application of externally bonded steel strips. By concrete jacking,
the cross-section is enlarged with high performance concrete (Marini & Meda, 2009).
Externally bonded steel strips increase the ultimate shear strength by approximately 22% (Altin
etal., 2013).

3. Radical changes in the structural system. The main focus is to change the stability system.

3.1.5.3 Structural material

The structural material use of a top-up forms a crucial consideration. Three structural aspects must be
evaluated: strength, stiffness, and weight. The latter in particular has a major impact on vertical
extensions. Concrete is excluded in the material evaluation due to its large self-weight, and carbon
footprint. A literature review on steel and timber is conducted.
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Unfortunately, there is no absolute answer which material is more effective for vertical extensions.

Papageorgiou (2016) stated that steel is the most optimal material. Steel has architectural
flexibility, easy and fast construction, lightweight, precise, and reliable products, thermal
comfort possibilities, compliance with fire regulations, and long lifespan. Steel can be recycled
without downgrading (but with a CO, footprint). The production of steel is polluting.
Bikulciateé (2021) stated that timber has a light weight, high strength to weight, and stiffness
to weight ratio. Timber is a sustainable material, having a large CO,-storage capacity, and being
a renewable material with a cradle-to-cradle potential.

Rissetto (2018) had conducted research on the performance of structural material for top-ups.
The main aspects of Rissetto (2018) were: ecological, thermal, and cost performance. A light-
weight wood structure reduces the environmental impact by 50 percent, compared to a light-
weight steel structure. Additionally, Rissetto (2018) concluded that light-weight wooden
structures are less expensive.

Mishra et al. (2022) showed the potence of timber. Their thorough research addressed that
there are good opportunities to meet global housing demand using careful forest planting, and
gradually shift away from CO,-unfriendly building materials.

For this research, the decision was made to focus on timber, based on four factors:

P wWnN e

Three of the four presented studies show the sustainable potential of timber above steel;
Timber has appropriate mechanical properties for top-ups;

More research is already performed in steel top-ups;

Author’s personal interest in timber structures.

3.2 State of art

This section will provide the main scientific reports and information considering top-ups and council
estates. This will indicate the knowledge gap related to council estates and top-ups.

3.2.1 Council estates

A lot of research was conducted on the renovation of council estates [Section 3.1.4]. However, no
literature is found within the structural solutions for council estates, related to vertical extensions.
Recently, SUM (student team of the TU Delft), presented a solution for a sustainable transformation
of council estates (TU Delft, 2022). The solution contains a vertical extension. It must be mentioned
that no report was yet available describing the structural underpinning of the design.

5 < _&:‘ b | |
Figure 3.4: Proposal for sustainable transformation of council
estates by SUM (TU Delft, 2022).
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3.2.2 Rooftop extensions

Bikul¢itté (2021) performed research in timber upwards extensions, combined with parametric
modelling and machine learning. During this study, two main obstacles blocked her progress:

1. The available data about top-upped buildings. Bikul¢iGté constructed a fictive database.
2. The project specificity of vertical extensions. Consequently, a parametric study is performed to
create a tool that is more general applicable.

Bikul¢iGté (2021) defined two factors that influence the number of layers that can be added to
buildings: the stability system and concrete strength class. Adding more stability elements does not

directly contribute to more stability [Fig. 3.5]

Parameter: Stability types (1) Parameter: Concrete strength (1)

18

~ 00000090000000 © 000
v 00000000000000 © 00 ©

Stability systems Concrete strength

(a) Stability type influence on the number of ad- (c) Concrete strength influence on the number of
ditional floors. (1 - no stability walls and rigid  additional floors. (0 - C12/15, 1 - C16/20, 2 -
frame structure; 2 - stability walls and rigid C20/25, 3 - C15/30, 4 - C30/37)

frame; 3 - stability walls and supported column

structure; 4 - no stability walls and supported col-

wmn structure)

Figure 3.5: Influencing factors on additional floors for vertical extension (Bikul¢iaté, 2021).

Papageorgiou (2016) performed an optimization study to identify the design parameters for a vertical
extension, considering both costs and environmental impact. Based on the study, five parameters were
defined: municipal policies; foundation of existing building; absence or not of testing methods; floor
system of the new block, and the performance of a feasibility study. The latter reveals the relation
between value and costs. The parameters were applied on a structural design and compared with the
shadow costs of a rebuilt structure [Fig. 3.6]. A new structure result in a higher ECI value compared to
a vertical extension. In conclusion, extension of buildings is a sustainable method to increase liveable
space. On this study, a critical remark must be made. The report states: The advantages of steel upon
concrete in vertical extension have been emphasized in both the literature research and the example
case studies. Timber was not considered as a structural material. Most presumable this is a result of
the time in which the research is conducted, 2016. Timber is an upcoming structural material.

Scenario 2 - Comparison ECI / Building level

€150.000
€111.280 € 114235
€100.000
£ 50,000 €32.669
€-

Vertical extension  New column structure  New wall structure

Figure 3.6: Comparison ECI value of a steel top-up and a new
constructed building (Papageorgiou, 2016).
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Gonzalez (2017) performed an integral study to tall timber extensions. In this study the architectural
and structural aspects were combined. Gonzdlez made a timber extension by considering all design
aspects individually. It appeared that a conventional design approach results in complexities since
different disciplines do not work together. There is need for an integral design.

3.2.3 Conclusion ‘State of Art’

A wide range of information is available on rooftop extensions. Top-ups are project specific and lacking
data (Bikul¢iGté, 2021). Bikulcitté’s research provided general, instead of project specific, information.
Papageorgiou (2016) presented project specific possibilities for a steel extension on the Astoria
building. Both, Bikul¢iité and Gonzalez, emphasised the potence of timber vertical extensions.
Papageorgiou (2016) indicated the sustainable potence of steel extensions, instead of timber.
Regarding council estates, a lot of literature is available about the interior climate, but research in
extending these flats is lacking. The design of SUM indicated the potence a top-up on council estates.

The following points summarizes the current State of Art:
- General (parametric) studies in timber extensions are available (Bikul¢itté & Gonzélez). These
studies do not consider strengthening of the substructure.
- Project specific studies in steel top-ups (Papageorgiou). Especially the relation between costs
and environment is defined.
- Research to the interior climate optimisations of council estates.

The relationship between the structural possibilities of council estates, and the corresponding
environmental impact is not examined yet.

3.3 Problem definition

The challenge of global warming is an increasing concern of the 21 century. The concept of
sustainability is therefore considered of high importance as it aims to protect the environment and,
more specific, reduce the emission of greenhouse gasses. This has been underlined by signature of the
Paris agreements by many countries, including the Netherlands. A major problem of the Dutch
government is the rising housing demand and densification. Also, after the WWII, the Netherlands
faced a housing crisis, resulting in approximately 847,000 apartments located in council estates (TU
Delft, 2022). The massive number of flats combined with the aforementioned deficiency of houses
and the climate problem prohibit large scale demolition and reconstruction, as this would lead to both
a further short-term deficit of houses and emission of construction-related greenhouse gasses.

Mishra et al. (2022) showed the potence of timber buildings to meet the global housing demand, by
using careful forest planting, and gradually shift away from CO,-unfriendly building materials. Hence,
atimber top-up on council estates constitutes a sustainable approach, which accounts for densification
and the huge building stock in city centres.

Thorough research was performed on improvements for the interior climate of council estates or
spatial reorganisations. Data about the structural possibilities is not available. The structural
similarities in council estates allow the development of a general method, which could assist structural
engineers in a sustainable decision-making process to top-up council estates. Therefore, this research
aims to develop a method to optimize timber top-up designs for council estates.
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Research plan

Chapter 4 will provide the research plan. The research question will be defined, which will be supported
by five sub questions. Additionally, a method will be described how to perform the research. The
research will be delineated by a scope.

4.1 Research questions

The main research question is:

What is an effective method* to optimize timber top-up designs for council estates, considering their
structural limits and environmental impact?

To answer the research question, a theoretical and numerical research are performed.

The theoretical part is aimed for researching and learning about council estates, vertical
extensions, and environmental impact. The sub-questions related to the theoretical frame are
provided in question Q1 till Q3.

The numerical part is aimed to develop and calculate for two variants, based on the theoretical
frame, the structural and environmental aspects. The sub-questions related to the numerical
calculations are provided in sub question Q4 and Q5.

Sub questions:

Q1) What defines a council estate?

Q2) What are possible strategies to top-up a council estate?

Q3) How does the building code count for vertical extensions?

Q4) What are the structural possibilities for the distinct top-up methods?
Q5) What is the environmental impact of the realized variants?

*Effective method will be defined in section 8.1




4. Research plan |11

4.2 Methodology

The research starts with the preliminary study, followed by the main research (theoretical and
numerical part), and ends with the discussion and conclusions.

- The preliminary research forms a motivation for the research. Based on an initial literature
review, the context, State of Art, problem, and research question(s) are defined.

- The theoretical part forms the basis for the numerical exploration. Information is generated
based on a literature study, archive inspection, case studies, and interviews. The literature
study provides scientific knowledge on council estates, rooftop extensions and codes. The
archive inspection provides an overview of the structural layout(s) of council estates.
Additionally, it is used for case studies, which broadens the author’s vision on top-up
possibilities. The interviews provide practical knowledge about top-ups, as well as background
information on case studies.

- The numerical part develops a method which considers both environmental impact and
limitations. The goal is to provide a preliminary design direction that simplifies the decision-
making process for top-ups. The software for the calculations is defined in chapter 8. The
environmental impact calculation is done by an LCA-calculation.

- The discussion and conclusions provide answer to the research question and sub questions.
Additional discussion points and recommendations are provided.

4.3 Scope

The scope of this project is narrowed down by choosing the following four restrictions:

1. The method only considers timber top-ups, as motivated in section 3.1.5.3.

2. The research is specifically for council estates. These buildings form a large and relatively
homogeneous group, and are therefore suitable for a general top-up method.

3. The method excludes strengthening for additional vertical load. Strengthening for vertical load
is complicated and costly, what reduces the applicability of the top-up method.

4. The research does not consider the building physic related aspects. The author will graduate in
the structural design specialization, what means that building physic related aspects receive
less attention.

— Which top-up method to use for a council estate? <«
Council estates ‘ Scope research Method
(e e \ BStructural limit
i | : ructural limits
: Vapons l| \/ Timber BEnvironmental impact

— | Variant 2 l—p ; —>
|I ]l J Council estate

I Variant 3 | . |:|
_____________ x Strengthening

Parameter

Method

Theoretical part Numerical part
Figure 4.1: Schematization of this study (Self-produced).
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Council estate

Chapter 5 will describe the typology of council estates in the Netherlands. The chapter will contain an
investigation based on a literature study and an archive inspection. The flats will be structurally
explored by a parameter study.

5.1 Definition of a council estate

Council estates (Dutch: “portiekflat”) consists of separated houses with their entrance located at a
porch. A porch is an open space, with an opening to the road. A stairwell is in the porch to allow the
residents to reach their house on different storeys. The porch can be seen as an additional layer of
protection against crime. The location of the entrance forms a noticeable difference with standard
housing (Watismijnhuiswaard, 2022).

A perfect English translation of the Dutch term portiekflat does not exist. This report will use the
translation council estate as it resembles the Dutch concept the closest. The following definition will
be used to classify a council estate:

“A council estate is a multi-storey building, where residents enter their houses by making use of a
common route through a porch. A porch is an open space behind the facade with an entrance to the
road.”

Figure 5.1: Typical layout of a council estate
(Archive municipality Amsterdam, 2022).
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5.2 Building period

Majority of the council estates were constructed during two periods: interwar period (1916 — 1926)
and post-war period (1946 — 1965) (Oorschot et al., 2018). The main driving factor for these buildings
was the rapidly growth of urban regions. These buildings are one of the mark points of the Dutch
welfare state.

During the interwar period, the Housing Act of 1901-1902 was one of the driving protocols that
provided affordable housing for the Dutch population. The housing act addressed three parts: building
regulation, urban planning, and financial support for housing (Bakker, n.d.). Resultingly, the inter-war
council estates were constructed.

The post-war period is marked as a period of war damage renovation, city formation, solving housing
crisis, and a period of large population expansion (Fels, 2017). The government strived for full
employment to prevent the unemployment of 1930 and 1940. To do so, the government provided
social security (by the Reconstruction Law). This law provided additional money for housing (Fels,
2017). During this period, the government dominated the decisions regarding the housing market. The
government determined numbers of houses, construction quality, production costs, accessibility for
houses due to spatial planning, and finally the rent of houses. The housing demand formed in this
period a large crisis, what stimulated the building process to become faster, cheaper, and more
industrial (Fels, 2017). Resultingly, the post-war council estates were constructed.

5.3 Typology of council estates

Oorschot (2021) performed a study in the typology of council estates. The interwar and post-war
period form the normative building periods. The study focussed on four cities: Amsterdam, Rotterdam,
The Hague, and Utrecht. In 2016, Amsterdam still counted 155,456 apartments, Rotterdam 104,014,
The Hague 107,253, and Utrecht 29,482, located in council estates (Oorschot, 2021). In total, these
cities counted approximately 400,000 council houses. Note that a lot of the built apartments were
demolished.

Figure 5.2 provides an overview of the literature study in typology of council estates. Section 5.3.1 will
provide information about the inter-war period. Section 5.3.2 will outline the post-war period.

Council estates

Interwar period Post-war period
(1916-1926) (1946 — 1965)

I
Mixed (traditional)
construction

Non-traditional construction
(No brickwork)
T

]
Traditionally constructed

[
Traditionally constructed
‘The Hague’ flats

‘Amsterdam’ flats

Wooden floors and || Reinforced concrete | | Precast construction . Large panel
< Cast-on-site :
roof floors and roof by stacking construction
T
Airey Welschen BMB
Tramonta Korrelbeton Rottinghuis
Muwi RBM Coignet

Pronto
Bakker

Figure 5.2: Typology of council estates in the Netherlands (Self-produced).
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5.3.1 Inter-war period

The interwar buildings were usually constructed as part of a perimeter city block. Following of the
urban spaces resulted in irregular floorplans (Oorschot et al., 2018). During the interwar period,
Amsterdam built 115,991, The Hague 69,422, Rotterdam 63,299, and Utrecht just 14,406 apartments
in council estates (Oorschot, 2021). A lot of these do not exist anymore (due to demolition).

In Amsterdam usually a stacking of four apartments is located on both sides of the porch. The porch
consists of a closed stairwell and a shared service shaft. Remarkable for these council estates are the
pitched roofs, located on top of the buildings (Oorschot et al., 2018).

In The Hague, there are usually six units located around a porch. This porch consists, in contrast to
Amsterdam, of an open stairwell and two service shafts. That means that the council estates in The
Hague are only three storeys tall. The roofs of these council estates are flat. Note that in The Hague
the foundations are directly embedded in the subsoil as a “shallow foundation”, whereas the other
three cities due to the softer subsoil require deep (pile) foundations (Oorschot et al., 2018).

In Rotterdam, the council estates show a similar typology as The Hague. Usually, three storey tall
buildings with a flat roof (Oorschot, 2021). In Rotterdam, every apartment has its own stairwell,
meaning that the flats become deeper (Oorschot, 2021).

In these inter-war buildings, no elevator is used. The buildings have a traditional construction system
with loadbearing walls and facades, floors made of wooden beams (spruce), windows and doors were
made of pine. The foundations were traditionally made of brickwork, supported by wooden piles.
Sometimes reinforced concrete was used in Amsterdam (Oorschot et al., 2018).

Based on the analysis above, Oorschot et al. (2018) defined two typologies from the interwar period.
1. Traditionally constructed council estates of Amsterdam, with pitched roofs and four stacked

apartments mirrored at the shared porch [Fig. 5.3a]. This structural method is equal to the
European metropoles of the 19* century.

2. Traditional constructed council estates of The Hague, derived from the Dutch ‘boven-beneden-
woning’, making sure that each apartment has its own door. Usually three storeys high [Fig.
5.3b].

(o] S e e e 5 L)
Figure 5.3: Typology of council estates in the inter-war period; [a] Amsterdam; [b] The Hague (Oorschot et al., 2018: 6).

Despite the subdivision of Oorschot et al. (2018), still there is a lot of variety in dimensions. This is
caused by a local urban planning instead of a global organised housing regulation. For this research, it
was decided that the large variety of these inter-war buildings will not be applicable for a universal
method. There is too much differentiation in shape, floorplan and building material. Therefore, this
report will focus further on the post-war council estates.
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5.3.2 Post-war period

After the WWII, the building regulations were determined by the government. Resultingly, local
deviations disappeared. The Prescriptions and Wenken, and the Housing Act provided more
standardization in the build-up of council estates. Most of the population had the desire for building
on large scale with industrial construction methods. Due to the WWII, there were insufficient money,
materials, and skilled construction workers (Oorschot, 2021). That resulted in a continuation of
traditional mixed construction methods. At locations with a strong need for houses, the prefabricated
system industry developed faster. As a result, in the West of the Netherlands more system
constructions were applied (Battum, 2002). The current number of post-war apartments that still
remained is about 847,000 (TU Delft, 2022). The post-war flats can be characterized based on
construction method.

5.3.2.1 Definition of two main categories
In the period 1946 till 1965, Lijbers et al. (1984) defined five different construction methods.

1. Traditionally built houses in the period 1946 till 1952. Built according to the provisional Wenken
(1947), marked by a traditional brickwork structure, combined with a wooden or stony floor
(Lijbers et al., 1984).

2. Traditionally built houses in the period 1953 till 1965. Constructed according to the
‘Prescriptions and Wenken.’ Till around 1956 wooden floors were used (Lijbers et al., 1984).

3. More special construction methods and alternative material use. Some examples of applied
systems are: Bredero and Bredero ’55, Elementenbouw and Welschen (Lijbers et al., 1984).

4. System building using a continue contract (1948 — 1961). ‘Ratiobouw’ should provide
permission for construction. Examples of these systems are: Airey, Korrelbeton, RBM |,
Rottinghuis, Bakker, Muwi, Pronto, Tramonta and BMB (Lijbers et al., 1984).

5. New systems developed in the period 1960 till 1970. Most of these systems are prefabricated
systems (Schokbeton-GBS, Coignet, Elementum, VAM, Simplex and Smit Il), but also pouring
systems exist (Bitcon and EBA) (Lijbers et al., 1984).

Oorschot et al. (2018) summarized the findings of Lijbers et al. (1984) into two main groups (A and B).

A. Post-war buildings using traditional mixed construction methods. Traditionally brickwork
loadbearing walls and facade combined with prefabricated construction elements as piles,
beams, floor elements and stairs. Approximately 53.4% were built according to the traditional
method in the period 1946 till 1965.

B. Post-war buildings using non-traditional construction methods, by making use of
(prefabricated) construction components. Approximately 46.6% were built according to this
method in the period 1948 till 1961.

The standardization resulted in more linear structural systems. Usually, six to eight apartments were
equally divided in two stacks, which are mirrored on both sides of the porch (Oorschot, 2021). The two
main groups will be set out in the sections 5.3.2.2 till 5.3.2.4.
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5.3.2.2 Traditional construction

Traditional construction can be subdivided into three groups, provided below. No standardization of
floor height can be observed before 1961 (Thijssen and Meijer, 1988).

- Buildings having wooden floors excluding a fagade with cavity. Mainly built in the first half of
the years 50 (least applied traditional system). Instead of a cavity, a cling layer of stone was
used (Battum, 2002). No crawl space is below the building (Thijssen & Meier, 1988).

- Buildings having stony floors and fagades without cavity. Built in the period 1946 till 1960
(most applied traditional system) (Battum, 2002). Significant differences could be observed in
number of storeys, presence of an attic, angle of the roof, foundation, and fagade construction.
Roofs were mostly constructed of light-weight concrete (Thijssen and Meijer, 1988).

- Buildings having stony floors including a fagcade with cavity. Constructed in the period 1946
till 1965 (Second largest group of the three) (Battum, 2002). Three to four storey flats were
constructed during this period. Both inclined and flat roofs are used. After 1959, the flat roof
became normative (Thijssen and Meijer, 1988).

Figure 5.4: Traditionally build council estate with wooden floors
(Thijssen & Meier, 1988: 25).

5.3.2.3 Prefabrication methods applied in non-traditional structural methods

Oorschot (2021) defined three main used construction methods in the non-traditional methods:
precast construction by stacking, cast-on-site, or large panel precast construction. Till 1961, no
standardization in storey height can be observed (Thijssen & Meijer, 1988).

e Precast construction by stacking
Construction by stacking means that large blocks were used for the construction. That accelerated the
construction process. Different systems were used within the precast construction: Airey, Tramonta,
Muwi, Pronto and Bakker. These systems were applied in North and South Holland.

Airey used a combination of concrete or steel columns that are filled with B2-blocks. The skeleton is
load bearing. The floors consist of wood on a steel lattice girder. The system was applied from 1949 till
1968 (Thijssen & Meijer, 1988).

Tramonta combined traditional and non-traditional construction. The facade was constructed of
brickwork, while on halfway depth a concrete column structure is located. The floors rest on both. The
interior walls do not fulfil a loadbearing function, except the stairwell walls (Thijssen & Meijer, 1988).
Muwi, Pronto and Bakker were systems containing their own stacking blocks. Muwi was the most
applied stacking method (=36,000 apartments) (Thijssen & Meijer, 1988). The Muwi system used
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hollow blocks, which were dry stacked. Afterwards, these blocks were filled with mortar. Both exterior
as interior walls are load bearing (Battum, 2002).

- m
Ll

o B

Figure 5.5: Council estate using Tramonta principle (Thijssen & Meijer, 1988: 91).

e Cast on-site
Cast on-site uses standardized formwork. Different methods were used: Welschen, Korrelbeton and
RBM. Mostly, this system was applied in North and South Holland. Cast on-site was applied after 1960
(Thijssen & Meier, 1988).

Welschen casted all needed elements on-site. The structural system consists of a concrete skeleton
and walls, which were stacked concrete blocks, filled afterwards with concrete (Battum, 2002).
Korrelbeton was the first which experimented with standardized formwork for concrete casting. Most
of the apartments (=14,000) were built before 1962. The structural system is formed by in-situ formed,
loadbearing walls. As floors, plates were used (Battum, 2002).

RBM used in-situ cast walls and floors. The walls have standardized sizes (Battum, 2002). Most
apartments (=12,000) were built in the period 1957 till 1968.
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Figure 5.6: Council estate using Welschen method (Thijssen & Meijer, 1988: 122).

e Large panel precast construction
Large panel construction used (half) storey-high panels. The large panels resulted in stability problems
for tall buildings. Three systems can be distinguished: BMB, Rottinghuis and Coignet (Battum, 2002).

BMB used prefabricated panels of a half storey-height (maximum length of 3.5 meters). A mechanically
produced brickwork wall was finished with loadbearing concrete. Floors were constructed of
reinforced concrete. BMB was applied from 1950 in Amsterdam and Haarlem (Thijssen & Meier, 1988).
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Rottingshuis used prefabricated elements of one storey-height. The loadbearing prefabricated
elements were constructed of gravel concrete. The non-loadbearing inner walls were constructed of
lightweight hollith concrete. Rottingshuis had own prefabricated concrete floors, placed on top of the
walls (Thijssen & Meier, 1988). Rottingshuis was applied in 1965 and 1966 (Battum, 2002).

Coignet used loadbearing concrete walls, with prefabricated concrete floors on top of it, to form six
stiff boxes. Stiff connections were needed (Battum, 2002). The system was mainly applied from 1960
till 1966 (Oorschot, 2021).
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Figure 5.7: Council estate with the BMB method (Thijssen & Meier, 1988: 153).
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5.3.2.4 Evaluation different post-war methods

Thijssen and Meier (1988) estimated the percentages of the distinct construction methods (in the
Netherlands) [Table 5.1]. The percentage are based on the 22,000 inspected council estates by Thijssen
and Meijer (1988).

Table 5.1: Construction methods applied in council estates (Thijssen & Meier, 1988)

Trad. with wooden floor 1.6 Amsterdam, Rotterdam, The Hague 1946-1955
Trad. stony without cavity 33.2 Amsterdam, Rotterdam, The Hague 1946-1960
Trad. stony with cavity 27.1 Widespread in the Netherlands 1946-1965
Precast stack building 13.4 Depends on system, but generally spread over the 1949-1968
Netherland, mostly in North and South Holland
Cast-on-site 17 Mostly North and South holland 1946-1968
Large panel precast 7.6 Spread over Netherlands 1950-1966
construction (Most 1965— 1966)

Table 5.1 indicates that the ratio: Traditional - Non-traditional equals approximately 60-40. Traditional
construction with stony floors and no cavity is normative for the traditionally mixed construction. Cast-
on-site is the normative category for the non-traditional variants. The traditional constructed council
estates with wooden floors are neglectable.

Comparing traditional with non-traditional, the material usage becomes a normative difference.
Within the research of Thijssen and Meijer (1988), a variety can be observed in: dimensions, number
of storeys, presence of an attic, angle of the roof, foundation, and fagade construction.
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5.3.3 Basic floor plans

The Prescriptions and Wenken 1946, respectively 1951, formed the basic rules for the mapping of
council estates during the post-war period. These norms defined minimum volumes, and room
dimensions. Basic floorplans were designed for a maximum of six beds; the study group concluded that
families with more than four children are not suitable for council estates (Battum, 2002).

5.3.3.1 Localisation of the stairwell
Important is the location of the stairwell, which can be located (a)symmetrical. In case of an
asymmetrical orientation, the stairwell is in one of the two apartments (type Ma) [Fig. 5.8a]. It results
in two distinct apartments at one floor level, which was occasionally applied (Battum, 2002). The
symmetrical variant can be subdivided into two variants:
- Type M — The space behind the stairwell is equally subdivided over the two apartments [Fig.
5.8b]. Two equally mirrored apartments on one floor level exist.
- Type Mw —The space behind the stairwell is devoted to one of the two apartments: ‘Additional
room’ or ‘Bajonet connection’ [Fig. 5.8c]. This is the most often applied system, as it anticipates
better on the family size.

bouwtype: Ma . bouwtype: M bouwtype . Mw
[a] Asymmetrical _ [b] Symr_n.etrical [c] Symmetrical
(Without additional room) (With additional room)

Figure 5.8: Possible orientation of stairwell in council estates (Battum, 2002: 42).

Symmetry was preferred for both parallel and perpendicular to the fagade. That would provide more
flexibility in the future. The study group efficient housing determined minimum dimensions for the
stairwell: minimal depth x width = 3.6 x 2.3 m. Also, a standardized storey height of 2.8 m was
introduced (Battum, 2002).

5.3.3.2 Standard floorplans

Within the floorplans, four main variants can be observed. The presented variants include the bajonet
connection but also exist without. The differentiation in floorplans is dominated by the relation
between kitchen and living room (Battum, 2002).

e Variant A —The living room has the largest dimensions along the facade. The kitchen is placed
along the other fagade [Fig. 5.9a].

e Variant B —The living room has the largest dimensions perpendicular to the facade. The
kitchen is placed in the same bay to the other fagade [Fig. 5.9b].

e Variant C—The living room has the largest dimension perpendicular to the facade. The
kitchen is located at the other fagade in the other bay [Fig. 5.9¢].

e Variant D — The kitchen is located at the same fagade, next to the living room [Fig. 5.9d].

Battum (2002) performed an archive inspection to determine the division between the different
variants. An overview is presented in table 5.2. Variant C including additional room is the normative
floorplan for council estates.




5. Council estate |20

Table 5.2: Division of maps in [%] (Battum, 2002: 53-54).

Variant A B C D A B C D

Incl. additional room 2.4 27 296 95 3.7 38 10.9 7.0
Excl. additional room 0 6.6 5.8 9.4 0.7 0 1.5 3.4
Total 24 93 354 189 | 44 338 12.4 10.4

SR

Figure 5.9: Variants of floorplans (Battum, 2002: 46-47). Variant A- D are [a] - [d], Eespectively.‘

5.3.4 Number of storeys

Lijoers et al. (1984) performed research to the housing stock in the Netherlands during the period 1945
— 1975 (includes Post-war period). The period after 1965 was dominated by an increased building
height, using elevators. These (gallery-) flats are different compared to council estates. Lijbers et al.
(1984) divided the post-war period (1946 — 1965) into two parts: 1949 till 1952 and 1953 till 1965. This
due to variation in registration methods.

The period of 1949 till 1952 used a registration of the residential layers. This layer was defined as every
building layer that contains a living or bedroom. The period 1953 till 1965 used a registration of the
number of building layers. This layer was defined as a layer with a storey height larger than 2.3 m,
excluding the ground floor. It can be concluded that most of the council estates have four storeys.
Approximately 31% is classified as gallery flat. These are the ones with more than four building layers
(Lijbers et al., 1984).

Table 5.3: Number of storeys in historical stock (Lijbers et al., 1984: 42-43).

2 Residential layers | 11% Building layers | 8%

3 “ 52% “ 24%
4 “ 28% “ 38%
>4 | “ 10% 18%

“ 1%
“ 2%
“ 1%
>8 | “ 8%

(N[ lWN
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5.4 Archive inspection

The archive of Amsterdam will be used to inspect distinct council estates. An overview of the
inspection, schematized structural floorplans, and actual floorplans will be provided in appendix A.

5.4.1 Data collection

The purpose of the inspection is to collect structural data about council estates. General information,
dimensional data, and structural aspects are collected. The archive of Amsterdam is used as it is online
accessible. Due to the Housing Act, the construction process was organized by the government, what
eliminated the local deviations (Oorschot, 2021). Inspecting only Amsterdam is sufficient for general
information about council estates. Table 5.4 provides an overview of the inspected variants.

Most of the inspected flats were traditionally built: 61.5%. The structural drawings and calculations are
often excluded from the archive. Resultingly, the author derived structural systems from the
architectural drawings [Appendix A.1].

Table 5.4: Overview of inspected council estates.

1 Helena Mercierstraat, Amsterdam 168 1960
2 Willem van Weldammelaan, Amsterdam 90 1961
3 Comeniusstraat, Amsterdam 489 1956
4 Maassluisstraat, Amsterdam 120 1959
5 Anske Lammingastraat, Amsterdam 256 1954
6 Petrus Blokhof, Amsterdam 384 1954
7 Grasrijk, Amsterdam 128 1957
8 Loevenstein, Amsterdam 167 1961
9 Jan Voerstraat, Amsterdam 160 1961
10 Saaftingestraat, Amsterdam 324 1961
11 Schoonboomstraat, Amsterdam 459 1962
12 Honselersdijkstraat, Amsterdam 380 1959
13 Steenderenstraat, Amsterdam 143 1981

5.4.2 Standard lay-out of the council estate

A council estate has most often a symmetrical orientated stairwell and floorplan. The stairwell depth
equals about 50% of the building depth. Apartments at the same floor are mirrored in the stairwell. All
walls around the stairwell are loadbearing. The vertical load bearing system consists of the wall
structure. The structural walls are orientated perpendicular to the frond facade, while the floors span
perpendicular to them. A stability wall is longitudinally located at the end of the stairwell. The
structural walls provide stiffness in cross-direction.

The average number of floors equals 3.67. In case of a sloped roof, an attic is often added. The ground
floor functions as storage space or parking.

In general, three structural floorplans exist [Fig. 5.10]. Variant 1 includes an additional room, variant 2
and 3 excludes. Variant 3 has slightly shifted inner walls. Only considering the wall orientation
perpendicular to the frond facade, 38.5% was constructed according to variant 1, 38.5% to variant 2
and 23.0% to variant 3.
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Figure 5.10: Main structural floor plan divisions. [a] Variant 1; [b] Variant 2; [c] Variant 3 (Self-produced).

5.4.3 Structural principles: traditional and non-traditional methods

Although the floorplans show a general build-up, variation can be observed between traditional and
non-traditional construction. The structural principles of both methods will be described.

5.4.3.1 Traditional construction

The flats were constructed in blocks. Such blocks are divided by dilatations. The ground floor contains
more walls, as it is used for storage space [Fig. 5.11]. Brickwork was used to construct the loadbearing
walls. These walls transfer both vertical and horizontal loads. The archive indicates a general applied
wall thickness of 220 mm. The early traditional flats have load-bearing facades. The floors are mostly
continuous slabs, made of reinforced concrete.

In longitudinal direction the stability is realized by a longitudinal-orientated wall at the stairwell. Piers
provide additional stiffness in case of a loadbearing facade. In cross-direction, the structural walls
provide stiffness. Figure 5.11 shows the council estate located at the Honselersdijk in Amsterdam. It
illustrates the additional longitudinal-orientated walls at the ground floor.
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Figure 5.11: Honselersdijk Amsterdam (Archive Municipality Amsterdam, 2022).
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5.4.3.2 Non-traditional construction

Non-traditional construction methods have more variety in construction methods, compared to
traditional construction. Muwi-, Sintel-, or BB-blocks were used, which are concrete-related materials.
The inspected archive contains two Airey variants, and one Muwi, precast stack, and cast in-situ
variant. The non-traditional construction methods are defined as one variant. A more elaborate
description of the distinct systems can be found in appendix A.2.

The vertical load transfer follows a similar principle as traditional mixed construction. The floors span
parallel to the facade and transfer the load towards the loadbearing walls. The thickness of these walls
depends on the applied system. Table 5.5 provides a summarized overview of the applied blocks.

Table 5.5: Standard wall thicknesses, non-traditional variants.

Muwi Muwi-blocks 210

Airey system Sintel-blocks 205
Precast stack building BB-blocks 205
Cast in-situ Concrete 200

The non-traditional variants (excl. cast in-situ variant), have loadbearing facades. The build-up of the
facade differs per variant [Appendix A.2]. Similar for the varying internal walls. In cross-direction, the
walls provide stiffness. The longitudinal stiffness depends per system. The Muwi, precast stack and in-
situ building uses stability walls. The Airey-system has reinforced columns inside the fagcade, which are
monolithic connected to the floor. Figure 5.12 provides a schematic representation of a Muwi, an Airey
system and a precast stack variant.

RN ) e e— N SN RN

1V L wil
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Figure 5.12: Schematization of [a] Muwi, [b] Airey, and [c] precast stack variant (Self-produced).

5.4.4 General aspects

Some general aspects are observed, considering floor system, roof structure and foundation.

- The archive inspection did not contain traditional timber floors (except the attics). The
inspected reinforced floors have a varying thickness between 110 and 150 mm, spanning in
one direction. The non-traditional systems use their own prefabricated flooring system, which
can consist of thicker reinforced floors.

- Flat and pitched roofs exist in the archive research. All pitched roofs were constructed out of a
wooden structure. Usually, secondary beams span in one direction, while the top is cladded
with timber or stony roof decking. Flat roofs can be constructed similar or as reinforced floor.
The reinforced floor thickness varies between 12.5 and 20.5 cm.

- All inspected variants have a piled foundation. These piles were mostly constructed in
reinforced concrete (except one building; wooden piles). The foundation strips follow the lines
of the loadbearing walls.
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5.4.5 Variety in dimensions

Appendix A.1 provides an overview of the investigated council estates and the dimensions.
Dimensional variety can be observed in width and length of the stairwell, building depth and height,
unit width of a council estate, and the bay width.

The width of the stairwell varies between 2.37 and 4.18 m, with an average value of 2.70 m. Note that
most staircases have a width of 2.55 m. The length of the stairwell is approximately half of the building
depth. The depth of the buildings in the sample varies from 9.46 till 12.00 m. The gross floor height
varies between 2.80 till 3.00 m (mostly between 2.80 till 2.90 m). The unit width of a council estate is
defined as the width of two apartments, located to the porch [Fig. 5.13b]. The unit width varies
between 13.36 and 21.10 m. Although the large variation, most buildings have a width smaller than
16.36 m [Fig. 5.13a].

Variety in unit width of council estate Explanation unit width
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Figure 5.13: Unit width; [a] Histogram. [b] Explanation definition (Self-produced).

The definition of bay width strongly depends on the defined variant [Fig. 5.10]. For each variant, bay
width 1 and 2 is defined [Fig. 5.14]. Non-traditional variants have in general a larger floor span.

- Variant 1: bay width 1 varies from 3.00 to 4.19 m; bay width 2 varies from 3.31 to 5.13 m.
- Variant 2: bay width 1 varies from 4.04 to 5.42 m; bay width 2 varies from 2.54 to0 5.43 m.
- Variant 3: bay width 1 varies from 3.08 to 4.12 m; bay width 2 varies from 2.46 to 3.93 m.

12 l—1—ple—2» 12>

Variant 1 Variant 2 Variant 3
Figure 5.14: Definition ‘bay width’, variant 1 till 3 (Self-produced).

5.4.6 Evaluation of inspection

From the archive inspection of Amsterdam, a number of remarkable facts can be concluded. Most flats
were constructed in a traditional building style: brickwork walls with a reinforced concrete floor
system. The brickwork walls show a standardized thickness of 220 mm. The non-traditional variants




5. Council estate |25

show large variation in structural principles: materialization, sizes, and horizontal load transfer
strategies.

No standardization can be defined within the council estates, except a general structural floorplan. The
Prescriptions and Wenken standardized volumes, which is not interchangeable with the structural
dimensions. Most of the buildings have a unit width around 16 meters, while the bay width varies
strongly. The found average story number of four is in line with the research of Lijbers et al. (1984).

In most cases, stability is realized by stability walls. In cross-direction, the structural walls provide
stiffness. In longitudinal direction, the wall at the stairwell functions as stiffening element. Two to three
buildings are structurally connected, followed by a dilatation.

5.5 Exploratory calculations

Exploratory calculations will be performed to inform the author about the vertical and horizontal load
transfer in council estates. Section 5.5 will contain the set-up for the calculations of the horizontal load
transfer of the flowchart S [Fig. 6.15]. An elaborate description of the vertical load calculations will be
provided in appendix A.3. Appendix X.1 and X.2 will provide excel sheets of the calculations.

5.5.1 Set-up

The verifications use actual data from the archive inspection. The calculations use the NEN-EN 1991 as
guiding norm, including the safety factors of equation 6.1 and 6.2. For the wind load, wind area Il:
urban, is normative (using an average building height of 14.00 m). The snow load (0.56 kN/m?),
imposed floor load (2 kN/m?) (attic 1.75 kN/m?2), and imposed roof load (1 kN/m?) form the other
variable loads. Permanent material loads are brickwork (1900 kN/m?3), concrete (2400 kN/m?3) and
gravel (1900 kN/m3).

5.5.2 Vertical load transfer

Five distinct groups are evaluated for the vertical load transfer: high- and low-quality brickwork,
prefabricated and in-situ concrete, and a Muwi-system. The Airey system is not normative due to the
strong deviating, light-weight floor system. 4-storey buildings are considered. General aspects are
described per construction method.

5.5.2.1 Traditional brickwork construction

The brickwork walls have a standardized thickness of 220 mm. Historically, the walls were
dimensioned based on rules of thumb. No brickwork with a lower compressive strength of 5 N/mm?
was used in practise (Belgische baksteenfederatie, 2008). A standard floor and roof build-up is applied
for the traditional variants, provided in table 5.6.

Table 5.6: Permanent load definition for traditional construction; roof [left] and floor [right].

Gravel 30 mm 0.48 Topping 40 kg/m? 0.4
Schewil insulation plate 70 mm 0.2 Reinforced concrete floor 150 mm 3.6
Reinforced concrete 125 mm 3 Ceiling 20 kg/m? 0.2
Ceiling 20 kg/m? 0.2 Non-loadbearing walls - 0.5

Total 3.88 Total 4.7
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The compressive stress capacity of brickwork can be determined by both mortar and brickwork quality
(NPR 9096). There is a large uncertainty in the applied brickwork quality. The characteristic
compressive stress capacity varies from low-quality (2.55 N/mm?) to high-quality (11.58 N/mm?). A
material factor of 1.7 must be applied. Experts from both Van Rossum B.V. and Nebest B.V. have
indicated that brickwork quality is project specific and must be determined at location. Variant 3, 7,
8 and 10 of the archive inspection are considered. Details can be found in appendix A.3.

5.5.2.2 Non-traditional variants

Three non-traditional variants are considered: Muwi, prefab and in-situ. Standardized sizes for wall
thickness are used: Muwi 210 mm; (prefab) concrete 200 mm. The archive is used for the build-up of
a Muwi floor and roof [Table 5.7]. The in-situ variant uses the traditional build-up [Table 5.6]. The
prefab variant is calculated with its own floor system 220 kg/m? and a Muwi roof build-up.

Table 5.7: Permanent weights, used for Muwi system; roof [left]; floor [right]

Prefab system floor 1.88 Prefab system floor 1.88
Roof finishing 0.92 Roof finishing 0.40
Ceiling 0.22 Ceiling 0.22

Total | 3.02 Total | 2.50

The design compressive stress capacity of the Muwi variant equals 4.0 N/mm? (Makobeton, 2014).
Concrete quality C12/15 is applied, what results in a design compressive stress for the concrete
variants of 8.0 N/mm?Z. For both a material factor of 1.5 is considered. The Muwi-system is applied on
variant 3 of the archive inspection. Both prefab and in-situ structure on variant 3 and 13. Details about
these verifications can be found in appendix A.3.

5.5.2.3 Verification and conclusions

The ground floor walls are used for the verification. The normative wall has the largest sum of floor
spans on both sides. The floors are continuous over the walls. This is simplified as a simply supported
floor [Fig. 5.15]. In these early design stages this simplification is justified. The load to the wall is
calculated based upon 50% of the floor span on both sides. The acting normal stress for traditional
variants equals around 1.1 N/mm?, while non-traditional variants have a stress around 1.2 (prefab) to
1.5 (in-situ) N/mm?. The verification is performed, based on equation 5.1.

Uc'= % -] (5.1)
c,0

= Z< AN = 22 Actual floor schematization
= R —= 2 simplified floor schematization

Figure 5.15: Schematization and simplification of the floors
(Self-produced).

*UC = Unity Check
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Figure 5.16 provides a summary of all individual verifications. A number of aspects are concluded.

- The non-traditional variants have unity checks around 0.2 till 0.3. This is mainly caused by the
higher compressive capacity of the non-traditional materials.

- Thetraditional variants indicate a large spread in unity check. This is caused by the uncertainty
in brickwork quality. In case high-quality brickwork is used, the check for normal stress
equalizes the non-traditional variants. More realistic is a lower quality of brickwork. The lowest
quality of brickwork shows a unity check of 0.78. That limits the top-up potential. A top-up on
traditional construction requires an inspection on site to determine the quality of brickwork.

Impact of material use

=
[=]

= =2 =
- =) =]

Unity check normal stress [-]

=
[¥]

Innsn

Brick LQ Muwi In situ Prefab Brick HQ
Material applied

Figure 5.16: Verification normal stress, considering distinct
materials (LQ = Low quality brickwork; HQ = High quality
brickwork) (Self-produced).

5.5.3 Stability

This section contains the applied principles, as well as the results for the stability of the Helena
Mercierstraat. That building is a normative variant due to its traditional construction, ratio: building
depth to stability wall length, and 4-storey height. A safety factor of 0.9 is applied on permanent
loading, while vertical variable loading is excluded (except wind load; yo=1.5). Table 5.8 provides an
overview of the parameters that is used.

Table 5.8: Parameters Helena Mercierstraat.

Depth 10.85m Length stab. wall 2.62m
Height 14 m Thickness 220 mm
Width (one unit building) 18 m Contr. width top 3.23m
Storey height 2.80m Contr. width bottom 1.62m
Units between dilatation 2 [-] Floor weight | 4.7 kN/m?

As a result of the connectivity between the stability wall and the stairwell-/ apartment separation wall,
part of these walls is classified as contributing width (Contr. width) (Van Rossum B.V., internal
communication). The load that acts on that width, forms an additional load to the stability wall. Figure
5.17 provides the definition of the contributing width. It is defined as an angle of 30 degrees from
bottom to the second floor. Figure 5.18 provides the stability situation in both wind directions.
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Figure 5.17: Contributing width (Van Rossum B.V.; Figure 5.18: Stability situation; [a] Longitudinal
Internal communication; Self-produced). direction; [b] Cross-direction (Self-produced).

5.5.3.1 Longitudinal direction

The longitudinal-orientated stability wall provides stiffness in that direction [Fig. 5.18a]. The
contributing wall area delivers point-loads on the stability wall [Fig. 5.19]. The maximum compressive
force is calculated according to equation 5.2. Equation 5.3 till 5.5 are used to determine the tensile
force, caused by the wind. Note that only pressure is used due to dilatation (C¢ = +0.8).

Fomax = Fi + 0.5, + 0.5qL = 432.4 kN (5.2)
Qwindwall = % CsCq - Cr - qp(2e) (5.3)
Myinaurs = %qwind,wallH 2-15 (5.4)
Fimax = Mwina,urs/Lwaun =189.9 kN (5.5)

The unity check is defined as the ratio between the maximum compressive force and tensile force,
which equals 0.44.

Pointload
middle
Pointload Pointload
Left Right
A Y v A A Y Y
o Length stability wal———————

Figure 5.19: Schematization of stability wall in
longitudinal direction (Self-produced).




5. Council estate |29

5.5.3.2 Cross direction

The structural walls in cross-direction provide stiffness in that direction [Fig. 5.18b]. The outer wall is
normative due to low vertical weight. It is assumed that (due to higher stiffness) % of the wind on that
bay is transferred to that wall [Fig. 5.18b]. Both compression and suction can occur (Csor = +1.5).
Equation 5.6 calculates the design bending moment per wall. The bending stresses are calculated
according to equation 5.7.

1
Myauiea = 35 9waw,i ° H?-1.5 (5.6)
OM,ied = —Mw;;li'i'ed (5.7)

Based on equation 5.6 and 5.7, the bending stresses equal 0.17 N/mm?. The acting compressive stress
equals 0.42 N/mm?2. The unity check equals 0.28.

5.5.3.3 Conclusions stability
Four conclusions can be made on the stability.

- The Helena Mercierstraat has still overcapacity in the stabilizing elements.

- The definition of the contributing width strongly depends on the structural engineer. The code
allows an angle till 45 degrees. Additionally, it is allowed to continue the angled line more than
two storeys.

- The wall, next to the dilatation, forms the normative wall for cross-directional stiffness. It
appears that cross-direction is not normative for the wind-load.

- Historically stability was not calculated. Buildings with a height between 10 and 20 m must
have a stabilizing wall at the end of the stairwell with a thickness of at least 200 mm. Spacing
between distinct stairwells was limited to 18 m. Floors must be designed to transfer a
horizontal load of 2300 kgf/m (=23 kN/m) (MH Bouwontwerp & Advies, 2017).
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5.6 Parameter study

A parameter study will provide the author insight in the effect of varying parameters. Both the vertical
and horizontal load transfer will be inspected. Excel results will be provided in appendix X.3.

5.6.1 Parameters for vertical load transfer

The Helena Mercierstraat is defined as standard variant. Distinct parameters are varied to indicate the
effect of varying dimensions on the normal stress in walls. The following parameters are studied:

e Connected floor length;

e Material use for floors and roof structure;
e Wall opening percentage;

e Number of storeys.

Connected Floor Length (CFL)

As the floor span on both sides of the wall varies, the sum of the two is defined as connected floor
length. 50% of the connected floor length transfers load to the wall. A sample, including the outer
apartment separation walls, contains a larger connected floor length, compared to the one which
excludes them [Fig. 5.20]. The opening percentage of the outer walls equals zero, while the internal
walls have one larger than zero. Both combinations are verified: including outer walls with an opening
percentage of zero; excluding outer walls with an opening percentage of 16%. A larger connected floor
length can be observed by non-traditional constructed buildings [Fig. 5.20].

Material use for floors and roof structure

Two main materializations can be defined in floor and roof system: concrete and timber. For concrete
a floor and roof load is defined as 4.70 and 3.88 kN/m?, respectively. For timber these are defined as
1.00 and 0.56 kN/m?, respectively. These values include non-loadbearing walls and finishings.

Wall opening percentage
The interior walls contain two, three or four openings. This equals an opening percentage of 15, 23
and 31%, respectively. The opening percentage reduces the cross-section of the wall.

Number of storeys
The archive research contains two variants: 3- and 4-storey flats. Using the standardized storey-height
(2.80 m), results in a building height of 11.20 and 14.00 m, respectively.

Spread in connected floor length, excluding outer walls Spread in connected floor length, including outer walls
o o
13
10.0
_— o —
E o5 En
= =l
g2 90 £
Z & &mn o
g 85 2
&
- 4 = 10
L 80 ry & o A
o =
= z
S 15 S g A
§ 8 e
" T
8 '

[a] Al Faditional Non-traditional [b] Al Faditional Non-traditianal

Figure 5.20: Boxplots of spread in connected floor length, [a] excluding or [b] including outer walls
(Self-produced).
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5.6.1.1 Results

Figure 5.21 presents an overview of the parameter study. Mark that the conclusions only hold in case
the walls above the ground are normative for overcapacity instead of the foundation.
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Figure 5.21: Results parameter study on vertical load transfer (Self-produced).

5.6.1.2 Discussion

A larger connected floor length has negative effects on the vertical load transfer [Fig. 5.21a, b, ¢, e, f].
In case the vertical weight is lower, this effect lowers [Fig. 5.21a, b]. The top-up potential for wooden
floors and roofs (UC*=0.38 — 0.47) is larger compared to reinforced concrete construction (UC=0.67 —
0.90) [Fig. 5.21a, b]. The internal walls (UC=0.90) are normative compared to the outer walls (UC=0.82),
considering a connected floor length of 10.28 and 10.84 m respectively [Fig. 5.21a, c]. The connected
floor length of 13.20 m forms a strong deviating variant in the sample, so is not considered in the
conclusion [Fig. 5.21c]. A larger opening percentage has negative effects on the vertical load transfer
[Fig. 5.21d]. The difference between two [15%] and four [31%] openings is relatively low (UC +0.07)
[Fig. 5.21d]. A 3-storey flat (UC=0.53 — 0.71) has more top-up potential compared to a 4-storey flat
(UC=0.67 - 0.90). The effect of the connected floor length should be considered. A 3-storey building
with a maximum connected area, has a unity check comparable with a 4-storey building with a
minimum connected area [Fig. 5.21¢, f].

*UC = Unity Check
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5.6.2 Parameters for stability

The Helena Mercierstraat is defined as standard variant. Distinct parameters are varied to indicate the
structural effect varying dimensions. For the stability, the following parameters are studied:

e Ratio: depth building / length stability wall;
e Number of storeys

e  Material of floors and roof structure;

e Normative floor length.

Ratio: depth building / length stability wall

An undefined relation exists between the depth of the building and the length of the stability wall. To
address both, the ratio between the two is defined as parameter. The ratio is on average 4.07,
consisting of two extremes [Fig. 5.22]. The ratio varies between 2.87 and 4.50 [-].
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Figure 5.22: Relation between depth building and
length stability wall (Self-produced).

Number of storeys
Similar to section 5.6.1. The parameter consists of a 3- and 4-storey building.

Material of floors and roof structure
Similar to section 5.6.1. Both concrete and wooden structures are considered.

Normative Floor Length (NFL)

Normative floor length is defined as the floor length in meters, which transfers vertical load to the
stabilizing wall. Multiplication with the contributing width [Section 5.5.3], provides the floor area which
transfers load to the wall. A distinction is made between variants in- and excluding an additional room.
Below both formula and boundaries are provided.

e Excl. additional room [Fig. 5.233] NFL=0.5a+b 267mMS<NFL<4.26m
e Incl. additional room [Fig. 5.23b] NFL=2c +0.5d 407 m<NFL<8.25m
¢ a » < a N
b b Yy NEM

—[a-]E(cI. adEtionaﬁoom

b] Incl. additional room

Figure 5.23: Definition normative floor length; Red dot: verification location
(Self-produced).
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5.6.2.1 Results

Figure 5.24 presents an overview of the parameter study. The distinct colours define different
researched parameters.
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Figure 5.24: Results parameter study on stability (Self-produced).

5.6.2.2 Discussion

An increase in the ratio between building depth and stability wall length has a negative impact on the
stability. The effect is smaller for 3-storey (UC*+0.16) compared to 4-storey buildings (UC+0.20) [Fig.
5.243). Timber structural floors and roof has a negative impact on the stability compared to concrete
slabs. Cross-direction is not normative for stability [Fig. 5.24b, c]. 3- and 4-storey, concrete-slab
buildings show potential for at least one layer top-up [Fig. 5.243, b, c]. For timber buildings it depends
on the configuration. A larger normative floor length has positive effects on the stability [Fig. 5.24d].
Presence of an additional room (UC=0.24-0.35) is positive compared to the ones without (UC=0.38-
0.47) [Fig. 5.24d].

*UC = Unity Check




5. Council estate | 34

5.6.3 Comparison of parameters

Table 5.9 provides an overview of the studied parameters. The structural impact is defined as negative
[orange] or positive [green]. A positive structural impact indices more top-up potential. Note that the
parameters for vertical load hold only in case the structural walls have less overcapacity compared to
the foundation.

Table 5.9: Comparison building parameters for both vertical load transfer and stability.

Larger number of floors Negative Negative
Larger weight of floor system (positive: timber/ negative: concrete) Negative Positive
Larger floor span* Negative Positive
Presence of an additional room No influence Positive
Larger wall opening percentage Negative No influence
Larger ratio depth building to length stability wall No influence Negative

*Represents both CFL and NFL

A number of aspects can be concluded, based on table 5.9 (in case structure above ground is
normative).
- 4-storey buildings have less top-up potential compared to 3-storey buildings;
- The number of wall openings should be as low as possible, to provide more top-up potential;
- Theratio: ‘depth building / length stability wall’ should be as low as possible. A larger ratio has
negative impact for topping up;
- Vertical weight has an opposed effect on both stability and vertical load. A high vertical weight
is beneficial for stability, but negative for the vertical load capacity. Both parameters that are
affected are materialization of floors and the floor span.

Below the ranges of the distinct parameters is summarized.

Min. value Sign Parameter Sign Max. value
3[-] < Number of floors < 41[-]

Timber (0.5 kN/m?2) < Floor system < Concrete (4.7 kN/m2)
6.70 m < CFL (Connected floor length) < 10.28 m
4.07m < NFL (Including add. room) < 8.25m
2.67m < NFL (excluding add. room) < 426 m
15.0% < Wall opening percentage < 31.0%

2.87 [-] < Ratio: depth building to length stability walls < 4.50 [-]

Based on the effects of the parameters, the most (un)favourable variants for both stability and vertical
load transfer can be defined. These variants are provided in appendix A.4.
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5.7 Functional and technical lifespan of the council estate

This section will provide information about the functional and the technical lifespan of the council
estates.

5.7.1 Functional lifespan

The functional lifespan is defined as the time a building fulfil its supposed function. Post-war buildings
were constructed in the period 1946 till 1965. Singelenberg and Van Vlaenderen (2011) concluded that
technical these buildings are strongly deprecated. Battum (2002) adds that the type of residents is
changed due to demographic changes. Currently, the council estates are inhabited by immigrants with
low income. Boredom results in vandalism and criminality. Considering renovation of the existing
building (and neighbourhood), the total functional lifespan can be assumed around 100 years (Ghattas
et al., 2013).

5.7.2 Technical lifespan

The technical lifespan is defined as the time a building is technically capable to function as a
loadbearing element. Considering the technical lifespan, a distinction is made between the
traditionally and non-traditionally constructed council estates.

Firstly, the traditional council estates are considered. Bown (2007) performed research in the
performance of brickwork. Bown concludes that the technical lifespan of a brickwork building equals
500 years. Additionally, under the right conditions these buildings can reach 650 years. Note that a
building can contain elements of reinforced concrete, what reduces the technical lifespan strongly.
Most of the brickwork buildings are demolished before they reached their technical lifespan.
Hopkinson et al. (2019) addressed that most historical brickwork buildings were constructed out of
lime-based mortar. The bond strength of this mortar reduces over time, meaning that these materials
easily can be separated. That allow for reuse of this brickwork (Hopkinson et al., 2019).

Secondly, non-traditional systems are considered. Reinforced (precast) concrete has a technical
lifespan of about 100 years (Kerkhoven, 2022-a; Keulemans, 2016). Corrosion of reinforcement causes
the reduced lifespan. More often concrete is crushed for recycling. Considering the concrete-related
materials (e.g., Muwi and Airey), no research is available about the technical lifespan of these systems.
It is assumed that the technical lifespan is similar to concrete.

5.7.3 Evaluation

The functional lifespan of the current council estates is nearly at the end. Assuming a functional
residual lifespan ranging between 23 and 42 years. The technical lifespan is larger or equal to the
functional lifespan. A new top-up will have a much larger technical lifespan (75 years for timber). The
discontinuity between existing functional and new technical lifespan urges for modular construction.
In case the existing flat is no longer in proper conditions, the individual units can be placed on other
buildings.
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5.8 Conclusions on the council estate

A number of council estates were inspected by a literature review and archive study. Consequently, a
number of calculations and parameter study were performed. This section will conclude and
summarize the findings of the research on council estates.

Variation in construction method

The literature study defined a wide range in typology of council estates. The division is made on
construction principles: traditional mixed and non-traditional construction. Traditional construction
can be subdivided in wooden or concrete floors. Thijssen and Meier (1988) divided the non-traditional
construction in precast stack building, cast in-situ and large panel precast construction. The exploratory
calculations addressed that the over-capacity in vertical load of non-traditional construction is much
larger compared to traditional construction. Uncertainty in brickwork quality in a dominating
parameter.

Standardization but still deviation

In 1946 respectively 1951, the Prescriptions and Wenken were defined. Due to the national housing
planning, the local deviations in council estates disappeared. Standardization minimized volumes and
dimensions. Unfortunately, this is not interchangeable with a standardized structural plan.

Council estates contain a central orientated stairwell. Cross-directional stability is realized by the
stabilizing stairwell-wall. In longitudinal direction, the structural walls provide stiffness. Main
standardization can be defined in variants with(out) an additional room. Still a large deviation is
observed in bay-width, building depth, height and width, number of floors, stairwell dimensions and
materialization.

Opposing structural mechanisms

The parameter study defined six normative parameters in the load transfer: number of floors, flooring
system, floor span, presence of an additional room, wall opening percentage and the ratio of the
building depth over the wall length. In case the walls above the ground are normative compared to the
foundation, it can be concluded that 3-storey council estates have the highest top-up potential. A large
vertical weight is preferred for stability. Contrarily, for the vertical capacity, a low weight is preferred.
That makes stability and vertical capacity opposing structural mechanisms.

Modular top-up design

The residual lifespan of council estates varies between 23 and 42 years. A new timber top-up has a
much larger technical lifespan (75 years). The deviation between functional and technical lifespan
urges for a modular top-up.
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Top-up

Chapter 6 will provide information on the possibilities of top-ups. Based on literature review, case
studies, and interviews, a theoretical foundation for top-ups will be formed. The chapter will conclude
with two flowcharts, providing the structural overcapacity of council estates.

6.1 Considerations around top-ups

A top-up is a vertical extension of an existing building by at least one floor. This principle is already
applied since 1970 (Cobouw, 2000). Topping up contains both reuse and extension of an existing
building.

6.1.1 Potential of reuse

Currently the building sector is responsible for 40 percent of the total energy consumption in the
European Union. This is comparable to that of the transportation sector and more than twice of the
industrial sector (Lindberg et al., 2004). Demolition of council estates is presently a dominated strategy
to generate new space for houses. Assefa and Ambler (2017) developed distinct reuse scenarios
varying from combined demolition and new construction to selective reconstruction [Fig. 6.1]. The
horizontal axis indicates seven impact categories. The vertical axis expresses the environmental impact

5 B O

Fossil Fuel [ Acidification  Human Health  Eutrophication Ozone Depletion Smog Potential
Consumption Potential Criteria Potential

= New Construction without Trombe wall (Scenario 1a)  New Construction + Trombe wall (Scenario 1b)

u Selective Deconstruction without Trombe Wall (Scenario 2a) Selective Deconstruction with Trombe Wall (Scenario 2b)
Figure 6.1: Environmental impact of new construction Figure 6.2: Top-up project on council estates in Germany
compared to reuse* (Assefa & Ambler, 2017: 151). (NOS, 2022).

*A Trombe wall is an important green architectural feature
that aides the ventilation, heating, and cooling of buildings.
(Saadatian et al., 2012)
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as percentage of scenario 1a. In six out of the seven categories, the environmental impact of reuse is
lower compared to new construction. The research estimates a saving of 3,300 ton CO,-equivalent per
repurposed building. Considering the four cities with council estates [Section 5.3], a saving of 165
megatons of CO,-equivalent could be obtained. The reduction of CO,-emmisions is a dominating factor
in the argumentation for reuse. Besides that, other aspects could be mentioned as: keep the vernacular
architecture up, reactivate the social fabric and preserve rural landscapes (Martin et al., 2010).

6.1.2 Consequences of a vertical extension

The densification in the Netherlands is addressed in the preliminary research [Section 3.1.3]. The
expansion of cities happens in an unsustainable way. Nilsson et al. (2014) performed research in the
negative effects of such expansions. This PLURAL project defined four main categories:

- Consumption of land, what results in a loss of productive agricultural land;

- Destruction of biotopes and habitats with fragmentation of landscape structure and decline of
ecosystem services;

- Less open spaces and longer distances to recreational areas;

- Increased dependency on private car use, traffic congestion, longer commuting times and
distances, climate change emissions, noise, and air pollution.

The Brundtland commission defined a sustainable development as: “a development that meets the
needs of the present without compromising the ability of future generations to meet their own needs”
(World Commission on Environment and Development, 1987). Pelczynski and Tomkowicz (2019)
provides densification of cities as a method that underlines the sustainable development: more space
for natural assets and reduction of raw material use. Atop-up is a proposed method, for three reasons:

1. Preservation of free terrain, while creating usable space (Pelczynski and Tomkowicz, 2019; Dind
et al., 2018).

2. Use of already existing infrastructure (Pelczynski and Tomkowicz, 2019). Presence of
infrastructure formed a beneficial point, in the vertical extensions of German council estates
(NQS, 2022) [Fig. 6.2]. An extension keeps the travel distances. Note that traffic congestion and
commuting time could become a negative effect.

3. Reduction of both construction time and costs. More negative are the large renovation costs,
which slows down the process. Use of the profit from the sold dwellings could be a viable
solution (Aparicio-Gonzalez et al., 2020).

Two aspects must be considered. First, a vertical extension increases shading for neighbouring areas
and buildings. This effect is neglectable till 2-storey extensions. Second, the inconvenience for the co-
users forms one of the most complicated aspects of the process (Pelczynski and Tomkowicz, 2019).
The German top-upped flats have been renovated to create added value for the co-uses (NOS, 2022).

6.1.3 Motivation

The needs of the current and future generation are considered by application of a top-up on a council
estate. The current generation is provided with more liveable space. The PLURAL project takes into
account the future generations. Preservation of agricultural land, biotopes, habitats, landscape, travel
distances, and open spaces, while the CO, emissions are lower compared to new construction. A
vertical extension forms a sustainable solution for the housing demand in the Netherlands.
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6.2 Case studies

Section 6.2 will provide a summary of four case studies. The studies will be conducted to enhance the
author's structural knowledge of vertical extensions. Interviews with involved structural engineers will
be provided in appendix B.1. Detailed information of the distinct cases will be provided in appendix
B.2.

6.2.1 Motivation for cases

The archive of Van Rossum B.V. is used to have access to extensive information, while being able to
contact the involved structural engineer. Unfortunately, the archive of Van Rossum B.V. does not
contain a top-upped council estate. Four projects are studied, provided in table 6.1.

Table 6.1: Studied cases, including motivation.

Parelhof, Heerhugowaard M. Freriks | Timber extension; Known engineer;

[Fig. 6.3a] Archive Van Rossum B.V.

De Boelelaan, Amsterdam M. Tromp | Construction period (gallery flat); Known structural engineer; Archive Van
[Fig. 6.3b] Rossum B.V.; Timber extension.

Duinluststraat, Amsterdam Unknown Council estate; Modular, timber extension.

[Fig. 6.3c]

Wibautstraat, Amsterdam M. Tromp | Construction period (gallery flat); Known structural engineer; Archive Van
[Fig. 6.3d] Rossum B.V.

[c] TR,

Figure 6.3: Case studies; [a] Parelhof (Breddels architecten, 2022); [b] De Boelelaan
(Hans van Heeswijk architecten, 2016); [c] Duinsluststraat (Hans van Heeswijk architecten,
2003); [d] Wibautstraat (Penta Architecten, 2016).

6.2.2 Summary of the cases

Section 6.2.2 will provide a summary of the Parelhof, Boelelaan, Duinluststraat and Wibautstraat,
respectively. Details will be provided in appendix B.2.
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6.2.2.1 Parelhof, Heerhugowaard (project under development)

The existing building consists of an in-situ concrete structure, divided in two parts: A and B [Fig. 6.4].
Part A consists of a cross-directional wall-structure. Walls in two directions provide stiffness. Part B
contains a concrete column-structure. The monolithic connection between columns and floors forms
stiff portals in cross-direction. Longitudinally, stability walls exist.

Arecalculation (NEN 8700), and a reconsideration of the material factor resulted in overcapacity of the
existing structure. Part A will be 2-layered extended, using a light-weight timber construction. Part B
will be extended by using both steel columns and HSB-walls (HSB = Timber Frame Construction; Dutch:
Houtskeletbouw). The columns will be constructed above the existing ones. No strengthening will be
applied for the increased vertical load. A new floor will be constructed above the existing roof. Part C
(new construction) will strengthen the existing structure for stability. The extension at part A will be
stabilized by walls, similar for part B (in cross-direction). Longitudinally, part B will be structurally
connected to part C. The dilatation between A and B will be horizontally linked, to increase the
longitudinal stiffness.
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Figure 6.4: Top-up Parelhof. [a] Wind load in longitudinal direction; [b] Wind load in cross direction (Van Rossum B.V.;
Internal communication; Adapted by author).

6.2.2.2 De Boelelaan, Amsterdam

The first layers of the existing gallery flat consist of monolithic connected, in-situ columns and floors.
The 2" till 8t floor consists of a cross-orientated, prefabricated walls. These walls provide stiffness in
cross-direction. Structural walls between bedrooms provide stiffness in longitudinal direction.

A recalculation (NEN 8700), and a reconsideration of the material factor resulted in overcapacity of the
existing structure. The outer parts of the building have been top-upped with a one-storey, lightweight,
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Figure 6.5: Top-up Boelelaan, Amsterdam

(Van Rossum B.V.; Internal communication; Translated).
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timber structure. Cross-orientated, stiff HSB-walls have been constructed above the existing walls.
Longitudinally, HSB piers provide stiffness. The end apartments contain a stiffening steel portal [Fig.
6.5]. The existing roof-slab has been reinforced by a structural, reinforced concrete layer. No
strengthening has been applied for the increased horizonal and (other) vertical load.

6.2.2.3 Duinluststraat, Amsterdam

The existing council estate was 4-storey high, containing an additional room. The walls were made of
‘Korrelbeton’ and the floors of ‘Schokbeton’ elements. In cross-direction the stability has been realized
by structural walls; in longitudinal direction by the stairwell wall [Fig. 6.6a].

A modular, light-weight timber top-up has been applied [Fig. 6.6b, c]. A steel interlayer has been placed
above the structural walls. On top of this interlayer, (varying) units have been placed. No strengthening
has been applied for both stability and added vertical load.
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Figure 6.6: Top-up Duinluststraat; [a] Existing flat (Archive Municipality Amsterdam, 2022); [b] Top-up principle;
[c] Actual placement (Hans van Heeswijk architecten, 2003).

6.2.2.4 Wibautstraat, Amsterdam

The existing, six-storey high gallery flat was formed out of an in-situ concrete column-beam structure.
The building consists of three parts (A, B and C), where part A and C have been extended [Fig. 6.7]. The
parts have been separated by a dilatation. The portals form stiffening elements in both wind directions.

A recalculation (NEN 8700), a reconsideration of the material factor and usage, and a demolition of the
sixth floor, generated overcapacity to construct three new layers in steel. The new structure consists
of a column-beam structure, combined with composite floor slabs. Steel braces provide stiffness to the
top-up. Due to horizonal linking of the dilatation, the stiffness increases. The existing structure has
been strengthened for stability by staggered placement of steel braces.
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Figure 6.7: Top-up on Wibautstraat. Indication of columns [blue],
beams [green] and braces [black] (Van Rossum B.V.; Internal
communication; Adapted by author).
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6.2.3 Conclusions on case studies

Based on the case studies and interviews, three aspects are concluded.

Minimize vertical weight

The main structural consideration for top-ups is to minimize the added vertical weight. The structural
system of the top-up relates to existing structure. The bearing walls continue in the extension.
Strengthening for additional vertical loading was occasionally applied. This process is complicated and
time consuming, what will increase the costs. The structural engineers addressed that clients then
often quit the project. Extending within the structural boundaries is also more sustainable (M. Tromp).

Strengthen for stability

Both the stability of the extension and the existing structure must be (re)considered. An increase in
horizontal and relative low increase in vertical loads, often results in stability issues. Strengthening for
stability is a commonly applied intervention. Three methods were encountered:

1. Horizontal structural linking of the dilatations (shrinkage and settlements already occurred);
2. Application of braces between column structure;
3. Using a new construction to take up additional horizontal loading.

Recalculate the existing structure
Three methods must be used to calculate the (vertical) overcapacity of the existing structure.

1. Recalculate the existing calculation with reduced safety factors (NEN 8700). The new
construction must be calculated according to NEN 1990;

2. Reconsidering historically applied material factors. E.g., a comprehensive safety factor of 1.7
or 1.8 is applied on concrete, while no factor is applied on loading;

3. Reconsider the functions of the building.

6.3 Rooftop extension in timber

The scope of the research will be limited to a timber top-up design. This section will provide insight in
the possibilities in timber design.

6.3.1 General introduction

Aparicio-Gonzalez et al. (2020) defined three systems for extensions: frame, panel, and modular
system [Fig. 6.8]. A frame system is composed of unidimensional elements, e.g., pillars. Frames need
additional elements for the stability. A panel system consists of bi-dimensional elements as plates,
stable from themselves. A modular system is composed of three-dimensional modules, which are
constructed off-side. All systems are applicable in timber (Aparicio-Gonzalez et al., 2020).

3

Figure 6.8: Structural systems for timber rooftop extension
(Aparicio-Gonzalez et al., 2020).
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Svajlenka and Kozlovska (2020) categorized timber structure as: log, column, and panel construction,
to investigate on both efficiency and sustainability. Off-side constructed, panel structures are by
conclusion the most sustainable variants. Timber construction can be applied in both balloon and
platform method. Balloon method uses continuous walls from foundation till roof. The floors are
connected in between [Fig. 6.9a]. The platform method is a development of the first method, in which
the floors are placed on top of the walls below [Fig. 6.9b]. The floor functions as platform for the next
layer, what speeds-up the construction process (Van Dessel & Dobbels, 2019).

[a] Balloon method [b] Platform method
Figure 6.9: Timber construction methods
(Self-produced).

6.3.2 Comparison HSB and CLT

The case studies favoured HSB (Timber Frame Construction; Dutch: Houtskeletbouw) as structural
material for extensions. Literature considers CLT (Cross Laminated Timber) as a competitor. Table 6.2
provides characteristics of both. Standard wall and floor build-ups for both construction methods, as
well as structural principles are provided in appendix B.3.

Table 6.2: Comparison HSB and CLT. In case no reference is provided: (Bruggink & Degen, 2022).

v Fast construction due to prefabrication v Fast construction due to
v' Adaptability on-site is large prefabrication
e More costs in work, compared to - Adaptability on-site is small
material e More costs in material compared to
= v’ Light cranes for hoisting work
§ - Limited spans - Heavy cranes for hoisting
§ - Finishing with plates v Large spans: more uniform properties
7 e Frame for vertical load; Plates for in both directions due to lamination
stiffness (Van Dessel & Dobbels, 2019). (Ashuckian et al., 2019; Brandner et
al., 2016.)
v’ Directly finished
e Plate for both vertical as horizontal
loads (Martinsons, 2016)
v" Solid wood, fully biobased and - Glued wood layers (Breneman, 2016):
compostable high reusable potential, but not
> - Construction and insulation in same compostable
= layer v" Construction and insulation in
E v" Low wood content, less wood usage separated layer
s e Technical lifespan > 75 years - High wood content, more wood usage
é (ArchitectDirect, 2019) e Technical lifespan > 75 years
(Laminated Timber Solutions, 2023)
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M. Freriks mentioned that CLT is less applied due to its large self-weight. A weight-comparison is made,
based on the Parelhof [Appendix B.3]. A combined unit is defined as a two walls and floors. A CLT unit
is approximately 1.7 times as heavy as HSB-construction [Fig. 6.10]. Note that in the design value
(additionally finishings; variable loads; safety factors) the difference is much less.

Weight comparisoen between CLT and HSBE
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Figure 6.10: Comparison weight CLT-, and HSB-construction.
Weights expressed in m? floor area (Self-produced).

6.3.3 Modular construction

An interview with T. Jonker is performed about modular construction [Appendix B.1]. A number of
benefits and complications are provided for modular construction [Table 6.3].

Table 6.3: Considerations on modular construction.

v" Reduction of CO; -emissions - Hoist weight limitation: < 20 tonnes
(Pons & Wadel, 2011) (Liew et al., 2018).
v Strong reduction of landfill waste - Transportation limitation: LxBxH < 27.5x 3.5 x
(Lawson et al., 2012) 4.15 m (Evofenedex, 2013)
v Prefabrication allows for application of recycled - Maximum of eight storeys
materials (BC Housing, 2014) (Svatos-Raznjevic et al., 2022; Hamelijnck, 2021)
v" Narrow building sites, higher construction - Lacking guidelines for modular construction
quality, lower construction time (Srisangeerthanan, 2020)
(Lawson et al., 2014; Srisangeerthanan, 2020)
v' Reuse of total units
(Van Capelleveen, 2022)

Three structural methods exist for structural modules: load-bearing wall, corner-supported and hybrid
modules [Fig. 6.113a, b, c]. Wall modules transfer all loads through walls and floors. Corner-supported
modules transfer the vertical load through the floor, edge beams and corner columns. Stability is
provided by braces or a (concrete) core (Hamelijnck, 2021; Lacey et al., 2018).

[a] [b]

Figure 6.11: Modular construction principles; [a] Load-bearing wall module; [b] Corner supported module; [c] Hybrid
module (Hamelijnck, 2021); [d] Structural interlayer (Tulamo et al., 2014)
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A hybrid system consists of modules which transfer only gravity loading as well as rigid modules
containing shear walls (Hamelijnck, 2021). In case a modular extension deviates from the existing
structural walls, an interlayer must be constructed (Tulamo et al., 2014) [Fig. 6.11d]. Inter-modular
connection forms a critical aspect of modular buildings to withstand applied loads. Lacey et al. (2018)
grouped three distinct module-connections: inter-module, intra-module, and module-to-foundation.
Unfortunately, there is hardly any research in the interconnectivity between modules. Appendix B.4
provides some background information of modular connections.

6.3.4 Fire safety

Rooftop extensions increase the building height. Exceeding the 13-meter boundary tighten the
required fire resistance by 30 minutes. Existing (historical) buildings contain acquired rights, which
allows to maintain the current fire resistance (60 minutes in most cases). An extension is classified as
new construction, resulting in stricter fire regulations. As it is not reasonable to provide the top-up
with a higher fire resistance, it is tolerated to maintain the fire resistance of the existing structure
(Commission ATGB, 2020; Scholten, 2006). The municipality should provide dispensation according to
article 406 of Bouwbesluit 2003 (Bouwen met Staal, n.d.). The case studies demonstrate the permitted
relaxation [Table 6.4]

Table 6.4: Applied fire resistance in the case studies.

Parelhof, Heerhugowaard 60 min 60 min >13m
De Boelelaan, Amsterdam 60 min 60 min >13 m
Wibautstraat, Amsterdam 60 min 60 min >13 m

6.3.5 Strengthening for stability

Increased horizontal loads due to a vertical extension, combined with a light-weight addition
potentially causes structural instability in longitudinal direction. Three factors can be defined to
increase the horizontal stiffness (Bikulciaté, 2021; Papageorgiou, 2016):

1. Ensuring continuity of floors acting as diaphragms in the structure;
2. Increasing the stiffness of vertical elements;
3. Introducing of new stability elements

Factor 1 does not affect traditional reinforced floors, as these are in-situ, continuous floors. For
prefabricated floors, a minimum structural screed of 50 mm has to be considered to allow for
diaphragm action (De Vree, n.d.-b). Timber floors need a reinforced layer to allow diaphragm action.

Two measures can be considered to increase the stiffness of the stabilizing walls [Factor 2]:
e Horizontal linking of the dilations (case studies) [Fig. 6.13];
e Enlarging the wall thickness by placing a (reinforced concrete) wall next to the stabilizing wall.
Concrete can be reinforced for the occurring tensile force.

Four measures could be considered, to adjust the existing stability system [Factor 3]
e Transition from hinged connections towards a moment-fixed portal frame;
e Construction of new stability wall(s) in reinforced concrete;
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e Application of steel bracings (case study, Wibautstraat);
e Construction of a structural elevator (core);

Appendix B.5 explores the structural effects of the distinct measures (6- and 7-storeys). Figure 6.12
proposes four useful methods. Strengthening in cross-direction is not needed. A number of conclusions
are made. The environmental impact of the distinct methods will be explored in section 7.2.4.

- The transition from hinged towards monolithic connections is an inefficient method. The
occurring tensile force and deflections reduce with a negligible amount. Compared with
practical complications, this is considered as an inefficient method.

- Horizontal linking of the dilatations is the most effective method to strengthen in longitudinal
direction. It can be less efficient to link all dilatation, as the wind load will be higher. This
measure assumes that concrete shrinkage and building settlements already occurred.

- Application of concrete walls and bracings are both useful strengthening methods. A concrete
walls is more beneficial due to possibilities of openings. Both methods show an increase in
dimensions after six floors.

- A structural core combines both the need for an elevator as well as a higher stiffness. As
dimensions are minimized by building regulations, instead of structural necessity, it is an
inefficient method (over-dimensioning).

- In nearly all structural interventions [Fig. 6.12a-c], a tensile force must be transferred to the
foundation. Tension piles must be constructed below the new stabilizing elements. Appendix
B.5.5 provides some background information about the use of tension piles.

[a] Steel bracing [b] Enlarging wall thickness by a
reinforced concrete wall

[c] Concrete core [d] Horizontal linking
Figure 6.12: Useful strengthening methods for stability (Self-produced).

Dilatation
+ Wall
4x Bold
- - A/—{ Steel strip
I I I I ¢ Floor

Figure 6.13: Detail horizontal linking (inspired by: Van Rossum
B.V.; Internal communication) (Self-produced).
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6.3.6 Comparison norms

6.3.6.1 Comparison NEN 1990 and 8700
NEN 1990 defines two normative load combinations [Eq. 6.1; Eq. 6.2].

2i>1Y6,jGrj + VpP "+ Y01¥010Qk1 + Zi>1Y0,i¥0,iQk.i (6.1)
2i>18Y6,jGrj + VpP "+ Y01Qk1 + XZi>170,iWo,iQk.i (6.2)

A reduction in safety factors is allowed to recalculate existing buildings. As the council estates can be
related to consequence class 2, differences for CC2 will be provided [Table 6.5].

Table 6.5: Comparison load factors of norm NEN 8700 and 1990.

Eq. 6.1_permanent
®  Yg,jsup (unfavourable) 1.20 1.35
®  Yg,jins (favourable) 0.90 0.90

Eq. 6.2_permanent
®  &Yg,jsup (unfavourable) 1.15 1.20
®  Yg,jins (favourable) 0.90 0.90

Variable loads

e  Other variable loading 1.30 15
normative than wind: yg 1

e Wind normative: yg, 1.40 1.5

e Favourable:yg, 0 0

6.3.6.2 Historically applied safety

The GBV 1962 formed the code for reinforced concrete. A comprehensive safety factor was applied,
which includes uncertainty in material, execution, schematization, and load definition. This factor
(Vtotar) €quals 1.7 for concrete (Gijsbers, 2012; Janssen & Staaks, 2001).

The N1055 TGB 1949 and 1955, respectively formed the brickwork building code till 1972. This code
used a reduced compression capacity to verify brickwork. Based on the historical design value [N1055]
and the characteristic value of the existing code [NPR9096], the comprehensive safety factor is
estimated [Table 6.6]. The N1055 has been replaced by the NEN3853, in which a material factor of 2.0
and a load factor of 2.3 were used. The comprehensive safety factor on brickwork can be estimated at
Ytotal = 2.9 [-]

Table 6.6: Estimation of comprehensive safety factor for brickwork.

Rood 1 4.01 4.0
Boerengrauw 1.5 5.22 3.5
Hardgrauw 2 6.29 3.1
Klinker 2.5 7.27 2.9

The current code applies safety factors on loads [Table 6.5] and material factors on characteristic
values of materials: 1.15 (reinforcement concrete) and 1.7 (brickwork). The historically applied load
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factor (yioad) is calculated based on equation 6.3. This value equals 1.48 [-] for concrete and 1.71 [-] for

brickwork structures.

Yioad = y;::lal (6.3)

Appendix B.6 provides an example calculation for a brickwork council estate. A load-factor of 1.48 [-]
forms a better indicator for lower brickwork qualities. Historically a ¥;,44 of at least 1.4 (dependent on
pile type) was applied on a piled foundation (Van Rossum B.V.; Internal communication). As this is
lower compared to the brickwork and concrete load factor, the foundation is normative for the vertical

top-up capacity.

6.3.6.3 Variable loading
The variable load definition of the N1055 differs from the NEN1990 [Table 6.7].

Table 6.7: Differences in variable load definition.

Attic floor 200 1.75 -12.5
Residential floor 200 1.75 -12.5
Storage/ ground floor 300 2.00 -33.3
Stairs cases 200 2.00 0.0

Also, the application method of safety on variable load differs from the current code [Table 6.8].

Table 6.8: Application of safety factors on variable loading.

Roof 100% Instantaneous values
Top floor 100% Full loaded*

1 90% Full loaded

2 80% Instantaneous values
3 70% “

4 60% “

5 50% “

All lower floors 40% “

*2 floors full loaded

6.3.6.4 Changed vertical load parameters
The effect of vertical load parameters [Section 5.6.1] change as the foundation is normative. A
parameter study has been performed in appendix B.7. Summarizing results are provided below:

1. Number of storeys: 4-storey buildings have more overcapacity compared to a 3-storey
buildings;

Opening percentage: No influence on overcapacity;

Weight floor system: Timber floors result in less overcapacity compared to concrete slabs;
Connected floor length (CFL): Not changed. Larger CFL has negative effect on overcapacity;
Material structural walls: Negligible differences.

vk wnN

6.3.6.5 Global benefits from norm comparison
The transition of norms results in a global overcapacity of *21.0% (compared to NEN8700 loads) [Eq.
6.4].

Global benefit [%] - | (Qed;new norm ~ Yed;historical norm) | -100 [%] (6.4)

(Jed;historical norm
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6.4 Top-up flowchart

Two flowcharts are developed to determine the top-up potential of a council estate. Start 1 [Fig. 6.14]
provides the maximum addable layers, based on the vertical load (VL) (V;pqq=1-4). Start 2 [Fig. 6.15]
has to be used as a verification for the stability (S) to reach the found addable layers VL. Appendix B.8
contains an estimation of top-up potential for the distinct flats from the archive inspection. Appendix
X.4 and X.5 provide the excel sheets to produce the flowcharts.
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2 3 2 3
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£ w
Floor Floor Floor Floor
system? system? system? system? b O A
é’ = e = <) = o p=]
E} E E] 3
g 2 3 2 g 3 E
2 o g o £ (] f_’; (1]
o T ® T :T T o '[
1 | 1 J
I : \ = [ = o ‘H »-‘ - ‘»—- \ =
@ © o] e N [ X 3 @ o8 o]
o B3 © N W S o | | o NN | w
[ Pl 1 [ 1 ) 1 11 1 (g 1
Overcapacity VL Bi1 180 15 = = 81 Ly e g G B
w | ¥ -] w 0 Vo [N} ¥ ~ w N -y
& = 2 = =z ! = 2 = - > =l = | x=
2 < 12 2 3 < z 12 2 212 -3
< 3 < < VS 3 =3 3 B SHS <
3 N, 3 \ 3 3 o \ 3. g \ 3 R 3
1layer: 6.4kN/m2 *% @ o @
2layer-12.3 kN/mZ:'i Addable layers VL CLT
1layer: 5.5kN/m2
2 layer: 10.1 kN/m2 Addable layers VL HSB** a @ °
3layer: 13.4 kN/m2
Remarks:

* Large uncertainty in brickwork quality. Inspection on site
has to be performed to determine the capacity of brickwork.
Assumed capacity: fcd = 2.81 [N/mm2]

**Addable layers S < Addable layers VL

O : Most occuring situation in archive inspection.
(O : Occuring situation in archive inspection

Figure 6.14: Flowchart VL for vertical extension on council estate, considering vertical load transfer (VL) (Self-produced).
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Environmental impact

Chapter 7 will generate a theoretical background of environmental aspects related to rooftop
extensions. It will provide the general LCA procedure, the used environmental data, preliminary LCA
calculations, and the impact of a concrete building.

7.1 Standard procedure LCA

7.1.1 General aspects

The procedure for a LCA (Life Cycle assessment) calculation is formally defined in the European
standards ISO 14040 and ISO 14044. These regulations are more specified in the NEN-EN 15804(+A2)
(Sustainability of construction works - Environmental product declarations). Five specific life cycle
stages are available for a LCA calculation [Fig. 7.1].

: SUPPLEMENTARY
CONSTRUCTION WORKS LIFE CYCLE INFORMATION | A TN BEYOND,
| LIFE CYCLE
Al-A3 A4- A5 B1-B7 C1-c4 I D
CONSTRUCTION I BENEFITS AND LOADS BEYOND

PRODUCT STAGE PROCESS STAGE USE STAGE END OF LIFE STAGE | THE SYSTEM BOUNDARY
Al AZ A3 A4 A5 B1 B2 B3 B4 BS5 B6 B7 C1 2z <3 C4 I D

|

= |
B |
@ =
e 4 3 g g |
g 8 ? E 3 ® | Reus_e, recovery,
= w s.: E. o g £ g H z | recycling, potential
] 5 s 2 B g2 ) _ - = @ |
=} 2 = T E ] ] 3 H
g £ £ £ ||EE g = £ g g £ I £ = I|!
= 2 2 ] " = T = g = % g_ =" T
£ B £ g || g2 g 5 g £ g g z @ 2 |
e |l | & 5|52 AR R S22 2|
= = = = £ =] = = = = S S o = H = |
scenario scenario scenario scenario scenario scenario scenario scenario scenario scenario scenario scenario scenario | scenario

Figure 7.1: Life cycle stages considered in LCA according to standard NEN-EN 15804:2019: Production stage (half)products
(A1-A3); Construction stage (A4-A5); Use stage (B1-B7); End-of-life stage (C1-C4) and Re-use and recycle options beyond
the building life cycle (D).

Four steps have to be performed in an LCA calculation, provided below (Jonkers & Ottele, 2022). A
more elaborate explanation of the distinct steps is provided in appendix C.1.

Definition of goal and scope (including functional unit);
Making a Life Cycle Inventory (LCI) analysis;
Performing a Life Cycle Impact Assessment (LCIA);

Life cycle interpretation.

PwnNPR
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7.1.2 Changed norm

Till January 2023, 11 impact categories had to be included in a Dutch LCA calculation [Step 3]. These
categories contained their own Unit Equivalent (UE) and shadow costs. Shadow costs, represent the
costs required to bring the environmental impact of a product or process to an acceptable 'sustainable’
level (Jonkers & Ottele, 2022). An updated European standard is published: EN15804+A2. This norm
increased the compulsory impact categories to 19. Unfortunately, the Unit Equivalents are mostly
changed. Due to the transition period of norms, the Dutch government has not yet linked the new UE’s
to shadow costs. The Global Warming Potential Total (GWP) has an unchanged UE, which will be used
as indicator for the environmental impact [Carbon-footprint method] (Jonkers & Ottele, 2022; Pandey
etal., 2011). Appendix C.2 provides an overview of both old and new impact categories.

7.1.3 The environmental impact
The environmental impact will be calculated according to equation 7.1.

V-UE

Environmental impact [kg CO; eq./y/m? new floor area] = — (7.1)
\' = Amount of structural material [m*]
UE = Unit Equivalent [kg CO; eq. /m*]
RSL = Reference Service Life [years]
A = New realized floor area [m?]

7.2 Exploration

7.2.1 Data generation

The international Environmental Product Declaration (EPD) system is used to generate environmental
data from suppliers [Appendix C.3] (EPD International, 2023). NEN-EN 15804+A2 is used as directing
code; the NEN-EN 15804+A1 in case no new data is available. A linear relationship between emission
and functional unit is assumed in case no other data is available. Data is collected for stage A1 till A3.
Costs and benefits from stage C and D are typically added when the end-use of a building is certainly
known (Jonkers, Internal communication). Table 7.1 provides the environmental data that is used.

Table 7.1: Environmental database (EPD International, 2023).

Sawn wood kg CO,-eq./m3 wood -1.46E+03 15804+A2
Plywood kg CO,-eq./m3 wood -7.34E+02 15804+A2
CLT kg CO,-eq./m3 wood -7.14E+02 15804:A1
= Reinforcement FeB500 kg CO,-eq./ 1000 kg steel 1.12E+03 15804+A2
§ Reinforced concrete kg CO»-eq./m3 mixed concrete *
s -C30/37;XC1-3 2.10E+02
& - C30/37; XC4, XF1 2.17E+02
- C45/55; XC1 2.50E+02
- C50/60; XC1 2.60E+02
Steel: circular section kg CO,-eq./ 1000 kg steel 2.98E+02 15804+A2
Steel: all other profiles kg CO,-eq./ 1000 kg steel 7.19E+02 15804+A2
< | Mineral wool kg CO,-eq./ m? insulation/ 100 mm 1.21E+00 15804:A1
g g Fermacell kg CO,-eq./ m? fermacell/ 22 mm 2.01E+00 15804:A1
2 2| Gypsum plasterboard kg CO,-eq./ m? plasterboard/18 mm 3.11E+00 15804+A2
% (Fire-resistant; Type F)

*See appendix C.4 for calculation
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7.2.2 Comparison HSB and CLT

Two construction methods [Section 6.3] are environmentally compared: HSB and CLT. Parelhof
Heerhugowaard is taken as reference for the HSB-construction. The HSB walls are replaced by 120 mm
thick CLT wall and floor panels to transfer the structure into CLT [Appendix B.3]. Appendix X.7 provides
the LCA calculation.

The goal is to provide the author preliminary data about the environmental impact of both
construction methods, to make an educated choice for top-up variants.

The functional unit is the annual carbon footprint of the distinct construction methods per square
meter new floor area, limited to the product stage: A1-A3. Non-structurally, only plasterboard,
insulation, and fermacell floor finishing are be considered. GWP total will be solely taken as impact
category. The RSL range from 23 till 42 years, to address the residual life of council estates.

Figure 7.2 provides the results of the LCA. The carbon footprint of wood-based structural materials is
negative (CO;-capture), while for non-structural materials it is positive (emission). The footprint of CLT
(-57.85 till -105.65 *10!) is more negative compared to HSB construction (-31.47 till -57.47 *1073). The
non-structural impact is approximately 4.5% (CLT) till 8.9% (HSB) of the structural footprint.

Carbon footprint HSB: Stage Al-A3 Carbon footprint CLT: Stage A1-A3

20 B R5L: 23y
RSL: 42y

20 B R5L: 23y
RSL: 42y

P [E-01 kg COZ-eq.fy/mZ new floor area]
|
N
(=]

P [E-01 kg CO2-eq./y/m2 new floor area]
|
N
(=]

1, _100

9 120 T T T 9 120 T T T
Structural Non-structural Total Structural Non-structural Total

(a] [b]

Figure 7.2: Carbon footprint of [a] HSB-construction, and [b] CLT-construction (Self-produced).

The two provided graphs [Fig. 7.2] could develop two misconceptions:

1. More material use within a timber structure is beneficial for the environmental impact
As wood has a CO,-capture, the GWP is negative. Resultingly, it seems that more wood usage
is beneficial. It must be considered that a more logging results in negative effects e.g., future
biomass production, nutrients, habitat structure, hydrology and more (Ranius et al., 2018).

2. Timber structures should be built with a low RSL
In case the UE is negative [Fig. 7.2: Structural], the environmental impact gets more negative
if the RSL lowers (Eq. 7.1). First, only stage A1 till A3 were considered. In the end-of-life, the
captured CO2 will emit, what can result in an overall positive UE. Second, a short RSL results in
a higher construction repetition, which will increase the material use and costs.
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Figure 7.3: Wood usage per construction method
(Self-produced).
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Figure 7.3 indicates the annual material use for both HSB and CLT construction. It can be concluded
that material usage for CLT is much higher compared to HSB. The annual wood use increases with a
lower RSL. Based on figure 7.2 and 7.3, the author concludes three aspects:
e Both CLT as HSB are sustainable construction methods, as the carbon footprint is negative.
That makes these methods a ‘carbon-sink’ (Younis & Dodoo, 2022);
e HSBis more sustainable compared to CLT, as the material use per year is lower (in this case);
e Alonger service life is preferred to reduce material usage per year.

7.2.3 End-of-life scenarios

Four distinct end-scenarios exist for timber (EPD International, 2023; Younis & Dodoo, 2022):
1. Reuse — The wood is assumed to be removed from a building and (partly) reused with no
further processing. Full reuse is considered as modular construction;
2. Recycling — The wood shredded and effectively downcycled into wood chips;
3. Incineration with(out) energy recovery — The timber construction material is combusted. The
recovered thermal energy replaces the energy from natural gas (in case of energy recovery);
4. Landfill - It is assumed that the wood is disposed; emissions from landfill will occur.

Younis & Dodoo (2022) provide GWP-data for CLT construction, including the distinct end-of-life
scenarios. This data is restructured to a net-UE GWP as percentage of the product stage (A1-A3) [Table
7.2]. Limited literature is available for HSB. Values for both reuse and recycling will be lower, due to
more interwoven (non)-structural elements (Bruggink & Degen, 2022). Reuse and recycling are the
most preferred options at end-of-life [Fig. 7.4]. Reaching end-of-second life, the wood has to be
preferably incinerated (with energy recovery).

Table 7.2: Different (estimated) end-of-life scenarios for CLT and HSB (Younis & Dodoo, 2022).

Reuse (modular)* 96.6 <96.6
Reuse (Partly)* 92.8 <92.8
2 Recycling* 90.1 <90.1
3a | Incineration (no recovery) -11.5 =-115
3b | Incineration (energy recovery) 45.6 23.0 - 85.0**
4 Landfill 4.8 =48

* The captured CO2 will be released at the end of the second life.
** 23.0% (Plywood); 85% (Sawn timber) (EPD International, 2023).
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Figure 7.4: End-of-life scenarios for CLT-construction in
section 7.2.2 (Self-produced).
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7.2.4 Strengthening methods for stability

Distinct strengthening methods [Section 6.3.5] are environmentally compared. Appendix X.6 will be
used for the structural design.

The goal is to direct the author preliminarily in a sustainable consideration for a strengthening method.
The functional unit is the annual carbon footprint of the distinct strengthening methods per square
meter new floor area, limited to the product stage: A1-A3. Only structural materials are considered.
The calculated impact holds for a 4-storey traditional constructed council estate, containing wooden
floors, having no additional room [NFL=3.47; Ratio depth to stab. wall length=4.2]. The additional effect
of the foundation is approximated, based on estimated pile dimensions [Appendix X.6].

The volumes or weights of both steel and concrete are provided in appendix X.8. The impact of both
reinforced concrete and steel is based on table 7.1. Figure 7.5 provides the results. Based on the

graphs, six aspects are concluded:

1. Allstrengthening methods (excluding horizontal linking) have a positive carbon footprint (10.86
till 109.17 *10?% kg CO,-eq./y/new m?) [Fig. 7.5], smaller than the negative footprint of both
HSB- and CLT-construction (-31.47 till -105.65 *10! kg CO,-eq./y/m? new fl. area)[Fig. 7.2].

2. Horizontal linking of buildings is the most sustainable strengthening method. This method has
a zero-carbon footprint [Fig. 7.5a]. The method is only applicable for a dilatated building.

3. Thickening the stabilizing wall with concrete has less impact compared to placement of a steel
truss [Fig. 7.5a-d]. This difference is nihil (-1.28 till -2.68 *10% kg COz-eq./y/m? new fl. area).

4. A core is an unsustainable strengthening method for council estates [Fig. 7.5f, g]. It is
dimensioned based on minimum dimensions (Bouwbesluit 2012). The core is structurally over-
dimensioned, what results in material waste and a large environmental impact.
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Figure 7.5: Environmental impact of distinct strengthening methods (Self-produced).
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Figure 7.5 (continue): Environmental impact of distinct strengthening methods (Self-produced).

5. Theimpact of a strengthening method reduces, in case more storeys are top-upped [Fig. 7.5b-
g]. This due to a faster increase in floor area, compared to the rise in material use. Note that
this only hold till the inspected 7 storeys.

6. Reinforcing buildings with a larger RSL, will reduce the impact of the applied strengthening

method [Fig. 7.5b-g].

The conclusions are based on a specific council estate. Due to the spatial variety in flats, four points
are pointed out.
e The zero-impact of horizontal linking is independent of the spatial dimensions of a building;
e The carbon footprint of a concrete core is similar for all variants. The dimensions of the core
are minimized by spatial building regulations, instead of structural limitations;
e As the impact of steel bracings and a concrete wall is nearly equal, it is unpredictable what
the effect will be for other variants;
o All impacts have been compared based on a similar council estate, considering 2-linked
porches. Only structural materials are compared. That makes it a fair LCA-calculation.
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7.3 New constructed (concrete) building

The impact of new construction (instead of a rooftop extension) is determined based on the
Swietenhof in Amsterdam. This is a 6-storey, residential building, designed in concrete (under
development). To extrapolate the results to a 4-, 5- and 7-storey concrete building, distinct floors are
removed or added. Appendix C.5 provides the details about the building. The calculation is provided in
appendix X.9.

The goal is to investigate the environmental impact of a new constructed (concrete) building, to
address the benefits to vertically extend a council estate.

The functional unit is the annual carbon footprint of the new constructed building per square meter
new floor area, limited to the product stage: A1-A3. The RSLis set to 75 years. Only structural materials
are considered.

Figure 7.6 provides the results. The impact of the actual calculated building varies between 31.32 and
46.98 [10! kg CO,-eq./y/ m2 new floor area]. These are positive values, indicating CO-emmisions. In
case less floor area needs to be realized, the environmental impact per square meter increases. Mark
that these observations hold in the range 4 till 7 storeys.

New construction concrete
"Structure contains {...) extra floors relative to existing flat"

E 100 4 === Estimated spread
g Actual data (B-storey building )=
"_? -r _(+1 fioor)
7 801 _ T
= {+1 fioor) H
™~ =T i
E H !
= 807 | |
'3 : _:_ {+2 fioor)
4 1 {+2 foor) 1
8 401 T o L _(+3 fioar)
=] _ 1 {+3 fioar) =L
=
—
<20 4
=
=

*RELE=%
[CH i : :

3-storey flat 4-storey flat

MNew concrete building replaces:

Figure 7.6: Environmental impact of a new concrete building. The graph
presents the impact for the actual reference building [Orange]. Additionally, it
provides the estimated impact as function of relative added floors (compared
to existing flat) [Dotted lines] (Self-produced).

A number of aspects needs to be discussed.

- The used building has a slanted roof-structure, what reduces the amount of concrete in the
top-layer. Still the building is representative for new-construction, as slanted roofs are not
uncommon.

- The reference service life is set to 75 years, as that is representative for residential buildings
[Section 5.7]. Note that the provided results for HSB- and CLT-construction are based on a
shorter RSL, resulting in a higher ‘impact’ per year.

- The impact of new added layers is estimated, based on the assumption that the amount of
concrete stays similar per floor. This is an allowed assumption, as usually a standardized wall
thickness is used [M. Freriks, Van Rossum B.V.; Internal communication].
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7.4 Conclusions on the environmental impact

A number of aspects are concluded, based on chapter 7.

Changing norms — Transition from the EN 15804:A1 to the EN 15804+A2 results in a change of
impact categories (and units). The GWP-total has to be used as indicator for the environmental
impact, as it is a continuing category and unit.

Functional unit — The carbon footprint must be expressed in kg CO,-eq./y/m? new floor area.
For both HSB and CLT, this cannot be used as single indicator, due to the negative footprint of
wood. Material usage should be used as additional indicator.

Reference service life — A long RSL has positive effects on material use and environmental
impact of strengthening methods.

Material usage — The material use of HSB is much lower compared to CLT (Similar RSL).
Carbon sink — Wood captures CO,. As the emissions due to strengthening methods are lower
compared to the CO,-capture of wood, the top-up can function as carbon-sink.

Strengthening method — Dilatated buildings must be linked horizontally to strengthen for
stability; undilatated buildings must be strengthened by thickening the stability wall with
concrete.

End-of-life scenario — Reuse or recycling increase the RSL, while keeping the positive CO,-
capture. Reaching the end-of-second life, the most sustainable method is: incineration with
energy recovery.
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Variant design

Chapter 8 will provide the structural design of the distinct top-up variants. First, ‘an effective method’
will be defined. Second, the distinct variants will be described and evaluated.

8.1 ‘An effective method’

Based on the theoretical background, five criteria are defined to concretize an effective method for a
vertical rooftop extension on council estates:

la. The top-up is independent of spatial placement of the existing structural walls (allows for

variation within council estates) [Chapter 5];

1b. Or, the top-up is designed based on all buildings, using maximum spans or a parametric script.

2. Consists of at least two additional floors (in case the vertical load capacity allows; Chapter 6):
solves (in the most optimistic scenario) about 70% of housing shortage [Appendix D.1];

3. Can be performed without strengthening for additional vertical load [Chapter 6];

The GWP of the top-up (structural elements) [Stage A1-A3] is negative [Chapter 7];

5. Minimizes material use per year for one square meter of new floor area [Chapter 7].

E

8.2 Defined variants

Two structural methods are considered: CLT- and HSB-construction [Chapter 6]. HSB is preferred for
its low self-weight [Fig. 6.10], while CLT for its robustness [Interview T. Jonker]. Both methods have a
CO,-capture. Resultingly, material usage per year forms an additional parameter for sustainability
[Section 7.2]. The performed research results in two variants that needs to be further investigated:

1. Modular CLT-construction — A modular CLT-construction could potentially have a low material-
footprint per year (considering a large lifespan). Especially for the early-built flats [Residual
lifespan council estate = 23 years], a modular CLT-construction can be more sustainable.

2. Non-modular HSB-construction — The material usage and self-weight of an HSB-construction
is lower compared to CLT (considering a similar lifespan) [Section 7.2]. That motivates to use
HSB-construction for a non-modular top-up.

The distinct variants are explained and drawn in appendix D.2. Below a brief description.
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8.2.1 Modular CLT-construction

The units are designed based on transportation limits, minimal spatial dimensions, and supplier
criteria. The outer dimensions L x B x H are 9.45 x 3.50 x 2.95 m. In nearly all cases, four modular units
can be placed above one unit council estate. Two variants are designed:

1. Single person unit: floor area 2 24 m? [Fig. 8.1a]
2. Linked double person unit: floor area = 50 m? [Fig. 8.1b]

The stabilizing wall is in the middle of a unit, connected to a side wall. A steel transfer structure is
needed due to discontinuation of the bearing lines. The transfer structure transfers a horizontal load
of the extension to the existing stability wall. The transfer structure has to be elevated (=5 cm) to allow
deflection of the beams.

The CLT walls are one single plate. The elevated floors (=10 cm) consist of several plates. This elevation
provides space for e.g., installation and pipes. The units include part of the gallery. The gallery can be
accessed by a non-structural floor or elevator.

[c]

Figure 8.1: Design of modular CLT units. [a] Single unit (>24 m2); [b] Double person unit (>50 m2); [c] Example of stacked unit.
More drawings in appendix D.2.1 (Self-produced).

bl VF——= (b]

8.2.2 Non-modular HSB-construction

The HSB-variant is constructed according to the platform method [Section 6.3.1]. The bearing lines of
the existing structure continue, by placing the structural walls above the existing ones. The existing
roof structure remains, to minimize disturbance to residents. A gallery (1.20 m) is constructed to
access the apartments. The new floors can be reached by the continued stairwell at end-porches or
non-structural elevator. Strengthening for stability is done by horizontal linking of the dilatations to
minimize the environmental impact. Figure 8.2 provides a structural drawing.

i Walls (Placed on top of floor) |
4 1 Housing seperation wall

floor

e =18 [mm]
L 1 H } Beams:
. /- {7 ot T i ) il — Spaced 600 [mm]
A 1 I —" I 4 - 4 i T | ; 4 1 4 | T e | i / : I 1l
—— S I O S — S S — {8 S— s — nner walls
I 1 |2 7 T 1 I 1] I 2 17 1] 72 | — End stail i
i . ] ) ] T L . i =F 4 : Made of wooden stairs
L ik i it < ] == g { Beams above gallery
| |
1 1

1 i l 1 1 1 L 1 1 1 < Column to bear beam

i
E
Figure 8.2: Structural design HSB-variant. More drawings in appendix D.2.2 (Self-produced).

8.3 Calculation software

The calculation principles of HSB- and CLT-construction are evaluated. The author concludes that Excel
and Matrixframe are sufficient for the calculations. Validations must be done by hand.
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8.4 Structural verification of the variants

The variants will be structurally verified. The NEN-EN 1990, 1991, and 1995, and CLT handbook will be
used as guiding norms (Borgstrom & Frobel, 2019). This section will provide the summarizing results.

8.4.1 Modular CLT-construction

A description of the CLT-calculations is provided in appendix D.3. Appendix X.10.1 till X.10.9 provide
excel sheets (including hand validations).

8.4.1.1 Wall panels

A 3-layered wall panel (30-40-30) is applied with a total thickness of 100 mm. This is set as minimum
wall thickness to allow for installation slots, connections, lay-up length, and building physic related
aspects. The wall is calculated for two floors, but still has a lot of overcapacity.

2115
2950

il

4300, 1200- 1800 900- 1525 900 2825

4 x 2363 = 9450 [mm]

Figure 8.3: Dimensions of CLT Wall. Provided numbers explained in table 8.1 (Self-produced).

Table 8.1: Applied verifications for CLT wall.

1 | Bending wall 0.02 8 | Moment lintel above gallery 0.14
2 | Shear force wall 0.20 9 | Shear force lintel above door 0.27
3 | Stress concentration support 0.38 10 | Moment lintel above door 0.12
4 | Buckling at support 0.31 11 | Shear force lintel below gallery 0.35
5 | Buckling/ normal stress column gallery* 0.53 12 | Moment lintel below gallery 0.32
6 | Deflection column gallery* 0.65 13 | Shear force lintel below door 0.33
7 | Shear force lintel above gallery 0.25 14 | Moment lintel below door 0.20

*Note that the wind area for column is taken conservative (includes half of gallery), what leads to higher values.

8.4.1.2 Steel interlayer

The steel interlayer is constructed of five steel HEB260-5235 beams. Figure 8.4 shows the normative
load combination. The combination maximizes vertical load. The axial (Ned < 0.25 Np) and shear force
(Ved < 0.5Vp) could be neglected. The performed verifications are provided in table 8.2.

gwall L:g qwall ! !
1 4+ 3113 i + + 33 4+ 3133 L I
PAN AN
A 2, #—1.0—F—1.0— 2.3 7 6.60
[a] ~ 6.6 4 [b]

Figure 8.4: Steel interlayer validation; [a] Normative load combination for steel interlayer (qwall = load stability wall; gself =
self-weight steel beam; Fg = normal force from wall); [b] Placement of units on steel layer (Units: m) (Self-produced).

Table 8.2: Verifications steel interlayer.

Cross-section check bending 0.80
Lateral torsional buckling 0.95
Deflection 0.83
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8.4.1.3 Floor and roof panels

The 3-layered roof panel (20-40-20) is verified for strength (ULS = Ultimate Limit State) and deflections
(SLS = Serviceable Limit State). These panels have the capability to accommodate solar panels in the
future. The 3-layered floor panels (40-40-40) are also checked for vibrations, as this is an important
aspect for wooden floors (Huang et al., 2020). A 5-layered floor panel (20-30-20-30-20) would have
higher unity checks. Unfortunately, material use equalizes the 3-layered variant, while glue increases.

OHONONO) Table 8.3: Verifications for roof panels.
1 Bending 0.27
2 Shear 0.03
z 3 | Rolling shear 0.18
4 Deflection 0.82
5 Compression perpendicular to the grain | 0.05

OONMONO)
10 11 12
@,j

Table 8.4: Verifications for floor panels.
4 6 Bending 0.18
a 7 | Shear 0.04
8 Rolling shear 0.21
9 Deflection 0.40
10 | Vibration — Fundamental frequency 0.52

500 [mm] = g o 5

Figure 8.5: Section of unit. Provided 11 V!brat!on — Point load deflectlon 0.65
numbers explained in table 8.3 and 8.4 12 | Vibration — Impulse velocity response 0.14

(Self-produced).

8.4.1.4 Stability wall

The units make use of the principle of active and passive walls [Fig. 8.6]. The tension force (due to
wind) locates therefore always at the intersection between stability and sidewall. To allow this
principle to be valid, the units must be placed in pairs of two. Two situations are considered.

1. Placement on a council estate [UC1]; One block is considered (two porches), meaning that
four walls will resists against the horizontal wind load (8 units).
2. Placement at ground level [UC2]; At least four units must be placed to have no tension.

A similar wall as the side walls is applied (3-layered; 30-40-30). The wall length is maximized (2.5 m),

to minimize the tension force. Table 8.5 and 8.6 provide the results.
Table 8.5: Verification stability on flat.

2
f— =1
= Deflection 0.06
Tension No
| | | | Compression 4 grain* 0.64

Table 8.6: Verification stability ground.

2
= —
| ‘ | Deflection 0.07
: - Tension No
Figure 8.6: Principle of active and passive walls (Self-produced). Compression 1 grain* 0.83

*Floor panel below stability wall

8.4.1.5 Weight of the CLT top-up

The weight of the top-up equals 6.4 kN/m? for 1, and 12.3 kN/m? for 2 added layer(s). This value
considers an exceeding of 5% of the over-capacity (Van Rossum B.V.; Internal communication).
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8.4.2 Non-modular HSB-construction

A number of verifications are performed on the HSB design. A detailed description of these calculations
can be found in appendix D.4. Appendix X.11.1 till X.11.7 provide excel sheets (including validations).

8.4.2.1 Walls

The wall panels consist of a timber frame (C24), cladded with 18 mm plywood. Both, a single wall [Fig.
8.7b] and a housing separation wall [Fig. 8.7c] are designed for 1 till 3 storeys. The columns are
constructed in SLS wood (e.g., 38x89; 38x120; 38x140), supported in the weak axis for buckling. The
beams are subjected to compression perpendicular (L) to the grain, which is a normative for more
than one storey. The columns that transfer load of the facade are placed outside the beam, to prevent
compression L to the grain. Table 8.7 provides only normative results.

K = T= Cavity
I
I
I
11 ==z} 1L
I A L]
I 1 (3.
I
s Normal columns
¥ — :
! I Columns for facade
I Plywood 18 [mm]
I
I 1 = —] I
(2) it Column SLS

la] H [b] [c]
Figure 8.7: Structural design of HSB wall; [a] Side view; [b] Top section single wall; [c] Top section housing separation wall
(Self-produced).

Table 8.7: Element sizes of wall, including (normative) unity check(s) (Number refers to Fig. 8.7a).

Single wall (No wind; Combination 1)
6.70 SLS 38x89 — spaced 600 0.78 0.53 0.67 (2)
8.49 SLS 38x89 — spaced 600 0.95 0.65 0.84 (2)
1 10.28 SLS 38x120 — spaced 600 0.50 0.57 0.44 (2)
Housing separation wall
6.70 SLS 38x89 — spaced 600 0.38 0.26 0.93 (1)
8.49 SLS 38x89 — spaced 600 0.47 0.32 0.58 (2)
10.28 SLS 38x89 — spaced 600 0.56 0.38 0.70(2)
Single wall (No wind; Combination 1)
6.70 SLS 38x140 — spaced 600 0.61 0.89 0.94 (1)
8.49 SLS 38x140 — spaced 400 0.51 0.74 0.55 (2)
2 10.28 SLS 38x140 — spaced 400 0.60 0.88 0.66 (2)
Housing separation wall
6.70 SLS 38x120 — spaced 600 0.45 0.51 0.97 (1)
8.49 SLS 38x120 — spaced 600 0.55 0.64 0.61(2)
10.28 SLS 38x120 — spaced 600 0.66 0.76 0.74 (2)
Single wall (No wind; Combination 1)
6.70 SLS 38x140 — spaced 400 0.58 0.85 0.63 (2)
8.49 SLS 38x170 — spaced 400 0.47 0.87 0.51(2)
10.28 SLS 38x184 — spaced 400 0.48 0.95 0.53 (2)
3 Housing separation wall
6.70 SLS 38x120 — spaced 600 0.63 0.73 0.70 (2)
8.49 SLS 38x120 — spaced 600 0.78 0.90 0.88 (2)
10.28 SLS 38x140 — spaced 600 0.63 0.92 0.72(2)

*Number provides the needed columns at the end of the wall, to transfer the load of the facade.
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8.4.2.2 Floor and roof structure

Timber beams (C24) span between the HSB walls (Spacingmax=600 mm), cladded with plywood. Four
beam spans are defined, based on the archive inspection [Appendix A.1]. The largest span exceeds
structural limit of a standard HSB floor. Steel beams (HEA220, S235) span in major, while timber beams
in minor direction. The roof is verified for deflection [SLS] and strength [ULS]. The floor structure is
additionally verified for human-induced vibrations [SLS]. The results are provided in table 8.8.

3.9-46m (Most occuring range in
Floor span range in archive: 47-54m (R.an.ge prr.esent in archive) . .
5.5-5.7m (Limit of timber floor structure; Not in archive)
5.8—-6.6m (Placement of additional steel beams; 1x present in archive)

Plywood

Timber main beams

Plywood

Secondary timber beams

Main steel beams

Figure 8.8: 3D overview of floor and roof system; [a] Basic system for both floor and roof; [b] Adapted floor
system for span 5.8 - 6.6 m (Self-produced).

Table 8.8: Unity checks for floor and roof. Numbers refer to Fig. 8.8. (W) = wood C24; (S) = Steel beam HEA220 - S235.

Spanrange [m] | 3.9-4.6 | 4.7-5.4 5.5-5.7 5.8-6.6 3.9-4.6 | 4.7-5.4 5.5-6.6
Timber beam size [mm] | 70x270 | 95x295 | 95x295* | 70x245 | 70x170 | 70x195 | 70x245
Spacing [mm] 400 500 400 400 500 400 400
Thickness plywood [mm] 18 21 21 18 18 18 18
| | | E I t !
1 Beam (W) Bending 0.37 0.4 0.36 0.34 0.67 0.58 0.56
2 Beam (W) | Shear 0.13 0.13 0.11 0.12 0.15 0.13 0.12
3 Beam (W) | Deflection 0.36 0.42 0.40 0.31 0.98 0.87 0.83
4 System Fundamental frequency 0.45 0.55 0.57 0.40 - - -
5 System Point load deflection 0.97 0.93 0.95 0.78 - - -
6 System Impulse velocity response 0.75 0.64 0.59 0.66 - - -
7 Plywood Bending 0.14 0.16 0.1 0.10 0.12 0.08 0.08
8 Plywood Deflection 0.18 0.23 0.12 0.12 0.19 0.10 0.11
9 Beam (S) Bending - - - 0.65 - - -
10 Beam (S) Shear - - - 0.19 - - -
11 Beam (S) Deflection - - - 0.93 - - -

*Place 2 beams below fagade

8.4.2.3 Gallery beam

The gallery beams span between the gallery column and HSB wall. These beams could be constructed
smaller than the connected floor or roof beams. To consider a feasible connection, a practical size is
chosen: size of floor or roof beams. The most unfavourable situation is verified [Table 8.9].

AN S T 2\ Floor/roof beam Table 8.9: Worst case results for gallery beams.
{ ¥ Gallery beam Bending 0.35 0.50
Shear 0.47 0.42
= Plywood Compr. L grain* 0.80 0.45
i Deflection 0.10 0.21
/ I/ | Bearingshoe *Beam on top of HSB wall

Figure 8.9: 3D image of gallery beam (including connection)
(Self-produced).
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8.4.2.4 Gallery columns

The buckling resistance in both directions is equal (supported at floors), resulting in a square column
design. The columns are verified in the ULS for buckling (including axial load). Figure 8.10 provides the
used schematization of the columns. The results are provided in table 8.10.

F

Top Section

|
L

Table 8.10: Results for gallery columns.

Side view I
—-— - — !
\ Column I‘ _
[
| Beam ." 3 1 6.70-8.49 70x70 0.65
| Screw i :;- 8.49-10.28 70x70 0.79
| Bold ! = 2 6.70-8.49 95x95 0.56
]
Steel profile | 8.49-10.28 95x95 0.67
\ 3 6.70-8.49 95x95 0.78
\‘ 8.49-10.28 95x95 0.95
\
A\

Figure 8.10: Gallery column; [a] Connection between
gallery beam and column; [b] Structural schematization
column (Self-produced).

8.4.2.5 Stability wall

The stability properties depend on the existing structure. This report evaluates the stability for a 3-
layered top-up (Ratio depth to length stab. wall = 4.5 [-]; No add. room). To reduce the tension force
in the stability walls, a horizontal linking of two blocks is assumed. It is most probable that the existing
structure needs to be linked, to provide enough horizontal resistance [Fig. 6.15].

Deflection of an HSB-wall is usually not verified. Verified are the presence of tension, maximal
compression, compression L to the grain, and needed nails in the stability wall [Table 8.11]. Note that
for future projects, the stability of the top-up must be recalculated. Stability in cross-direction is
provided in appendix D.4.6.3.

£ I et i 1 rrriTe

S T R N N N O O B
2 blocks connected Gwind

Figure 8.11: Collaboration of walls to resist the horizontal wind load (Self-produced).

Table 8.11: Results stability calculation.

Presence of tension? Yes -> 2x tension anchor WHT440
Maximal compression UC=0.54 [-]

Compression L to the grain UC=0.62 [-]

Needed nails ?3.1x50 — spaced 100 mm

8.4.2.6 Weight of the HSB top-up

The weight of the top-up equals 5.5 kN/m? for one, 10.1 kN/m? for two, and 13.4 kN/m? for three
added layers. This value considers an exceeding of 5% of the over-capacity (Van Rossum B.V.; Internal
communication).
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8.5 Environmental impact of the variants

Both variants will be environmentally evaluated. This section will provide the results.

8.5.1 Modular CLT-construction

The environmental calculations are performed with excel. Appendix X.10.10 provides the LCA sheets.

8.5.1.1 Goal and functional unit
The goal is to provide the author data about the environmental impact of the designed CLT
construction, being part of an educated choice for an effective top-up method for council estates.

Two functional units are defined, considering both a technical and functional lifespan of 75 years:

1. The annual carbon footprint of the CLT structure per square meter new floor area, limited to
the product stage: A1-A3. Besides CLT and steel, only plasterboard for walls is considered in de
calculation (structurally provides fire-safety). GWP total is solely taken as impact category.

2. The structural material usage of the CLT structure per square meter new floor area. Material
usage is defined as the sum of CLT, steel and plasterboard.

8.5.1.2 Results

The results are provided in figure 8.12 and 8.13. The CLT construction has a GWP lower than 0.0 [kg
C0,-eq./y/m? new floor area], which is needed for an efficient method. The total impact equals -30.23
(1-layer) to -32.58 (2-layers) [10* kg CO»-eq./y/m? new floor area]. This difference is caused by the
steel interlayer. The emission of the plaster board (=-2.5%) is negligible compared to the CO,-capture
of wood (+109.7 till 118.3%). The total material use varies between 5.52 (2-layers) to 5.56 (1-layer) [10
3 m3/y/m? new floor area]. The order of contributors to the material use is approximately: walls
(=50.5%), floors (=29.0%), roofs (=19.5%), and steel Iayer (=1.0%) [Fig. 8.13]. The GWP results closely

equalize the values in chapter 7 [Fig. 7.2]: 105.65 - = =32.39 [10! kg CO,-eq./y/m? floor areal].

Environmental impact 1-layer modular CLT top-up Structural material use 1-layer modular CLT top-up
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Environmental impact 2-layer modular CLT top-up Structural material use 2-layer modular CLT top-up
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Figure 8.12: GWP CLT construction (RSL=75y); Figure 8.13: Material use CLT construction (RSL:75y)

[a] 1-layer top-up; [b] 2-layer top-up (Self-produced). [a] 1-layer top-up; [b] 2-layer top-up (Self-produced).
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The environmental calculations are performed with excel. Appendix X.11.8 provides the LCA sheets.

8.5.2.1 Goal and functional unit

The goal is to provide the author data about the environmental impact of the designed HSB
construction, being part of an educated choice for an effective top-up method for council estates.

Two functional units are defined, considering a residual functional lifespan of 23 till 42 years:

1. The annual carbon footprint of the HSB structure per square meter new floor area, limited to
the product stage: A1-A3. Besides HSB-structure and steel, only plasterboard for walls is
considered (structurally provides fire-safety). GWP total is solely taken as impact category.

2. The structural material usage of the HSB structure per square meter new floor area. Material
usage is defined as the sum of sawn wood, plywood, steel, and plasterboard.

8.5.2.2 Decisions in method

Figures 8.14 and 8.15 provide the GWP and material use for a 2-layered top-up, per element. Figure
8.16 provides the GWP, and material use for 1 till 3 added layers. A total overview of all graphs can be

found in appendix D.5. Two decisions are made:

e The sum of the GWP of floors and roof forms the largest contributor (=80%) to the total impact
[Fig. 8.14]. Resultingly the subdivision in floor span ranges is considered.

e Variation of wall sizes (CFL varies per storey) has limited impact on the total impact. The
proportion of GWPsawn wood; wall tot the GWPy,,1i is = 60.0%. Considering volumes this proportion
is only 22.0% [Fig. 8.15]. As only the proportion sawn wood changes due to variation in CFL,
this variation is excluded from the analysis. It would have tripled the number of graphs.
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Figure 8.14: GWP HSB construction [Stage A1l-A3]. Two
spans considered (no add. room); [a] 4.7 -5.4 m; [b] 5.8 —
6.6 m (Self-produced).

Figure 8.15: Material use HSB construction. Two spans
considered (no add. room); [a] 4.7 -5.4 m; [b] 5.8 — 6.6 m
(Self-produced).
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Figure 8.16: Environmental impact HSB top-up (Max. floorspan 3.9 - 4.6 m); [a] Global warming potential [A1-A3];
[b] Structural material use (Self-produced).

8.5.2.3 Results

The GWP and material use depends on the number of storeys, floorspan, residual lifespan of the
council estate, and presence of an additional room [Fig. 8.16]. Appendix D.5 contains all combinations
to find the impact and material use for a distinct council estate. Extreme values for GWP and material
use are provided in table 8.12. The HSB constructions have a negative GWP, which is needed for an
efficient method [Section 8.1]. The results are in the order of magnitude of chapter 7 [Fig. 7.2; Fig. 7.3]

The carbon footprint becomes less negative in case the residual lifespan increases, while the material
use reduces. It is beneficial to add more layers to the building [Fig. 8.16; Table 8.12]. An increased
number of layers reduces the material use. This effect is the much larger from 1 to 2 storeys (=10.0%),
compared from 2 to 3 storeys (=2.0%). Presence of additional room causes up to 5.3% additional
material (+3.1% GWP).

The parameters GWP and material use are not directly interchangeable [Fig. 8.14, 8.15]. The impact
of plasterboard on the GWP is negligible (=-2.0%), while it fulfils a significant part in the material use
(=12.8%). Steel behaves conversely to plasterboard, having a significant impact on the GWP (-12.8%),
and a low contribution to the material use (1.9%). That explains the deviating results of the largest
floorspan (5.7 — 6.6 m) [Fig. 8.14b; 8.15b]. That variant contains steel main beams, with timber
secondary beams [Fig. 8.8]. The material use of floors becomes lower, while the GWP becomes less
negative.

Table 8.12: Extreme values for HSB. Unit GWP: kg CO,-eq./y/m? floor area; Unit material use: 10-3 m3/y/m? floor area.

1 layer top-up -68.8 -37.7 < GWP < -97.7 -53.6
2 layers top-up -60.9 -33.3 < GWP < -84.2 -46.1
3 layers top-up -59.2 -32.4 < GWP < -80.8 -44.2
1 layer top-up 7.1 3.9 < Material use < 9.4 5.1
2 layers top-up 6.4 3.5 < Material use < 8.3 4.5
3 layers top-up 6.2 3.4 < Material use < 8.0 4.4
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Results

Chapter 9 will provide an overview of the results, as well as a description of the produced method.

9.1 Results of thesis

The first part of the thesis is aimed for researching and learning about council estates [Chap. 5], vertical
extensions [Chap. 6], and environmental impact [Chap. 7]. Each component is analysed in a chapter.
The most important aspects around council estates are provided in section 5.8 and figure 5.2,
addressing the variety within the existing structure. The key aspects of chapter 6 are summarized in
flowcharts [Fig. 6.14; 6.15]. Essential elements of chapter 7 are provided in section 7.4, emphasising
that minimalization of material use must be a criterion for an efficient method [Section 8.1].

The second part of the thesis is focused on the structural design of two variants and the determination
of the corresponding environmental impact. The results of the modular CLT design are given in sections
8.4.1 and 8.5.1, resulting in a value for GWP and material use. The results of the non-modular HSB
design are described in sections 8.4.2 and 8.5.2, resulting in linear graphs for GWP and material use
[Appendix D.5]. The weights of the designed extensions are linked back to the flow chart V [Fig. 6.14].

9.2 Minimization of material use

An efficient method must fulfil five requirements [Section 8.1]. Both methods comply with the first
four points: (1) Allows for variation in structural plans; (2) Adds (if structurally possible) at least two
floors; (3) Applies no strengthening for additional vertical loads; (4) GWP of top-up is negative; In
conclusion, the assessment of construction methods must be done by minimalization of material use
(5). Figure 9.1a-c indicates the tilting point between construction methods. Appendix E.1 provides
three graphs for council estates having an additional room. The graph ‘2 layers HSB — 1-layer CLT' is
not provided, as the effective method forces application of two layers. The graphs indicate two aspects:

- More added layers increase the effective period to apply HSB. This is a consistent result, as the
material use per m? floor area reduces by more floors [Table 8.12].
- For council estates with a low residual lifespan (<25 years) a modular CLT unit is more efficient.
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9.3 Designed top-up method

An effective top-up method for council estates depends on the flat characteristics. A 3-step procedure
is developed to determine an effective top-up method for a distinct flat, provided below. An example
is provided in Appendix E.2.

Step 1) Determine structural properties of the council estate

The following parameters have to be determined:
a. Flowchart VL: material walls; floor system; number of floors; CFL; [Section 6.3.6.4]
b. FlowchartS: presence of an add. room; ratio depth flat to length stab. wall; NFL; [Section 5.6.2]
c. Material use: construction year council estate; floorspan.

Step 2) Determine the structural overcapacity
a. Determine the maximum number of layers that can be added for the vertical load (for both
construction methods: CLT and HSB), using the flowchart VL [Fig. 6.14].
b. Verify if the addable layers for vertical load is smaller or equal to the addable layers for stability,
using the flowchart S [Fig. 6.15]. If not, the structure must be strengthened by using horizontal
linking [Section 6.3.5; 7.2.4].

Step 3) Determine the method with minimal material use
a. Residual lifespan = (Construction year + 100) — (current year, e.q., 2023)
b. Use the graph from figure 9.1 or E.1 to determine the method with minimal material use.
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Figure 9.1: Minimalization of material use for vertical extension on council estate (no additional room); [a] 1-layer HSB - 1-
layer CLT; [b] 2 layers HSB - 2 layers CLT; [c] 3 layers HSB - 2 layers CLT (Self-produced).
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Figure 9.1 (Continue): Minimalization of material use for vertical extension on council estate (no additional room); [a] 1-layer
HSB - 1-layer CLT; [b] 2 layers HSB - 2 layers CLT; [c] 3 layers HSB - 2 layers CLT (Self-produced).
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10

Discussion

This thesis aims to develop a top-up method for council estates to contribute to sustainable solutions
for the housing demand in the Netherlands. Moreover, this research will broaden the knowledge of
structural (timber) top-up methods and their corresponding environmental impact. Therefore, the
research question is:

What is an effective method to optimize timber top-up designs for council estates, considering their
structural limits and environmental impact?

To answer this question, the five sub-questions are answered, and their assumptions are discussed.
Further, the consequences of the chosen scope and the application of the method in practice are
reflected upon.

10.1 Answers to the research questions

10.1.1 What defines a council estate?

A council estate is a multi-storey building, where residents enter their houses by making use of a
common route through a porch. The majority of these flats were constructed during the interwar (1916
—1926) and post-war periods (1946 — 1965). The local housing planning caused structural variation
during the interwar period, while insufficient money, and a lack of skilled workers and construction
materials caused variation in construction methods during the post-war period [Fig. 5.2]. Therefore, a
single structural lay-out does not exist. Four aspects need a further reflection.

1. For this research, it was concluded that the large variety of inter-war buildings makes them
less suitable for a universal method. As the buildings were constructed as blocks following
street plan perimeters, irregular floorplans occur. It is not very likely that rectangular CLT units
can be applied on those inter-war buildings. The author assumes that for buildings built in the
interwar era, which resemble the post-war flats, the method could still be applicable. However,
a further study has to investigate if the method is (partly) applicable for the inter-war buildings.

2. An archive inspection was conducted to determine the characteristics of the post-war flats.
This study covered an enquiry into a sample size of thirteen different council estates in
Amsterdam. Although no reason was found to assume these thirteen cases deviate from
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buildings elsewhere, a multi-location investigation could have provided a more accurate
picture. The sample covered a too small group to determine parameter boundaries. The
number of floors is underlined by literature and is therefore assumed to be accurate. The used
range for the spatial dimensions is considerably large, which most likely will cover most of the
council estates in the Netherlands. In conclusion, the study provided a useful and illustrative
overview of the spread in council estates. A large archive study to the spatial dimensions of
council estates will improve the method by optimizing the parameter ranges.

The study to non-traditional systems pointed out that these often have their own builder-
specific flooring systems. The produced flow charts are limited to timber and concrete floors.
That does not necessarily mean that for those specific flooring systems the method is unusable.
Timber floors refer to a low and concrete to a high self-weight. Therefore, the structural
engineer can estimate which floor resembles the non-traditional system the most. Based on
that, a preliminary decision for a top-up method can be made.

The thesis emphasised the uncertainty in brickwork quality [Section 5.5.2]. Experts of Nebest
and Van Rossum commented that quality must be determined on site. This research assumed
a design compressive strength of 2.81 N/mm?, which was chosen as a presumably realistic
value for many buildings. It must be validated if this holds for the specific building. The
maximum compression in the stability wall can become critical if the brickwork quality is lower.
Therefore, flowchart S must then be revised. It has to be mentioned that the used compressive
strength is quite conservative (Jafari, 2021). Therefore, exceeding of the compressive capacity
will most likely not occur. Further research to the brickwork quality of council estates is needed,
to make flowchart S proper.

10.1.2 What are possible strategies to top-up a council estate?

Four main aspects influence the possible top-up strategies:

It is common to continue the bearing walls of the existing structure in a top-up for material
efficiency.

Strengthening for additional vertical load is complicated and expensive. Therefore, the vertical
weight of the top-up is minimized, and needed strengthening therefore is not applied.
Horizontal linking of the dilatations is environmentally the most preferred option to strengthen
for stability.

The negative GWP makes an environmental comparison between timber structures
complicated. Minimalization of material is therefore used as additional criterion.

Based on these points, two top-up strategies are considered: a modular CLT and a non-modular HSB
variant. Four points are further discussed.

The method does not provide a stability solution for council estates which have no dilatation.
Those are not present in the archive inspection, but it is not strange to expect that these exist.
Thickening the stability wall with concrete will be the solution with the lowest environmental
impact for those cases. The net GWP will be negative [Section 7.2.4], indicating that the
method is still applicable. The structural engineer has to determine the concrete dimensions.

A negative side effect of horizontal linking is the possible increase of contact noise between
two neighbouring apartments. The other apartments in the building block have similar
structural systems, so it may be assumed that this disturbance is in those post-war buildings.

In retrospect, the use of the carbon footprint method can be debated. The negative GWP
complicates the comparison of two distinct timber structures. Therefore in addition,
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minimalization of material was used as criterion. If all nineteen LCA impact categories were
considered, the shadow costs would presumably not have been negative. In that case, the
environmental impact could have been minimized. Due to transition of norms, a full LCA-
calculation was not possible. Minimalization of material use forms a suitable alternative, as
excessive wood logging has also negative effects on the environment. If the new unit
equivalents are linked to shadow costs, it would be interesting to redo the research with a
complete LCA-calculation to see if similar outcomes will be the result.

4. This research is limited to a modular CLT unit (Cross Laminated Timber) and non-modular HSB-
construction (HSB = Timber Frame Construction; Dutch: Houtskeletbouw). Partly reuse of
distinct HSB elements is not considered, to narrow the study. It could have potential as the
technical lifespan of some elements will increase. Exclusion of this variant does not make the
method ineffective, as the needed requirements are fulfilled. A further study can expand the
method with this variant.

10.1.3 How does the building code count for vertical extensions?

Transition of norms provides council estates overcapacity. This can be calculated by comparing the
historically and currently applied safety strategy and loads on the building. The historical codes applied
(or can be derived) a comprehensive safety factor, which included both uncertainty in material and
load definition. The variable load was historically calculated about 12.5% higher than present loads
and was applied with different safety strategy than currently done. The existing code (NEN 8700)
allows recalculation of the existing structure with reduced safety factors. Considering all differences
results in a global overcapacity of about 21% (compared to the NEN8700). Two aspects are further
discussed.

1. The case studies indicated that an existing structure may be calculated using NEN8700:
Renovation level. It recently turned out that for top-ups, in which no structural parts of the
existing building are modified, itis allowed to calculate with the NEN8701: Rejection level (mail
correspondence M. Hermens [NEN commission], and Van Rossum B.V.). The small difference
will most presumably not increase the overcapacity with one floor, and therefore not change
flowchart VL. A further study should verify if additional overcapacity results from NEN8701.

2. The comprehensive safety factor of brickwork is derived by comparing the historical design
value (N1055) and the current characteristic value (NPR9096). The four types of brickwork
investigated, showed a spread in load factor. The small calculation example of Appendix B.6
demonstrated that the derived factor is not that accurate. Therefore, the safety on brickwork
contains uncertainty. The normative load factor is based on the foundation. Therefore, the
uncertainty in safety, applied on the brickwork walls, has no impact on the flowchart VL.

10.1.4 What are the structural possibilities for the distinct top-up methods?

The vertical overcapacity ranges from 8.2 to 16.4 kN/m? [Fig. 6.14]. The weight of the HSB top-up
equals 5.5, 10.1, and 13.4 kN/m? for 1 to 3 storeys, respectively. The weight of the CLT top-up equals
6.4, and 12.3 kN/m?, for 1 and 2 storeys, respectively. The horizontal overcapacity ranges from 0 to 3
(or more) addable floors [Fig. 6.15]. If the horizontal resistance is insufficient, the distinct building
blocks must be horizontally linked, what will increase the resistance sufficiently. One aspect needs
further reflection.
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- Fire safety forms a crucial aspect in timber buildings. Despite that, it was decided to exclude
fire safety of the structural calculations to narrow down the study. Therefore, the completeness
of the research can be debated. E.g., clients most presumably prefer CLT over HSB because of
the number of openings and cavities in HSB which could accelerate fire spread. At least three
fire-safety measures can be taken: apply fire-resistant cladding, increase timber cross-sections
and prevent hollow spaces which can act as vertical or horizontal fire distributors. The second
solution is not possible for HSB and will increase the self-weight of CLT-elements. Therefore,
fire safety cladding forms a better solution. Although no analysis has been conducted yet, the
performed calculation considered 18 mm fire retarded plasterboard for the walls. Also, the
floors are calculated with a finishing. It might be that the weight of the top-up increases a bit
due to fire safety measures. A recalculation according to the NEN8701 (Sub question 3),
combined with fire safety measures will most presumably not change the results of flowchart
VL. However, a further study has to point out if this is the case. The change of intersection
points in the material minimalization graphs [Fig. 9.1], due to an (increased) fire safety
cladding, will be negligible. This, as (part of the) fire retarded plasterboard has already been
considered.

10.1.5 What is the environmental impact of the realized variants?

The residual lifespan of council estates varies between 23 and 42 years based on an assumed 100 year
service life and the year of construction. The technical lifespan of a modular CLT construction can be
fully developed, resulting in a negative value for lifecycle stage A1 till A3 of -32.58 (2-storey) or -30.23
(1-storeys) [10 kg COz-eq./y/m? new floor area]. The technical lifespan of the non-modular HSB top-
up cannot be fully developed, as it will be demolished when the residual lifespan of the flat is reached.
Hereby assumed that HSB cannot be reused, in contrast to CLT. The result are linear graphs indicating
the GWP as function of the residual lifespan of a council estate [Appendix D.5]. A large residual lifespan,
and number of addable layers increase the potential to apply a HSB top-up. Two points need to be
further discussed.

1. The research limited the environmental impact to lifecycle stage A1-A3. During this stage,
timber behaves as a carbon sink. More wood use seems be beneficial for the CO, reduction in
the atmosphere. However, it strongly depends on the end-of-life scenario [Fig. 7.4]. Wood
incineration forms the most unsustainable end-of-life scenario, as all captured CO; releases.
Most sustainable is to reuse or downcycle the construction elements to reach their technical
end-of-life, and then apply landfill. The applicability of this latter scenario is debatable.
Therefore, in practise a sub-optimal solution will presumably be applied e.g., wood incineration
with energy recovery. In conclusion, the carbon sink behaviour of the extensions strongly
depends on the applied end-of-life scenario. The author posits to reuse or downcycle the
construction (elements), whereafter landfill must be applied, as a progressive end-of-life
scenario for both timber construction methods, to achieve an overall negative GWP.

2. The impact of the non-modular HSB extension is calculated based on the plan of the Helena
Mercierstraat. The variety within council estates complicates a detailed predication of the
environmental impact and material use of a non-modular HSB top-up. Therefore, the variation
between flats is considered by expressing the impact per m? floor area. This is detailed enough
for a preliminary optimisation on material use. The intersection points in the provided material
minimalization graphs must therefore not be read as strict separation points, but more as an
indication where the tipping point roughly is located.
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10.1.6 Answer to the main research question

Based on the answered sub-questions, an answer to the research question is formulated:

The flat characteristics determine which construction method is the most efficient top-up method for
adistinct council estate. These characteristics impact the structural overcapacity (structural limits) [Fig.
6.14; 6.15], as well as the material use of the extension [Table 8.7; 8.8]. An effective top-up method
considers five aspects [Section 8.1]:

Allows for spatial variation in structural plans;

Adds (if structurally possible) at least two floors, to consider the large housing demand;
Applies no strengthening for additional vertical loads, to minimize complexity and costs;
Functions as carbon sink [A1-A3]: Global Warming Potential of the top-up is negative;
Minimizes material use per year.

akwN e

A modular CLT unit, and a non-modular HSB extension fulfil both aspect 1 till 4, implying that
minimalization of material use determines which method is more effective [Fig. 9.1;E.1]. Consequently,
a 3-step method is developed, which considers the flat characteristics, structural overcapacity and
minimalization of material use [Section 9.3]. Large-scale application will solve seventy percent of the
current housing demand in the most optimistic scenario. To conclude, the provided method optimizes
timber top-up designs for council estates, considering a spread in structural limits. The optimization
produces CO,-negative extensions, having a minimized material use per year and new m? floor area.

10.2 Effect of research scope on outcomes

The research was narrowed down by the chosen scope consisting of four delineations. These will be
evaluated here to assess their potential impact on the method and results.

10.2.1 Timber top-up method

The research is limited to a timber top-up method because of its sustainable potential, mechanical
properties, time constraints, and the author’s interest. Adjustment of this delineation (e.g., a steel top-
up) will not undo the entire research. On purpose, the vertical overcapacity is provided in kN/m?. That
allows structural engineers to estimate the number of addable layers when using other materials for
the top-up. Also, flowchart S will still be valid, albeit that the maximum compression must be
reconsidered in further design stages. The material minimalization graphs will logically not be useable
as these are specific for timber construction methods.

10.2.2 Specific for council estates

Council estates form the target group of the study. The large and relatively homogeneous group make
them applicable for a general top-up method. Due to the project specificity of vertical extensions, it is
not possible to change the target group, while having still a functioning method. However, that makes
the research not irrelevant for different target groups. A strategy is provided to determine the vertical
overcapacity based on a norm comparison. Additionally, insight is provided in timber top-up strategies.
Finally, the use of material minimalization has been suggested to compare timber constructions. In
conclusion, the principles provided in the research, can be applied on different target groups.
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10.2.3 No strengthening for additional vertical load

The interviews addressed the increase in costs and complexity due to strengthening for additional
vertical loads. Resultingly, this is barely applied in practice, and consequently not in the designed
method. If it was, structurally more layers could be added to the council estates. Unfortunately, more
layers will cause other problems as shadowing effects on neighbouring buildings, pressure on urban
infrastructure, and wind discomforts. Therefore, more than two or three added layers will most
presumably not be added in practice. In conclusion, this boundary condition keeps the structural
design of the top-up method realistic.

10.2.4 No building physic related aspects

The author graduates for the specialization structural design. Therefore, building physic related
aspects are excluded from the research. As already stated, the building physic aspects (e.g., daylight
access, and shadowing effects) could limit the number of layers that can be top-upped. This will
presumably not be normative for the few added layers in the designed method. For final design stages,
a building physic expert must inspect these aspects. Acoustic and thermal resistance of walls are not
considered and need to be further investigated (vibrations are considered for floors). The additional
weights are already included in the structural calculations. Therefore, these aspects will not influence
the designed method.

10.3 Reflection to the practice

Important is to reflect to what extent the method will be useful for the practice. On three aspects a
reflection is given.

First, it is important is to reflect to what extent the minimalization graphs of material use will be used
in practice. A building process is most often dominated by the financial costs of the project. This
includes material and labour costs. CLT-constructions have higher material than labour costs. This
holds in particular for modular units, as the building process of prefabricated units happens quickly. In
contrast, non-modular HSB-construction results in higher labour compared to material costs [Table
6.2]. Therefore, it can be debated if minimalization of material use is the best chosen optimisation to
make a distinction between CLT and HSB for practice. This study focussed on the environmental impact
of the top-up. An optimalisation to environmental impact will not automatically indicate an
optimisation to costs. Unsustainable wood logging, what can be the result of excessive material use,
results in negative ecological effects (Section 7.2.2). Therefore, this research decided to minimize
material use, as a progressive, sustainable solution. The construction sector also benefits from an
optimisation to costs. A further study can expand the research by calculating the financial costs of both
variants.

Second, the applicability of the assumed functional lifespan needs to be reflected. The residual lifespan
of council estates is based on a functional lifespan of 100 years. This assumption only holds in
combination with a thorough renovation of the existing structure. In case no renovation will occur, the
residual lifespan will be (much) lower. A renovation complicates the top-up process more than it may
seem at first hand. It causes disturbance for the co-users of the building, as well as a slow-down of the
building process. Most contractors prefer a fast construction process, to minimize disturbance and
labour costs. The reduction of inconvenience for co-users, as well as the low residual lifespan of council
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estates motivates to apply a modular CLT-construction. This is in line with the material minimalization
graphs considering a low residual lifespan. Therefore, CLT units are probably much more frequently
used in practice compared to the non-modular HSB-construction.

Third, the usefulness of the constructed flowcharts is reflected. In the authors opinion those schemes
will be very useful for structural engineers, especially as a preliminary tool to top-up council estates.
Their ease of use, while still being quite detailed make them useful schemes to estimate the number
of layers to top-up. The presentation of the vertical overcapacity in kN/m? allows application of other
structural materials than timber. The detailed design must obviously be developed further.
Nevertheless, such flowcharts will provide structural engineers a fast indication about number of layers
to top-up during the sittings with e.g., architects.
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11

Conclusions

This chapter will provide the conclusions of the research as well as recommendations.

11.1 Conclusions

From the research, four main conclusions are drawn:

1.

It is generally not possible to tell a priori which of the two considered timber top-up methods
(modular CLT- or non-modular HSB-construction) is the most effective for a particular case,
considering the structural limits and environmental impact. The residual lifespan of a building
determines which method is the most effective. As an exception, the extreme residual lifespans
of council estates have a predictable top-up method. A modular CLT extension forms the most
fitted solution for buildings with a residual lifespan less than 25 years, while a non-modular
HSB extension is most fitted for buildings with a residual lifespan more than 40 years.

An optimisation of timber structures, solely based on the carbon footprint method (lifecycle
stage A1-A3) results in unrealistic solutions. Therefore, an additional criterion (e.g., material
use or costs) must be considered in such optimisations.

Timber vertical extensions form a sustainable replacement for combined demolition and
reconstruction of buildings. New concrete buildings cause CO;-emmisions, while timber
extensions generally result in CO,-capture.

A vertical extension of council estates has the potential to contribute to solve current housing
demand in the Netherlands. In the most optimistic scenario, seventy percent of the housing
demand could be solved. Despite this scenario being probably overly optimistic, the method
does facilitates the realisation of a substantial number of houses.
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11.2 Recommendations for further research

Based on the discussion, recommendations for further research are proposed.

11.2.1 Brickwork quality of post-war council estates

This thesis discussed the uncertainty in brickwork quality. A lower brickwork quality than assumed can
resultin an exceeding of the compressive capacity in the stability. Although a conservative compressive
capacity is assumed, it still forms an uncertain aspect in the study (Jafari, 2021). Therefore, an extensive
site-investigation is needed to understand the brickwork quality of council estates, and thereby
improve flowchart S or develop more specific flowcharts for stability.

11.2.2 Spatial dimensions of council estates

The parameter range is based on a sample size of thirteen council estates. The size of this sample is
too small to reliably determine parameter ranges. A large archive study to the spatial dimensions of
council estates will improve the method by fine-tuning the parameter ranges.

11.2.3 End-of-life scenarios for HSB structures

A study to (reasonable) end-of-life scenarios for timber structures should give an estimation for a full
environmental profile more substantiation. Section 7.2.3 provides research containing GWP data for
distinct CLT end-of-life scenarios. No literature is available which contains such a data for HSB. Further
research in the end-of-life scenarios for HSB enables future LCA-calculations to apply a full-life analysis.

11.2.4 Fire safety analysis of a CLT and HSB structure

Fire safety is excluded from the structural calculations. The discussion addressed the difference in risk
on fire-spread between those structural methods. Therefore, more research is needed to investigate
the potential differences in fire resistance between CLT- and HSB-constructions. This will assist clients
more in weighing up the construction methods and will improve the structural design and fire-safety
of the variants.

11.2.5 Additional overcapacity due to NEN8701 calculation

It recently turned out that for top-up projects, in which no existing structural parts are modified, it is
allowed to recalculate the existing structure with the NEN8701. This norm contains lower safety factors
resulting in more overcapacity. A recalculation with the NEN8701 will make flowchart VL more
accurate.

11.2.6 Optimisation to costs

The reflection to the practice addressed the need to optimize for costs instead of material use.
Therefore, additional research can expand the research by adding an optimisation for costs. This will
increase the use of the designed method.
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11.3 Recommendations for practice

Five recommendations are done to use the designed method.

1.

Use the method primarily as a preliminary design tool. The method enables a fast decision-
making process, which is in particular useful when e.g., architects propose a number of layers
to top-up. A further detailed design has to performed by a structural engineer.

Perform a site inspection, to find out the used brickwork quality. If this is lower than the
assumed design value of 2.81 N/mm?, a recalculation must be performed for the compression
capacity in the stability wall. In any case, a (basic) stability verification is recommended as the
stability situation could differ a bit from the used standard floorplan.

Verify if the actual council estate corresponds with the used assumptions in the structural
calculations. Important aspects to reconsider are e.g., number of porches in a block, presence
of a dilatation, used weights, wall sizes, contributing width, type of foundation, and storey
height.

Interpret the intersection points in the material minimalization graphs not as strict separation
between CLT or HSB, but more as indication where the tilting point by approximation occurs.

Apply a modular CLT unit in case the existing building will not thoroughly be renovated. In those
cases, the residual lifespan of the building will be much lower compared to the technical
lifespan of the extension. A modular unit that is fully reused in another building is then
environmentally beneficial.
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Council estate

Appendix A will provide background information to chapter 5.

Content appendix A

A.l
A.2
A3
A.4

Schematization of council estates and archive inspection
Additional information of non-traditional variants
Additional information to exploratory calculations
Extreme variants, based on the parameter study
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A.1 Schematization and archive inspection
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Figure A.1: Processed structural plans of archive research (Self-produced).
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Figure A.4: Archive inspection number 11-13.
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- Honselersdijk (12)

Jan Voerstraat (9)

Saaftingestraat (10) Steenderenstraat (13)

Helena Mercierstraat (1) Anske lammingastraat (5)

Willem van Weldammelaan (2) Petrus Blokhof (6)
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Figure A.5: Overview floorplans inspected council estates (Archive municipality Amsterdam, 2022).
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A.2 Explanation of non-traditional variants

This section will provide some background information about the structural methods of the non-
traditional variants. Non-traditional construction methods show more variety compared to traditional
construction. Often the ground floor was constructed of brickwork, while the layers above were made
of various products (Muwi-, Sintel-, or BB-blocks). The archive inspection contains, two Airey and one
Muwi, precast stack, and cast in-situ variant. Remarkable is the variation in wall thickness, material
composition and stability system. As a result, the distinct variants will be described independently.

Muwi system

This system makes use of Muwi blocks to create the walls. The Maassluisstraat has loadbearing outer
facades, constructed out of Muwi-blocks. The interior walls were also constructed with these blocks.
The 210 mm hollow blocks are dry stacked, afterwards filled with mortar. The walls in cross direction
forms the stiffness in that direction. In longitudinal direction, the facade walls and the stairwell wall
provide stiffness.

Figure A.6: Schematic repre;entation of
Maassluisstraat (Self-produced).

Airey systems

Platform 31 (2013) states that approximately five thousand of Airey houses were built in Amsterdam.
Remarkable is the build-up of the outer walls. Both inspected houses have a build-up from inner to
outer of brickwork, reinforced concrete styles, finished with small concrete plates. Platform 31 (2013)
states that these facades are load bearing. The thickness of the reinforced concrete styles has a cross-
section of 62.5 x 125 mm. The small concrete plates have dimensions of 625 x 375 x 40 mm. The
brickwork thickness varies within the two variants between 70 and 105 mm.

N NN

]

|
a1 1 1 w_| _ l: m jm )

Figure A.7: Schematic representation of [a] Comeniusstraat; [b] Schoonboomstraat
(Self-produced).

The Airey system makes use of Sintel (B2) blocks for the stairwell and apartment separation walls. The
Schoonboomstraat additional internal loadbearing walls were constructed of 105 mm thick brickwork,
instead of Sintel blocks. The cross stability has been realized by the cross-orientated walls. Additional
bracings were placed at the Comeniusstraat in the end facades.
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The Schoonboomstraat has additional reinforced columns in the fagade. These form moment resisting
connections with the floors, which provides stiffness in longitudinal direction (also expected for
Comeniusstraat). Additionally longitudinal-orientated loadbearing (facade) walls provide also stiffness.
Figure A.7 shows a structural overview of the variants.

Precast stack building: BB-Blocks

The precast stack building (Petrus Blokhof) has a lot of similarities with the traditional building. The
stability in both directions has been realized by stability walls. The outer walls were partly constructed
of brickwork (325 mm) and partly of concrete BB-blocks (215 mm). The walls around the stairwell are
realized in 215 mm thick brickwork. Note that no wall in longitudinal direction at the stairwell exist.
The interior walls were constructed of 205 mm thick BB-blocks. The stability in longitudinal direction
has been realized by the 280 mm thick facade wall.

In the end-porches, the stairwell has a 215 mm thick brickwork longitudinal-orientated wall. The end
facade walls in cross direction are 390 mm thick brickwork walls. Note that the building also has a small

elevator. This is only for luggage. It is too small to function as a stabilizing element. Figure A.8 provides
an overview of the precast stack building.

1
i F E F E

[a] BROZ K R L | 1wl _ >§

Figure A.8: [a] Petrus Blokhof floorplan (Archive municipality Amsterdam, 2022);
[b] Schematic representation of Petrus Blokhof (Self-produced).

Cast in-situ
The cast-in-situ variant (Steenderenstraat) has been using a similar strategy for the stability as the
traditional method. In both directions stability walls were constructed. The floors are supported on
top of the walls. All loadbearing walls have a thickness of 220 mm. In cross direction, the walls are
located at both ends of the unit and at the stairwell (includes additional room). No additional interior
walls exist.
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A.3 Exploratory calculations on vertical load transfer

Appendix A.3 will provide some additional information about the exploratory calculations. The
exploratory calculations for vertical load will be performed on two brickwork, a concrete and a Muwi
system.

A.3.1 Defined loads

The applied loading is provided in section 5.5.1.

A.3.2 Traditional brickwork

All buildings in the archive were constructed in 220 mm thick loadbearing walls. The thickness of these
walls was historically based on rules of thumb. In practise, no brickwork with a compressive strength
lower than 5 N/mm? was used. Resultingly, load bearing walls had minimum thicknesses. Houses till
three storeys must have a minimum wall thickness of 19 centimetres, while the cellar walls should be
29 centimetres (Belgische baksteenfederatie, 2008).

Saaftingestraat is chosen as normative structure for a brickwork variant (inspection number 10). This
building includes four storeys with reinforced concrete floors and roof. The connected floor length
equals 7.94 m. The roof build-up of these brickwork buildings has been traditionally constructed in
timber or concrete. Variant 10 is normative due to its reinforced concrete slabs [Fig. A.9]. The
permanent load definition for both floor and roof structure is provided in table A.1. The safety factors
are applied according to normal design conditions, e.g., equation 6.1 and 6.2 (NEN 1990).

Table A.1: Permanent load definition for traditional construction; roof [left] and floor [right].

Gravel 30 mm 0.48 Topping 40 kg/m? 0.4
Schewil insulation plate 70 mm 0.2 Reinforced concrete floor 150 mm 3.6
Reinforced concrete 125 mm 3 Ceiling 20 kg/m? 0.2
Ceiling 20 kg/m? 0.2 Non-loadbearing walls - 0.5

Total 3.88 Total 4.7

Within the distinct variants, a lot of spread can be observed. Especially, the non-traditionally built
council estates have a larger floor span compared to the traditionally ones. Traditionally constructed
flats with larger spans, compared to variant 10, exist in the archive. These variants have less floors,
what reduces the total vertical load. As it is incorrect to verify a variant with different dimensions,
initially variant 10 is verified with applied dimensions. Afterwards larger spans are applied to generate
insight in the effect the span size.

Number 10
— — &
5
S
4 2.5 .4

13.36
Figure A.9: Normative variant, constructed
out of brickwork (Self-produced).
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The vertical load causes a compressive load on the walls. Oorschot (2021) state that most of the walls
were constructed out of sand-lime brick or traditional brickwork. The compression capacity of
traditional brickwork is much lower compared to sand-lime brick. The type of mortar and the quality
of the brickwork determines the strength of the brickwork (NPR 9096). The lowest characteristic value
for the combined compressive strength equals 2.55 N/mm?, while the strongest brickwork has a
compressive strength of 11.58 N/mm?2. This characteristic strength should be divided by 1.7, to result
in the design strength of brickwork.

Four distinct variants are considered for traditional construction.
- Variant 3: Brickwork applied on Airey variant (extreme spans);
- Variant 7: Traditional variant. Higher floors have lower wall thickness;
- Variant 8: Originally constructed in 3 storeys. Calculated according to 4 storeys;
- Variant 10: Normative brickwork variant.

Figure A.9 marks the normative wall for variant 10 on the ground floor. The normal stress equals 1.12
N/mm?, resulting in a unity check of 0.75 (low quality brickwork). Figure A.10 provides an overview of
the verified variants in brickwork. It appears that with the structural floorplan of the Airey variant, the
walls still have enough capacity. Variant 7 is evaluated with the thinner walls on the second floor. This
was not normative (UC = 0.69). For variant 10, it is possible to add another layer out of brickwork. The
unity check becomes in that case 0.92.

Normal stress verification for brickwork variants

17 mmm High brickwaork quality
Low brickwork quality

B e

0.8

0.6 4

0.4 4

Unity check normal stress [-]

0.2 4
i Ul 0N BN
3 7 8 10

Archive inspection number
Figure A.10: Verified variants in brickwork (Self-produced).

A.3.3 Non-traditional Muwi

The archive sample contains only one Muwi variant. This variant (inspection number 4) has not the
normative span of the distinct non-traditional variants. The Muwi-system is applied on the normative
plan of variant 3 (extreme span). Properties about roof structure and flooring system are applied
according to variant 4. Detailed information is provided in the archive about the weight of the roof and
floor build-up [Table A.2] The walls were constructed out of 210 mm thick Muwi blocks. CFL of variant
3 to the walls equals 10.28 m.

Table A.2: Permanent weights of roof [left] and floor [right] (Muwi system).

Prefab system floor | 1.88 Prefab system floor 1.88
Roof finishing 0.92 Roof finishing 0.40
Ceiling 0.22 Ceiling 0.22

Total | 3.02 Total | 2.50
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The compressive strength of Muwi-blocks is estimated based on hollow concrete blocks. A weight of
2400 kg/m? is used for the weight of the Muwi-blocks. The actual weight will be a bit lower
(conservative). The characteristic compressive strength equals 6 N/mm? (Makobeton, 2014). Applying
a material factor of 1.5, results in a design compressive strength of 4 N/mm?2. The acting compressive
stress equals 1.1 N/mm?. That results in a unity check of 0.28.

Number 3
]L 5
A3 14 14 00—

16.25

Figure A.11: Normative wall, variant 3
(Self-produced).

A.3.4 Non-traditional concrete

One variant was constructed in concrete (inspection number 13: Steenderenstraat). The floor system
consists of a system floor with a self-weight of 220 kg/m?. As council estates were often constructed
with an in-situ concrete floor, this is also verified. The CFL of variant 13 equals 9.90 m. The walls are
200 mm thick, constructed in concrete. The in-situ floor build-up is according to table A.1 [right]. The
prefabricated floor lowers the permanent floor weight from 4.7 kN/m? to 3.3 kN/m?. The in-situ variant
has a traditional roof build-up [Table A.1], while the prefab variant uses a Muwi-system [Table A.2].

Both, the actual floorplan (insp. number 13) as well as the extreme floorplan (insp. number 3) are
evaluated. Considering low-strength concrete (C12/15), the design compressive capacity equals 8.00
N/mm?Z. In figure A.12, the resulting unity checks are provided. The concrete variants are strongly over-

designed considering the vertical load transfer. Even with low-strength concrete, the unity checks are
still lower than 0.5.

Results concrete variants
10 o= e e

0.8

0.6

0.4

Unity check normal stress [-]

[=]
8]

13 _In situ 13 _Prefab 3_In situ 3 Prefab
Archive inspection number

Figure A.12: Results of concrete variants. Concrete quality:
C12/15 (Self-produced).
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A.4 Extreme variants

Section 5.6 provides a parameter study. Based on this study, the most (un)favourable variants will be
defined, both for vertical load and stability. Table A.3 will provide an overview of the most favourable
and unfavourable situation for vertical load transfer. Table A.4 will provide it for the stability.

Table A.3: (Un)favourable situation vertical load transfer.

Number of storeys 3 4
Materialization floors Timber Concrete
Connected floor length 6.70 m 10.28 m
Wall opening percentage 15% 31%
Material walls Concrete Brickwork

Table A.4: (Un)favourable situation stability.

Number of storeys 3 4
Materialization floors Concrete Timber

Additional room Yes No
Normative floor length 8.25m 2.67 m
Depth / stab. Wall length 2.87 [-] 4.50 [-]

The results of table A.3 and A.4 are visualized in figure A.13.

Most favourable variant for stability Most unfavourable variant for stability

LV'6

T9'TT

5.60 A 330~ 5.60

A 81922 02425822024 A419—

Most favourable variant for vertical load transfer Most unfavourable variant for vertical load transfer

A—A16——42.54—2.52-2.54——4 16— A—3.00 5.14 5.14 3.00—

Figure A.13: (Un)favourable fictive variants (Self-produced).
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Top-up

Appendix B will provide background information to chapter 6.

Content appendix B
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B.5
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Case studies

HSB- and CLT construction

Connections for modules

Strengthening methods for stability

Example calculation for vertical overcapacity

Parameter study vertical overcapacity (Foundation normative)
Top-up possibilities for archive buildings
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B.1 Interviews

This chapter will contain two interviews about the case studies [M. Freriks; M. Tromp], and one
about modular construction [T. Jonker].

B.1.1 Interview 1 — M. Freriks

General information

Company: Van Rossum raadgevend ingenieurs B.V. (Almere)
Function: Project leader/ Structural engineer
Building: Parelhof Heerhugowaard (final design in process)

The interview with M. Freriks is a brief explanation of the design of the Parelhof. The author had a
number of conversations with Freriks about the structural design of the top-up. The questions are
answered by Mark as a summarization of the performed conversations. This is used for the case study.

Q1: The Parelhof will be partly constructed in timber frame construction and partly in combination
steel and timber. What is the structural reasoning behind this applied system?

Answer: That is related to the existing structure of the building. Part of the structure, houses,
consists of concrete structural walls, spaced 3.9 m. Such a span is easily constructed by a timber beam
layer. The other part, historically office space, has as construction a columns structure, spaced 6.6 m.
Thereby are the floors point supported. A steel structure is needed to transfer the forces directly to the
underlying columns.

Q2: Were the number of layers that would be top-upped discussed during the design stage? Were
there structural limits?

Answer: No, the design of the architect initially consists of two layers top-up. Therefore, we
performed a feasibility study to check if it was possible. Two layers was the maximum that could be
top-upped, with minimal structural adaptations of the existing structure.

Q3: How is the horizontal load on the stability walls, perpendicular to the structural walls,
transferred to the foundation?
Answer: Therefore, a distinction is made between block B and C.
At block B:
In the top-up, stability walls will be constructed. These transfer the wind force to the underlying
structure. The existing construction will be linked via block C to the new structure.
At block C:
The new structure at C will take care for the stability of the top-up and the underlying structure.

Q4: How will the vertical load transfer be realized?
Answer: The vertical load will be transferred to the load-bearing points in the underlying
structure.

Q5: Do you have strengthened the existing structure? In case yes, which principles do you have used?

Answer: No, that is not needed. With NEN 8700, it is demonstrated that the forces of the
vertical load transfer, including top-up, due to lower safety factors of the NEN 8700, are below the
capacity of the structure. For stability, see my reaction of question 3.
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Q6: Were there some remarkable points you run into, during the project?
Answer: No, there were no remarkable points.

Q7: Has sustainability played a role in the structural design?
Answer: No, the starting point was to top up as light as possible.

Q8: Could you a structural engineer in general indicate where the difficulties and bottlenecks are in

topping up?
Answer: The verification of the stability of the existing structure and the verification of the
additional vertical load to the foundation.

B.1.2 Interview 2 — M. Tromp

General information

Company: Van Rossum raadgevend ingenieurs B.V. (Amsterdam)
Function: Project leader/ Structural engineer
Building: De Boelelaan Amsterdam; Wibautstraat Amsterdam

M. Tromp has performed the structural design of both inspected gallery flats. The interview is
separated in these two distinct projects. Finally, a more general question is asked. Tromp added some
additional structural descriptions and drawings to the interview, which are used in the case studies.

Part 1: Project specific questions about de Boelelaan: ‘De Boel’

Q1: Could you describe the existing structure?

Answer: See added description and drawings. The substructure consists of concrete floors,
beams, and columns. The residential floors contain hollow core slabs and prefab wall elements/blocks.
The stability was realized by walls and stairwells. The vertical load is transferred via the structural
housing separation walls towards the beams and columns. Or walls go directly to the foundation.

Q2: What material did you use for the top-up?
Answer: The top-up was constructed in light-weight timber. Where needed was steel applied.

Q3: Has there been discussion about the number of layers that would be top-upped? In case yes,
was the structure normative in the decision?

Answer: Yes, structural was the capacity of the existing structure normative, without
strengthening measures for foundation.

Q4.1: How did you realize the stability of the top-up?
Answer: In both wind directions timber HSB-walls were applied with in both end houses
additional steel portals.

Q4.2 Were there some special structural aspects you applied for stability?
Answer: For stability, the houses are horizontal linked to divide the wind load in longitudinal
direction.

Q5: How did you realize the vertical load transfer?
Answer: See also added drawing. The HSB-walls and floors are positioned on a steel frame,
which transfers the load to the existing load bearing walls.
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Q6: Was reinforcing of the current structure needed (for the vertical load)? In case yes, which
principles have you applied?

Answer: Only the roof structure has been strengthened with a compression layer of light-weight
concrete, to transfer the current roof structure towards a terrace- and residential floor.

Q7: Did sustainability aspects influence the structural design? In case yes, how?
Answer: Not on purpose. It is very sustainable to realize a top-up within the structural
boundaries of the existing structure. A reinforcement of the foundation/substructure was not needed.

Q8: What was the largest challenge in the project?
Answer: The esthetical requirements of the architect. Further was part of the building still in
use, and not accessible for inspection. That was needed to make the design definitive.

Part 2: Project specific questions about Wibautstraat: ‘Jan Bommerhuis’
Q9: Could you describe the existing structure?

Answer: See also the added structural description. As material, concrete floors, beams/columns
and walls are used. For stability: on each grid were concrete portals present and also walls of elevators
and stairwells. The vertical load is especially transferred by the column-beam structure, on which the
existing concrete floors were located.

Q10: What material did you use for the top-up?

Answer: The top-up was constructed in composite floors of steel and concrete, located on a
steel structure. The houses on all layers were provided with balconies of micro-concrete, carried by a
steel structure.

Q11: Has there been discussion about the number of layers that would be top-upped? In case yes,
was the structure normative in the decision?

Answer: Yes, structurally the capacity of the existing structure was normative without
strengthening the foundation. Of course, also costs and revenues are related to this. The existing roof
build-up has been demolished and replaced for two additional residential layers.

Q12.1: How did you realize the stability of the top-up?
Answer: In both directions steel trusses have been applied.

Q12.2: Where there some special structural aspects you applied for stability?

Answer: As the building became higher, the wind load increased drastically. The existing portal
construction are insufficiently strong and stiff to take up the additional wind loads. For this reason,
steel trusses were placed on various grids between the concrete framework on several floors.

Q13: How did you realize the vertical load transfer?
Answer: See also the added drawings. The new columns transfer as much as possible towards

the existing columns and walls. In case it was not possible, new columns are placed on a steel truss to
transfer the loads subsequently towards the existing columns.
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Q14: Was reinforcing of the current structure needed? In case yes, which principles have you
applied?

Answer: The existing foundation was not strengthened. As indicated above, the stability has
been improved with steel trusses. Additionally current floor dilatations, needed at the time for
shrinkage, now closed. Resultingly more walls and frames work together to take up the wind load.

Q15: Did sustainability aspects influence the structural design? In case yes, how?

Answer: We tried to minimize the application of unnecessary material. It is sustainable to
realize a top-up within the structural boundaries of the existing building. A reinforcement of the
foundation/ substructure was not needed. The new concrete floors were, if | am correct, constructed
with a percentage reused concrete granulate.

Q16: What was the largest challenge in the project?

Answer: A part of the building was still in use and not accessible for inspection, needed for the
finishing of the design. Especially the quality of the concrete portals was difficult to estimate, and
thereby the execution of the wind trusses with glue anchors. The latter part of the construction was a
large challenge to design, but also to execute due to the present reinforcement in the construction.

Another large challenge was the load transfer of the steel columns (of the new balconies) on the new
steel frame above the existing prefab roof structure of the low-rise. Holes needed to be realized in the
existing light-weight concrete roof for the correct transfer on the underlying existing columns. That was
a point what was difficult to design based on the available archival drawings. After measurements and
various viewings, a suitable solution was conceived for this.

Part 3: General
Q17: Could you as constructor indicate what the difficulties/ bottlenecks are, considering topping up
in general.

Answer: When structural information of the existing construction is not available, or just partly,
conservative assumptions must be made. That provides limitations for the possibilities. So, it is
important that a complete as possible archive is available. Requesting archival data by municipalities
is one of the first steps we perform for such a design. This is followed by puzzling: sometimes a building
has already undergone previous renovations and must be examined which pieces are still applicable.

The existing weights are determined globally from drawings and calculations, to define the
overcapacity.

Top-ups are often performed in light-weight constructions as wood, steel, and steel-concrete composite
floors, which transfer to the existing loadbearing structure of walls or columns.

Constructively, the capacity of the existing structure forms a limitation on a certain moment. Thereby
is in the reinforcement calculation often more capacity present compared to for example a pile
foundation. This is the result of the applied safety factors. In topping-up, ‘weight-neutral construction’
has the preference: removing old finishings or interior walls and a new top-up in return. With finally
under the line no increase of loads on the foundation. In that case, new verifications of the piles,
reinforcement and settlements are not needed.

In case of old, wooden pile foundations, a foundation investigation is always needed to determine the
residual life of the foundation. Wooden pile foundations can be limited in overcapacity due to
deterioration of settlements.




B. Top-up]| 106

It becomes also difficult when the existing building consists of a relative light-weight structure (steel/
timber). The vertical and horizontal load increase are relatively higher compared to a heavy or high
building (brickwork/ concrete).

At certain renovations, a load increase on the foundation cannot be avoided, and a verification with
ground penetration tests or reinforcing of piles or substructure is an option. However, these are costly
and elaborate adaptation. Not every client thinks the investment is worth it. Probably also due to
current renters.

Shortly, for most buildings a top-up with or without reinforcement is possible dependent of the existing
construction, costs, and design.

B.1.3 Interview 3 —T. Jonker

General information

Company: Van Rossum raadgevend ingenieurs B.V. (Almere)
Function: Structural engineer
Research: T. Jonker is developing an efficient method to examine structurally modular

construction.

Q1: What are the advantages of a modular top-up?

Answer: The biggest advantage of modular construction is cost savings by reducing
construction time. This is mainly because the modules can be made simultaneously and also in parallel
during other preparatory work on site. Failure costs are also reduced because the modular units are
made in a controlled environment.

Q2: You mentioned that there is a wide variation in the definition of modular construction. Could
you indicate what mainly differs?

Answer: In addition to differences in material use (from concrete, to steel and wood, or a
combination of these), there are a number of basic modular variants.

1. Self-stabilizing modules. In this case, the modules themselves provide stability. These buildings
consist entirely of modules.

2. Externally stabilized. This requires a stability device such as a concrete core, against which the
modules are placed.

Q3: Are modules always made in standard dimension, or are they also applied in varying
dimensions (in one project)?
Answer: Here again, there are two design principles.

1. A design driven from the modules. Where first the modules are worked out, then a building or
several buildings are designed with these modules. The focus is on the production of the
modules, how to make them as efficient as possible. Often these modules have fixed sizes.

2. Modules driven by the design. Here a building is designed and during this process it is decided
to build the building in a modular way. In this case, the modules are made based on the design
and often specifically for the particular project. Here the modules may have different
dimensions among themselves.
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Q4: Could you describe for me the basic principle of a module?

Answer: Basically, we speak of a module when it is a 3D-volume, which is prefabricated at
another location, and consequently transported to the construction site. Generally, a module consists
of a floor, walls, and a ceiling. Finishes range from raw casco, to completely finished with the electrical
outlets and toilet paper holders mounted.

Q5: Could you indicate what the main variants are in terms of modules in wood?

Answer: With wood modules, a full wall supported module is often chosen over a column
module (although the latter is possible). A full-wall supported module consists of load-bearing walls, a
floor and usually a ceiling. Here, stability walls can also be included in the module, but not necessarily.
The load-bearing components usually consist of CLT, with HSB-walls in between.

Q6: How is stability controlled for single units?

Answer: As stated earlier, there are two ways to stabilize. With an external stabilizing core,
the modules will have to be coupled horizontally, so they can form a disk to transfer the horizontal
forces to the core.

With self-stabilizing modules, longitudinal stability is obtained from the load-bearing long walls. In
the cross-direction, a "short" stability wall is then added.

Q7: We talked about a possible intermediate layer on the council estates, on which the modules
could be placed. Could you indicate where the complexities are in the case of such a sub-layer?
Answer: The tricky thing about an intermediate layer is that you always get a stagger in bearing
lines. You will have to calculate the intermediate layer based on this. Furthermore, a self-stabilizing
module will create a tension/pressure force for stability. You will have to look carefully where this will
occur and how you can absorb it in the intermediate layer.
If a module system with an external stability device is chosen, you will have to consider how to link the
diaphragm action of the modules to the stability core. An important difference between the two
principles is that with the latter, you concentrate the tensile/pressure forces in the stability device,
whereas with the former variant you spread this out throughout the building.

Q8: During my research, | came across two types of wood construction: CLT and HSB. Which is
particularly used for modular units and why?

Answer: In general, wood modules are made of CLT or Glulam-timber. The advantage of CLT is
its good shear strength and easy processing compared to HSB. For one or two storeys, HSB modules are
sometimes used, because they are lighter compared to a CLT module.

But a CLT module is much stiffer, so it can stabilize better and is less fragile during transport.

Q9: I showed you the variation in bay-width among the council estates. What would you recommend
for a modular vertical extension?

Answer: Since you are looking for some kind of universal solution, | would recommend using
reasonable fixed modules with a similar construction but with a small width/length variation. In this
way you will be able to accommodate width differences but still keep the advantage of a standard
module. The difference can be accommodated in a kind of intermediate layer, which can be made of
steel, so that the modules can be connected to this intermediate layer.

An alternative can be to place modules in the width direction. In this way you can span from building
wall to building wall with the modules.

The maximum width of a module should not exceed 3.5m. Transportation less wide than 3.5 m is
considerably easier and cheaper.
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Q10: Finally, can you indicate where, in general, are the peculiarities in module design?

Answer: There are two more components of importance in modular construction that | have
not yet mentioned it.
1. Transportation and lifting. When working out a module, as always, the final situation must be taken
into account, but must also be calculated for a lifting/transport situation. The force transfers between
the two are often very different.
2. The connections between the modules themselves as well as between the modules and the
substructure or stabilizing element are all crucial. The tricky thing about these connections is that they
can only be connected at the construction site while the module is already finished as far as possible.

These last two aspects may be just outside the scope of your research, but | do recommend that if you
are working out a modular solution, you should have an idea of this.
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B.2 Case studies

Appendix B.2 will contain a description of the four performed case studies: Parelhof, Boelelaan,
Duinluststraat, and Wibautstraat, respectively.

B.2.1 Parelhof Heerhugowaard

The transition of the Parelhof is currently under construction. The ground floor of the building contains
restaurants. The other floors are residential area. The structural design is under development by Van
Rossum B.V., commissioned by Segesta Vastgoed B.V. The existing building was constructed around
1980 (Breddels architecten, 2022). Information about this case is provided by the archive of Van
Rossum B.V. and the involved structural engineer: M. Freriks.

(Breddels architecten, 2022).

B.2.1.1 Existing structure

Figure B.2 shows a floorplan of the existing structure. The structure contains a maximum of three
storeys with a total height of 12.17 m. In situ, reinforced concrete was used as a structural material for
the floors, walls, and columns. The structural system consists of two distinct parts. The left part (A) has
a wall structure (grid size is 3900 mm). The right part (B) contains a column structure spaced 6600 mm.
The floors have a thickness, varying from 150 till 200 mm. The walls/columns and floors have been
monolithic connected. The foundation was realized by a reinforced concrete slab and foundation piles.
The roof structure was not designed for residential use. Resultingly, it could not be used as storey floor.

Part A and B have been separated by a dilatation. Part A resist the cross-directional horizontal load by
a wall structure. On the ground floor, the wall structure transfers into portal frames of columns and
beams. Parallel to the fagade, the wind load is resisted by three walls (located at the elevator).

Part B resists the wind load in cross-direction by a combination of a wall (left side), and a portal frame
(right side). A stability wall provides stiffness in longitudinal direction.
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Figure B.2: Structural drawing of the existing structure (Parelhof). [a] Vertical load-bearing system; [b] Stability system
(Van Rossum B.V.; Internal communication; Adapted by author).

B.2.1.2 The rooftop extension

The extension will be mainly constructed in timber. The starting point of the project is to top-up as
light as possible. This will be done by making use of a timber frame structure. Sustainability does not
have had impact on the structural design. From design stage on it is the purpose to top-up two layers.
The substructure will not be strengthened for additional vertical weight. Two additional layers is the
structural limit, without reinforcing for additional vertical load. An extra floor will be constructed above
the roof structure, as the capacity of the roof was too low. The space between the walls and extended
walls will be filled with sand-limestone. The existing structure was calculated according to NEN 8700.
The historical code used a comprehensive safety factor of 1.7. A structural section is provided in figure
B.3. Figure B.4 contains a floorplan (marked stability aspects).

1. Vertical load transfer
The top-up at part A (from gridline G till Q) will be made of timber. HSB-walls will be placed above the
existing walls. Between these walls, timber beams of 71 x 221 mm (spaced 600 mm) will be
constructed. A finishing layer of fermacell will be applied. Between grid Q and S (at elevator), the span
equals 6300 mm. Steel HEB200 profiles will be spanned between the walls to allow for the larger span.
Secondary beams will be placed on top of these beams, perpendicular to the facade.

The load at part B must be transferred to the concrete columns. A steel column-beam structure will be
used for that top-up. HEB200 beams will span between the columns in all directions. The secondary
timber beams of 71 x 221 mm will be constructed (spaced 600 mm).

A o L
T M w
== Er— __lh s
I . Ll o |5 n
| L )% ] i |osa
7 L= JEL SR A N Y B N —— - =1 5
g g
y \ Lt s : e
1 % ' ]
_ L li A L
i} i i I i o (i 1=
® @ @) : ® G ] G TG

Figure B.3: Structural section Parelhof (Van Rossum B.V.; Internal communication).
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2. Stability

Part C will be a new construction. This building will function structurally as stiffening element, parallel
to the facade. The extensions of the rooftop will increase the wind load. The original code allowed to
reduce the wind load with fifty percent (for this building composition); the current code not. A larger
stiffness parallel to the facade is needed (will be realized by new part C). To allow the whole existing
building benefits from this stiffening, the dilatation will be horizontally linked. The stability walls in
part C will be located parallel to the frond facade. Perpendicular to this facade, the in-situ walls and
floor will form portals. This portal frame will take over the function of the existing portal frame. Part C
will strengthen the existing structure.

The top-up at part A will contain its own stability system. The structural walls of the existing structure
will continue in the top-up, providing stability perpendicular to the fagade. Parallel to the fagade, four
stability walls will be constructed. To transfer the wind moment to the substructure, a HEA200 profile
will be placed below the stability walls. This profile will be moment fixed to HEA160 columns between
existing walls and HSB-walls [Fig. B.5]. That will transfer of the low wind load from the top-up to the
structure.

The top-up at part B will transfer the wind load perpendicular to the facade by stability walls. Note that
all steel columns will be connected with steel beams. That will form a type of a table structure. Parallel
to the facade, the walls of part C will be used for the stability.
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Figure B.4: Stability system of the top-up. Wind load parallel to the facade (left) and perpendicular (right)
(Van Rossum B.V.; Internal communication; Adapted by author).
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Figure B.5: Principle of stability walls for wind parallel to the facade
in part A (Self-produced)
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B.2.2 De Boelelaan Amsterdam

De Boelelaan is a gallery flat, constructed in 1965. The construction principle of a gallery flat differs
from the council estate. After the WWII, an elevator boundary limited to build higher than four storeys
(Singelen & Van Vlaenderen, 2011). Around 1965, construction companies started construction with
elevators, what resulted in gallery flats. These flats used concrete as structural material. A gallery
provided access to the houses.

The structural design was performed by Van Rossum B.V., commissioned by Vesteda Investment
Management. The rooftop transition consists of two parts. The two outer parts of the building have
been top-upped with one layer. Between these two parts, a sedum roof garden has been constructed
[Fig. B.6]. The information is provided by Van Rossum B.V. and the structural engineer: M. Tromp.

Figure B.6: Rooftop extension ‘De Boelenlaan’
(Hans van Heeswijk architecten, 2016).

B.2.2.1 Existing situation

The existing structure was founded on concrete piles (shaft diameter of 320 mm). These piles were
founded on the first sand layer (bearing capacity = 60 ton). The ground floor consists of a 150 mm
thick, in-situ floor, carried by 35 x 90 cm concrete beams.

The ground floor, and first two storeys, have a concrete column-structure (45 x 45 cm). 50 cm thick,
in-situ concrete beams were monolithic connected on top of the columns. The first storey functioned
as office space; the second storey as residential area. The thickness of these concrete floors is 14 and
12 cm thick, respectively. At the block ends and the stairwell, concrete walls were constructed.

The structural skeleton above the second floor is prefabricated. 170 mm thick hollow core slabs form
both floors and roof. 200 mm thick walls were constructed. Above the sixth floor, these walls were
made of light-weight concrete. In the middle grid of the apartments, three concrete columns, with a
concrete beam on top were constructed. This beam continuous to outside, where the prefabricated
gallery is placed on it.

The cross-directional stability above the second floor, has been realized by housing separation walls.
In longitudinal direction, it has been realized by the walls between two bedrooms. In the lower part of
the building, stability has been realized by the outer walls, the stairwell, and the walls between blocks.
Figure B.7 provides an overview.
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Right part that is top-upped

2nd till 8th floor

Figure B.7: Existing structural system of De Boelelaan. Blue: structural elements; Rose: part that will be top-upped
(Archive municipality Amsterdam, 2022; Adapted by author).

B.2.2.2 The rooftop extension

The rooftop has been extended with one layer (in timber). The existing structure was recalculated
according to NEN8700. The top-up is a new structure, so calculated according to NEN1990.

1. Vertical load transfer
A recalculation of the variable loading (compared with archive) reduced the total load with 265 kg/m?.
That provided enough rest capacity to add one layer of timber frame construction. No strengthening
methods for the vertical loads have been applied.

Timber HSB-walls have been used for the vertical load transfer. The walls consist of a timber columns
38x154 mm which were placed in pairs (spaced 400 mm). Stiffness was provided by timber-based
panels. The walls were placed above the existing ones. Note that above the column-beam locations,
no HSB-walls were placed. The existing roof slab has been strengthened by a reinforced compression
layer, to function as residential floor [Fig. B.9]. An opening has been made in the roof slab to provide
access to the new houses. The opening has been surrounded with UNP200 profiles, to strengthen the
opening. Figure B.8 provides a floorplan of the added top-up.

The roof has been constructed out of wooden glulam beams, 58x360 mm (spaced 400 mm), finished
with 18 mm wood-based panels. These beams must span 7000 mm (Kerto construction method).

2. Stability
The stability in cross-direction (of the extension) has been realized by the HSB-walls. Longitudinally, a
distinction was made between the end and inner houses. At the end fagades, a HEA200 beam were
constructed on top of the concrete floor. At the location of the existing concrete walls, a vertical truss
has been placed. That forms a stiff portal frame, what takes up most of the horizontal wind load [Fig.
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B.9]. The other houses contain 600 mm HSB-piers inside the fagade. Note that also on these locations
a HEA200 beam were constructed on the ground. The structure is sufficiently strong for additional
horizontal loading, so no strengthening methods has been applied.
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Figure B.8: Applied top-up floorplan of De Boelelaan (Van Rossum B.V.; Internal communication; Translated).
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Detail 6

Figure B.9: Detail about stability in longitudinal direction for timber end houses
(Van Rossum B.V.; internal communication; translated).

3. Strengthening method applied
No strengthening was needed, due to the extension. A large opening was constructed around one
column [1°*floor]. The buckling length of this column increased strongly. A strengthening of the column
has been applied to account for the doubled span. The surface of the existing columns was roughened
and smeared with an adhesive: Flevopol. Thereafter, the column size was increased with an additional
layer of reinforced concrete [Fig. B.10]. The column has been increased from 450x450 mm to 650x650
mm. Note that temporary supports were applied, during construction.

C€20/25, XC1, Spramex
1220
12 steel bar §16 (Ground floor)
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: Roughen surface
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Figure B.10: Detail about strengthening of a concrete column
(Van Rossum B.V.; Internal communication; Translated).
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B.2.3 Duinluststraat Amsterdam

W.F. van Bodegraven constructed in 1965 a complex of five blocks council estates in Amsterdam-Noord
(Het Nieuwe Instituut, 2004). A large reconstruction of the neighbourhood started (in 2000), to solve
the housing demand. Hans van Heeswijk architects designed a top up, commissioned by the General
Housing Association of Amsterdam (Hans van Heeswijk, 2003). The execution was performed by Moes
Bouwbedrijf. The project covered an extension on two blocks. The archive of Amsterdam contains
hardly any information. Despite lacking information, the project still provides inspiration for the top-
up possibilities on council estates. Most information is provided by the brochure of Hans van Heeswijk
architects. Figure B.11 provides an overview of a top-upped building.

n 9%

Figure B.11: Top-up realized on a council estate (Duinluststraat)
(Hans van Heeswijk architecten, 2003).

B.2.3.1 Existing situation

The council estate was constructed according to a non-traditional method [Section 5.3]. 200 mm thick
walls were constructed out of ‘Korrelbeton’. The floors were made of prefabricated ‘Schokbeton’
elements. The building contained four storeys. The porch has been located symmetrically, having an
additional room [Fig. B.12]. Reinforced concrete floors were applied in the building. The cross-
directional stability has been realized by the structural walls. The wall at the end of the stairwell
provides stiffness parallel to the facade. The building was founded on reinforced concrete piles. No
cellar is present below the council estate (Archive municipality Amsterdam, 2022).

Figure B.12: Floorplan of existing situation Duinluststraat
(Archive municipality Amsterdam, 2022).
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B.2.3.2 The rooftop extension

The rooftop has been extended with two layers (ten houses per layer). The houses were constructed
as modular timber units. The current structure is strong enough to bear two additional layers (Hans
van Heeswijk architecten, 2003). The units have been placed on top of a steel frame. The steel frame
has been located above the structural walls of the council estate. The braces of the frame have been
placed exactly above the existing stabilizing walls [Fig. B.15]. The frame allows placement of the units
on the existing roof slab. The open space below the frame can be used for installations. The existing
floorplan consists of three distinct spans between the structural walls [Fig. B.12]. The steel frame has
the same spacing, resulting in three sizes of units [Fig. B.13].

Figure B.13: [a] Top-up principle, and [b] actual construction
(Hans van Heeswijk architecten, 2003).

At the end of the building a new tower was constructed. As the elevator boundary was exceeded, the
new top-up should have to be accessible by an elevator. The stairwell provides access to the top-up.
The non-structural elevator of the new construction can also be used by the top-up residents. At the
other facade end, one stairwell has been continued in the top-up. The stairwells provide access to a
gallery, which has been connected to the units. Figure B.14 provides a floorplan of the top-upped layer.

1. Vertical load bearing system
The timber units were constructed from HSB-walls. These walls consist of small columns, cladded with
wood-based panels. The floor and roof consist of a beam structure with wood-based panels on top.
The roof transfers the load through the walls and steel frame to the existing walls. The existing
structure could bear this additional load (Hans van Heeswijk architecten, 2003).

\ Stairwell between
two buildings One continued
L o 1 11 1 stairwell
i Non-structural

=l elevator

_______

Figure B.14: Floorplan of top-up and new constructed building (Hans van Heeswijk architecten, 2003; Adapted by author).
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2. Stability
Although the two buildings have been connected by a (non-structural) stairwell, they still should be
considered individually. It can be assumed that the stability walls in the existing structure have enough
overcapacity to resist the additional horizontal wind load.

The same stability principle as the existing structure has been applied to the top-up. In cross-direction,
the timber walls were placed above the structural walls. In longitudinal direction, walls were placed
above the existing ones. The steel frame has been stabilized with braces [Fig. B.15].

e i fr— s iE

Figuré"é.ls: Steel frame on top of the existing council estate (Archive municipality Amsterdam, 2022).
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B.2.4 Wibautstraat Amsterdam

The Wibautstraat was constructed in 1961. It has been classified as gallery flat. The building had
functioned as faculty for the university of Amsterdam as well as office building. On the ground floor a
supermarket is located. The building (except the supermarket) has been transferred into 162
residential houses, with a parking space in the cellar (Penta Architecten, 2016). The structural design
was performed by Van Rossum B.V., commissioned by Boelens de Gruyter. The architectural design
was performed by Penta architects. Figure B.16 provides the result of the transformation. Information
is provided by the archive of Van Rossum B.V., and the corresponding structural engineer M. Tromp.

Figure B.16: Wibautstraat Amsterdam (Penta Architecten, 2016).

B.2.4.1 Existing situation

The existing building contained a cellar, ground floor and six storeys. It was constructed as one
monolithic concrete skeleton. The structure can be subdivided into three parts. Part A was constructed
at the side of the Wibautstraat. Part B is shopping area behind it. Part C is the constructed part on the
Oetgensdwarsstraat. The parts have been separated by a dilatation. Part B only contains one floor.
Stairwells were used to reach the galleries. Part C contained a non-structural elevator. The elevator
did not reach the cellar.
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Figure B.17: Existing ground floor Wibautstraat (Van Rossum B.V.; Internal communication; Adapted

by author).
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The construction was founded on concrete piles (bearing capacity of 800 ton). 200 till 250 mm thick
cellar-walls were constructed in reinforced concrete. The cellar floor is 180 mm thick (part A and C) or
400 mm (part B), placed on concrete beams.

The 120 mm thick ground and storey floors were constructed of reinforced, in-situ concrete. A
reinforced column structure was applied, with beams in two directions. The beams have been
monolithic connected to the columns. The floors resultingly span in two directions. Part B forms a
structural exception. A mushroom ground floor was applied with a thickness of 40 cm. Typical in-situ
mushroom columns were placed on it. The roof system of part B contains a 11 cm thick bims concrete
channel-cassette slab. As the ground floor of part B originally functioned as parking space, a large
unsupported opening was constructed. The corresponding beam size is large.

The monolithic connection between the concrete columns and beams has been formed portal frames
in both wind directions. These portals provide stiffness in both directions.

B.2.4.2 The rooftop extension

The new added floors have been constructed in steel. A composite floor was used as flooring and roof
system. The stairwells at the two end facades were removed. A new outside structure contains a
gallery to enter the houses. The new top-up can be reached by the existing elevator or stairwell.

1. Vertical load transfer
The purpose of the extension was to extend two storeys. To allow for the increase in vertical load, the
sixth floor was demolished. Additionally, the concrete beams below the sixth floor were replaced by
steel beams. The rebuild of the sixth floor has been performed like the top-up of the other two storeys.

The reinforced concrete skeleton has been robust dimensioned. A comprehensive safety factor of 1.8
was used for the safety. The instantaneous values were reduced with ten percent, what provided a
large overcapacity to the existing structure, with respect to the current norm for existing buildings
(NEN 8700). Due to a change from office towards residential use, the variable loading was
recalculated. That provided additionally a reduction in vertical loading.

Steel columns were placed above the existing ones. Beams span between the columns, perpendicular
to the facade. The composite floor spans between the beams. A steel frame was constructed for the
balconies. This frame rests on columns, which are carried by a new steel beams in part B. These transfer

Figure B.18: Sideview of the Wibautstraat (Van Rossum B.V.; Internal communication).
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the load towards the columns on the ground floor. The principle is visible in figure B.20. Based on the
new structure and usage of the (sixth) floor, no strengthening of the existing structure has been
needed for the additional vertical load. Figure B.19 provides a plan of the new seventh floor.
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Figure B.19: Floorplan seventh floor extension (Wibautstraat). Green: example span of the beams; Blue:
example location of columns; Dotted black: location of wind trusses.
(Van Rossum B.V.; Internal communication; Adapted by author).

2. Stability

The existing system was stable due to concrete portals in two directions. The new situation still
provides stability by means of these portals. The increased building height results in a larger wind load,
causing higher moments in the portals. The dilatations between the buildings have been structurally
closed by steel plates. That divides the wind load over the distinct portals (it is assumed that the
concrete shrinkage of the construction and the pile settlements already happened). The new
combination of an increased wind load and reduced variable load on the floors was verified. Above the
first floor the stability was not sufficient. Stability crosses were placed between the portals. These has
been placed staggered between portals to divide the load over the columns. The principle was applied
in both part A and C [Fig. B.19; Fig. B.20]. The trusses have been orientated perpendicular when

considering part, A and C. As these parts were structurally connected, the stiffness was provided in
both directions.
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Figure B.20: Example placements of stability crosses on one
axis of part A (Van Rossum B.V.; Internal communication).




B. Top-up]123

B.3 HSB- and CLT-construction

Appendix B.3 will provide background information about HSB- and CLT construction.

B.3.1 HSB-construction

B.3.1.1 Principles

The load bearing structure consists of wooden columns and beams, cladded with wood-based panels
as Orientated Stand Board, Glued laminated wood, plywood, or Laminated Veneer Lumber (Van Dessel
& Dobbels, 2019). The combination of columns, beams and panels is often applied as a prefab wall.

B.3.1.2 Walls and floors

The walls are constructed out of a wooden frame, cladded at least on one side, with a wood-based
panel [Fig. B.21]. The walls can be connected by means of linking beams, placed on top of the walls.
The inner walls are finished with gypsum board. The open spaces are filled with insulation material,
for both acoustic resistance and insulation. The outer walls are cladded with airtight foil (on the
insight). The fagcade allows for a traditional cavity construction, sandwich panels or a wooden finishing
(Van Dessel & Dobbels, 2019).

Columns
Insulation

Wood based panel
Gypsum board

Bottom beam

‘ ~— [b] .
Figure B.21: [a] HSB-wall construction (De Kroon Prefab, 2022); [b] Wall build-up (Passiefhuismarkt, 2018).

Floors are constructed of wooden beams, cladded with a wood-based panel [Fig. B.22]. To prevent
lateral torsional buckling of the beams, small spools are placed between the beams. Insulation can be
placed between the structural beams. To reduce the contact noise, a floating screed can be applied.
Another method is an acoustically disconnected ceiling (Van Dessel & Dobbels, 2019).

Figure B.22: Typical HSB floor (Alsanit Bouw, n.d.).

B.3.1.3 Structural load transfer

The vertical load from the floors is transferred through the timber plate and beams towards the walls.
The walls transfer the vertical load by the columns (spaced 40 till 60 cm). The wood-based panels
stiffen the frames, allowing development of diaphragm action (Van Dessel & Dobbels, 2019).
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B.3.2 CLT-construction

B.3.2.1 Characteristics of CLT

Cross Laminated Timber (CLT) are engineered wood products, which can form two-dimensional panels.
Due to one-directional fibre alignment of wood, it tends to shrink and swell in longitudinal direction.
The crosswise orientation of the wood-fibres minimizes the shrinkage and swelling behaviour of the
elements in-plane. The laminar structure allows its application of full-size wall and floor element which
can bear loads in- and out-of-plane. These two-dimensional elements can span in two directions with
precision and accuracy (Ashuckian et al., 2019; Brandner et al., 2016; Martinsons, 2016). An element
assembly is strictly separated in construction, insulation, installation, and cladding. That allows for
different degrees of prefabrication in fabric, a step-by-step finishing on-site, and an easier execution
and repair of alternate work (Brandner et al., 2016).

[a] [b] iz

Figure B.23: [a] CLT-construction (Bruggink & Degen, 2022); [b] lay-up (Breneman, 2016).

B.3.2.2 Structural considerations

The two-dimensional panels transfer both horizontal and vertical loading to the foundation (Ashuckian
et al., 2019). The panels are classified as quasi-rigid (Brandner et al., 2016). Because of the size and
strength of CLT panels, diaphragm behaviour is significantly influenced by the strength, flexibility, and
ductility of the connections. The exact CLT diaphragm performance is an area of ongoing research
(Breneman, 2016). Human-induced vibrations are more prominent on timber floor systems, due to the
low bending strength of timber (Huang et al., 2020).

B.3.2.3 Typical floor and wall build-up

Floor panels can span till 7.7 m. A typical floor build-up consists of a panel, finished with a plaster layer
[Fig. B.24a]. Approximately 50 mm insulation is added. To provide a higher acoustic resistance, it is
possible to add a floor on top of the CLT layer (Martinson, 2016).

For the outside walls, distinct possibilities exist. Usually, facade cladding is applied with 170 mm
insulation between the CLT and cladding. A 0.2 mm thick construction foil is applied on the outside of
the wall [Fig. B.24b]. Internal walls are usually two-sided cladded with 15 mm plasterboard. For these
walls, no additional insulation is applied (Martinson, 2016).

| Floor build-up (basic)
- Flooring plaster (liquid)
- 3 mm Airolen
CLT Panel
- 50 mm Heavy insulation
Internal wall build-up == Exterior wall build-up
. o . - 15 mm Plasterboard - Facade cladding
Floor build-up (Residential housing) CLT Panel - 15 mm Vastkustskiva panel
s s o “ddmmParquet 15 mm Plasterboard < - 170 mm insulation
QMWXW(Q\M% X0 -22 mm Floor chiphoard < 0.2 mm construction foil
- 20 mm Rockwool sound dampener < - CLT Panel
- 95 floor joist <
SO0 - 15 mm Plasterboard
- 100 insulation ==
- 25 Sylodyn S
o

[a] - CLT Panel [b]
Figure B.24: [a] Typical CLT-floor build-ups; [b] Typical CLT-wall build-ups (Martinson, 2016).
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B.3.3 Weight calculation

A weight calculation is performed by the author to compare both HSB and CLT. The Parelhof is used as
reference. The HSB design already exists. The CLT calculation is performed based on the design tables
of Martinsons’ guide to CLT (Martinsons, 2016).
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Figure B.25: Considered part in comparison (Parelhof)
(Van Rossum B.V.; Internal communication).

B.3.3.1 HSB-construction

The walls are constructed of columns containing a cross-section of 38x89 (spaced per pair 600 mm).
The sides are cladded with 15 mm underlayment. On top of these panels, an additional layer of 12.5
mm gypsum board is placed. The open spaces inside the wall are filled with insulation.

The floor is constructed in timber beams (C24), with a cross-section of 71x221 mm, spaced 400 mm.
On top, a layer of 18 mm underlayment is placed. Ceiling and finishes are not considered in the
comparison.

B.3.3.2 CLT-construction

For a residential house, a wall thickness of 120 mm is used. Both sides of the wall are cladded with 12.5
mm thick gypsum board. The same CLT-floor floor panel is applied for a span of 3.9 m (Martinsons,
2016).

B.3.3.3 Comparison weight

Figure B.26 provides a graph with the results. The CLT-walls are approximately 1.47x as heavy as
normal HSB-walls. The CLT floors are 2.14 times as heavy. A combined unit of two floors and walls is
approximately 1.74 times as heavy as normal HSB-construction. Note that this comparison does not
include safety factors and variable loading.

Weight comparison between CLT and HSB
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Figure B.26: Comparison weight CLT and HSB. Weight expressed
per m2 floor area (Self-produced).
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B.4 Connections for modules

Interconnection of frame members and modules forms a critical aspect of modular buildings to
withstand applied loads. Despite that, there is hardly any research in the interconnectivity between
modules. Lacey et al. (2018) grouped three distinct connections: inter-module, intra-module, and
module to foundation.

Intra-module

foundation
Figure B.27: Possible connections in modular construction
(Lacey et al., 2018).

Intra-module connections include connections within a module. These are representative of
traditional connection details. Both moment-resisting as bolted connections can be used. Moment
resisting connections can provide stability for low-rise buildings (Lacey et al., 2018).

Inter-module connections include horizontal connections between adjacent modules and vertical
connections between two stacked modules. Usually, a gab is provided between the floor and the
ceiling beams for external access to inter-module connections and services (Lacey et al., 2018). These
inter-module connections must resist axial and/or shear forces. Figure B.28 provides a range of
possible inter-module connections for timber modules.
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[4] Column-column: axial force [5] Column-column: axial force and shear

Figure B.28: Inter-module connections between timber modules (Hamelijnck, 2021).
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B.5 Strengthening methods for stability

Appendix B.5 will provide an investigation in strengthening possibilities for the existing structure. It
will contain: Transition to monolithic connections; Horizontal linking of dilatations; Steel bracings;
Reinforced concrete walls and construction of a concrete core. Appendix X.6 will provide used excel
sheets of calculations.

B.5.1 Introduction of monolithic connections

Papageorgiou (2016) proposes to transform the simple connections between floors and walls into
monolithic connections. A simple scheme is made to investigate the effect in case a stability wall is
present. The results show a reduction of 5 kN in tension force [Fig. B.29] and 0.2 mm in deflection [Fig.
B.30]. Next to the practical complications, it is structurally not of major impact. It can be concluded
that this is an inefficient method to strengthen the council estates for stability.
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[a] Simple connections [b] Moment-fixed connections
Figure B.29: Effect of change towards monolithic system on reaction forces (unit: kN).
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[a] Simplé connections ' [b] Moment-fixed connections
Figure B.30: Effect of change towards monolithic system on displacements (Units: m).

B.5.2 Horizontal linking of dilatation

By horizontal linking, the longitudinal stability walls can collaborate. Resultingly, a higher stiffness can
be obtained. Both linking of two blocks (4 porches) and three blocks (6 porches) are considered. It is
assumed that the connection of two blocks still is a dilatated building, meaning that only suction is
considered (C=0.8). 3 linked blocks are considered as a not-dilatated building, meaning both suction
and pressure occur (C=1.5). Further properties and calculations are according to the Helena
Mercierstraat [Section 5.5.3]. It can be concluded that it is efficient to link buildings horizontally.
Additionally, it is more efficient to link 2 blocks instead of the total building [Table B.1].
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Table B.1: Effect of horizontal linking of dilatations.

6 (19.6m) 0.90 0.41 0.51
7 (22.4m) 0.93 0.55 0.69

B.5.3 Steel bracings

Application of steel bracings is a proposed solution to strengthen the existing structure. Tension occurs
in brickwork, resulting in crack-formation. Steel bracings form a new stabilizing element. It is assumed
that the total wind-load will be distributed to the new truss. B.31 shows proposed location. The
exploration of this strengthening method is performed for a council estate, excluding an additional
room, including wooden floors (NFL = 3.47; Ratio depth building / length stability wall = 4.2).

Figure B.31: Positioning of bracing
(Self-produced).

Normally, the width of the trusses is estimated based on a rule of thumb: width = 2 * height / 8.
Unfortunately, the width of the longitudinal-orientated trusses is limited to 2.6 m (Wall length). Figure
B.32 provides the used schematizations.
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Figure B.32: Mechanical schemes and loads for
braces. Note that only the SLS forces are
presented; [a] 6-storey building; [b] 7-storey
building.

The wind load is related to the height of the building. As two porches are linked between dilatation,
the wind load in longitudinal direction is equally divided over two braces [division factor = 2]. Table B.2
provides an overview of the used wind loads. For the peak pressure, Area I, urban is used.
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Table B.2: Used wind loads.

CCy 1 1

Cs +0.8 +1.5
0p(19.6 m) 0.90 kN/m? 0.90 kN/m?
0p(22.4 m) 0.93 kN/m? 0.93 kN/m?
Width 10.85m 18.00 m
Division factor | 2 -
Qwind,19.6m,SLS 3.91 kN/m 24.3 kN/m
Qwind,22.4m,SLS 4.04 kN/m 25.1 kN/m

The trusses are verified in both ULS and SLS. Equation B.1 and B.2 provides the used verifications. Note
that for the ULS a safety factor of 1.4 is used for the variable loading and 0.9 for permanent. A relative
low unity check is used for the deflections, due to additional deflections caused by the foundation.

1
SLS: w< ﬁhbuilding (B.l)
N
ULS: 2 < foq (B.2)

Table B.3 and B.4 provides the results of the dimensioning of the trusses for both 6- and 7-storey
buildings.

Table B.3: Results in longitudinal direction (Steel bracings).

19.6 40 HEA200 235 146.3 404.1 27.4 0.50 0.32 0.70
22.4 40 HEA240 235 166.2 545.2 30.4 0.56 0.30 0.68

Using bracings in longitudinal direction is not an optimal method. Especially for more than six floors,
large elements should be used. The tensile force must be transferred to the foundation. For this, tensile
foundation piles should be used. The tensile capacity of piles equals approximately 100 kN (M. Freriks,
Van Rossum B.V., Internal communication). Based on table B.4, it can be concluded that two piles are
needed to transfer the tensile force (4 piles in total).

Table B.4: Needed tension piles for bracings.

19.6 404.1 325.1 79.0 1 4
22.4 545.2 330.8 2144 2 4
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B.5.4 Concrete reinforced walls

Thickening the brickwork walls by concrete forms another strengthening method (location similar to
Fig. B.31). Concrete walls can contain openings, what makes them more flexible compared to steel
bracings. The exploration of this strengthening method is performed for a council estate, excluding an
additional room, including wooden floors (NFL = 3.47; Ratio depth building / length stability wall = 4.2).
The reinforcement inside the concrete wall must take up the occurring ULS tensile force (Eq. B.3)
[Appendix X.5]. This tensile force is reduced with the self-weight of the concrete wall (Eq. B.4). The
reinforcement is calculated according to equation B.5.

Ftension,brickwork = Ftension,concr. (B-3)

Ftension,reinf = Ftension,concr. - (bwall,chall,cHwall,c ' Vc) (B-4)

Ayoiny = tension 2 [mm?2/m/row] (B.5)
Teinf. T 4352 Lyaue :

The stiffnesses of both walls are compared to verify the deflections. It is assumed that the wind load
distributes over both walls based on the stiffness. On both sides of the wall, a ‘flange-width’ of 350
mm is assumed, contributing to the stiffness (Eqg. B.6). The E-modulus of brickwork strongly depends
on the quality of the brickwork. The stiffness can be estimated as 1000 * Fy (Van der Cruyssen, 2019).
The stiffness of the brickwork is assumed to be 4770 N/mm?2. A cracket stiffness of 11,000 N/mm? is
used for concrete. The wind load is divided based on equation Eq. B.6 till B.9. It appeared that both
walls take up half of the wind load.

1 Lwaiib 2 2
Lyaupr = (E twall,bLavall,b) + (Zthau,b : (%) ) + (5 Xty b) (B.6)

1
Iwall,c = Etwall,chall,c3 (B.7)
Elor = (Eblwall,b) + (Eclwall,c) (B.8)
ECIWa .C
Qwind,c = Toil' Qwind (B.9)

The deflection is calculated according to equation B.10 and verified with equation B.11 in the SLS.
Figure B.33 provides an overview of the used schematization for the deflection. A doubling of the
defection is assumed, to consider the foundation.

W= (M) 2 (B.10)
8E(:1wall,c
1
w < o5 hpuiaing (B.11)

ty v ¥y by by boyvoy oy

///////////

Figure B.33: Schematization wall
(Self-produced).
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Table B.5 provides an overview of the dimensions of the concrete wall. The minimal wall thickness is
set to 150 mm, to provide enough space for reinforcement.

Table B.5: Results concrete wall in longitudinal direction.

19.6 2600 150 27.7 0.71 0.71 59.8 52.9 @5-300mm
22.4 2600 200 42.0 0.94 0.73 182.3 161.2 @8-300mm

The number of tensile piles is estimated based on a tensile capacity of 100 kN (Van Rossum B.V.,
Internal communication). In all situations, four piles are needed to thicken the brickwork wall with
concrete [Table B.6].

Table B.6: Estimation number of tension piles needed for wall.

19.6 59.8 0.6 4

22.4 182.3 1.8 4

B.5.5 Concrete reinforced elevator

As final option, the use of a structural elevator is considered [Fig. B.34]. As the elevator boundary will
be exceeded, the presence of an elevator is obligatory. It is an option to make this elevator structural.
In the calculations it is assumed that every porch contains a structural elevator. It is assumed that the
elevator replaces the existing stability element in longitudinal direction. The exploration of this
strengthening method is performed for a council estate, excluding an additional room, including
wooden floors (NFL = 3.47; Ratio depth building / length stability wall = 4.2).

Longitudinal
direction

Cross
direction

Figure B.34: Construction of a core (Self-produced).

New core

A cracked stiffness for concrete is used in the calculation: 11,000 N/mm?2. The allowed deflection is
limited to equation B.1. Note that the occurring deflection is multiplied with a factor 2 to take into
account the foundation (Eq. B.13). Equation B.12 till B.16 are used for the calculation of the internal
forces in longitudinal direction. The normal force is equally divided over the elevator area to calculate
the normal stress. Additionally, the stress due to its self-weight is considered (Eq. B.16).

_ 1 3 1 3
Ilongit. direct. — ELcrossLlongitudinal T 1z (Lcross - twall)(Llongitudinal - twall) (B.12)
4
__ [ Qiongit.Hpuilding
Wiongit.direct. = ( BE ] 17 2 (B.13)
cllongit.direct.
— (1 2
Mlongit.direct. - (E) QLongit.Hbuilding (B.14)
Mlongit.direct'Llongimdinal
OM,longit. = (B.15)

ZIlongit.direct.
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Fnormal,appendix X

ON,tot = + Vchuilding (B-16)

Aelevator
In cross-direction, the stiffness of the elevator is compared with the stiffness of the existing walls (Eq.
B.17 till Eq. B.20). A brickwork stiffness of 4770 N/mm? is assumed. The elevator only contributes in
cross-directional stiffness for 5.0%.

_ 1 3 1 3
cross direct,c. — ongitudinal™cross ongitudina wa Cross wa .
Ieross ai - Liongitudinail — 5 Liongitudinar — twau) (L — twan) (B.17)
_yN 1 3
Icross,walls - Zi:lﬁ ' twalleall (B.18)
El = (E.I i +E 1 B.19
( )tot ( clcross dlrect,c.) b2§\;1ﬁ'twall’~a¢au ( )
_ Eclcross direct,c.
qcross,elevator = (EDtot *cross (B.ZO)
_ qcross,elevtoeruilding4
Weross direct. = ( 8E.I ) 2 (B-21)
clcross direct.C
_ (1 2
Mcross direct. — (E) QCross,elevatoeruilding (B-ZZ)
— M cross.direct Leross D
OM,longit. = (B.23)

2lcross direct.

Equation B.24 till B.26 are used for the calculation of the needed reinforcement (FeB 500) in
longitudinal direction. The reinforcement has a design capacity of f4=435 N/mm?. In cross-direction,
the compressive force is higher than the tensile force. Only minimum reinforcement is needed.

Otension,longit — OM,longit — ON,tot (B.24)

Ftension,longit = Otension,longit * Lcross “twan (B.25)
Ftension longit

A pinr. iy = —— mm2 m B.26

reinf;longit. 435-Loross2 [ / ] ( )

The main disadvantage of the elevator are minimum required dimensions. The minimum floor area
equals 1.05 x 2.05 m with a wall thickness of 250 mm for residential housing [>6 storeys] (Bouwbesluit
2012; Article 4.28). Removal of the structural walls will be a complicated process, so the elevator
should fit inside the stairwell. In longitudinal direction, the wall is structurally connected to the cross-
orientated stairwell-walls. In cross-direction, the minimum dimension of 2.05 + 0.50 = 2.55 m is used.
The results of the performed calculations are provided in table B.7 and B.8. It can be concluded that
this is a useful method in longitudinal direction. In cross-direction, a core is an over-dimensioning.

Table B.7: Verification of deflections (structural elevator).

19.6 2160 2550 250 13.8 3.6 0.35 0.09

25.2 2160 2550 250 243 6.3 0.54 0.14

Table B.8: Applied reinforcement (structural elevator).

19.6 0.14 393 @5-300mm 87.2 4

25.2 0.37 105.7 ?6-250mm 235.0 4
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B.5.6 (Tension) piles

The construction of steel bracings, a concrete wall or core results in tensile forces, which must be
transferred to the foundation. The main complication is the construction of foundation piles in an
existing structure. The new constructed piles cannot be placed below or very close to an existing wall.
Resulting, piles are often placed next to the wall (Van Rossum B.V., Internal communication). Figure
B.35 provides a schematization for both a wall and core.

= : ;
I‘
(o] [eX . P oy o Pi
~ pil lac insi cor iles placed next to wall

ol Stiff concrete plate Foundation strips

[a] [b]
Figure B.35: Schematization of pile placement. [a] Core; [b] Wall/Bracings (Self-produced).

‘De Waalpaal’ is a company, which is specialized in the construction of (tensile) foundation piles in
limited spaces. The company has four distinct systems, which can be applied to in limited space [Table
B.9]. Most systems consist of steel tubular pipes with concrete inside.

Table B.9: Possible pile systems for tensile piles in limited space (De Waalpaal, 2023).

[a] Internally driven, tubular steel pile | Ground displacement, internally piling Limited
system system
[b] Waal screw-injection pile Mixed-in-place system. Steel screwing No
pipe segments, with a grout-injection at
the bottom.
[c] Casing draw pile (including grout Ground displacement, screwing of the No
injection) steel pile segments (filled with reinforced
concrete).
[d] Waal-compact-pile Mixed-in-place system. Steel screwing No
pipe segments, with a grout-injection.
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[a] £, [c]
Figure B.36: Examples of pile systems; [a] Internally driven, tubular steel pile; [c] Casing draw pile;
(De Waalpaal, 2023).

Most renovation projects in Amsterdam are founded on the second sand layer, which is around NAP-
20 m (Keijer & Seignette, 2019). The compression capacity of a pile is around 10 N/mm?2. The tensile
capacity around 100 kN (Van Rossum B.V., Internal communication).
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B.6 Example calculation for vertical overcapacity

Appendix B.6 will provide a calculation example of a brickwork council estate. The roof-structure will
be neglected in the example but considered in the final calculations. In this example, a psi-value of 0.5
will be used. In the actual excel, this will be changed to 0.4.

1. Calculation according to historical situation
Assumed connected floor length: 10.28 m

Weight wall = thickness x height x weight =0.22 m * 2.8 m * 19 kN/m3=11.70 kN/m

Table B.10: Historical situation (N1055).

4t floor
Permanent load floors + structural walls* | (4.70 * 5.14) + 11.70 = 35.86 kN/m
Variable load (100%) | 2.00 * 5.14 = 10.28 kN/m
31 floor
Permanent load floors | (4.70 * 5.14) + 11.70 = 35.86 kN/m
Variable load (90%) | 0.9 * 2.00 * 5.14 =9.25 kN/m
2" floor
Permanent load floors | (4.70 * 5.14) + 11.70 = 35.86 kN/m
Variable load (80%) | 0.8 * 2.00 * 5.14 =8.22 kN/m
15t floor

Permanent load floors | (4.70 * 5.14) + 11.70 = 35.86 kN/m
Variable load (70%) | 0.7 * 2.00 * 5.14 = 7.20 kN/m

Ground floor

Permanent load floors | (5.20 * 5.14) + 11.70 = 38.43 kN/m
Variable load (60%) | 0.6 * 3.00 * 5.14 =9.25 kN/m
Total load | 226.07 kN/m
Design load = Total load * yioas | 226.07 * 1.71* = 386.58 kN/m
*If this value is chosen to the value of concrete (1.48), a load of 226.07 * 1.48 = 334.58 kN/m, what results in a unity check of 1.0 for the
lowest brickwork quality. This forms a better indication compared to the calculated 1.71.

2. Calculation according to NEN 8700
Table B.11: Recalculation NEN8700.

[kN/m)] Eq. 6.1 Eq. 6.2
4t floor (Full loaded) 48.88 52.94
Permanent | 35.86
Variable | 1.75 * 5.14 =9.00
31 floor 48.88 47.09
Permanent | 35.86
Variable | 1.75 * 5.14 =9.00
2" floor 48.88 47.09
Permanent | 35.86
Variable | 1.75 * 5.14 =9.00
15t floor 48.88 47.09
Permanent | 35.86
Variable | 1.75 * 5.14 =9.00
Ground floor (Full loaded) 51.97 55.89
Permanent | 38.43
Variable | 1.75 * 5.14 =9.00
Used equations Total_Ed | 247.49 250.1
6.1: Z]’Zl VG,ij,j F ]/Q,l'll)o,l'Qk,i =12G+13*05*Q
6.2: %j21¢¥6,jGrj + Y0,1Qk1 + Xi>170,i¥0,i Qi
=1.15G + 1.3Qk‘1 + Zi>1 1.3-0.5- Qk,i
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Three capacities can be considered:
e Theoretical top-up capacity (Vi = 1.71) > Over-capacity = 386.58 —250.10 = 136.48 kN/m
e Based on foundation (yotal = 1.48) - Over-capacity = 334.58 — 250.10 = 84.48 kN/m
e Considering foundation (yotal = 1.4) - Over-capacity = 316.50 — 250.10 = 66.40 kN/m

The foundation is normative.

B.7 Parameter study vertical overcapacity (Foundation normative)

The effect of the vertical load parameters [Section 5.6] change in case the capacity of the foundation
is normative. The wall opening percentage does no longer have influence. 4-storey buildings have more
top-up capacity compared to 3-storey buildings [Fig. B.37b, c]. Buildings with timber floors have less
top-up potential compared to ones with concrete [Fig. B.37a]. The influence of connected floor length
is unchanged: larger CFL has negative effect on top-up potential [Fig. B.37a, b]. Concrete structural
walls have a slightly higher top-up potential compared to brickwork walls, but the difference is
negligible [Fig. B.37c].

. Effect of CFL and material use on overcapacity 5 Effect of CFL and number of stories on overcapacity
= Timber floors mmm 3-storey building
16 4 Concrete floors 16 4 4-storey building
14 14
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Figure B.37: Parameters vertical load transfer, in case foundation is normative (Self-produced).
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B.8 Top-up possibilities for archive buildings

Table B.12 provides an overview of estimated top-up possibilities for the distinct flats in the archive.
These values are based on the flowchart, provided in section 6.4.

Table B.12: Estimation of addable layers of archive variants.

1 2 3 1-2 1-2
2 2 2 3 2

4 2 3 2-3 2-3
5 2 2 1-2 1-2
7 2 3 1-2 1-2
8 1-2 2 2-3 1-2
9 2 3 3 2-3
10 2 3 3 2-3
12 2 3 1-2 1-2
13 1-2 2 3 1-2
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Environmental impact

Appendix C will provide background information to chapter 7.

Content appendix C

C.1
C.2
C3
c4
C5

LCA-calculation method

Overview changed impact categories

Produced impact database

Environmental impact of concrete

Impact calculation new constructed concrete building
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C.1 LCA-calculation method

Four steps are involved in the LCA calculation method (Jonkers & Ottele, 2022) [Fig. C.1a]:

Definition of goal and scope (including functional unit);
Making a Life Cycle Inventory (LCI) analysis;
Performing a Life Cycle Impact Assessment (LCIA);

Life cycle interpretation.

PwnNPR

Step 1: Definition of goal and scope

The first aspect is the definition of the goal of the LCA calculation. This consists of three aspects:
- Description of the intended application;
- Explanation for the reason why the LCA is performed;
- Description of the audience for which the LCA is intended.

The second aspect of step 1 is the definition of the scope. The scope consists of six aspects:
- Definition of the functional unit (product performance criteria and intended life span);
- Establishing of the system boundaries (Which life cycle stages included; cut-off criteria);
- Establishment of the followed LCA methodology: 'scoring' and evaluation method used as
well as the number and types of environmental impact categories considered;
- The type and sources of the product life cycle inventory data used;
- The level of quality of the data used;
- Establishment of the need and quality of the review of the analysis.

Step 2: Making a Life Cycle Inventory analysis

A list of all environmental relevant inputs (raw materials and processes) and outputs (emissions and
wastes) should be made. A process tree can be used to visualize the results [Fig. C.1b]. A process tree
contains: a system boundary; involved life cycle stages; input and involved processes, and outputs.

Step 3: Performing a Life Cycle Impact Assessment (LCIA)

The data that is collected in step 2 is assigned to the impact categories and their Unit Equivalent.
Consequently, this value is monetarized by making use of defined shadow costs per Unit Equivalents.
This allows comparison of distinct scenarios. An environmental profile should be made to clarify the
results.

Step 4: Life cycle interpretation
Step 4 contains discussions and conclusions on the found results. Additionally, limitations of the used

methods can be discussed.
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Figure C.1: [a] Procedure of LCA. [b] Example of a process tree (Jonkers & Ottele, 2022).
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C.2 Overview changed impact categories

Table C.1 provides an overview in the change of environmental impact categories.

Table C.1: Change in European norm: more and changed impact categories (Jonkers & Ottele, 2022).

NEN-EN 15804:A1 NEN-EN 15804+A2
Climate change -GWP100 j. kg CO2-eq. Climate change - total kg CO2-eq.
Depletion of abiotic raw kg Sb-eq. Climate change - fossil kg CO2-eq.
materials (excluding fossil
energy carriers) - ADP
3 Depletion of fossil energy kg Sb-eq. Climate change - biogenic kg CO2-eq.
carriers - ADP
4 Ozone layer depletion - ODP kg CFK-11-eq. | Climate change —land use Kg CO2-eq.
and change to land use
5 Photochemical oxidant kg C2H4-eq. Ozone layer depletion Kg CFC11-eq.
formation — POCP
6 Acidification - AP kg SO2-eq. Acidification Mol H+-eq.
7 Eutrophication - EP kg PO4-eq. Freshwater eutrophication kg p04-eq.
8 Human toxicity - HTP kg 1,4-DCB- Seawater eutrophication kg N-eq.
eq.
9 Ecotoxicological effects, kg 1,4-DCB- Land eutrophication mol N-eq.
aquatic (freshwater) - FAETP eq.
10 Ecotoxicological effects, kg 1,4-DCB- Photochemical ozone Kg NMVOC-eq
aquatic (marine) - MAETP eq. formation
11 Ecotoxicological effects, kg 1,4-DCB- Depletion of abiotic raw Kg Sh-eq.
terrestrial - TETP eq. materials, minerals, and
metals
12 Depletion of abiotic raw MJ, net cal. val.
materials and fossil fuels
13 Water use m3 world eq.
deprived
14 Only 11 categories exist in Fine particulate emissions lliness incidence
15 NEN-EN 15804 lonizing radiation kBg U235-eq
16 Ecotoxicity (freshwater) CTUe
17 Human toxicity, CTUh
carcinogenic
18 Human toxicity, non- CTUh
carcinogenic
19 Land-use related Dimensionless
impact/soil quality
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C.3 Produced impact database

Appendix C.3 contains the excel sheets of the data collection (EPD international, 2023).

Timber products
Product Distinct suppliers Norm Country Density [kg/m3] Functional unit_A1-A3 [kg CO2-eq/unit]
Sawn timber
Planet sawn timber 15804+A2 Latvia 4560 m3 -1,46E+03
€24 Graded, untreated kiln-dried and planed carcassing 15804+A2 United Kingdom 480 m3
Imported C16+ Graded, kiln dried and planed CLS 15804+A2 United Kingdom 480 m3
TR26 graded, untreated and treated, kiln dried and planed roof truss timber 15804+A2 United Kingdom 480 m3
Super Yellow™ BS5534 Graded, kiln-dried and treated roofing battens 15804+A2 United Kingdom 480 m3
Swedish sawn dried timber of spruce or pine 15804+A2 Sweden 489 m3
Australian Sawn White Cypress Timber 15804:A1 Australia 830 m3 -1,07€+03
Softwood Timber 15804:A1 Australia 551 m3 -7,64E+02
Sawn and Planed Timber (CLT) 15804:A1 New Zealand 480 m3 -7,14E+02
Solid, Finger-Jointed and Laminated Timber Products including timber preservation options 15804:A1 New Zealand m3
sawn, kiln dried radiata pine 488 LATE+02
Surfaced, kiln dried timber, 486 -7,28E402
Finger jointed timber, a7s -6,07E+02
Glue Iaminated timber| 491 -6,68E+02
Wood panels
EPD Plywood from pine 15804+A2 Sweden 470 m3 -5,25E+02
Construction Panels (t »25 mm) 15804+A2 Lawia 460 m3 -5,60E+01
WISA spruce plywood, uncoated 15804+A2 Finland 470 m3
Cross-laminated timber (CLT) 15804:A1 New Zealand 480 m3
Xlam CLT panel 15804:A1 Australia 480 m3
CLT (Cross Laminated Timber) 15804:A1 Finland 470 m3 -7,07E+02
Using values Name product Country A1-A3 Unit
Sawn timber Planet sawn timber Latvia -1,46E+03 kg CO2-eq/m3
Plywood (cladding) WISA spruce plywood, uncoated Finland -7, 34E+02 kg CO2-eq/m3
CLT (Panels) Cross-laminated timber (CLT)  MewZealand  -7,14E+02 kg CO2-eq/m3
Steel products
Product Distinct suppliers Norm Country nctional unit 3 [kg CO2-eq/unit]
Steel circular pipes  PROFILED TUBES FROM HOT AND COLD ROLLED STRIP, HEAT TREATED AND DRAWN 15804442 taly
Hot rolled profiled tube 1000 kg 2,39E403
Hot rolled and pickled profiled tube 1000 kg 2,28E+03
Cold rolled profiled tube (full hard) 1000 kg 2,65E+03
Profiled and heat treated tube from hot rolled strip 1000 kg 2,57E+03
Profiled and heat treated tube from hot rolled and prickled strip 1000 kg 2,10E403
Profied tube, heat treated and straightened by hot rolied and pickled strip 1000 kg 2,15E403
Steel profile [For ties e.g) 15804+42 Chile 1000 kg 2,98E+02
Steel pipes and profiles 15804442 | Turkey 1000 kg 5,05E+03
Steel Beams (all types of profiles) 15804+42 |  Sweden 1000 kg 7,196+02
Steel beams/columns Steel - Welded Beams and Columns 15804442 | Australia 1000 ke 2,84E403
steel Beam (I, H and U profiles) 15804+A2 Sweden 1000 kg 7,52E402
Steel beams (I, H and U profiles) 15804:A1 | Sweden 1000 kg 1,026403
Steel beams and angles 15804:A1 italy 1000 kg 9,81E+02
Steel Wide Flange Beam manufactured from steel scrap 15804:A1 Mexico 1000 kg &,55E+02
Using values A1-A3 Unit
Ties 2,98E+02 kg CO2 eq/ 1000 kg
Profiles 7,19E402 kg CO2 q/ 1000 kg
Concrete and reinforcement products
Product Distinct suppliers Exposure class Norm Country Functional unit | A1-A3 kg CO2-eq/unit]
Concrete Ready Mix Concrete Lafarge - Attica 15804+A2 Greece m3
Ci6/20-16mm X0 1,94E+02
C16/20-31.5mm X0 1,75E+02
€20/25-16mm XC1,XC2 2,14E+02
€20/25-31.5mm XC1,XC2 1,50E+02
€25/30-16mm XC1,XC2, XC3 2,21E+02
€25/30-31.5mm XC1, XC2, XC3 2,05E+02
€25/30-31.5mm-SEASIDE X51, %52 2,17E+02
C25/30-31 5mm-WATERPROOF XC1, XC2, XC3 2,15E+02
C30/37-16mm XC1, XC2, XC3, XCa 2,57E+02
C30/37-31.5mm XC4, XD1, XF1, XF4, XAL 2,39E+02
€30/37-31.5mm-SEASIDE X51, %52, X553 2,49E+02
€30/37-31.5mm WATERPROOF | XC1,XC2, XC4, X51, XS2, X§3 2,42E+402
C35/45-31.5mm XC4, XS5, X3, XM1 2,99E+02
C40/50-31.5mm XC4, X33, XD3, XM2 3,39E+02
PILES (C20/25, C25/30, C30/37) - 2,76E+02
KOULAS GEOHEAT LT.D. Ready mixed concrete Sweden m3
€20/25 XC1 15804+A2 2,35E+02
€25/30 XC3 15804+A2 2,59E+02
€30/37 X51, XS2 15804+A2 2,85E+02
€30/37_50524C1000000_Interbeton
€30/37 52,54 158044A2 Greece m3 2,49E+02
€40/50
€40/50 XD3 158044A2 Greece m3 2,93E+02
UK manufactured generic ready-mixed concrete
€30/37 XC1,XC2, XC3 15804:A1 German m3 2,46E+02
Goudse betonmortel centrale
€20/25 XC2 15804:A1 Netherlands m3 1,01E+02
€20/25 XC3 15804:A1 Netherlands m3 1,06E+02
€30/37 XC1, XC2, XC3 15804:A1 Netherlands m3 1,10E+02
€30/37 xca 15804:A1 Netherlands m3 1,11E+02
€30/37 XF4, XD3 15804:A1 Netherlands m3 117E+02
Literature (Novakova et al., 2023)
€30/37 | X0, XC1-4, FX1, XD1-3, XA1-4; X51-3 - Finland m3 1,15E+02
€45/55 | X0, XC1-4, FX1, XD1-3, XAL-4; X51-3 - Finland m3 1,50E+02
C50/60 | X0, XC1-4, FX1, XD1-3, XA1-4; X51-3 - Finland m3 1,60E+02
REINFORCEMENT STEEL PRODUCTS
Reinforcing steel - 15804+A2 Latvia 1000 kg 2,12E+03
Steel for concrete reinforcements - 15804+A2 Spain 1000 kg 3,94E+03
Using values AL-A3 Uit
30/37,XC1-3 1106402 kg COZ-eq/m3
Reinforcement steel  2,12E+03 kg CO2-eq/ 1000 kg

Figure C.2: Environmental impact database.
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Non-structural products
Product Distinct suppliers Norm Country Thickness [mm] Density [ke/m2] Functional unit A1-A3 [kg CO2-eq/unit]
Fermacell
Gypsum Fibre board Fermacell GmbH 15804:A1 Germany 125 14,75 m2 1,14E+00
Gypsum plasterboard_fire resistance
Fire resistant plasterboard 15804+A2 Sweden 125 107 m2 1,59E:00
FIBRANgYps plasterboards 15804+A2 italy 125 EE] m2 187E+00
Fire plasterboard 15804+A2 Portugal 125 10,2 m2 1,86E+00
Red Corex 15804+A2 Turkey 125 103 m2 1,81E+00
15 12,4 m2 2,59E+00
I1SOPLAC plasterboards 15804+A2 Spi 125 9.3 m2 1,87E+00
Norm Country Thickness [mm] _Density [kg/m3] Thermal ivity (W/(mK)) Functional unit A1-A3 [kg CO2-eq/unit]
NaturBoard VENTI GVS, NaturBoard VENTI 15804:A1 Belgium 50 50 0,035 m2 2,61E+00
ODE Starflex & Evomineral 031 Glasswool Insulation Materials 15804:A1 Belgium 100 15 0,036-0,039 m2 1,60E+00
15804:A1 100 21 0,036-0,039 m2 2,22E+00
Glass mineral wool insulation A 0.036 —0.039 W/mk 15804:A1 100 115 0,04 m2 1,21E+00
Mineral Plus, Mineral Wool Products A 0.035 W/mK 15804:A1 100 191 0,035 m2 2,60E+00
Mineral Plus, Mineral Woal Products A 0.037 W/mK 15804:A1 100 15 0,087 m2 2,33E:00
UK plants - Glass mineral wool insulation A 0.031-0.033 W/mK 15804:A1 100 4 0,031-0,033 m2 5,126:00
Glass mineral wool insulation A 0.034 - 0.035 W/mK 15804:A1 100 185 0,034-0,035 m2 2,06E+00
15804:A1 Belgium 100 26,5 0,034-0,035 m2 2,80E+00
Using values A1-A3 Unit
Fermacell (22 mm) 2,01 Co2z-eq/m2
Gypsum board
125 mm 181 CO2-eq/m2
15 mm 259 €02-eq/m2
Insulation 121 €O2-ea/m2/100mm
fassumption: linear relation thickness - impact) 20 mm 1,09 €OZ-ea/m2
100 mm 121 COz-eq/m2
170 mm 2,06 CO2-eq/m2

Figure C.3: Environmental impact database (continue).
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C.4 Environmental impact of concrete

In general, three types of cement can be defined (VVMcem., 2019):

e CEM I: Portland cement with a maximum of 5% other contents;

e CEM II: All types of blends of Portland cement (at least 65% Portland cement), with e.g.,
shale, fly ash, blast furnace slag;

e CEM IIl: Blast furnace/ Portland cement mixture in 3 grades: A, B and C; where CEM III/A
contains the least (40%) and CEM I11/C contains the most (90%) blast furnace slag.

Portland cement clinker (binder) is the main contributor in CO, emissions of concrete. CEM | contains
approximately 100% Portland cement clinker. This in contrast to CEM Il (Blast furnace cement) in
which the clinker reduced to approximately 30% (Kerkhoven, 2022-b). In the Netherlands mainly
CEMIII/B is applied.

Within the International EPD system limited concrete data is available. Also, the Dutch suppliers hardly
provide any data about the emissions of the used concrete. The International EPD system only contains
a mixture from Greece, which is clearly specified with properties (EPD International, 2023). Also, a
Dutch company provides data on their website (Goudse Betonmortel Centrale, 2023)

Table C.2: GWP concrete.

Greece HERACLES Group of Companies | CEM II/B | C30/37,XC1,2,3 2,42E+02
Netherlands | Goudse Betonmortel Centrale CEM Il C30/37,XC1,2,3 1,10E+02

In a report of CE Delft, it is stated that the average climate impact of concrete (containing CEM lll) for
residential housing varies between 90 and 140 [kg CO,-eq./m3] (Bijleveld et al., 2013). This report
stimulates the use of CEM lll, but states that in 2013 mainly CEM | was used. The author concludes that
the value of Goudse Betonmortel Centrale is a reasonable assumption for concrete CEM IlI.

A reinforcement percentage of 0.6% is assumed in the reinforcement calculation (De Vree, n.d.-a). The
GWP equals 2,12E+03 [kg CO,-eq./1000 kg] (EPD International, 2023). Table C.3 provides the
calculation for the impact of reinforced concrete.

Table C.3: Calculation impact reinforced concrete.

Concrete 1 110
Reinforcement steel (7850 kg/m3) (0.6/100)*1 =0.006 | 0.006 * 7850 * 2120/1000 = 100
Total | 210
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C.5 Impact calculation new constructed concrete building

Swietenhof Amsterdam is a residential complex, consisting of six floors. The building is defined as
reference building to determine the environmental impact of new construction. Figure C.4 provides an
impression of the project. Figure C.5 and C.6 provide structural drawings. Appendix X.9 provides excel
sheets of the LCA calculation.

Figure C.4: Impression Swietenhof Amsterdam
(Van Rossum B.V., Internal communication).

C.5.1 Structural aspects

Vertical load transfer

The 6-storey building was founded on reinforced concrete piles and foundation beams. The ground
floor was constructed out of a ribcassette floor [d=350 mm]. The structure on top consists of a concrete
wall structure in cross-direction [d=250 mm)]. The cross-directional orientated facade walls, and the
ones at the dilatation, have a smaller thickness [200 mm]. The distinct floors can be reached by a
prefabricated elevator or stairwell. These floors were made of reinforced concrete [d=230 mm],
finished with 70 cm sand-cement. The gallery floors and prefabricated balconies are 150 and 220 mm
thick, respectively. The balconies were constructed on top of cantilevering prefabricated beams. The
roof has been cladded with prefabricated roof-elements. These consist of 3 beams [20 x 171 mm],
cladded on two sides with a 5 mm thick timber-based panel.

Stability

The complex has been divided into two, by means of a dilatation. In cross-direction, the structural
concrete walls provide enough stiffness. In longitudinal direction, one part is stabilized by a structural
wall [d=250 mm] (behind the elevator). The other part is stabilized by moment-fixed connections
between floors and walls.

Concrete used

The impact of the distinct materials is provided in table C.4. The impact of a ribcassette floor is
estimated based on the amount of concrete (C50/60; XC1). The impact equalizes: 210 [kg/m?] * 260
[kg CO2-eq./m3]/ 2500 [kg/m?3] = 21.84 [kg CO,-eq./ m?floor]. 210 kg/m? is the weight of the ribcassette
floor per square meter floor area.

C.5.2 Results

Table C.5 provides the results of the LCA, expressed in values. These values are used in figure 7.6. The
LCA itself is described in section 7.3.
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Table C.4: Used concrete in the building.

Walls/floors | C30/37; XC1 1.10E+02 2.10E+02
Prefab C45/55; XC1 1.50E+02 2.50E+02
Prefab C50/60; XC1 1.60E+02 2.60E+02
Foundation C30/37; XC4, XF1 1.17E+02 2.17E+02

*Appendix C.4 for calculation procedure

Table C.5: Results LCA. Values used in figure 7.6. RSL=75y.

4-storeys 70.90 (+1) -

5-storeys 41.33 (+2) 82.66 (+1)
6-storeys 31.32 (+3) 46.98 (+2)
7-storeys - 35.09 (+3)
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-
-
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igure C.6: East facade
(Van Rossum B.V.; Internal communication).
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Variant design

Appendix D will provide background information to chapter 8.

Content appendix D

D.1
D.2
D.3
D.4
D.5

Estimation of number of layers needed to be top-upped
Description variants

CLT calculation

HSB calculation

Environmental impact HSB extension



D. Variant design| 147

D.1 Estimation of number of layers needed to be top-upped

A B C D E F
! Estimation council estates inthe Netherlands (Postwar) |
2 Housing data Formule B
3 Housing crisis Netherlands 2023 325000
4 Number of council houses (TU Delft, 2022) 847000 Houses
5
& Devision council estates [Lijbers et al., 1984)
7 Percentage 3-storey 40 contains -> 6 Houses
8 Percentage 4-storey 60 contains > 8 Houses 100-B7
9
10 Result
11 |Number of council houses 119992 Flats (defined as single apartment) ({B7/100)*B4/D7) + ((B8/100)*B4/D8)
12
13 |Specification traditional/ non-traditional |Percentage [% Houses [-] (Oorschot et al., 2018) Formule C
14 |Traditional mixed-construction 53 63596 B15/100%B11
15 |Non-traditional construction 47 56396 B16/100%B11
16
17 Percentage top-up Percentage [% Added houses
18 |Percentage solving housing crisis 70
19 2 layers added 90 215985 (B20/100)*B11*2
20 1 layer added 10 11999 70% crisis | |(B21/100)*B11
21 227984 > 227500|SOM(C20:C21)

Figure D.1: Excel sheet to estimate number of layers to be top-upped.

D.2 Description variants
The research developed two main variants that needs to be further investigated:

1. Modular CLT-construction — A modular CLT-construction can potentially have a low material-
footprint per year (considering a large lifespan). Especially for the later-built flats [Residual
lifespan council estate = 23 years], a modular CLT-construction could be more sustainable.

2. Non-modular HSB-construction — The material usage and self-weight of an HSB-construction
is lower compared to CLT (considering a similar RSL) [Section 7.2]. That motivates to use HSB-
construction for a non-modular top-up.

The distinct variants will be explained below in more detail.

D.2.1 Modular CLT-construction

The CLT variant increases the RSL of the units, to lower the material usage per year. Single units are
designed, which can be coupled to form double units. A number of spatial regulations are considered
in the unit design:

Bouwbesluit Online 2012
1. Apartment for one person = floor area = 24 m?
2. Apartment for two persons = Floor area = 50 m?
3. Internal height 2 2600 mm

Transportation [Section 6.3.3]
4. Width<3.50m
5. Height<4.15m
6. Length<27.50m

CLT supplier (Stora Enso, 2022)
7. Standardized widths: 2.25 m/ 2.45 m/ 2.75 m/ 2.95 m/ (wider panels: special delivery)
8. Length<18.00m
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Figure D.2 provides an overview of the designed units. The maximum outer dimensions are Lx Bx H =
9.45 x 3.50 x 2.95 m. By linking two single person units, a double-person unit can be realized (area >
50 m?). The stability wall is localized in the middle of the unit. That allows an open frond and back
facade for daylight. The designed unit includes part of the gallery. Note that the fagade is located at
the outside of the balcony, to prevent a thermal bridge. By disconnecting the gallery floor and applying
a floating screed, the contact noise can be minimized.

With a unit-width of 3500 mm, approximately four units can be placed next to each other above one
‘council estate unit’ [Fig. D.5]. Resultingly, the loadbearing lines from the existing structure do not
continue. A steel interlayer needs to be realized. Five steel beams must be placed, elevated (=5 cm) of
the roof slab [Fig. D.3; D.4]. The steel interlayer transfers the horizontal wind load of the stabilizing
walls to the original stability wall.

The unit walls can be realized from one plate (2.95 x 9.45 m). The span of the floors and roofs equals
3.50 m. As this is larger than the maximum plate width, individual panels will span in between the
walls. The floors span between the walls. The roof is placed on top of the wall-panels, to minimize the
wall height.

[a]

Figure D.2: Design of modular units. [a] Single unit (>24 m2); [b] Double person unit (>50 m2); [c] Example of stacked unit
(Self-produced).

. Existing roof structure i i i i . i . . |
s u o o o . .
i |
4 |
|
i |
[ |
|
i |
|
|
.77777 T T I I I T D I 777777'
[a] r
Steel interlayer |
! !
T ! )
|
H |
[ 5T
H |
! |IX|
| |
; ,
.FeniunA-A r
‘[L I T 1 I T l
;'ectlanB-B . . . . . :
[b] i

Figure D.3: Steel interlayer; Excluding additional room (Self-produced).
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Figure D.4: Steel interlayer; Including additional room (Self-produced).
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Figure D.5: CLT modular unit’s drawings (Self-produced).
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D.2.2 Non-modular HSB-construction

The case studies addressed the structural effectiveness to place structural walls of a vertical extension
above the existing ones [Section 6.2]. An effective method must then count for extreme spans or must
be more specified for distinct spans (parametric approach).

This variant continues the bearing lines of the structural walls. Especially for 2-layers, an elevator is
obligatory (Bouwbesluit 2012). This elevator is placed at the ends of a block, non-structural [Section
7.2.4]. To access the houses, a 1.20 m width gallery is constructed. The end porches continue to the
top-up, to provide access by stairs [Fig. D.6; D.7].

The platform method is used for the design of the top-up [Section 6.3.1]. This is an applied, faster
construction method [Fig. D.6e; D.7¢]. Between distinct houses, apartment-separation walls must be
used [Fig. D.6f; D.7f]. Similar holds for the walls around the continuing stairwell. The dilatations should
be horizontally linked in case stability becomes critical [Section 6.3.5]. That increases the stability
enough to top-up 2-3 layers.

The archive inspection indicated roof structures, which are too thin to bear a residential load. Distinct
options are considered for the existing roof-structure (Tulamo et al., 2014):

1. Reinforcing of original ceiling;
2. Replacement of original ceiling;
3. Original ceiling + additional floor.

Option 1 — This option strongly increases the amount of concrete and weight of the structure.

Option 2 — This option has two disadvantages. First, it lowers the diaphragm action. Second, it disrupts
the current residents of the top-floor highly. Especially the latter forms the reason that it is not applied
in practise.

Option 3 — This is the chosen option. This method minimally disrupts the existing residents. The new
constructed floor is made of wood, which has CO, capture [A1-A3]. Unfortunately, there is a bit less
overcapacity. In case of a slanted or pitched roof, the whole roof structure must be demolished.

The floor beams span, simply-supported, between structural walls. These beams are spaced 600 mm,
with a timber-based panel on top of it. A small elevation should be constructed between the existing
roof slab and floor beams. That allows the floor beams to deflect.

The walls are constructed of columns, cladded with wood-based panel. The housing separation walls
consist of a double layer of columns, separated by a cavity. The inner walls only have one layer of
columns.

The stabilizing wall is placed above the existing wall. That allows transfer of the wind force, directly to
the existing stabilizing structure.

Figures D.6 and D.7 provide drawings of the top-up design. Also, a space division is provided [Fig. D.6f;
D.7f]. The extension contains in three different apartments, all with an area larger than 50 m?.
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D.3 CLT calculation

Calculation of CLT differs from ‘general timber’, as it consists of crosswise laminated layers. Appendix
D.3 will provide the structural principles for the CLT design. The Swedish CLT-wood handbook
(Borgstrom & Frobel, 2019) contains a detailed description of CLT properties, and calculation rules,
which will be used.

D.3.1 General section properties CLT

CLT construction consists of crosswise laminated layers, to provide strength in two directions. The
major direction is determined by the orientation of the wood-strips of the outer layers [Fig. D.8].
Considering floors, the outer layers are orientated in span direction. In case of walls, these are vertically
orientated.

The section properties are determined by the layers which provide mostly the stiffness [Table D.1],
e.g., stiffness around the y-axis is caused by the x-directional layers: layer 1, 3, 5 ... [Fig. D.8]. Steiner is
used to determine the combined moment of inertia: Icom = oo + A - a?. Loading out of plane
results in internal sliding between layers, what causes ‘rolling shear’. The ‘Gamma method’ includes
this in the effective moment of inertia [Table D.2].

Figure D.8: Definition directions: bx = minor axis;
by = major axis (Borgstrom & Frobel, 2019: p.40).

To calculate the section properties for multiple panels, an excel sheet is made [Appendix X.10.1]. This
sheet is validated with table 3.11, 3.12, 3.14, and 3.15 of the CLT handbook (Borgstrom & Frobel, 2019:
p.45 - 52)

Table D.1: General section calculations (Borgstrom & Frébel, 2019: p.41).

Gravity centre 2z, = heir/2 zs = heir/2
Gross Area [mm2] Axprutto = bxheur Ay prutto = bth‘LT
Net Area [mm2] Ay et = byhy; Ay net = byhy;
he =t +t3+ts hy = ty+ty+ -
Net, Moment of Rotation around the y-axis Rotation around the x-axis
inertia [mm4] Ey; bytd Ey; E,; byt} By
lxner = ZE T +ZE betia lymee = Z 2 +Z bytia
ref ref Erep 12 Erer
_ bitd 2, bxt3 2, bxtd 2 byt byti
= Zht bytiaf + ZF + bytzad + <2+ bytsad + .. = 22+ bytraf + LE+ bytyaf+..
Rotation around the z-axis Rotation around the z-axis
. 3 ZE“ by _ httgttst . N By tiby Lttt
zxnet Eo 12 12 * zymet = Z Ee 12 127
Net, Section modulus — 2 Iynet w _ 2 Iynet
[mm3] x,net h-CLT ynet hCLT
Static moment of Srxnet = bxtiay
rolling shear [mm3]
Static moment of 3-layers: Synet = byt1ay
- 2
longitudinal shear 5-layers: Sypec = bytia; + by - 4f_32
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Table D.2: Effective Moment of inertia (Loading out of plane) (Borgstrom & Frobel, 2019: p.49-52).

Y1 1 _ 1
nE TR o
lfef Goo90,2
Y3 1 1
e 14 m2Exsts ¢,
Loy Goosoz
Ys - _ 1
¥s = T2Eysts  t,
Loy Goosoa
Ier byt bt b t? byt3 byt
Ix,ef = ;—2"' bxtla% + ;2 + y3bxt3a§ Ix,ef == ! + ‘V1bxt1a% + ;23 + ;2 +}/5bxt5a§
2t
= by(5; + (L +y3)tiaf)
Effective radius of I -
inertia Ixeff = Ax'ef
x,net

The Swedish handbook specifies for CLT general wood properties [Table D.3 — D.5].

Table D.3: Strength properties CLT based on strength properties of timber boards.
About directions, Fig. D.8 (Borgstrém & Frobel, 2019: Table 3.6).

Bending strength fin ok 24
.k 24
Tension strength, in plane fioxk 14.5
fe0,y.k 14.5
Tension strength, perpendicular to fr 00,5k 0.4
the plane fr,90,y,k 0.4
Compression strength, in plane fe,0xk 21
fe0yk 21
Compression strength, perpendicular | fc o0k 2.5
to the plane
Shear strength, longitudinal shear fy,000,x1ay,k 4
fv,090,ylay,k 4
Shear strength, rolling shear f1,8090 xlay,k 1.1Y%0r0.72
fy,9090,ylay,k 1.1Y%0r0.72

1) Used for CLT panels with edge-glued boards or where the board thickness is less than 45 mm and the
width to thickness ratio for the boards is equal to or greater than 4.
2) Used for CLT panels where the boards are not edge-glued and where the width to thickness ratio for the

boards is less than 4, or where grooves have been cut into the boards.

Table D.4: Characteristic stiffness values for CLT panels based on stiffness properties
of timber boards. About directions, Fig. D.8 (Borgstrém & Frobel, 2019: Table 3.7).

Mean value of modulus of elasticity Eo,x,mean 11000
EQO,x,mean 0 Y or 400 2
Eoy,mean 11000
E90,y,mean 0 1 or 400 2)
Fifth percentile value of modulus of Eo,x,05 7400
elasticity Eo,y,05 7400
Mean value of modulus of shear Go90,xlay,mean 690
GOQO,yIay,mean 690
Mean value of modulus of rolling Gagogo,xlay,mean 50
shear Go090,ylay,mean 50

1) Used for CLT panels without edge-glued boards.
2)May be used for CLT panels with edge-glued boards

Table D.5: Density of CLT panels (Borgstréom & Frébel, 2019: Table 3.8).

Characteristic value

pxlam,k

350

Mean value

Pxlam,mean

420
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The structure will be calculated according to the NEN-EN 1995. This norm specifies material,
modification, and deformation factors to calculation timber [Table D.6 till D.8].

Tabel D.6: Material factor (EN 1995: Table 2.3).

Sawn wood 1.3
Limed, laminated wood 1.25
LVL, multiplex, OSB 1.2
Particle board 1.3
Fiberboard, hard 1.3
Fiberboard, medium 1.3
Fiberboard, MDF 1.3
Fiberboard, soft 1.3
Connections 1.3
Metal bonding Plate 1.25

Table D.7: Values for kmoq [NEN-EN 1995: Table 3.1].

Sawn wood | EN 14081-1 1 0.60 0.70 0.80 0.90 1.10
2 0.60 0.70 0.80 0.90 1.10
3 0.50 0.55 0.65 0.70 0.90
Limed, EN 14080 1 0.60 0.70 0.80 0.90 1.10
laminated 2 0.60 0.70 0.80 0.90 1.10
wood 3 0.50 0.55 0.65 0.70 0.90
LVL EN 14374, EN 14279 1 0.60 0.70 0.80 0.90 1.10
2 0.60 0.70 0.80 0.90 1.10
3 0.50 0.55 0.65 0.70 0.90

Multiplex EN 636
Type EN 636-1 1 0.60 0.70 0.80 0.90 1.10
Type EN 636-2 2 0.60 0.70 0.80 0.90 1.10
Type EN 636-3 3 0.50 0.55 0.65 0.70 0.90

0SB EN 300
0SB/2 1 0.30 0.45 0.65 0.85 1.10
0SB/3, OSB/4 1 0.40 0.50 0.70 0.90 1.10
0SB/3, OSB/4 2 0.30 0.40 0.55 0.70 0.90

Table D.8: Values for kqer [NEN-EN 1995: Table 3.2].

Sawn wood EN 14081-1 0.60 | 0.80 | 2.00
Limed, laminated wood | EN 14080 0.60 | 0.80 | 2.00
LVL EN 14374, EN 14279 0.60 | 0.80 | 2.00
Multiplex EN 636

Type EN363-1 | 0.80 | - -
Type EN 363-2 | 0.80 | 1.00 | -
Type EN 363-3 | 0.80 | 1.00 | 2.50

0osB EN 300
0SB/2 | 2.25 - -
0SB/3,0SB/4 | 1.50 | 2.25 -
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D.3.2 Structural design of the roof panels

The roof panels are placed on top of the walls, to close the units [Fig. D.9a]. The panels span 3.5 m,
schematized as a simply supported beam [Fig. D.9b]. A three-layered panel (20-40-20) is applied, with
the outer layers in the major direction [Fig. D.9c]. Appendix X.10.2 provides the excel sheet of the
calculation. The excel is validated by hand.

: [TITITTIII

5 [m]

=
z 20-40-20
3.\

[b] [c]

Figure D.9: Schematization roof panel. [a] Location; [b] Structural scheme; [c] 3D roof panel (Self-produced).

Table D.9 provides an overview of the used loads. The roof panel is calculated to allow future
placement of solar panels. NEN 1990 is used as guiding norm for the load definition. Equation D.1 and
D.2 are used to calculate the design load. Table D.10 provides properties of the chosen panel.

2j>11.35Gy j + 1.5901Qx 1 + Xi>1 1.5¥0, Qi (D.1)
2j211.2Gkj + 1.5Qk 1 + Xis1 1.5%0,Qx (D.2)
Table D.9: Load definition roof. Table D.10: Chosen roof panel.
Permanent Panel build-up 20-40-20 (80) | mm
Self-weight | 0,336 by 1000 mm
Solar panels | 0,450 Iy net 3.733E+07 mm?
Total permanent load | 0,786 Iy eff (Iref = 3.5 M) 3.510E+07 mm*
Variable ({0 = 0) Wy net 9.333E+05 mm?3
Wind (Area Il; Urban; 22.4m) | -0.186 Sx,net = Sx,rolling 6.000E+05 mm?3
Snow | 0.560 Bmean 33.6 Kg/m?2
Imposed load | 1.000 Emean 11000 N/mm?
fv,000,xlay k 4 N/mm?
quis;eqp.a | 1.06 fv,9090,xlay,k 0.7 N/mm?
quis;eq 0.2 (normative) | 2.44 fe,90,xlay,k 2.5 N/mm?
fnx K 24 N/mm?

D.3.2.1 Verification ULS
The panel is verified for bending, (rolling) shear, and compression perpendicular to the grain.

kmod = 0.7 (long term; Service class 1)

ym=1.25[-]
0.1
ky =min((52)" 5 1.1) = 1.10 [
1. Bending

2
Mg =2 =3.74 [kNm]

O = —2 < frpa = D ko - kp > 4.01<14.78 [N/mm?] (UC =0.27)
Wy, net Ym
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2. Shear
: v, xlayk' kmo
Tq = W < fra = % -> 0.07 < 2.24 [N/mm?] (UC =0.03) (Normal shear)
xnet'Vx M

. -k
Thog = SRenet o o - Tosososlayic Kmod - 4 07 < 0 39 [N/mm?] (UC =0.18) (Rolling shear)
’ Ixnetbx ’ YMm

3. Compression perpendicular to the grain (wall on top of roof panel)
Qcza = 14.56 [kN/m]
terf = twau + 30 =130 [mm] (Borgstréom & Frobel, 2019: p.54-55)

Keoo0=1.5[-]
Ac,z fc90, ,
Oczd = te'f;i < fc,90,xlay,d = keoo * Kmoa %layk ->0.11< 2.1 [N/mm?] (UC = 0.05)

D.3.2.2 Verification SLS

The panel is verified in the SLS for deflection. Vibrations are not included in the roof panel, as these
are inaccessible for public.

kaef = 0.6 (Service class 1)

$2=0[-]

Wing = Uinse,c(1+ kaep) = %#ﬁﬁ (1 + kger) = 6.36 [mm]

Uring1 = Uinst,01(1 + Yokaer) = %#ﬁmc (14 ¢2kger) =5.06 [mm]
Usingi = Winst,0i(Wo + Yokaer) = iﬂ(% + Yykger) = 0.00 [mm]

384 Ex.meanlx,eff
ufin = ufl-n,(; +ufin,Q1 +ufin,Qi =11.43 [mm]
Urip < 0.004L -> 11.43<14.00 [mm] (UC=0.82)

D.3.2.3 Optimization of panel
Table D.11 provides an overview of different panels, to show that the panel is optimized.

Table D.11: Optimization of roof panel.

20-20-20 0.42 0.04 0.24 1.60
20-30-20 0.33 0.04 0.20 1.11
20-40-20 0.27 0.03 0.18 0.82
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D.3.3 Structural design of the floor panels

The floor panels are placed between two walls [Fig. D.10a]. The panels span 3.5 m, schematized as a
simply supported beam [Fig. D.10b]. A three-layered panel (40-40-40) is applied, with the outer layers
in the major direction [Fig. D.10c]. Appendix X.10.3 provides the excel sheet of the calculation. The
excel is validated by hand.

d # g-load

/ < TTTTTITTTIT]
7 s A

e

3.5 [m}

[a] (b] [c]

Figure D.10: Schematization floor panel. [a] Location; [b] Structural scheme; [c] 3D floor panel (Self-produced).

Table D.12 provides an overview of the applied loads on the floor. Equations D.1 and D.2 are used to
calculate the design load. Table D.13 shows the properties of the chosen panel.

Table D.12: Load definition floor. Table D.13: Chosen floor panel.
Permanent Panel build-up 40-40-40 (120) mm
Self-weight | 0.504 by 1000 mm
Fermacell finishing (22 mm) | 0.260 Iy net 1.387E+08 mm*
Installations | 0.200 Iy eff (Iref = 3.5 M) 1.245E+08 mm?*
Total permanent load | 0.964 Wi net 2.311E+06 mm?3
Sx,net = Sx,rolling 1.600E+06 mm?3
Variable (o = 0.4) Bmean 50.4 Kg/m?
Residential load | 1.75 Efmenn 11000 N/mm?2
Non-structural walls | 0.5 fv,000,xlay,k 4 N/mm?
fv,9000,xlay,k 0.7 N/mm?2
quis;eqp.1 | 2.65 fe,00,xlay,k 2.5 N/mm?
quis;eq 0.2 (normative) | 4.08 frn,x k 24 N/mm?

D.3.3.1 Verification ULS
The panel is verified for bending and (rolling) shear.

kmod = 0.7 (long term; Service class 1)

ym=1.25[-]
0.1
kn = min((52) " 51.1) =110 ]
1. Bending
2
M, = % =6.25 [kNm]
Oua = =< fupa = fyM—m" Kmoa - kn -> 2.70 < 14.78 [N/mm?] (UC =0.18)
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2. Shear
V, = 0.5q,L = 7143 [N]
. k
Ty = —‘I/:nixt’:j < foa = —fv’ogo‘le;‘k mod -> 0.08 < 2.24 [N/mm?] (UC =0.04) (Normal shear)
’ ) v, xlay,k kmo .
Thyg = ASRxmet e Jvoosoxaykkmod g 6g <039 [N/mm?] (UC =0.21) (Rolling shear)
’ Ixnet bx ! Ym

D.3.3.2 Verification SLS

The panel is verified for deflection and vibrations in the SLS. Vibrations result in inconvenience for
users, which is an important design aspect for timber floors (Huang et al., 2020).

1. Deflection

kaef = 0.6 (Service class 1)
$2=0.3[-]
5 qqLl*
Ufinc = uinst’G(l + kdef) = ﬁm (1 + kdef) =2.20 [mm]
5 qo1L*
Uring1 = Uinst,o1(1 + Y2kaer) = @m (1 +akger) =2.95 [mm]
5 _ deil?

Ufin,Qi = uinst,Qi(lpO + lpzkdef) =~ 384 Exmeanlneff (1/’0 + 1/Jdeef) =0.41 [mm]
Urin = Ufine + Urin1 T Uringi =5.56 [mm]

Urin < 0.004L -> 5.56<14.00 [mm] (UC=0.40)

2. Vibration (Borgstrom & Frobel, 2019: p.108-109)

Three aspects are verified for floor panels, related to vibrations: fundamental frequency, point
deflection and impulse velocity response.

1. Fundamental frequency f; (Lowest frequency > 8 Hz)

E I
fi= % /W > 8Hz -> 15.28 > 8 [Hz] (UCyib = 0.52)

L Span floor panel =3.50 [m]

Ex 0,mean mean modulus of elasticity =1.10* 10'°[N/m?]
Lyer Effective moment of Inertia. =1.25*10* [m?

m floor structures mass per meter width =96.4 [kg/m?]

2. Point deflection (F = 3 kN) should be smaller than 1.0 [mm/kN]
3
w=—"C  =1.96[mm/3kN]

4'8Ex,0,mean1x,ef

WperkN =W / 3.0 = 0.65 < 1.0 [mm/ kN] (UCVibrz = 0.65)

3. Impulse velocity response v

2 4 0.25
o= () -1)@) @Gy - esi
fi fundamental frequency =15.28 [Hz]
B Floor width =2.50 [m]
L Floor span =3.50 [m]
Epean mean modulus of elasticity =1.10* 10'°[N/m?]
lknet ~ Moment of inertia =1.39*10* [m%]

Iy, net Moment of inertia =5.33*10° [m?]
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4(04+06n4_0)

V= m =0.0073 [m/s]
m floor structures mass per meter width =96.4 [kg/m?]
B Floor width =2.50 [m]
L Floor span =3.50 [m]
Nyo - =2.51 [-]

v < pUad-D -> 0.0073<0.05[m/s]  (UCuirs = 0.14)
b parameter related to point deflection =120 [m/Ns?]
13 damping for CLT floor =0.025 []

D.3.3.3 Optimization of floor panel

Table D.14 provides an overview of different panels, to show that the panel is optimized. Chosen is for
the 3-layered panel (40-40-40) instead of the 5-layered (20-30-20-30-20), as it minimizes the use of
glue (lower impact on environment).

Table D.14: Optimization of floor panel.

20-20-20-20-20 0.31 0.04 0.22 0.77 0.71 131 0.19
40-20-40 0.25 0.05 0.26 0.61 0.63 1.04 0.31
20-30-20-30-20 0.25 0.03 0.18 0.54 0.61 0.88 0.12
40-40-40 0.18 0.04 0.21 0.40 0.52 0.65 0.14

D.3.4 Structural design of the wall panels

The floor panels are placed on top of five steel beams (steel interlayer). The span between two beams
equals 2.36 m. The beam is schematized as a statically indeterminate beam with five supports [Fig.
D.11b]. The normative wall contains three wall openings. A three-layered panel (30-40-30) is applied,
with the outer layers orientated vertically [Fig. D.11a). Appendixes X.10.4 till X.10.6 provide the excel
sheets of the calculations. The excels are validated by hand.

)
2
iy
5
/300, 1200 1800, A—000——~ 1525 900 2825
[a] 4 x 2363 = 9450
Ffa.:ade Ffacade
qlaad
+ 1 1 I 1 1 1 1 J 1 I I 3 1 3 1 3 1 1 J J I 3 J 1 I I 1 ] I
[b] A A A

Figure D.11: Structural design of the CLT wall. [a] 3D representation. [b] Structural scheme (Self-produced).
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D.3.4.1 ULS verification of wall as ‘beam’

The wall is schematized as beam according to figure D.11. The wall is designed for two units above
each other. The resulting quis equals 25.09 kN/m. The design point load due to the facade equals 6.20
kN. A detailed overview of the load combinations can be found in the excel sheet [Appendix X.10.4].
Table D.15 provides an overview of the properties of the chosen panel. Figure D.12a-d provides
respectively the Matrix frame input, support reactions, moment, and shear force line.

Table D.15: Chosen wall panel (1).

Panel build-up 30-40-30 (100) mm
Wall height (le) 2950 mm
by 1000 mm
by 2950 mm
I>(,net 7.800E+07 mm?*
Iy eff (Iref = 2.95 m) 6.95E+07 mm4
ix, eff 34.04 mm
Ax,net 6.00E+04 mm?
Wx,net 1.56E+06 mm3
Iz,y,net 8.56E+10 mm#
8mean 42 Kg/m2
Ex,mean 11000 N/m m?
Eo.05 7400 N/mm?2
fv,090,xlay k 4 N/mm?2
fc,O,x,k 21 N/mm?2
%k 24 N/mm?2
6.20
6.20
25/09 25|09 25|09 25|09
s1 ¥ a2 ¥ 1 __s3 sS4 1
L L R e
[a] Input
K1 o K2 K3 K4 K5
== — — — —
-29.46 -67.67 -54 .98 -67.67 -29.46
[b] Support reactions
-14.97-14 97 -14 97-14 97

. 10.78 .
[c] Bending moment line
31.72 35.95

23.26 27.49
_ﬁ@ h?\ i\ai h& -
N@:. P N P

-35.
[d] Shear force line

Figure D.12: Results of matrix frame for schematization wall as beam.

The beam is verified in the ULS for: ‘buckling at support’, ‘normal stress concentration at support’,
bending and shear force.
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1. Buckling at support
Support K2 [Fig. D.12b] forms the normative location for buckling at support (Neq = 67.67 kN). It is
allowed to spread the load by an angle of 30 degrees till a height of 0.25 * Lyan (Borgstrom & Frobel,
2019:p.131) [Fig. D.13b]. The spread area equals 851 mm. The equivalent g-load for 1 mis 93.31 kN/m.

The normal stress oco,4 equals quis / (2 * touter) = 1.56 N/mm?2.

F
!

/)q T | T 4?

/ [ |

/ | | |

/ 1NN
/ 1| |
lr | | |
: | ) | £~
! (|
| IS
'. L '_m J e
| NHEB R
\ | =

AN
[a] [b] A B C

Figure D.13: Buckling of the wall at support. [a] buckling shape. [b] Load spread at
support (Borgstrom & Frobel, 2019: p.131).

The reduction factor is calculated according to the following formula’s:

Ay = l.xlfef =86.66 [-]

ey = 32 [Los = 1471

ky =051 + 0.1(Are; — 0.3) + Arery”) =1.64[]
1

key = m =0.42[]

Verification:

kmod = 0.7 (long term; Service class 1); ym = 1.25

0c0aS key < frod = ke * Kmoa - % > 1.56<0.42*11.76 =4.94 [N/mm?]  (UC=0.31)

2. Normal stress at support
The local normal stress is calculated at the width of a steel beam: 250 mm. The area over which the
normal force must be distributed equals 250 * 2 * toyter layer = 15000 mm?. The normal force at K2 equals
67.67 kN, resulting in a normal stress of 4.51 N/mm?.

0604 S feo,a-> 4.51<11.76 [N/mm?] (UC=0.38).

3. Bending moment
Meq at k2 equals 14.97 [kNm] [Fig. D.12c]
kmod = 0.7 (long term; Service class 1)
Ym = 1.25 [-]

v = ’:’dy(ff < fura = % Kmoa -> 0.26 < 13.44 [N/mm?] (UC =0.02)
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4. Shear force
V4 ==35.95 [kN]
Aznet = tmiddie™ Lwan = 118000 [mmz]
kmod = 0.7 (long term; Service class 1); ym = 1.25

k
Ty = 3V4 < fv,d _ fv,000xiayk: Kmod > 0.46 < 2.24 [N/mmz] (UC =0.20)
Az net Ym

D.3.4.2 Verification buckling (ULS) and deflection (SLS) of ‘column’ at gallery
The second aspect that will be verified is buckling of the 300 mm width column at the gallery. The
sectional properties of the panel are recalculated with a ‘by’ of 300 mm. Table D.16 provides the

properties. Appendix X.10.5 contains the full calculation.

Table D.16: Chosen wall panel (2).

Panel build-up 30-40-30 (100) mm

Wall height (le) 2950 mm

bx 300 mm

b, 2950 mm

I net 2.340E+07 mm4

Iy eff (Iref = 2.95 M) 2.09E+07 mm?#
ix,eff 34.04 mm

Ay net 1.80E+04 mm?
Wy net 4.68E+05 mm3
8mean 42 Kg/m?
Exmem 11000 N/nnnz
E(),os 7400 N/m m?
fv,090,xlay k 4 N/mm?
fc,O,x,k 21 N/mm2
Xk 24 N/mm?

It is assumed that the half load at the gallery is transferred to the column [Fig. D.14a)]. For the
combination including wind, it is conservatively calculated that half of the wind load (of the gallery
area) is transferred to the column (although there is an opening). Figure D.15 provides the two

situations, including the normative loads.

F

. qwind

2950

2950

le—1

\ \
\

\ \ |
\

Y b] AN CPAN
F=8517[kN/m]  F=68.63 [kN/m]
qw;uts = 1.88 [kN/m]
Qu;sts = 1.26 [kN/m]

[a]

Figure D.14: [a] area transferred to wall. [b] buckling combination 1. [c] Buckling
combination 2 (Self-produced).
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1. Buckling combination 1 [Fig. D.14b] (ULS)
Ky =0.42[-] (already calculated at ‘buckling at support’ [Appendix D.3.4.1])
kmod = 0.7 (long term; Service class 1); ym = 1.25

F fc,o,k'kmod

->1.42<0.42*11.76 = 4.93 [N/mm?] (UC=0.29)

Ocod = < kc,yfc,o,d = kc,y

2-touter YMm

2. Buckling combination 2 [Fig. D.14c] (ULS)
Ky =0.42 [-] (already calculated at ‘buckling at support’ [Appendix D.3.4.1])
kmod = 0.7 (long term; Service class 1); ym = 1.25; kn = 1.1 [-]

1
Megq = gCIW,ULsL2 =2.05 [kNm]
Oop g = —d = 4.38 [N/mm?]
! Wy net
F
O0c0d = ot =1.14 [N/mm?]
‘Louter

2ol Ml <10 > —t—4 2% -053<10 (UC=0.53)

key(Foon™ 2% Fuxakmody 0.42-11.76 ' 14.78

3. Verification of deflection of columns (SLS)
Deflection occurs due to the wind load, so only combination 2 is verified.
W, =0.3; kaef = 0.6.
5  qousLsl*

Uringr = Uinst,o1(1 +Yokaer) = 327 = (1 +2kaer) =5.40 [mm]

L
Urino1 <355 > 540<9.83 [mm] (UC=0.65)

D.3.4.3 Verification of lintels at gallery

The lintels form a crucial aspect of the wall panels, due to a reduced height. The lintels are schematized
as one-side moment fixed beams [Fig. D.15a]. For the verification, it is assumed that the upward force
Fis equally distributed over the four lintels. That results in a shear force of 29460 / 4 = 7365 [N / Lintel]
[Fig. D.12b]. The excel calculation can be found in appendix X.10.6.

Lintel above gallery Lintel above_ Matrixframe results
E Height =485 [mm] _&r\ 1 _
F/ G =92lyml | T[] | [ T
Meqd =2.92 [kNm] Moment line L
grload below gallery Ved =7365 [N] =

Ime! . n
F/4 Lintel below gallery ' w

Height =350 [mm] Shear force line -6.55
k Ced =7.32 [kN/m]
£/4 U Me  =3.71[kNm]

Ve  =7365[N] _‘Jf'\dlk\:\ Lj ~ L L L ,ﬁ

n

Lintel below_ Matrixframe results

g-load below

¥ l l l 1l Moment line

737

i m
() A—1500 mm—— ' L

[b] [c]|Shear force line 382

Figure D.15: Structural analysis lintels gallery. [a] Structural schematization; [b] Dimensions and values; [c] Matrixframe results.
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1. Bending
W, = %thor.layer - HZ 41 = 1.57 E+06 [mm?] (Above gallery) / 8.17E+05 [mm?] (Below gallery)

Above gallery:
kmod = 0.7 (long term; Service class 1); ym = 1.25 [-]; kn = 1.02

Yed < frna = M >186<13.73  (UC=0.14)
z M

Below gallery:
kmod = 0.7 (long term; Service class 1); ym = 1.25 [-]; kn = 1.06

Ou = G < frq = MU 5 450<1418  (UC=032)

oy =

Ym
2. Shear
Above gallery:
- 3Vg < f — fv,o90,xlay,k' kmod > 0.57 <2.24 (UC =0 25)
a7 2 thor;layer-HLintel — v.d Ym ' ' '
Below gallery:
T4 = 3V < foq = Dooodtavickmod 679924 (UC=0.35)
d 2 thorlayer-HLintel ~ vd Ym ' ) .

D.3.4.4 Verification of lintels at doors

The lintels above the doors are less crucial compared to the lintels at the gallery (as the doors are
located approximately V=0 location [Fig. D.12d]). For completeness, these lintels are verified. A similar
schematization as the lintels at gallery can be applied [Fig. D.16a]. The normative shear force V is
approximately 14.4 kN, which is spread over 4 lintels. The excel calculation can be found in appendix
X.10.6.

g-load
l l l l l Lintel above_ Matrixframe results
% l 1 Tv -2.56
900 mm 1 _Slﬂ_iif—r{{f__/_éﬂj
Moment line
\ g-load
Ll - ;
36
778
[al 450 mm—" Shear force line
Lintel below_ Matrixframe results
-2.36
Lintel above door Lintel below door l _ESLT—)f”‘T—_’é)
Qed =9.28 [kN/m] Qg =7.32 [KN/m]
Mea =256 [kNm] Mg =2.36 [kNm] S1 =
Ved =7780 [N] Ved =6890 [N] 36 589
[b] [c] LShear force line

Figure D.16: Structural analysis lintels gallery. [a] Structural schematization; [b] Dimensions and values; [c] Matrixframe results.

1. Bending
w, = %thor.layer - HZ e = 1.57 E+06 [mm?] (Above gallery) / 8.17E+05 [mm?] (Below gallery)

Above door:
kmod = 0.7 (long term; Service class 1); ym = 1.25 [-]; kn = 1.02
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Oy = % < fona = %’;dkh >1.63<13.73  (UC=0.12)

Below door:
kmod = 0.7 (long term; Service class 1); ym = 1.25 [-]; kn = 1.06

-k -k
oy = Med o p = Imikmoakn 5891418  (UC=0.20)
Wy ! Ym
2. Shear
Above door:
3Vg4 fv,090,xlay,k' kmod
Tg = < = ————— > 0.60<2.24 uc=0.27
d 2-thorlayer -HLintel fv'd Ym ( )
Below door:
3Vg fv,o90,xlay,k' kmod
Tg = < = ———— > 0.74<2.24 uc=0.33
a 2-thorlayer -HLintel fv'd Ym ( )

D.3.4.5 Optimisation of wall panel

A wall thickness of 100 mm is applied for all walls. Structurally, thinner walls could be applied.
However, the minimum wall thickness is set to 100 mm to take into account: installation slots,
connections, lay-up length for roof, and building physic related aspects. An additional benefit is the
overcapacity to place in future more than two units above each other.

D.3.5 Structural design of the stability wall

A longitudinal orientated stability walls is in the middle of the CLT unit. This wall is on one side
connected with the cross-orientated wall. The distinct units work in pairs of two, to make use of the
principle of ‘active’ and ‘passive’ walls. This provides always the tension force at the cross-orientated
wall side, to minimize tension in the unit [Fig. D.17a]. The wall length is set to 2.5 m. That allows the
residents to move from one to another room. By maximizing the wall length: 2.5 m, the tension force
is minimized. It is assumed that on 1 block (2 porches), 8 units can be placed, which will work together.
Resultingly, 4 walls provide stiffness per wind-direction. If the units will be placed at another location,
at least 4 units should be linked, to have no tension in the lowest unit. The excel calculation can be
found in appendix X.10.7. A similar wall panel as the other walls is applied. Table D.17 provides the
wind load starting points. The panel properties are provided in table D.18.

puim

N

= &

3 o

Q. >

~
ne]
£
2

[a] [b] rard

Figure D.17: [a] Principle of active and passive walls; [b] Structural scheme of wall (Self-produced).




Table D.17: Wind load.
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Table D.18: Panel properties.

Wind load in case applied on flat Panel build-up 30-40-30 (100) | mm
Number of walls | 4 by = Lstab wall 2500 mm
Wind properties | Il; Urban; 19.6 m Total height 5900 mm
Qwind per wall; SLS 3.19 kN/m |z,x 3.510E+07 mm#
Qwind per wall; ULS 4.78 kN/m Wz,x 9.333E+05 mm?3
Wind load at new location Bmean 42 Kg/m?2
Number of walls | 2 Ey,mean 11000 N/mm?2
Wind properties | II; Urban; 6.0 m
Qwind per wall; SLS 4.11 kN/m
Qwind per wall; ULS 6.17 kN/m

D.3.5.1 Verification of deflection (SLS)

Verification if applied on council estate:
kdef = 0.6; P, = 0.3; Load duration: short term;

1 qwsLsl*
Uringr = Uinst,01(1 + Y2kaer) = g%(l +Y2kger) = 0.66 [mm]

Ufingr < H/500->0.69<11.8 [mm] (UC= 0.06)

Verification if applied on new situation:
keef = 0.6; 2 = 0.3; Load duration: short term;

1 qwsisL?

Uringr = Uinst,01(1 + Y2kaer) = 8 Ermoanlnd (1 + 1P2kdef) =0.85 [mm]

Urino1 < H/500->0.85<11.8 [mm] (UC=0.07)

D.3.5.2 Verification if tension will occur (ULS)
This load combination multiplies the self-weight with a factor 0.9.

Verification if applied on council estate:
1
MyLswina = ECIL2 =83.3 [kNm]

Fronsion = M"#ﬁ"d =33.31 [kN]

Nstability wall = 3.72 [kN]
QN;side walls = 7.07 [kN/m]

tension_Nstability wall

Needed side wall length = £ =4.19 [m] < 9.45 [m] (Unit length)

AdN;side walls
-> No tension will occur, as the normal force from the side wall is larger than the tension force due to

the wind.

Verification if applied on new situation:

1
Myrswina = Equ =107.0 [kNm]

Fronsion = —uLswind _ 45 93 [kN]

Lwall

Nstability wall = 3.72 [kN]
Qfloors and walls above = 7.07 [kN/m]

Ftension_Nstability wall

Needed side wall length = =5.55[m] <9.45 [m] (Unit length)

4dN;side walls
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-> No tension will occur, as the normal force from the side wall is larger than the tension force due to
the wind.

D.3.5.3 Verification compression perpendicular to the grain (ULS)
The floorplate below the stability wall is verified on compression perpendicular to the plain.

Verification if applied on council estate:
1
Myrswina = EqL2 =83.3 [kNm]

gy = UM < g 33 [N/mm?]

ON,selfweight wall = Awai/ (2 - 30 + tyqy) =0.02 [N/mm?]
Ocompr.tot = OM™* ON selfweight wall = 1.35 [N/mm?]

Kc‘90 = 1.5; kmod = 0.7; VM = 1.3
fc,90,xlay,d =14 [N/mmz]
UC = Ocompr.tot - 0.64 [_]

fc,90,xlay,d'kc,90
Verification if applied on new situation:
1
MyLswina = 5qL* =107.0 [kNm]

M .
oy = —UL;'/W‘”"Z =1.72 [N/mm?]

ON selfweight wall = Awatr/ (2 - 30 + tyyq) = 0.02 [N/mmz]
Ocompr.tot = OMT ON selfweight wall = 1.74 [N/mmZ]

Kc,90 = 15, kmod = 07, Ym = 1.3
fc,90,xlay,d =1.4 [N/mmz]
ucC = _ Ocomprtor  _ 0.83 [-]

fc,90,xlay,d'kc,90
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D.3.6 Structural design of the steel interlayer

The structural schemes of the archive inspection are studied, to find the normative shape of the steel
interlayer. To limit extreme spans, at least one cut should be made in the beam. That results in single
and double scheme’s. Two extreme variants are defined:

1. Inspection number 13: Single span beam: 6.60 m.
2. Inspection number 2: Double span beam, with two equal fields.

1. Single span beam
As upward deflection will not occur for a single span beam, the vertical load at midspan must be
maximized. For that, two load combinations hold.

4. Combination 1a: 1.2G + 1.5Quing + 1.5W0Quariable other
5. Combination 1b: 1.2G + 1.5Qvesidential + 1-5¢0Qvariable other

Both combinations are put into mechanical scheme’s [Fig. D.18]. Fg (normal force due to self-weight in
sidewalls) has the highest contribution. In combination 1b, Fg is put into the centre [Fig. D.18b]. In
combination 1a it is shifted a bit to the left, to consider the downward wind load (Fy) [Fig. D.18a]. qwal
represents the self-weight of the stability wall and gser the self-weight of the steel beam.

Combination 1a . Placement of units on beam
/e 1 | (frond view)
qwall qwall ' 1
S S SN S S A A L 111111 11] | i
PAN 2N AN AN
2.2 1.0 1.0 2.4 6.60
[al £ 6.6 ~

Combination 1b

qgwall l:g gwall | |
++ 1 311 3 { v+ ¥+ v ¥+ ¥ I+ I |
AN AN
e 2.3 #—1.0——1.0—# 23 7 6.60-
[b] 6.6 7

Figure D.18: Structural schemes of [a] combination 1a; [b] combination 1b (Units: [m]) (Self-produced).

2. Double span beam

The double span beam is certainly not normative for the strength, as the span is much lower.
Potentially, upwards deflection could occur. For certainty, this variant is also examined. For upward
lift, combination 2 is normative. In the orientation of the units, the downward loads are orientated in
the centre of the right field, while the upward load in the centre of the left field [Fig. D.19].

e Combination 2: 0.9G + 1.5Quing + 1-5'~IJOQother variable loads

Combination 2 Placement of units on beam
™ i (frond view)
g g I
qwall { qwall + wall T 1
O e s A e e e A it il [ { |l :
AN AN PN N AN AN
2 1.91 0.59-4—1.00 1.00 1.59 218 218
118 118

Figure D.19: Structural scheme of combination 2 (Units: m) (Self-produced).
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D.3.6.1 Results structural analysis

The provided structural schemes are put into Matrixframe, to get the moments, shear force and
deflections [Table D.19]. Details about the load calculation can be found in appendix X.10.8. The
appendix is validated by hand. The table includes also the values for a normal beam (without stabilizing
elements) [Combination 3]. The Matrix frame in- and output is provided for the normative load
combination: 1b [Fig. D.20].

Table D.19: Internal forces of distinct load combinations.

la 229.43 85.33 112.90 21.9
1b 239.88 80.47 - 21.9
2 72.57 87.35 112.90 2.4
3 228.57 75.47 - 20.4
67.67
6764
3.96 3.96
¥ ¥ ¥ T 't y ¥ y
I . o — T = -
[a] Load input ULS [kN; kN/m]
51.79
51.79
095 [ RN ]
330 3.30
k. s1 ¥ k. y i a oY 4
T | o = Y

L
[b] Load input SLS [kN; kN/m]

L ——— 11 JQL iv %L L R ——

239 88230 88

[c] Moment line [kNm]

80.47

67 67

68 7968 79
S1 S3 $4 &
) 1 1 1 ‘
LT;M
-67.67 -68.79-61

d] Shear force line [kN] 8047

|

kil K2 K3 Kd Ks

0.0219

[e] Deflection line [m]

Figure D.20: Normative results Matrixframe (Combination 1a).

The beam is analysis in both ULS and SLS.
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D.3.6.2 Chosen profile
Table D.20 provides the properties of the chosen profile: HEB260-S235.

Table D.20: Properties HEB260.

fyd 235 N/mm?2
Es 210000 N/mm?2
G 81000 N/mm?2
I 7.3628E+11 mm®

It 1257000 mm4

h 260 mm

b 260 mm

te 17.5 mm

tw 10 mm

r 24 mm
Wiy 1283000 mm3

A 11844 mm?

I, 51350000 mm#

D.3.6.3 Verification ULS
1. Cross-section classification

Flange:
c=b/2-tw/2-r=101[mm]; t=t;
c/t=5.77 < 9¢

-> Class 1

Web:
c=h-2tf-2r=177 [mm]; t=t,

— 1 ., Nea _ -
€= Gtonrs (tr +1))=0.64
c/t=17.7< 3965 - 54.07 (-]

13a—-1
->Class 1

The profile is classified as class 1, meaning that a plastic calculation can be performed.

2. Verification of axial force should be considered (Note this is another load combination)
a) Neg < 0.25Np; pg = A - fyq ->112.90 < 2783.34 [kN]

b) Neg < 2P 5 112 90 < 264.38 [kN]

Both equation hold, so axial force can be neglected.

3. Verification of shear force should be considered
A, = maximum(A — 2bts + (tw + 2r)t5; nhutw) = 3759 [mMm?]

w(2)
Vea < 0.5V = 0.5 - —— ->80.47 < 255.01 [kN]

YMo
Equation hold, so shear force can be neglected.

4. Cross-section check bending moment
Med < Mpiy = Wpiyfya ->239.88 <301.51 [kNm] (UC =0.80)
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5. Lateral torsional buckling of element

Calculated with no lateral supports, although they are there (At walls of units).
Lkip = Lg = 6600 [mm]

C; =1.35[-] (Assume only point load, as this is the main contributor)

Cy=-0.55 []
s= [Ew_1237[]
GIy

C= %-(\/H(%(CZZH))NCZ =3.74[]

Lkip kip Lkip
kred =1
Mg = kyeg -é-,/EIZGI =593055169.2 [Nmm]

’W S
ALT = _1\;;:/ =0.71 [']

Buckling curve = a

air=0.21

6.7 = 0.5[1+ a;r(A,r — 0.2) + 1%;]=0.81[-]
L =0.84 [-]

Xir=—7F7—7—
o+ GIZ,T_A%,T

MpI;Rd =X LTWpl,yfyd =253.73 [kNm]

Med < Mpirg ->239.88 < 253.73 (UC=0.95)

->The chosen profile is sufficiently strong.

D.3.6.4 Verification SLS
w<0.004L ->21.9<26.4 (UC=0.83)

D.3.6.5 Optimisation profile

The designed profile is based on the archive inspection. Note that for an individual building, always the
profile should be verified. The chosen profile is optimized. Table D.21 shows that smaller profiles are
not possible.

Table D.21: Optimization of steel interlayer.

HEA260 31.3 1.2
HEB240 29.1 1.1

D.3.7 Weight of the CLT top-up

The weight of the CLT-construction is calculated for one and two added layers. The final weight is a bit
higher than the assumed weight (5.88 kN/m?), due to the steel interlayer, and considered facade
weight. Note that a 5% exceeding of the overcapacity is used (Van Rossum B.V.; Internal
communication). The calculation of the new weight can be found in appendix X.10.9. The permanent
load for 1 unit (105.84 kN) does not exceed the hoisting limit: 200 kN (Liew et al., 2018). Design weights
for top-up:

e 1 added floor: 6.4 kN/m?
e 2 added floors: 12.3 kN/m?
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D.4 HSB calculation

Appendix D.4 will describe the structural verification of the HSB variant. The guiding norms are the
NEN-EN 1990 and 1995. The norm specifies material, modification, and deformation factors to
calculation timber, provided in appendix D.3.1 [Table D.6 till D.8)]. Appendix X.11 will contain the excel
sheets of the calculation.

D.4.1 Structural design of the roof structure

Timber beams (C24) span from wall-to-wall, schematized as simply supported beams [Fig. D.213;
D.21b]. A plywood panel is placed on top of the timber panels [Fig. D.21a]. The spacing is set at
maximum to 600 mm, which is a standardized size in HSB-construction (Van Rossum B.V.; Internal
communication). As the roof is inaccessible, it only must be verified for deflection [SLS] and strength
[ULS]. Appendix X.11.1 provides the sheet of the calculation (including validation). The excel sheet is
validated by hand.

The archive inspection [Appendix A.1] shows variety in spans between structural walls. The group is
consequently subdivided into three span ranges:

1. 39-46m (Most occurring range)
2. 47-54m
3. 55-6.6m (Contains larger spans)

[TIITTITTTIT1

[b] A———————Span roof beam——

Gload

AT

A——Spacing——~

[a] #—Spacing <600 mm— [C]

Figure D.21: Roof structure. [a] 3D Structure; [b] Structural scheme beam; [c] Structural scheme plywood (Self-produced).

This appendix provides the calculation for the range 3.9 - 4.6 m. Results of the other spans are
summarized in appendix D.4.1.3. Table D.22 provides an overview of the used loads. Equation D.1 and
D.2 are used to calculate the design load. Table D.23 provides properties of the used wood.

Table D.22: Load definition roof (Span 3.9 —4.6 m). Table D.23: Wood properties roof (Span 3.9-4.6 m).

Permanent Beam (C24)
Beams | 0.10 Dimensions | 70x 170 mm
Plywood | 0.10 Spacing | 500 mm
Ceiling | 0.20 E-modulus | 11000 N/mm?
Roof finishing | 0.20 Pmean | 420 kg/m3
0.60 ok | 24 N/mm?2
Variable fux | 4 N/mm?2
Wind (Area Il; Urban; 22.4m) | -0.19 Plywood (C18)
Snow | 0.56 Thickness | 18 mm
Imposed load | 1.00 E-modulus | 9000 N/mm?
quis;eqp.1 | 0.81 Pmean | 550 kg/m3
quis;eqp2 | 2.22 fk | 18 N/mm?
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D.4.1.1 Verification beam

kmod = 0.7 (long term; Service class 1)
ym=1.3[-]

kh =1.0 (hbeam 2150 [mm])

L=4.6 [m]

1. Bending [ULS]
My =24~ =3 93 [kNm]
WE gbh2 =3.37 * 10° [mm?]
Ouia = 22 < firra = % Kmoa - kn > 8.70 < 12.92 [N/mm?] (UC1 = 0.67)

2. Shear [ULS]
ta= Hh < foq= limet s 030 <205 [N/mm?) (UC2=0.15)

3. Deflection [SLS]
kqef = 0.6 (Service class 1)

Po=12=0[]
I, = —bh®=2.87 * 10" [mm]

54 L*
Ufinec = umst(}(]-'l'kdef) 364 i?] (1+kdef) 8.86 [mm]
5 qoil*
Urino1 = Uinst,01(1 + Yakaer) = o7 (12511 (14 ¢2kger) =9.25 [mm]

5 qoisl*
Ufin,Qi,s = uinst,Qi,s(lpO + lpzkdef) = 384 QE; (1/)0 + lpzkdef) =0.0 [mm]

5 4q iwlL
Ufin,Qiw = Uinst Qlw(¢0 + lpzkdef) = Q (l:bo + wzkdef) 0.0 [mm]
Ufin = Ufing + Ufin,Q1 + Ufin,Qi,s +uflTl,Ql,W = 18-11 [mm]
Upin < 0.004L -> 18.11<18.40 [mm] (UC3 =0.98)

D.4.1.2 Verification plywood

kmod = 0.7 (long term; Service class 1)
ym=1.2[-]

L =500 [mm]

Qed = 2.22 [kN/m] (Considering 1.00 meter)

1. Bending [ULS]
Md = 4 _ 69 [kNm]
= —bh2 5.40 * 10* [mm?]
Ouia = 2 < firra = % emoq > 1.28<10.50 [N/mm?] (UC4 =0.12)

2. Deflection [SLS]
kqef = 0.8 (Service class 1)

Po=12=0[]
5 QgL4

Ufing = uinst,G(l + kdef) = ﬁ?(l + kdef) =0.11 [mm]

5 qoil*
Uringr = Uinst,01(1 + Y2kaer) = ﬁiw_l, (1 + l/’zkdef) =0.19 [mm]
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5 CIQi,sL4
Ufin,Qi,s = uinst,Qi,s(lpO + l:[Jzkdef) = 384 EI (1»[)0 + lpzkdef) =0.00 [mm]

5 qoiwl?
Uringiw = Uinst,oiw(Wo + Wakaer) = anE—‘; (Yo + Pakger) =0.00 [mm]
Urin = Ufing t Ufrino1 + Urinois TUfiniw = 0.39 [mm]
Upin < 0.004L -> 0.39<2.00 [mm] (UC5=0.19)

D.4.1.3 Summary results
Table D.24 provides an overview of the dimensions and unity checks for the distinct spans. Deflection
is the normative design parameter.

Table D.24: Results HSB roof structure.

Roof structure properties Results beams Results plywood
3.9-4.6 70x170 500 18 0.67 0.15 0.98 0.12 0.19
4.7-5.4 70x195 400 18 0.58 0.13 0.87 0.08 0.10
5.5-6.6 70x245 400 18 0.56 0.12 0.83 0.08 0.11

D.4.2 Structural design of the floor structure

The structural system of the floor is similar to the roof [Fig. D.22a-c]. Since the floor is accessible, it
should be additionally verified for vibrations [SLS]. The beam below the fagade is further verified for
strength and deflection. Appendix X.11.2 provides the sheet of the calculation (including validation).
The excel sheet is validated by hand.

The archive inspection [Appendix A.1] shows variety in spans between structural walls. Spans larger
than 5.7 m are nearly possible to construct in wood (needed dimensions: 95 x 295 mm — spaced 170
mm). Resultingly, steel beams span between the structural walls (spaced 4.0 m), while the timber
beams span perpendicular to these beams [Fig. D.22d, e]. The group is consequently subdivided into
four span ranges:

1. 39-46m (Most occurring range)

2. 47-54m (Situation still occurs in archive)

3. 55-57m (Limit of timber floor structure > range not in archive)
4, 58-6.6m (Placement of additional steel beams)

[TITTITTTO

[b] fmre————————S5pan roof beam——

gload

s—A

[C] A——S8pacing——

isad = (1/spacing)*Foeam

RN
AN AN

Figure D.22: Floor structure. [a] 3D Structure; [b] Structural scheme beam; [c] Structural scheme plywood (Self-produced);
[d] Structural system for spans > 5.8 m; [e] Schematization steel beam (Self-produced).

[d] ~—Spacing % 600 mm—" [e] 4000 mm
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This appendix provides the calculation for the range 3.9 - 4.6 m. Results of the other spans are
summarized in appendix D.4.2.6. Table D.25 provides an overview of the used loads. Equation D.1 and
D.2 are used to calculate the design load. Table D.26 provides properties of the used wood.

Table D.25: Load definition floor (Span 3.9 —4.6 m). Table D.26: Wood properties floor (Span: 3.9 - 4.6 m).

Permanent Beam (C24)
Beams | 0.20 Dimensions | 70 x 270 mm
Plywood | 0.10 Spacing | 400 mm
Ceiling | 0.20 E-modulus | 11000 N/mm?
Fermacell 22 mm | 0.26 Pmean | 420 kg/m3
0.76 fok | 24 N/mm?
Variable fuk | 4 N/mm?2
Imposed residential loading | 1.75 Plywood (C18)
Non-structural walls | 0.5 Thickness | 18 mm
Quis;eqn | 2.37 E-modulus | 9000 N/mm?2
Quis;eqp2 | 3.83 Pmean | 550 kg/m3
Beam below fagade (0.5 kN/m2) > quis | 3.22 [kN/m] fmk | 18 N/mm?

D.4.2.1 Verification beam strength [ULS]
The beam is verified in the ULS for bending and shear. Both beside and below the fagade is considered.

kmod = 0.7 (long term; Service class 1)
ym=1.3[-]

kh = 1.0 (hpeam = 150 [mm])

L=4.6 [m]

1. Bending
W, = %bhz =8.51 * 10° [mm?]

1a. Normal beam
2
M, = % = 4.06 [kNm]
Ouia = L < fuypq = ’3‘—m" Ko - kn > 4.77 <12.92 [N/mm?] (UCla = 0.37)

1b. Below facade
2
My =94~ = 8.50 [kNm]
Ouia = L < fypq = f;”—m" Kmoa - kn -> 9.99 < 12.92 [N/mm?] (UC1b = 0.77)

2. Shear

2a. Normal beam

Tqg = & < fv,d = M

_ 2
o — > 0.28 < 2.15 [N/mm?]

(UC2a =0.13)

2b. Below facade

-k
3Va Sde — fv,k mod

3Va -> 0.59 <2.15 [N/mm?]
2bh Ym

Ty = (UC2a =0.27)
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D.4.2.2 Verification beam deflection [SLS]
The beam is verified in the SLS for deflection. Both beside and below the fagade is considered.

kdet = 0.6 (Service class 1)
Po=0.4; Y,=0.3[-]

I, = %bh3: 1.15 * 10% [mm®]
L=4.6 [m]

3a. Normal beam

5 agl*
UfinG = uinst,G(l + kdef) = 384 EI (1 +kdef) 2.24 [mm]
5 qoul*
Urin1 = Uinst,01(1 +Y2kaer) = oo QEll (14 ¢2kger) =3.81 [mm]
5 qoil*

Uringi = UWinst,0i Wo + Wakaer) = Tt EI (Yo + ¢’2kdef) =0.54 [mm]
Ufrin = Ufing t Ufing1 + Usingi =6.59 [mm]
Upin < 0.004L -> 6.59 <18.40 [mm] (UC3a = 0.36)

3b. Below fagade

5 qql*
ufin'G = uinst’c(l + kdef) = 384 ZI (1 + kdef) 12.58 [mm]
54 L*
Ufin,Q1 — Uinst Ql(1 + ¢2kdef) 384 (2-11 (1 + wzkdef) =3.81 [mm]

5 qoil*
Uringi = Uinst,0i Wo + Yokaer) = 384 QELI (1/’0 + lpzkdef) =0.54 [mm]

ufin = ufin,G +uﬁn,Q1 +ufin,Qi =16.93 [mm]
Usin < 0.004L -> 16.93 < 18.40 [mm] (UC3b = 0.92)

D.4.2.3 Verification vibrations beam [SLS]

Three aspects are verified for floor panels, related to vibrations: fundamental frequency, point
deflection and impulse velocity response.

1. Fundamental frequency f; (Lowest frequency)

fi= = [EX 2 8Hz >  17.76>8[Hz] (UCA=0.45)
L Span =4.6 [m]
m Floor structures mass per meter width =55.75 [kg/m?]
(ED), =E -:—beeamhgeam - 1 [m]/spacing [m] =3.16 *10° [Nm?/m]

2. Point deflection (F = 3 kN) should be smaller than 1.0 [mm/kN]
k,FL3

W= ——"" =290 [mm/3kN]
48(El)single beam
Wperkn=2.90 /3 =0.97 < 1[mm/kN] (UC5 =0.97)
— K;: Spread of point load (Van Rossum B.V.; Internal communication)
a Eo, ;ser;rep 2 _ _
k,=0374+0.8- 0000 (033 < k, <1.00) =0.60 [-]
a Spacing of beams =0.40 [m]
a1 Reference distance =1.00 [m]

Eoserrep -1 Bending stiffness of the wood-based panels  =4.37*10° [Nm?/m]
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3. Impulse velocity response v

40\ 2 B\* (ED), 025
mo= (G -1) @) ol S0 0]
fi Fundamental frequency =17.67 [Hz]
B Floor width =10.00 [m]
L Floor span =4.60 [m]
(El))  Bending stiffness per meter =3.16 *10° [Nm?/m]
(El),  Bending stiffness wood based panel =437*10®> [Nm?/m]
mBL+200
m Floor structures mass per meter width =55.75 [kg/m?]
B Floor width =10.00 [m]
L Floor span =4.6 [m]
Nao =16.06 [-]
v < pUié-D ->0.015<0.019 [m/s] (UC6 =0.75)
b Standardized value, related to point deflection =120 [m/Ns?]
€ damping =0.01 [-]

D.4.2.4 Verification plywood

kmod = 0.7 (long term; Service class 1)
ym=1.2[]

L =400 [mm]

Qed = 3.83 [kN/m] (Considering 1.00 meter)

1. Bending [ULS]
Md = 4 _ 5 77 [kNm]
= —bh2 5.40 * 10* [mm?]
Ouia = 2 < firka = % Kemoq > 1.42<10.50 [N/mm?] (UCT =0.14)

2. Deflection [SLS]
kqef = 0.8 (Service class 1)

Go=12=0[]
5 agl” L*
ufmG - ulnstG(1+kdef)

384 EI (1 +kdef) 0.10 [mm]

5 qoil*

Uring1 = Uinst,01(1 + Y2kaer) = 382 ?511 (1 +l/’2kdef)=0-17 [mm]
5 q lSL

Urinoi = UWinst,0iWo + Wakaer) = 57 QEI (Yo + Yakger) =0.02 [mm]

Urin = Ufing t Ufrino1 + Urinois TUfiniw = 0.29 [mm]
Usin < 0.004L -> 0.29 < 1.60 [mm] (UC8 =0.18)

D.4.2.5 Verification steel beam (Span 6.60 m)

This section differs from D.4.2.1-D.4.2.4, as it is related to the floor range 5.8 — 6.6 m. The structural
verification is performed for both ‘normal beams’, as ‘the steel beam below the facade’. Table D.27
provides the loads, while D.28 contains the properties of the steel HEA220 beam.
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Table D.27: Load definition on steel element. Table D.28: Properties HEA220.
Normal beams Yield strength f, | 235 N/mm?2
Span | 4000 mm bpeam | 220 mm
Design load SLS | 10.83 kN/m hbeam | 210 mm
Design load ULS | 15.33 kN/m A | 6430 mm?
Wy.o | 5.69%10° mm3
Beams below facade l, | 5.41*107 mm?*
Span = (4000/2) + (1200/2) | 2600 mm p | 7850 kg/m?3
Design load SLS | 8.44 kN/m Es | 210000 N/mm?
Design load ULS | 11.65 kN/m tr | 11 mm
tw | 7 mm
r| 18 mm

1. Cross-section classification

Flange:
c=b/2-tw/2-r=88.5[mm]; t=t;
c/t=8.05<9€=9 [-]

-> Class 1

Web:

c=h-2tf-2r=152 [mm]; t=ty,
c/t=21.71<72E=72[-]
->Class 1

The profile is classified as class 1, meaning that a plastic calculation can be performed.

2. Verification bending [ULS]
2a Normal beam

2
M, = % = 86.8 [kKNm]

Oy = —2=152.7 [N/mm?]
WpLy
oy < fya -=>152.7 <235.0 [kNm] (UC =0.65)

2b Fagade beam
2
M, = % =66.7 [kKNm]

Oy = —2=117.4 [N/mm?]
WpLy
Oy < fya -> 117.4 < 235.0 [kNm] (UC=0.50)

3. Verification shear [ULS]
A, = maximum(A — 2bts + (ty + 2r)t;; nhwty) = 2067 [mm?]
fy
Ap(2
vy = 2] 5005 tn
YMo

3a Normal beam
Ved = 0.50edl =52.6 [kN] <280.45 (UC=0.19)

3b Fagade beam
Ved = 0.50edl = 40.4 [kN] < 280.45 (UC=0.14)
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4. Verification deflection [SLS]

4a Normal beam

4
w=—92 -2465 [mm]
384 EI
w < 0.004L -> 24.65 < 26.40 [mm] (UC=0.93)

4a Normal beam

4
2> 9L _ 1945 [mm]
384 EI

w s 0.004L -> 19.45 < 26.40 [mm] (UC=0.93)

w =

D.4.2.6 Summary results
Table D.29 and D.30 provide an overview of the dimensions and unity checks for the distinct spans.

Table D.29: Results floor structure 'Normal beams'.

Floor structure properties Beam Plywood

3.9-4.6 | 70x270 400 18 0.37 0.13 0.36 0.45 0.97 0.75 0.14 0.18
4.7-5.4 | 95x295 500 21 0.40 0.13 0.42 0.55 0.93 0.64 0.16 0.23
5.5-5.7 95x295 400 21 0.36 0.11 0.40 0.57 0.95 0.59 0.10 0.12
5.8-6.6* | 70x245 400 18 0.34 0.12 0.31 0.40 0.78 0.66 0.10 0.12

*Results are the cross beams between steel elements (HEA220)

Table D.30: Results beam below fagade.

Floor beam Results

3.9-4.6 70x270 0.77 | 0.27 | 0.92
4.7-5.4 95x295 0.74 | 0.24 | 0.93
5.5-5.7 95x295 (2x) 0.37 | 0.12 0.5
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D.4.3 Structural design of the HSB walls

Two types of walls are considered: Single walls [Fig. D.232a] and housing separation walls [Fig. D.23¢].
The walls consist of timber columns (C24), cladded with 18 mm plywood. The axial load is taken by the
columns. The plywood provides stiffness to the walls, as well as buckling resistance (weak axis) to the
columns [Fig. D.23d, g]. Typically, SLS-wood is used (sizes: 38x89; 38x120; 38x140; 38x170; 38x184 ...
mm), as it has a large dimension in the strong axis, and a small dimension in the weak axis (no buckling
in weak axis). The maximal spacing is set to 600 mm (Van Rossum B.V.; Internal communication). A
beam is constructed below and above the columns (equivalent size as columns). This must be verified
for compression perpendicular to the grain [Fig. D.23h]. The columns that bear weight of the facade
are placed outside the beam, as the compression perpendicular to the grain became too large [Fig.
D.23h].

The connected floor length (CFL) is needed to determine the load on the walls. Preliminary it is decided
that the CFL excludes the span of the housing separation walls. A magnification factor of 1.4 for the
CFL covers all spans for housing separation walls. The walls are only verified for strength [ULS],
considering 1 till 3 layers top-up. The excel sheets of the calculation can be found in appendix X.11.3
(including validation).

F F F F F
- 5 B T /’ — | {— Cavity 77T |
/ / /
7 / +— !
| / | ' |
I / !
i I — i
I I I
R I , |
i I i
! | !
— I I | — I I |
I I | I |
I 1 i I
E 1 1 “ ~ = I ~
= I : oo = : 0
" — —_ —
" | | = : 1 | 3
2 | § “ 3 |
| I | \L | <”
— \L \ ! — 1C |
i \
\ \ \
A N A \ g
! ' {— Plywood !
{— Plywood \ \ — YW '
18 [mm] \ 1 18 [mm] \\ Q
\ i | \ |
Column \\ N — ==} column N
@ | s AN AN qwind JAN i s VAN VAN
Single Strong axis Strong axis Weak axis Housing s;lnleration Strongaxis  Weak axis
[a] wall [b](Nowind)  [c] (wind) [d] [e] wa [f] [g]
Ffacade Ffacade
gload

11110 1T 1 1T 1]l

Normal columns

Coll for facade

| | | — Compression perpendicular to grain

L—T]
(2)

1

Figure D.23: HSB walls, including structural schematization; [a] Top section single wall; [b] Str. scheme 1 strong axis
(Single wall); [c] Str. scheme 2 strong axis (Normal wall); [d] Str. scheme weak axis (Normal wall); [e] Top section
housing seperation wall; [f] Str. scheme strong axis (Housing sep. wall); [g] Str. scheme weak axis (Housing sep. wall);
[h] Side view of wall element (Self-produced).
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This appendix describes only the structural verification of a 3-storey top-up (CFL=6.70 m). A summary
of the results is provided in appendix D.4.3.4. Table D.31 and D.32 describes the acting loads on the
distinct walls. Equation D.1 and D.2 are used to calculate the design load.

Table D.31: Load definition normal wall (CFL=6.70 m). Table D.32: Load definition housing sep. wall (CFL=6.70 m).

Column dimensions (C24) | 38x140 -spaced 400 mm Column dimensions (C24) | 38x120 -spaced 600 mm
Number of storeys 3[-] Number of storeys 3[-]
Combination 1: No wind Combination: No wind
Fed, normal column 19.55 kN Fed, normal column 14.43 kN
Fed, 2 columns for facade | 21.26 kN Fed, 2 columns for facade | 16.00 kN
Combination 2: Wind
Fed,normal column 9.29 kN
Qwind,ed, normal column 0.45 kN/m
Fecl, 2 columns for facade 9.20 kN
qwind,ed, 2 columns for facade 0.11 kN/m

D.4.3.1 Verification single wall column — Combination 1
Climate class 1

Kmod =0.7

Ym =13

feok =21 [N/mm?]
fc,o,d — feokkmod =11.31 [N/mmz]

Ym

1. Buckling factor

b =38 [mm]
h =140 [mm]
Iy = —bh? =8.69 * 10° [mm?]
Iy = \/% =40.41 [mm]
Ay = L Ly = 2800 [mml) =69.28 -]
y
A fC,O,
et = 2 /Ko: =1.17 [-]
ky = 0.5(1 + 0.2(Are; — 0.3) + Arer”) =1.28[]
k, = ! =0.56 [-]

2
ky+ /k§—xrel

2. Normal column

Fed =19.55 [kN]
oy = % =3.68 [N/mm?]
UCN; buckling = # =0.58<1.0

3. 2 Columns for fagade

Fed =21.26 [kN] (is divided by factor 2, as two columns are placed)
oy = 7% =4.00 [N/mm?]
uc=—2x =0.63[-]<1.0

kc'fc,o,d
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4. Compression perpendicular to grain (beam below columns)
Note that the beam is constructed in the same size as the columns.
kc,90 = 125 [']
xi = MIN(30; 400/2; 38) =30 [mm]
lett = 38 + (2*¥30) = 98 [mm]
Actt = leffhcolumn = 13720 [mmz]
Feook = 2.5 [N/mm?]; Kmod = 0.7
F kcookmodfc90k
Aeff 1471

< kC,90fC,90,d = ->1.43<1.68 (UCbeamJ_=0.85)

oy =
5. Optimization

The chosen column is optimized. Below the results for 1 size larger spacing.
38x140 — spaced 600: UC normal column, perpendicular to grain: 1.27 > 1.0.

D.4.3.2 Verification single wall column — Combination 2

From combination 1
ke =0.56 [-]
feo,d =11.31 [N/mm?]

1. Design bending strength

fink =24 [N/mm?]
0.2
kn = min( (22) ";1.3) =1.01[]
fma = f—c'o'k':md'kh =13.10 [N/mm?]
M

2. Normal column

W =Zbh? =1.24* 10° [mm’]
Muinags = 5 Qwind.eaH? =437 * 10° [Nmm]
oy = % =3.52 [N/mm?]

oy = % =1.75 [N/mm?]

UCh; buckling = S =0.54[-]<1.0

ke feod fmd

3. 2 Columns for fagade

W = ébhz =1.24 * 10° [mm’]
Muindgs = 5 Gwind,eaH? =1.09 * 10° [Nmm]
Oy = W - 0.88 [N/mm?]

y =% = 1.73 [N/mm?]
Uuc=—2_4 ™ -034[]<1.0

- ke feod fmd

4. Compression perpendicular to grain (beam below columns)
Acts = 13720 [mm?]; ke,90 = 1.25 [-] (Combination 1)

Fclgo,k = 2.5 [N/mmz]; kmod = 0.7
F

Aeff

kc,90kmodfc,90,k
Ym

oy =

S kC,90fC,90,d = ->1.43<1.68 (UCbeam_L=0.4o)
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D.4.3.3 Verification housing separation wall column
Climate class 1

Kmod =0.7

Ym =13

feok =21 [N/mm?]

feod = f";ﬂ =11.31 [N/mm?]
M

1. Buckling factor

b =38 [mm]
h=120 [mm]
I, = —bh3 = 5.47 * 10° [mm]
12
I
iy = \/% =34.64 [mm]
!
P @ (Lpue = 2800 [mmY]) =80.83 [-]
y
_ }1 fc,o,k _ _
Aret = 7 | Foos =1.37 []
ky =05(1 + 0.2(Aye — 0.3) + Ape%) =1.55[-]
1
ke = —— =0.44 [-]
¢ ky+ /k§—xﬁel
2. Normal column
Fed =14.43 [kN]
_ Fea _ 2
oN = =3.16 [N/mm?]
o __O9N =
UCh; buckling ke feod 0.63<1.0
3. 2 Columns for fagade
Fed =16.00 [kN] (is divided by factor 2, as two columns are placed)
_ Fea _ 2
N= =3.51 [N/mm?]
uc=—2x =0.70[-] < 1.0
ke fcod - [ ]

4. Compression perpendicular to grain (beam below columns)
kc,go = 1.25 [-]

xi = MIN(30; 600/2; 38) =30 [mm]

leff = 38 + (2*30) =98 [mm]

Actf = lesthcolumn = 11760 [mmz]

Feook = 2.5 [N/mm?]; kmoa = 0.7

k k
£ < keoofiooa = C‘”+j"”°" >1.23<1.68 (UCheam=0.73)

N = sy

5. Optimization
The chosen column is optimized; size smaller (38x89 — spaced 600): UCh; buckiing = 1.44; UCtacade column =
1.60.
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D.4.3.4 Summary of the results
Table D.33 till D.35 provides an overview of the dimensions and unity checks for the distinct walls.
Note that all walls are optimized. Sometimes the unity checks are low. For those 3 points.

1. 38x89 is kept as minimum size for a wall, to have enough lay-on length for floor beams.

2. Reduction from 38x120 (k.= 0.44) to 38x89 (k= 0.22) has significant impact on the buckling
resistance.

3. 50x100 beams result in a higher unity check compared to 38x120. Unfortunately, the material
use is higher (Asoxi00 = 5000 mm?; Azsy20=4560 mm?), making the beam unfavourable.

Table D.33: Results for a 1-storey top-up (columns in wall).

Single wall (No wind; Combination 1)

6.70 SLS 38x89 — spaced 600 0.78 0.53 0.67 (2)
8.49 SLS 38x89 — spaced 600 0.95 0.65 0.84 (2)
10.28 SLS 38x120 — spaced 600 0.50 0.57 0.44 (2)

Single wall (Wind; Combination 2)**

6.70 SLS 38x120 — spaced 600 0.61 0.15 0.46 (1)

8.49 SLS 38x120 — spaced 600 0.62 0.17 0.51 (1)

10.28 SLS 38x120 — spaced 600 0.64 0.18 0.56 (1)
Housing separation wall

6.70 SLS 38x89 — spaced 600 0.38 0.26 0.93 (1)

8.49 SLS 38x89 — spaced 600 0.47 0.32 0.58 (2)

10.28 SLS 38x89 — spaced 600 0.56 0.38 0.70 (2)

* Number provides the needed columns at the end of the wall, to transfer the load of the facade.

** Other walls needs to be placed at the two end facades, than at the inner walls. Otherwise, a lot of material will be wasted.

Table D.34: Results for a 2-storey top-up (columns in wall).

Single wall (No wind; Combination 1)

6.70 SLS 38x140 — spaced 600 0.61 0.89 0.94 (1)
8.49 SLS 38x140 — spaced 400 0.51 0.74 0.55 (2)
10.28 SLS 38x140 — spaced 400 0.60 0.88 0.66 (2)

Single wall (Wind; Combination 2)**

6.70 SLS 38x140 — spaced 600 0.64 0.36 0.57 (1)

8.49 SLS 38x140 — spaced 400 0.45 0.28 0.28 (2)

10.28 SLS 38x140 — spaced 400 0.48 0.32 0.32(2)
Housing separation wall

6.70 SLS 38x120 — spaced 600 0.45 0.51 0.97 (1)

8.49 SLS 38 x 120 — spaced 600 0.55 0.64 0.61 (2)

10.28 SLS 38 x 120 — spaced 600 0.66 0.76 0.74 (2)

* Number provides the needed columns at the end of the wall, to transfer the load of the fagade.
** Size is kept similar to inner-walls, to provide more uniformity in the top-up. Will not increase drastically the material use, as these
are only 2 walls.
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Table D.35: Results for a 3-storey top-up (columns in wall).

Single wall (No wind; Combination 1)

6.70 SLS 38x140 — spaced 400 0.58 0.85 0.63 (2)
8.49 SLS 38x170 — spaced 400 0.47 0.87 0.51(2)
10.28 SLS 38x184 — spaced 400 0.48 0.95 0.53(2)

Single wall (Wind; Combination 2)**

6.70 SLS 38x140 — spaced 400 0.54 0.40 0.34(2)
8.49 SLS 38x170 — spaced 400 0.39 0.39 0.27 (2)
10.28 SLS 38x184 — spaced 400 0.36 0.41 0.26 (2)

Housing separation wall

6.70 SLS 38x120 — spaced 600 0.63 0.73 0.70 (2)
8.49 SLS 38x120 — spaced 600 0.78 0.90 0.88(2)
10.28 SLS 38x140 — spaced 600 0.63 0.92 0.72 (2)

* Number provides the needed columns at the end of the wall, to transfer the load of the fagade.
** Size is kept similar to inner-walls, to provide more uniformity in the top-up. Will not increase drastically the material use, as these
are only 2 walls.

D.4.4 Structural design of the gallery beams

Gallery beams span between the column at the gallery and the HSB wall. The floor and roof beams
span between the gallery beams, cladded with plywood [Fig. D.24a]. Unfortunately, the gallery beam
can be constructed much smaller, compared to the floor and roof beams. The span is much lower (1.2
m) and the calculation does not include vibrations. To make the connection between floor/roof and
gallery beams, two options are considered.

1. Placement of the floor/roof beams on top of the gallery beams. A minimum lay-up length is
needed (=90 mm), which will result in massive beams. Additionally, it increases the structural
height.

2. Placement of floor/roof beams between the gallery beams [Fig. D.24a]. To make this solution
practically and architecturally feasible, the gallery beams must be chosen in an equivalent size
to the floor/roof beams.

The total material use of these beams has hardly any impact on the total material use. Chosen is for
the second solution, as it lowers the structural height, and is architecturally more pleasant. This
appendix verifies for both floor- and roof level, the most unfavourable situation (Smallest beam; CFL =
10.28 (maximum)). Appendix X.11.4 provides an excel sheet of the calculation, including a hand
validation.

& ™

: \ Floor/roof beam

Gallery beam

Plywood

Bearing shoe

g-load

A_l_l_l_l_l_l_u_l_l_i

[b] 1.2 m}
Figure D.24: Gallery beam; [a] 3D drawing of the connection. [b] Simplified structural scheme of gallery
beam (Self-produced).




D. Variant design| 187

D.4.4.1 Verification of gallery beam (at floor level)

1. Applied loading and properties

Table D.36 provides an overview of the used loads. Equation D.1 and D.2 are used to calculate the
design load. Table D.37 indicates the properties of the gallery beam.

Table D.36: Load definition gallery beam (at floor level). Table D.37: Wood properties gallery beam.
Permanent Beam (C24)
Floor structure (1.00 kN/m?) | 5.14 Dimensions | 70 x 270 mm
Self-weight beam | 0.08 E-modulus | 11000 N/mm?
Variable Pmean | 420 kg/m3
Residential load (1.75 kN/m2) | 9.00 fok | 24 N/mm?
Non-structural walls (0.5 kN/m?) | 2.57 fux | 4 N/mm?
Span | 1200 mm
Oedeqna | 13.99
qu,eq D.2 M

kmod = 0.7 (long term; Service class 1)
Ym = 1.3 [-]
kp = 1.0 (h>150 mm)

2. Bending [ULS]

W, = =bh?=8.51 * 10° [mm’]

M, =4 = 3.83 [kNm]

Omia = MWZ < fura = % Kmoa - kn > 4.51<12.92 [N/mm?]  (UCw=0.35)

3. Shear [ULS]

1= 28 < f, = Lok fmod > 1.01 <2.15 [N/mm?] (UCy =0.47)

Ym

4. Force perpendicular to the grain [ULS] (Beam on HSB wall)

V; = 0.5q4L = 12.78 [kN]

Width =2 x 38 =76 [mm] (2 columns 38x89 at the end assumed)
Xi = min(30; width; Span) = min(30; 76; 1200) = 30

Lef =76 + 2*30 = 136 [mm)] -> 2 sides 30 mm needed!

Acsr = 136 * MIN(Column height=89; beam thickness=70) = 9520

Kc,90 =1.25 [-]

v
Oco0 = Kj‘if =1.34 [N/mm?]

kc 'kmo ‘Jc
Oco0a < keoofsooa = ""T‘”""" >1.34<1.69 (UCso = 0.80)

Note: In case 1 column will be placed at the end of the wall, it should always be recalculated. In case it
is not sufficient, 2 columns should be placed at the end of the wall, than it will be sufficient.

5. Deflection [SLS]

kqef = 0.8 (Service class 1)
$o=0.3; Y2=0.8[-]

I, = —bh®=1.15 * 10% [mm]
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5 qgl*
ﬁ%@ + kgey) = 0.20 [mm]
5 doitt
384 EI

5 qqil*
Usingi = Uinst,0i Wo + Vakaer) = Er Y (if, (1/J0 + lpzkdef) =0.04 [mm]

Urin = Ufing + Ufing1 + Uringi =0.47 [mm]
Usin < 0.004L -> 0.47<4.8 [mm] (UCw =0.10)

UfinGg = uinst,G(l + kdef) =

UfinQ1 = uinst,Ql(1 + wzkdef) = (1 + wzkdef) =0.24 [mm]

D.4.4.2 Verification of gallery beam (at roof level)

1. Applied loading and properties

Table D.38 provides an overview of the used loads. Equation D.1 and D.2 are used to calculate the
design load. Table D.39 indicates the properties of the gallery beam.

Table D.38: Load definition gallery beam (at floorlevel). Table D.39: Wood properties gallery beam.
Permanent Beam (C24)
Floor structure (0.70 kN/m2) | 3.60 Dimensions | 70 x 170 mm
Self-weight beam | 0.05 E-modulus | 11000 N/mm?
Variable Pmean | 420 kg/m3
Imposed load (1.00 kN/m?) | 5.14 fok | 24 N/mm?
fuk | 4 N/mm?
Oedeqn.1 | 4.92 Span | 1200 mm
Oedeqn.2 | 12.09

kmod = 07;
ym=1.3[-];
kp = 1.0 (h>150 mm)

2. Bending [ULS]

W, ==bh?=3.37 * 10° [mm’]

My =42 = 5,18 [kNm]

v = 1:/_: < fura = fy“—m" Kmoa - kn > 6.45<12.92 [N/mm?’]  (UCw = 0.50)

3. Shear [ULS]

& < foa = % > 0.91 <2.15 [N/mm?] (UCy =0.42)
M

Ty =
4. Force perpendicular to the grain [ULS] (Beam on HSB-Wall)

V4 = 0.5q4L =7.25 [kN]

Width =2 x 38 =76 [mm] (2 columns 38x89 at the end assumed)
Xi = min(30; width; Span) = min(30; 76; 1200) = 30

Leff =76 + 2*30 = 136 [mm)] -> 2 sides 30 mm needed!

Aesf = 136 * MIN(Column height=89; beam thickness=70) = 9520

Kc,90 = 1.25 [-]

Oc00 = % =0.76 [N/mm?]

kc,90'kmod‘fc,9o,k

->0.76<1.69 (UCqo = 0.45)
Ym

Oc00d < Kcoofcooa =
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5. Deflection [SLS]

kaef = 0.8 (Service class 1)
$2=0[-]

I, = ll—zbh3= 2.87 * 107 [mm?]

5 qgl*
Uring = Uinst,(1+ kaer) = 50,72 (1 + Kaey) = 0.56 [mm]

5 qoil*
UfinQ1 = uinst,Ql(1 +lp2kdef) = 384 ?511 (1 +l/)2kdef)=0-44 [mm]

uﬁn = ufl-n,G + ufin,Ql =1.00 [mm]

Upin < 0.004L -> 1.00<4.8 [mm] (UCw =0.21)

D.4.5 Structural design of the gallery columns

The gallery columns transfer half of the gallery load by an axial force. The columns are unsupported
for 1 floor in both directions (Leucy = Lbuc.= 2.8 m) [Fig. D.25c]. Resultingly, chosen is for a square
column. The columns are verified for strength [ULS]. Equation D.1 and D.2 are used to calculate the
design load. This appendix will only provide the calculation for a 3-storey top-up (CFL=10.28 m) [Table
D.40]. The used excel sheets can be found in appendix X.11.5 (including validation).

Section A-A | .
D) Bold ‘
la] ! V/////V/////////é////////é Steel profile K
| '.'
Side view ;r
- _ i
Column f
! Beam :' i
= | Screw i §
R I | f)
*/:/ Steel profile :
i 1
+ | ‘l
l \
lA : * / Ai \\
\\\
L A
[b] q

Figure D.25: Gallery column; [a] Top section connection column-beam; [b] Side
view connection column-beam; [c] Schematization column (Self-produced).

Table D.40: Starting points for calculation column gallery.

Number of storeys top-up 3
CFL 10.28 m
Column size 95x95 mm
Fed 28.42 kN
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D.4.5.1 Verification of gallery column (3-storey; CFL=10.28)
Climate class 1

kmod =0.7

Ym =13

feok =21 [N/mm?]

feod = f";ﬂ =11.31 [N/mm?]
M

1. Buckling factor

b =95[mm]
h=95[mm]
1
Iy=1,= - Dbh? =6.79 * 10° [mm?*]
Iy = \/% =27.42 [mm)]
l
P b:,‘"y (lbue = 2800 [mm]) =102.10 []
y
_ }1 feok _ _
Aret = 7 | Foos =1.73 []
ky =05(1 + 0.2(Aye — 0.3) + Ape%) =2.14[]
1
k, = ——— =0.29 [-]
‘ ky+ /k§—xﬁel
2. Check
Fed =28.42 [kN]
oy = % =3.15 [N/mm?]
uc=—2_ -0.95<1.0
ke feod -

D.4.5.2 Summary of results
Table D.41 till D.43 provide an overview of the results for distinct CFL and number of storeys. Also
the unity check for 1 column size smaller is added, to show that the column is optimized.

Table D.41: Results for 1-storey top-up (column size gallery).
1-storey top-up

6.70-8.49 70x 70 0.65 2.54
8.49-10.28 70x 70 0.79 3.07

Table D.42: Results for 2-storey top-up (column size gallery).

2-storey top-up

6.70-8.49 95x 95 0.56 1.80
8.49-10.28 95 x 95 0.67 2.18

Table D.43: Results for 3-storey top-up (column size gallery).
3-storey top-up

6.70-8.49 95x 95 0.78 2.53
8.49-10.28 95 x 95 0.95 3.06




D. Variant design| 191

D.4.6 Structural design of the stability wall

The structural system of the existing structure continues to the top-up. Resultingly, the stability wall is
located above the existing one. That indicates that the size of the stability wall strongly depends on
the existing ratio: depth building/ length stability wall.

Although the stability of a structure forms a major point in the structural design, it has not a major
impact on the total material use of the top-up. For this research, only the most unfavourable situation
is calculated (Ratio = 4.5; 3-storey top-up). Further properties are based on the Helena Mercierstraat.
Note that for future practise, the stability always must be recalculated.

For HSB-walls, it is uncommon to calculate the deflection of the structure (the norm provides no rules
for the stiffness of an HSB-wall). In practice, 18 mm plywood should be applied to provide diaphragm
action (Van Rossum B.V.; Internal communication). Two aspects must be calculated:

1. Tension caused by the wind load;
2. Needed number of nails in wall;

Two options are though of during the design process, to provide a stable structure.

1. Provide a stable structure for a single building block (2 porches).
2. Connect two blocks to distribute the wind load over more stability walls.

For this situation (Ratio = 4.5; 3-storey top-up; No additional room), option 1 is unfavourable. The
tension force becomes large, as the wind load is only distributed over two walls. Chosen is for option
2, as it does not increase the material use. Additionally, it is highly assumable that the substructure
needs to be linked horizontally, to provide enough resistance against the horizontal load [Fig. 6.15].
Table D.44 provides properties of the stability wall. Figure D.26 provides a drawing of the stability
principle. The calculation can be found in appendix X.11.6 (including validation).

Errire 1 1 [EEE==] i = 1 BT

(N S A T T O T Y A O O O
2 blocks connected Qwind

Figure D.26: Stability system top-up HSB (Self-produced).
Table D.44: Stability wall properties.

General

Type of wall | Housing sep. wall
Number of storeys top-up | 3
Ratio depth/length stab. wall | 4.5 [-]
Length stab. wall | 2.41m
Depth building | 10.85 m
Columns wall (C24)

Dimensions | 38x120 mm
Spacing | 600 mm

Plywood

Thickness | 18 mm
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D.4.6.1 Verification in longitudinal direction

1. Tension caused by wind

Wind area Il; Urban

Number of walls =4

Hovuilding = 8.4 [m]

qp(22.4)-CsCq-Cg-Depth building .

Number of walls

qw;uLs = ]/Q(= 1.5) =3.03 [kN/m]

1
My.s = EqW;ULSHZ =106.90 [kNm]

Teg= —2ULS 44 29 [kN]

Lstab.wall

2. Compression caused by self-weight
Self-weight wall = 4.55 kN/m -> it is assumed that the floors transfer no weight to the wall.

1
Fe= 3’ Gself Lstapwait * Y (= 0.9) = 4.94 [kN]

3. Tension anchoring

Finet = Ted - Fc =39.36 [kN]

Ft net; per wall side = 39.36 /2 =19.68 [kN]

Tension capacity anchor (WHT440) = 21.3 [kN] [Fig. D.27] -> Each wall side 1 anchor (4 total)

STATICVALUES - CEMENT/WOOD TENSILE JOINT - TOTAL NAILING

ThreadedBar+ . | Ry ladmissible) R1x (characteristic) -

N ) . | AnkerNails | I
Code | Washer | 04060 | Vinylester resin | woodside  steelside  woodside - steelside
: o I R A R R N B ]
wa0 | - A T 1 Cowx® 0 W2 a5 L % 120
W) | d=emussso | o0 | 1 IS S R RN T YRR T SN P
WHISAD HelommULssoseio | & | 1 T O R T Y
WHTE | H=XmmUSTOTTH L sz | 1 e %9 68 1 wes | w2

Figure D.27: Tension capacity of tension anchors (Van Rossum B.V.; Internal communication).

WHT440 anchor

- Anchor through
| Concrete roof

Figure D.28: Anchoring stability wall.
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4. Verification maximum compression
Fcmax = Ted + Fc =44.29 + 4.94 = 49.23 [kN]
Number of columns (per half wall) = 4 [-]
Fe, per column = 49.23 /4 = 12.31 [kN]
Acolumn: 38x120 = 4560 [mMm?]

on = Fe, per column /A = 2.69 [N/mm?]

ke = 0.44 (From excel walls)
kmod: 0.7; VM = 1.3 [‘]; fC,O,k = 21 [N/mmZ]

-k
fooq = Le0kKmod _ 14 31 [N/mm?]
Ym

__ON _ B :
UC—kf 0.54[-]<1.0[-]

c'Jcod

5. Verification compression perpendicular to the grain (beam below columns) [Fig. D.28]
Kc,90 = 1.25

Xi = min(30; 600/2; 38) = 30 [mm]

Lefr = 38 + (2 * 30) = 98 [mm]

Acif = BpeamLesr = 11760 [mm?]

ON = Fc, per column / Aeff =1.04 [N/mmz]

kmod= 0.7; VM = 1.3 [']; fleO,k = 2.5 [N/mmz]
fog0,g = Le20k mod _ g 35 (N /mm?]
YM

uc=—="=-0.62[-]<1.0[]

fe90,dKc90

D.4.6.2 Calculation needed nails (longitudinal direction)
1. Properties nail

Thickness (d) = 3.1 [mm]

Length = 50 [mm]

fuk =400 [N/mm?]

My gy = 0.3f;, d*® =2273.64 [Nmm]

2. Properties of plywood

Thickness (t1) = 18 [mm]

pk=470 [kg/m’]

frik = 0.11p,d %3 =36.82 [N/mm?]

3. Properties of columns

t = length nail — t; = 32 [mm]

pi= 350 [kg/m?]

fn2k = 0.082(1 —0.01d)py =27.81

g = Lr2zk_ 076
fraik

4, Estimation Faxrk
1 11

ZFax,Rk =7 Zrtdz * fux =754.77 [kN] - Self-produced formula. Most presumable a bit too high

value, but %Fax'Rk is limited to 15% of johansen part.




D. Variant design| 194

5. Calculation Fy gk
Red numbers reflect to values in excel sheet [Appendix X.11.6.2].

frartid (@)

fr2ktad (b)
f 1, tl tz 2 tz Fax, 205455
g [\/ﬁ”ﬁz[H )]+‘83(t_) _ﬁ(Ht_l)]Jr O 2758.78
P fmtl 4ﬁ<z+ﬁ>MyRk Fa ri = min { 118986 _ gg3 gg[N]
VR = Min{ 1052 | 2B+ B) + = =2 = B[ + =55 (@) ™M 1397.23
2074.86
L 05“;“‘;5 J262+p)+ —‘”“”Bjﬁ”" -+ o 83358
115 |22 2y i ed + 2 ()
6. Calculation Fy g
Kmod =0.7; ym = 1.3
Kk
Fy ra = w = 475.94 [N]
M
7. Calculation shear
Htot =8.4 [m]
Hstorey= 2.8 [m]
_ qp(22.4)~Cst~Cf _ _
FZ perside = Nopor of walls-2 (sides) Yo (— 1-5) ' (Htot - 0-5Hstorey) =10.60 [kN]

F>-H
Fi per sidze = ——=%=12.30 [kN]

Lstab.wall

F er siae
T, = T, = P8 439 [kN/m]

Hstorey

Needed nails per meter = FT1 =10 [-] - spacing =100 [mm]
v,Rd

F2

»

™ ! qwind

Hstorey

2

Lstab.wa

-

Figure D.29: Shear between columns and plywood.
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D.4.6.3 Verification in transversal direction
Just a small verification, although it is known that this direction is not normative.

1. Tension caused by wind

Wind area Il; Urban

Hovuilding = 8.4 [m]

Lwau =10.85 [m]

Width that transfers wind load = 2.94 [m] (estimation)

wyuLs = qp(22.4) - C;Cq - Cp - Width (= 2.94 [m]) - yo(= 1.5) = 6.15 [kN/m]

1
My.s = EqW;ULSHZ =217.0 [kNm]

Ted = 2ULS = 20,00 [KN]
l

Lwat

2. Compression caused by self-weight

Roof =1.38 [kN/m]
3" floor =1.96 [kN/m]
2" floor =1.96 [kN/m]
Wall =4.55 [kN/m

Total =9.84 [kN/m]

Fced = 0.5qLwan Yo = 48.06 [kN]

Tension to substructure: Teq < Feea -> No tension

3. Maximum compression

Femax = Ted + Feea = 68.06 [kN]
Number of columns considered -> 9
Fc,max,per column = 7.53 [kN]

Acolumn: 38x120 = 4560 [mMm?]

on = Fe, per column /A = 1.65 [N/mm?]

ke = 0.44 (From excel walls)
Kmod = 0.7; ym = 1.3 [-]; feok = 21 [N/mm?]

C, 'kmo
fooq = Le0kKmod _ 14 31 [N/mm?]
YMm

Uuc=—22_-0.33[]<1.0[
ke feo,d _[ ] [ ]

4. Verification compression perpendicular to the grain (beam below columns)
Keo0=1.25

Xi = min(30; 600/2; 38) = 30 [mm]

Lesr = 38 + (2 * 30) =98 [mm]

Acff = Bpeambless = 11760 [mmz]

OoN = Fc, per column / Acss = 0.64 [N/mmz]

kmod: 0.7; VM = 1.3 [']; fc,QO’k = 2.5 [N/mmz]
C ‘Kmo
feo0,d = Tesoi¥mod _ 1.35 [N/mm?]
YmM

UC=—2—=0.38[-]<1.0[]

fec90,dkc90
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D.4.7 Weight of the HSB top-up

The weight of the top-up is calculated for one, two, and three added layers. The new calculated weight
is a bit higher than the estimated value (4.92 kN/m? / storey). This is caused by and higher values for
floor and roof weight (estimated too low: 0.45 kN/m?2). Note that a 5% exceeding of the overcapacity
is used (Van Rossum B.V.; Internal communication). The calculation of the new weight can be found in
appendix X.11.7.

e 1 added floor: 5.5kN/m?
e 2 added floors: 10.1 kN/m?
e 3 added floors: 13.4 kN/m?
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D.5 Environmental impact HSB extension

D.5.1 Global warming potential

D.5.1.1 Line graphs of total

GWP 1-layer HSB on council estate (No add. room) GWP l-layer HSB on council estate {Add. room}
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Figure D.30: Results total global warming potential HSB top-up (Self-produced).
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Figure D.31: Bar graphs for global warming potential HSB, separated per element (No additional room considered)

(Self-produced).
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GWP 3-layers HSB {Max. floorspan = 3.9-4.6 m)
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Figure D.31 (Continue): Bar graphs for global warming potential HSB, separated per element (No additional room
considered) (Self-produced).
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D.5.2 Material use

D.5.2.1 Line graphs of total
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Figure D.32: Results total material use HSB top-up (Self-produced).
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D.5.2.2 Bar graphs of material use separated per element
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Figure D.33: Bar graphs for material use HSB, separated per element (No additional room considered)
(Self-produced).
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Figure D.33 (Continue): Bar graphs for material use HSB, separated per element (No additional room considered)
(Self-produced).

D.5.3 Tables with results

Table D.45: Results for variants excluding an additional room.

RSL-23y RSL-42y
Material use [10-3 m3/y/m2 new floor area] Material use [107-3 m3/y/m2 new floor area]
Stories 1 2 3 Stories 1 2 3
3.9-46 7,13 6,39 622| [3.9-4.5 39 35 34
47-5.4 8,11 7,15 689 |4.7-5.4 4,44 3,01 3,78
5.4-57 9,1 7,95 763 [5.4-5.7 499 435 418
5.7-6.6 7,9 6,75 643| [5.7-6.6 433 3,7 3,52
GWP [101-1 kg CO2-eq/y/m2 new floor area] GWP [107-1 kg CO2-eq/y/m2 new floor area]
Stories 1 2 3 Stories 1 2 3
3.9-46 68,8 60,9 592| [3.9-46 37,7 333 324
47-5.4 82,1 -70,9 682| |4.7-5.4 -45 -388 373
5.4-57 -96,7 -82,7 79| [5.4-5.7 52,9 453 432
5.7-6.6 70,9 56,9 532| |5.7-6.6 3838 312 291

Table D.46: Results for variants inclu

ding an additional room.

RSL-23y RSL-42y
Material use [107-3 m3/y/m2 new floor area] Material use [107-3 m3/y/m2 new floor area]
Stories 1 2 3 Stories 1 2 3
3.9-4.6 7,41 6,7 6,54 (3.9-4.6 4,06 3,67 3,58
4.7-54 8,39 7,45 721 |4.7-5.4 4,59 4,08 3,95
55-5.7 9,38 8,25 795 |5.5-5.7 5,14 452 435
5.8- 6.6 8,18 7,05 675 |5.8-6.6 4,48 3,86 3,7
GWP [104-1 kg CO2-eq/y/m2 new floor area] GWP [101-1 kg CO2-eq/y/m2 new floor area]
Stories 1 2 3 Stories 1 2 3
3.9-4.6 -70 62,4 61| [3.9-46 -38,3 -34,2 334
4.7-54 83,4 72,5 70| |4.7-5.4 -45,6 -39,7 38,3
54-57 97,9 -84,2 -80,8| [5.4-5.7 53,6 -46,1 442
5.8 6.6 721 58,4 55| |5.8-6.6 39,5 32 -30,1
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Results

Appendix E will provide background information to chapter 9.

Content appendix E
E.1  Material optimisation graph’s: council estates incl. add. room
E.2 Example: How to use the method?




E. Results|204

E.1 Material optimisation graph’s: council estates incl. add. room

Material use in top-up of council estate (Add. room)}
1 added floor HSB <-> 1 added floor CLT
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Material use in top-up of council estate (Add. room)
2 added floors HSB <-> 2 added floors CLT
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System (max. floorspan)
—— Modular CLT Unit (-)
= HSB (3.9-4.6 m)

2 —-+ HSB (4.7 -5.4m)
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3 added floors HSB <-> 2 added floors CLT

CLT Depends HSB

12

10 1

System (max. floorspan)
= Modular CLT Unit (-)
—— HSB (3.9 - 4.6 m)

2 - —- HSB (4.7 -5.4m)

----- HSB (5.5 - 5.7 m)

5 29.5 32.8 35.8 HSB (5.8 - 6.6 m)

23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
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Material use [E-03 m3/y/m2 new floor area]

Figure E.1: Minimalization of material use for vertical extension on council estate (Additional
room); [a] 1-layer HSB - 1-layer CLT; [b] 2 layers HSB - 2 layers CLT; [c] 3 layers HSB - 2 layers CLT
(Self-produced).
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E.2 Example: How to use the method?

Step 1: Determine parameters

5
Parameters: e
Material walls: Brickwork ‘ [mem]
Floor system: Concrete
Number of floors: 3 CFL=(3.63 *2) + 2.52 = 9.78 [m]
CFL: 9.78 [m]
Presence of an additional room: No  (  __________ e __
Ratio depth to lenght stab. Wall:  3.97 [-] T
NFL: 4.27 [m] <
Floorspan: 3.82 [m]
Construction year: 1961 g
. A -
 Calculation  a=((3.63%2)+2.52)/2-4.89[m] |
b=3.63/2-182[m]
NFL=0.5a+ b =4.27 [m]
Ratio =10 / 2.52 =3.97 [-]
Step 2a: Determine maximal layers for vertical load: Flowchard V
Result
Addable layers HSB: 2 Shrengihen Tor .m
vertical weight? es i
Addable layers CLT: 1-2 S

3

Brickwork™ Material walls? oncrete

Connected Connected
floor length? floar length?

w

= ™ pe
3 » S "
b ] = ]
W w t
2 2 3

w
3

3 Number of Number Number of Number &
floors? floors? floors? floors?
- k)

Floor Flogr ‘

Floor Floor

system? system? systam? system? J & o '
b & | |

| — | w =

§ 3 2 g 3 3 g 3

5 £ 2 4 g t B L]

i [ [T [ |
& o & = B @ B ] W g,k &
A A AR S TLootun I

I
Overcapacity VL I " B =1 = I 4 2 =1 G'R s
s - B las B -3 a ; = w R =
= 2 = = = 2 - = = - =
£ |5 & & & 1§ & 1% £ 12 £
U G (R R LT A g EE 2

o 1.2

Addable layers VL CLT** i i f g
Addable layers VL HSB** o

Figure E.2: Method explanation (Self-produced) (1).
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Step 2b: Determine maximal layers for stability: Flowchard S

it posfores S1car 1 s detesmine
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Result: 2-3 layers can be added for stability,
so no strengthening is needed

Step 3: Determine construction method with minimal material use

Material use in top-up of council estate (No add. room)
2 added floors HSB <-> 2 added floors CLT

12 .
’ cLT e Depends e | HSB
101 |
|
81 I

System (max. floorspan)
— Modular CLT Unit (-}
! ! | ~—— HSB (3.9-4.6m)
2 | | — HSB (4.7 - 5.4 m)
i i | crer HSB (5.5-5.7 m)
HSB (5.8 - 6.6 m)

Material use [E-03 m3/y/m2 new floor area)
(=]

o w287 426 8 |
23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
Residual lifespan council estate [years]

Result: HSB is the most efficient method

Calculation Residual lifespan = (1961 + 100) — 2023 = 38 year

Figure E.3: Method explanation (Self-produced) (2).
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Calculation sheets

Appendix X will provide the created excel sheets, including hand validations.

Content appendix X

X.1  Vertical load study [Section 5.5.2]

X.2  Stability Helena Mercierstraat [Section 5.5.3]

X.3  Parameter study [Section 5.6]

X.4  Overcapacity VL [Section 6.4]

X.5  Overcapacity S [Section 6.4]

X.6  Strengthening for stability [Section 6.3.5]

X.7  Environmental impact HSB and CLT [Section 7.2.2]
X.8  Environmental impact strengthening methods [Section 7.2.4]
X.9  LCA-calculation concrete building [Section 7.3]
X.10 Structural design of CLT Unit [Appendix D.3]

X.11 Structural design of HSB top-up [Appendix D.4]
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X.1 Vertical load study [Section 5.5.2]

X.1.1 Traditional brickwork construction

A B C D E F G H 1 J K
o sridworkvoriant withlorgest spanwith four storfes variant 20 |
2 Parameters
3 Dimensional Parameters.
4 Depth building 7,94 m
5 |Height building 14 m
6 wall height 28m
7 Opening factor (100 - opening percentage) 84 % 2x door 830 [mm] width
8 | Connected floor length 7,94 m
9 stories 4
10
11 Material properties Formule E
12 Weight brickwork 1900 kg/m3 = 19 kN/m3  B12*10/1000
13 Weight concrete 2400 kg/m3 = 24 kN/m3  B1310/1000
14 | Gravel 1600 ke/m3 = 16 kN/m3  B14*10/1000
15
16 Safety factors [CC2) 6.10b 6.10a
17 Variable load 15 15 W
18 Permanent load 12 135
19
20
21 [Load definition
22 [Roof structure
23 Permanent
24 [Gravel
25 Thickness 30 mm = 0,48 kN/m2  (B25/1000)°E14
26 | Schewil isolation plate
27 Thickness 70 mm = 0,2 kN/m2
28 | Reinforced concrete
29 Thickness 125 mm = 3 kN/m2  (B29/1000)°E13
30 Ceiling
31 ‘Weigh system ceiling 20 kg/m2 = 2 kN/m2 _ B31*10/1000 Formule H
32 Total 3,88 kN/m2 = 15,30 kN/m E32*B8/2
33
34 Variable
35 [Snow
36 s 0,7 kN/m2
37 i 08 -
38 Ce 1-
39 Ci 1- Yo W W
40 Load = 0,56 kN/m2  B36*B37°B38°B39 0 02 0
0
42 Wind (On roof)
PL! CsCa 1
44 qpl14) 0,78 kN/m2 Windarea 2, Urban
45 CiF -1,8 Normative
46 cia -12
a7 CiH 07
48 o (02
49 Load = -1,404 kN/m2 B43¥B447B45 o 032 o
50
51 Imposed load = 1 kh/m2 0 o 0 Formule |
52 ive load 1 kN/m2  MAX(E4Q;E49;E51) = 3,97 kN/m E52%B8/2
53
54
55 [Story 1till 4.
56 Permanent
57 [Wall brickwork
58 Thickness 220 mm = 2,48 kN/m2  (B58/1000)°B6*(B7/100)E12/(B5/2)
59 | Floor
60 Reinforced concrete floor 150 mm = 3,6 kN/m2  (B60/1000)*E13
61 Topping concrete 40 kg/m2 = 0,4 kN/m2  B61%10/1000
62 Ceiling
63 Weight system ceiling 20 kg/m2 = 0,2 kN/m2  B63710/1000
64 Non loadbearing walls = 0,5 kn/m2
65 Total 7,18 kN/m2 28,49036 kN/m E65%0,5%B8|
66 Variable
67 Imposed load
68 Load (Also considering stairs) 2 kN/m2 = 7,94 kN/m BE68*BB/2
69
0

71 walls on groundfloor
72 | Permanent
73 |wall brickwork

74 Thickness 220 mm = 9,83 kN/m (B74/1000) = (87/100) *B6 * E12

7

76 Variable

77 Not present

]

]

20 Total load on wall Permanent Formule B variable Formule D Yo @Yo Formule H
81 Roof structure 15,40 H32 3,97 152 kN/m o 0 D81*G81
82 | 4th floor_Volbelast 28,49 HES 7,94 E68 kN/m 04 3,18 D82°GE2
83 |3rd floor_Volbelast 28,49 HES 7,04 E68 kh/m 04 5,15 DE3*GES
24 2nd floor 28,49 HES 7,94 E68 kN/m 04 3,18 DB4*G84
85 1stfloor 28,49 HES 7,94 E68 kN/m 04 3,18 D85*G8S
86 Walls on groundfloor 5,83 E74 0 B77 kN/m o 0 DB6*GB6
a7 Total 139,1964 SOM(BE1:BE6) 35,73 SOM(DELDEE) kN/m 12,704 SOM(HE1:HEE) kN/m
88

89 Formule B

% |ULs_6.108 [ oeer]uum (C187887) + (C177HET)

91 ULS_6.10b 200,38 kN/m (B18*B87) + (B17*(D82+D83)) + (B17 * (HB1+HB4+HB5+HBE))

92 Load SIS 174,93 kN/m B874D87

=

o4

95 Verification Stresses _ULS Formule B

96 Wall thickness 220 mm B74 Formule F

97 Normal stress 1119,97 kN/m2 B90/((B96/1000)*(B7/100})) = 1,12 Nfmm2 B97*1000/1000000

98 Material factor (Cat. 1) 17 -

% fd

100 Brickwork (fbc = 5; M5) 2,55 N/mm2 = 15 N/mm2 B8100/898

101 Brickwork (fbe = 30; M20) 11,58 N/mm2 = 6,81 N/mm2 B101/B98

102

103

104

105 Unity checks

106 Unity check_most worst case 075 -

107 Unity check_most optimal case 0,16 -

108

109 i i variants in brickwork _ Original material  Span [m] Worst Optimal Remarks

110 Biggest brickwork span (independend of floors)_Variant 8 Brickwork 9,78 086 018

111 Largest span of all investigated variants_Variant 3 irey system 10,28 09 02

112 Normative variant_Variant 10 Brickwork 7,94 0,75 0,16

Figure X.1: Traditional brickwork construction_Excel sheet
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X.1.2 Non-traditional in-situ structure

3 F G H J K
L concetededgninstuperiantss) |
2 Parameters
3 Dimensional Parameters
4 | Depth building 141m
5 |Height building 108 m
6 wall height 28m
7 |Opening factor (100 - opening percentage] 84 %
2 Connected floor length 99m
9 stories 4
10
11 | Material properties Formule £
12 [Weight concrete 2400 ke/m3 = 24 KN/mS  B12710/1000
13 |Gravel 1600 kg/m3 = 16 kN/m3  B13*10/1000
14
13 | safety factors (cc2) 6.10b 6.10a
16 |variable load 15 15 "Wo
17 | permanent load 1,2 135
18
19
20 |Load definition
21 [Roof structure.
22 Permanent
23 [Gravel
2 Thickness 30 mm = 0,48 kN/m2  (B24/1000)°E13
25 |schewil isolation plate
2% Thickness 70 mm = 0,2 ki/m2
27 |Reinforced concrete
Thickness 125 mm = 3 kN/m2  (B28/1000)*E12
Weigh system c 20 kg/m2 = 0.2 kN/m2__B3010/1000 Formule |
Total 3,88 kKN/m2  ED4+ED6HEQE4ESD = 19,21 kN/m  E31788/2
33 Variable
34 [snow
35 s 0,7 k/m2
36 pi 08 -
37 Ce 1-
38 Ci 1- Yo W w2
39 Load = 0,56 kN/m2  B35*B36%B37°B38 [ 02 0
20
41 Wind (On roof)
2 CsCd 1
LE] ap(10.8) 0.7 kN/m2 Windarea 2, Urban
] =23 -1,8 Normative
25 Ca 12
46 i o7
I (402
) Load = -1,26 KN/m2  B427B437B44 0 02 0
429
50 Imposed load = 1 kN/m2 o o © Formule 1
51 Normative load 1kN/m2  MAX(E39;E4E;ESQ) = 4,95 kN/m  E51°*B8/2
52
53
54 [Story 1 il 4
55 [Permanent
56 [Wall concrete
57 Thickness 200 mm = 2,28 kN/m2  (BS7/1000)*(B7/100)*B67E12/(88/2)
58 |Floor
59 Reinforced concrete floor 150 mm = 36 kN/m2  (B53/1000)°E12
60 Topping concrete 40 ke/m2 = 04 kN/m2  B60°10/1000
61 |Ceiling
6 Weight system ¢ 20 ke/m2 = 02 kN/m2  B62°10/1000
63 |Non loadbearing walls = 05 ki/m2 Formule 1
] Total 698 kN/m2  ES7T+ESS+EGO+EG2+E63 = 3455 kN/m  E64°0,5°B8
&5 4 stories = 13822 kN/m  164%B9
66 Variable
67 | Imposed load
68 Load (Alse considering stairs) 2 kN/mz = 99 knN/m  BE8*BE/2
6 astories - 39,6 kn/m ___ E6E*BO
70
gl
72 [Walls on groundfloor
73 Permanent
74 [Wall concrete
7 Thickness 200 mm = 11,20 kN/m  (B75/1000)*(B7/100)*B6*E12
76
77 Variable
78 Not present
79
2]
81 Total load on wall Permanent Formule B Formule D ) Qg Formule H
82 |Roof structure 19,21 131 495 151 kN/m [ 0,00 D82*G82
83 |4th floor_volbelast 3455 164 9.9 E68 kN/m 02 396 D83°G83
&4 |3rd floor_Volbelast 3455 164 9.9 E68 kN/m 02 396 D84°G84
85 |2nd floor 3455 164 9.9 E68 kN/m 02 396 D85°GBS
86 |15t floor 3455 164 99 E6B kN/m 04 3,96 DB6°GES
87 |Walls on groundfloor 1129 €75 0878 kN/m o 0,00 D87%G87
) Total 168,71 SOM(B52:887) 44,55 SOM(DB2:DB7)  kN/m 15,84 SOM(HEZ:HE7) kN/m
9
90 Formule B
91 uis 608 | T [ (c17*888)+(C16°HES)
92 |ULS_6.10b 244,04 kN/m (B177B88) + (B16¥(DB3+D84) 1+(B16¥(HB2+HB5+H86+H87))
93 |Load 5LS 213,26 kN/m 8884088
94
95
95 Verification Stresses _ULS Formule B Formule F
97 ‘Wall thickness 200 mm
98 |Normal stress 1497,17 kNfm2 B91/((897/1000)*(B7/100)) = 1,50 N/mm2 B898*1000/1000000
99 | Material factor (Cat. 1) 15-
100 fd
101 |Low strength concrete (C12/15) 12 N/mm2 = 8 N/mm2 8101/899
102 Mormal strength concrete (C30/37) 20 N/mm2 = 20 N/mm2 8102/899
103
104
105
106 | Unity checks
Unity check_low strenght concrete 018 - Fo8/F101
Unity check_high strength concrete 0,07 - FOB/F102
i Actual system  Span Lowest unity check Normal unity check
d on variant 13 (Real building) Concrete, Non-trad 98 0,19 0,07
113 | Largest span Alrey system 10,28 0,19 0,08

Figure X.2: Non-traditional; in-situ structure Excel sheet
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D E F G H J K
00000 conuctedesgnwithprefbfoor(varontsy 000 |
Parameters
Dimensional Parameters
Depth building 141 m
108 m
Wall height 28m
Opening factor (100 - opening percentage) 84 % 2-3 x door 830 [mm] width
Connected floor length 99 m
Stories 4
Material properties Formule E
Weight concrete (assume muwi same weight) 2400 kg/m3 = 24 kN/m3  B12°10/1000
Gravel 1600 ke/m3 = 16 kN/m3  B13*10/1000
‘Safety factors (CC2) 6.10b 6.10a
Variable load 15 15 Yo
Permanent load 12 135
Load definition
Roof structure (Use values from muwi-prefab system)
Permanent
Prefab system floor (From archive) 220 kg/m2 = 2,2 kN/m2  B23*10/1000
Roof finishing 92 kg/m2 = 092 kN/m2  B24*10/1000
Ceiling 20 kg/m2 = 2 kN/m2__ B25*10/1000 Formule |
Total 3,32 kN/m2  SOM(E23:£25) = 16,43 kN/m E26%B8/2
Variable loading
'Snow
s 0,7 kN/m2
pi 08 -
Ce 1-
Ci 1- Wo Lal Y
Load = 056 kN/m2  B31°B32°B33°B34 o 02 0
‘Wind (On roof)
CsCd 1
Qp(10,8) 0,7 kN/m2 Windarea 2, Urban
CiF -1, Normative
CiG -1,2
Ci_H -0,7
Cil (+-) 0.2
Load = 1,26 kN/m2  B38"B39*B40 o 02 0
Imposed load = 1 kNjm2 o o 0 Formule 1
Normative load 1 kN/m2  MAX(E3S;E44ESE) = 495 kh/m  E47*BE/2
Story 1till 4
Permanent
‘Walls concrete
Thickness 200 mm = 2,28 kN/m2  (B53/1000) * B6 * (B7/100) * E12 / (B8/2)
Floor
Prefab system floor (From archive) 220 kg/m2
40 kg/m2
20 ke/m2
280 kg/m2 = 2,8 kN/m2  BSB710/1000
Non loadbearing walls = 05 kN/m32 Formule |
Total 558 kN/m2  ES3+ESB+EGD = 27,62 kN/m  E61%B8/2
Variable
Imposed load
Load (Alsa considering stairs) 2 kN/m2 = 9,8 kN/m  BEE®BE/2
‘walls on groundfloor
Permanent
Walls concrete
Thickness 200 mm = 11,29 kN/m  (B73/1000)*(B7/100)*B67EL2
variable
Not present
Total load on wall Permanent Formule B Variable Formule D Yo Qo Formule H
Roof structure 16,43 126 4,95 147 kN/m [ 0 D80*G80
4th floor_Volbelast 27,62 161 9,9 E66 kN/m 04 5,96 DB1%GE1
3rd floor_volbelast 27,62 161 9,9 E66 kN/m 04 3,96 DB2*G82
2nd floor 27,62 161 9,9 E66 kN/m 04 3,96 DE3*G83
1st floor 27,62 161 9,8 E66 kN/m 04 5,96 DBA*GE4
‘Walls on groundfloor 11,29 €73 0876 kN/m [ 0 DE5*GBS
Total 138,22 SOM(B80:B8S) 44,55 SOM(D80:D8S) kN/m 15,84 SOM(HBO:H85) kN/m
Formule B
ULS_6.10a m/m (C17#B86) + (C16°H86)
ULS_6.10b 207,45 kN/m (B86B17) + (B16%(DB1+DB2)) + (B167(HED+HE3+HB4+HES))
Load SLS 182,77 kN/m BBE6+D86
Verification Stresses _ULS Concrete Formule B Formule F
Wall thickness 200 mm 873
Neormal stress 1252,14 kN/m2 B89/((B9S/1000)*(87/100), = 1,25 N/mm2 B9E¥1000/1000000
Material factor concrete 15
fed
Low strength concrete (C12/15) 12 N/mm2 = 8 N/mm2 899/897
Normal strength concrete (C30/57) 30 N/mm2 = 20 N/mm2 8100/897
Unity checks
Unity check_Low strength 0,16 Fo6/FI9
Unity check_Normal strength 0,06 - F96/F100
Comparison Actual system  Span Lowest unity check Normal unity check
Applied on variant 13 (Real building) Concrete, Non-trad 08 016 0,08
Largest span Airey system 10,28 0,16 0,06

Figure X.3: Non-traditional; prefab structure_Excel sheet
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X.1.4 Non-traditional Muwi-system

A B C D E F G H J K
P veissemoledonwaams |
2 Parameters
3 |Dimensional Parameters
4 | Depth building 141 m
5 |Height building 108 m
6 |Wall height 28 m
7 |Opening factor (100 - opening percentage) 84 %
8 |Connected floor length 1028 m
9 |stories 4
10
11 | Material properties Formule E
12 |Weight Muwi blocks 2000 kg/m3 = 20 kN/m3  B12*10/1000
13
14 | Safety factors (€C2)
15 |Variable load 15 15 Yo
16 | Permanent load 12 1,35
7
18
19 | Load definition
20 |Roof structure (Use values from muwi-prefab system)
21 Permanent
22 |Prefab system floor (From archive) 188 kg/m2 = 1,88 kN/m2  B22*10/1000
23 |Roof finishing 92 kgfm2 = 0,92 kN/m2  B23%10/1000
24 |ceiling 22 kg/m2 = 2 kN/m2 _ 824*10/1000 Formule |
25 Total 5,02 kN/m2  SOM(E22:£24) = 1552 kN/m  E25%B8/2
26
27
28 |Variable loading
29 [snow
30 B 0,7 kN/m2
31 i 08 -
32 Ce 1-
33 Gi 1- Yo W1 W
3 Load = 0,56 kN/m2  B30%B31°B327B33 o 02 0
35
36 |Wind (On roof)
) CsCd 1
8 av(10,8) 0,7 kN/m2 Windarea 2, Urban
9 CiF -1,8 Normative
40 CiG -12
a4 [ -0,7
a2 ci (402
a3 Load = 1,26 kN/m2  B377B387B39 o 02 0
2
45 Imposed load = 1 kN/m2 o 0 0 Formule |
46 load 1 kN/m2 _ MAX(E34,E43E45) = 514 kN/m __ E467B8/2
a7
a8
49 |story 1 till 4
50 Permanent
51 [Walls concrete
52 Thickness 210 mm = 1,92 kh/m2  (B52/1000) * B6 * (7/100) * E12 / (B8/2)
53 |Floor
34 Prefab system floor (From archive) 188 kg/m2
55 40 kg/m2
56 22 kg/m2
57 250 kg/m2 = 2,5 kN/m2  BS7¥10/1000
58
59 |Non loadbearing walls = 0,5 kN/m2 Formule |
60 Total 4,92 kN/m2  ES24ES74ESQ 2530 kN/m  E60*BB8/2
61 4 stories 101,19 kN/m  160°B9
62
63 |variable
64 Imposed load
65 Load (Also considering stairs) 2 ki/m2 = 10,28 kN/m  B65%88/2
66 4 stories = 41,12 kNfm___ E65%BY
67
68
62 |Walls on groundfioor
70 Permanent
71 [Walls concrete
72 Thickness 210 mm = 9,88 kn/m  (872/1000)*(B7/100)*B6*E12
73
74 |Variable
75 Mot present
6
7
78 | Total load on wall Permanent Formule B Variable Formule D Yo QYo  Formule H
79 |Roof structure 15,52 125 5,14 146 kN/m 0 0,00 D79%G79
80 |ath floor_Volbelast 25,30 160 10,28 E65 kN/m 04 4,11 DBO*GBO
81 |3th floor_Volbelast 25,30 160 10,28 E65 kN/m 04 4,11 DB1%GB1
82 |2nd floor 25,30 160 10,25 E65 ki/m 04 4,11 DB27GB2
23 |1st floor 25,30 160 10,25 E65 kN/m 04 4,11 DB37GB3
84 |Walls on groundfloor 9,88 E72 0 875 kN/m 0___ 0,00 D8B4G
:5) Total 126,59 SOM(B79:884) 46,26 SOM(D79:084) kN/m 16,45 SOM(H79:H84) kN/m
3
a7 Formule B
28 |ULS 6.10a [ tessrluum (C167B85)+(C15°H85)
29 |ULS_6.10b 195,09 kN/m (B857B16)+{B15%(DBO+DB1))+{B157(H79+HB2+HB3+HE))
20 |Load SLS 172,85 kN/m B85+D85
91
92
93 Verification Stresses _ULS Concrete Formule B Formule F
24 (Wall thickness 210 mm 872
95 [Normal stress 1108,70 kN/m2 B88/((B94/1000)*(B7/100)) = 1,11 N/mm2 B95*1000/1000000
96 |Material factor concrete 15-
97 fed
58 |Hollow blacks 6 N/mm2 = 4 N/mm2 BOE/BA6
%9
100
101
102 Unity checks Formule B
103 Unity check_Muwi blocks 0,28 F95/F98

Figure X.4: Non-traditional; Muwi-

system_Excel sheet
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X.1.5 Traditional structure variant 7

A B C ) E F G H 1 J K
VL okttt vt
2 Parameters
3 Dimensional Parameters
4 Depth building 109 m
5 |Height building 14 m
6 wall height 28 m
7 | Opening factor (100 - opening percentage) 84 %
8 | Connected floor length 7,01 m
9 |stories (till wall 110 mm) 3
10 Roof angle 30
n
12 | Material properties Formule £
13 weight brickwork 1900 kg/m3 = 19 kN/m3  B13*10/1000
14 Weight concrete 2400 kg/m3 = 24 kN/m3  B14*10/1000
15 |Gravel 1600 kg/m3 = 16 kN/m3  B15*10/1000
16
17 Safety factors (CC2) 6.10b 6.102
12 Variable load 15 15 "W
19 Permanent load 12 135
20
2
22 Load definition
23 [Roof structure
24 Permanent
25 [Roof structure (roof tiles + wood) Formule |
26 Weight (from their calculations) 56 kg/m2 = 056 kN/m2  B26*10/1000 = 1,96 kN/m E26*B8/2
7
23 | variable
29 [snow load
30 s 0,7 kNfm2
31 pi(angle =30) 08 -
32 Ce 1
33 Gi 1 Yo W Y2
k7] Load = 0,65 kN/m2  B30*B31*B32*B33/ COS(B10*2*PI()/360) 1 ['F3 o
35
36 \wind load
37 = 1
38 ap(14) 0,78 kN/m2 Windarea 2, Urban
39 CiF 0.7 (only pressure given here)
20 e 0.7 (only pressure given here)
] =13} 0.4 (only pressure given here)
42 cil 0 (only pressure given here)
43 o © (only pressure given here)
a4 Load = 0,55 kNfm2  B37°B38*B39 o 02 o
25
%6 Imposed load 1 kN/m2 Formule |
47 Normative load 1 kN/m2 _ MAX(E34,E44;E46) = 3,51 kN/m E47*B8/2
8

49 | Attic structure.
50 Permanent
51 |Concrete floor

52 Thickness 100 mm = 2,4 kN/m2  (B52/1000)*E14
53 Topping 40 kg/m2 = B53*10/1000
54 ceiling 20 kg/m2 = B54*10/1000 Formule |
55 Total 3 kN/m2 = 10,52 kN/m  ES5*B8/2
36
37 variable
58 |Imposed load 175 ki/m2 = 613 kN/m __ B58%85/2
39
60
61 Floors
62 Permanent
63 Concrete floor
64 Thickness 100 mm = 2,4 kN/m2  (B64/1000)°E14
65 Topping 40 kg/m32 = 0,4 kN/m2  BES*10/1000
66 Interior walls 0,5 kNjm2
67 ceiling 20 kg/m32 = 0,2 kN/m2 _ B67+10/1000 Formule |
68 Total 3,5 kN/m2  EB4+E6S4E66+E67 = 12,27 kNfm  E6B%B8/2
69 2 floors. = 24,54 kN/m  168%(89-1)
70 | variable
71 [imposed load 2 kN/m2 = 701 kN/m  B71%B8/2
72 2 floors = 18,02 kN/m___ E71%(B3-1)
Brickwork walls_Permanent
Thickness 110 mm = 5,09 kN/m  (875/1000)*(87/100)*86°E13
Number of walls 4 = 20,36 kN/m___E75*B76
79 Total loads Permanent Variable Yo QYo
0 Roof structure 1,96 126 351 147 kN/m2 0 000 DEO%GEO
81 Attic 10,52 155 613 E58 kN/m2 04 245 D8L%GE1
82 4th floor 12,27 168 7,01 E71 kN/m2 04 2,80 D82°GE2
83 srd floor 12,27 168 7,01 E71 kN/m2 04 2,80 D83°GE3
8 Walls 20,36 E76 0,00 kh/m2 0 000 DE4*GE4
85 Total 57,38 SOM(B80:B84) 23,66 SOM(DEO:DE4) 8,06 SOM(HBO:HE4) kN/m
86
87 Formule B
82 |ULS_6.10a 89,55 kN/m (BB5*C19) +(C187HES)
89 |ULS 6.10b [asdkim (B19°885) + (818 *{DB2+DB3)) + (B18*(HB1+HBO+HE4))
90 Load 515 51,04 kN/m BB54D85
9
92 Verification ULS Formule B
93 Thickness wall 110 mm
94 |stress 1,01 N/mm2 B89*1000/1000/(B93*(87/100))
95 | Material factor (Cat. I} 17 -
9 fd Formule F
97 Brickwork (fbe = 5; M5) 2,55 N/mm2 = 15 B97/89S N/mm2
92 | Brickwork (fbc = 30; M20) 11,58 N/mm2 = 6,81 BOE/BOS N/mm2
99
100 nity checks
101 Unity check_most worst case 0,68 - B94/F97
102 Unity check_most optimal case 015 - B94/F98

Figure X.5: Traditional structure; Variant 7_Excel sheet
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X.1.6 Verification excel sheets appendix X.1
Order
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Figure X.6: Verification excel sheet appendix X.1 (X.1.1) (1)
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Figure X.7: Verification excel sheet appendix X.1 (X.1.1) (2)




X. Calculation sheets|215

X.2 Stability Helena Mercierstraat [Section 5.5.3]

A B ® D E F G H
Lo eridaorkwalis/ Noadditional room/ Coneretefloors ]
2
3 Parameters geometry Formules B Formules E
4 | Ratio: Depth / length stal wall 414 -
5 Depth building 10,85 m
6 | Width unit building 18 m
7 |storey height 28m
8 |Number of floors_existing building a-
9 | Number of layers top-up o- Contr. Width 1st Contr. width other
10 | Contributing width angle 30 degree = 162 323 m
11 Number of buildings between dilitation 2- TAN(B10*2*PI{)/360) * B7 TAN(B10*2*PI(}/360) * B7 *2
12 Height building_extended 14 m (88+89+1)°87
13 Height existing building 14 m (B8+1)*87
i Wall parameters
15 wall thickness 220 mm
16 |Length stability wall 262 m B5/B4
= et
18 NFL 312 -
19 Floor lenght a 2,47 m
2 Floor lengthb 1,885 m B18-(0,57819)
21
= directi
23 Half floor span (Wall next to dilatation) 196 m
2
5
2% structural material properties
27 General
28 Brickwork 19 kN/m3
29 Concrete 24 kN/m3
30
31 Concrete
2 Concrete floor 4.7 kN/m2
3 Concrete roof 3,88 kN/m2
4
35 Timber floor
36 Timber floor 0,5 kN/m2
37 Timber roof 0,56 kiy/m2
38
39 Safety factors (NEN 8700)
20 Permanent load 03 -
il variable load 15 -
a2
a4
“ Verification in longitudinal direction
45 Ccompression caused by self-weight
26 kN/m2  Pointload left/right [kN] Formules C Pointload middle [kN] [kN/m] Formules G
47 1.Roof structure 3,88 23,65 BA7*B20*H10 30,99 B47*B19%H10
48 2.Floor load (story 1 till 4)
49 First floor 4.7 14,32 B49*B20*G10 18,77 B49*B19*G10
50 Gther floors_per floor 47 28,64 BS0B207H10 37,53 B50*B19°H10
51 Total for floors. 100,25 C49+((B8-1)*C50) 131,37 E49+((88-1)7ES0)
52 3.walls
53 Stability wall 58,52 (B15/1000)°87(B8+1)*B28
54 pointloads from contributing walls
55 First floor 18,92 (B15/1000)°B7°828°610 18,92 (B15/1000)°828267°G10
56 Contributing width other walls. 113,52 (B15/1000)*H10*B7*B28%(B8-1) 113,52 (B15/1000)*B7%{B8-1)*H10*B28
57
58 Total overview of loads 256,34 C47+C514C55+C056 254,80 EA7+ES1+ES5+ES6 58,52 G53
59 Formules B
&0 Compression force SLS 480,43 kN {0,5*E58)+C58+0,5%G58*B16)
61 Compression force ULS 432,38 kN B607840
62
63
64 Tension caused by wind
65 CsCa 1- Total stories Height ap [kN/m2]
66 ap 0,78 kN/m2 E 112 071
67 o 08 - 4 14 078
68 ciE o- s 168 084
] Ci_tat 08 - B67+B68 6 196 09
70 q_wind_per wall 3,39 k/m B65°B66*B697B5/B11 7 224 093
bl M_wind 331,75 kNm (1/2)*B70%*B1242
72 M_wind Ed 497,62 kNm B71%841
RE] Tension on the sides. 189,88 kN B72/816
7
75 Tension? 044 - B73/B61
7%
7 Compression maximum
i) Maximum compression force 622,26 kN B61+873
9 Area 355647,8 mm2 (G10*1000)*B15
2 Compressive stress_ULS 1,75 Nfmm2 B7871000/879
8l
2 Brickwork (Fbe=10; M10) 4,77 Nfmm2
2 Material factor 17 -
a4 Compressive capacity 2,81 Nfmm2 B82/883
85 uc 062 - B30/B84
86
a7 Verification in cross direction
23 Compression caused by self-weight Formules C
2 kN/m2  kN/m
90 |Roof 388 7,60 B90*B23
91 |Floor load 47 36,85 B917B8B23
92 |walls 58,52 (B15/1000)*B7*(B8+1)*B28
9 Total 102,97 C90+CO14C92
) Formules B
95 Compressive stress. 0,47 Nfmm2 €93/815
% Compressive stress_ED 0,42 N/mm2 8957840
a7
)
99 Tensile stress (caused by wind)
100 CsCd 1-
101 aplh) 0,78 kn/m2
102 o 08 -
103 CE 0,7 -
104 Ci_tat 15 - B102-8103
105 q_wind 3,44 kN/m B100°B10176104°B23°270,75
106 M_Wind_Ed 5,06E+08 Nmm {1/2)*B105%(B12#1000)42*B41
107 W_wall 4,32€:09 mm3 (1/6)7815%(8571000)%2
108 Sigma M 0,12 Nfmm2 B106/B107
109
110 UC_cross direction 028 - B108/896
m
12
13 Compression maximum
114 Maximum compressive stress_ULS 0,54 N/mm2 B96+8108.
15
116 Brickwork (Fbc = 10; M5) 4,77 Nfmm2
17 Material factor 17 -
18 Compressive capacity 2,81 Nfmm2 B116/8117
19 uc 019 - B114/B118

Figure X.8: Stability calculation Helena Mercierstraat Excel sheet
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For the vertical load study, the sheet of X.1.1 is used. The results are provided in figure X.9.

Bay width effect + Type of floor ‘
CFL [m] Floor + roof Weight floor Weight roof Worst Optimal
6,7 Wood 1 0,56 038 0,08
6,7 Concrete a7 3,88 0,67 0,15
10,28 Wood 1 0,56 047 01
10,28 Concrete 47 3,88 0,9 0,2
Number of floors
Number of stories CFL [m] Type floor Worst Optimal
3 6,7 Concrete 0,53 0,12
3 10,28 Concrete 0,71 0,16
4 6,7 Concrete 0,67 0,15
4 10,28 Concrete 0,9 0,2
Bay width effect -> i outer walls ‘
CFL [m] Floor + roof Weight floor Weight roof Worst Optimal
7,84 Concrete 47 3,88 0,66 0,15
10,84 Concrete a7 3,88 0,82 0,18
13,2 Concrete a7 3,88 0,95 0,21
Opening p ag
Percentage Floor + roof Worst Optimal
15 Concrete 0,74 0,16
23 Concrete 0,79 017
31 Concrete 0,86 0,19

Figure X.9: Results vertical load study

For the stability study, the sheets: Calculations overcapacity S are used. The results are provided in

figure X.10.

A B C E F G
1 1. Effect of ratio Ratio NFL (No add. room) Type floors Height building [m] UC_longitudal direction
2 Variant 1.1 2,87 3,12 Concrete 14 m 0,28
3 Variant 1.2 2,87 3,12 Concrete 11,2 m 0,22
4
5 Variant 2.1 45 3,12 Concrete 14 m 0,48
6 Variant 2.2 45 3,12 Concrete 11,2 m 0,38
7
8
% 2. Material floors Ratio NFL (Mo add. Room)  Floors Roof Height UC_longitudal directior UC_cross direction
10 Variant 1.1 414 3,12 Concrete (4.70 kN/m2 3.88 kN/m2 14 0,44 0,28
1 Variant 1.2 4,14 3,12 Concrete (4.70 kN/m2 3.88 kN/m2 11,2 0,34 0,2
12
13 Variant 2.1 414 3,12 Timber (0.5 kN/m2)* 0.56 kN/m2 14 0,67 0,42
14 Variant 2.2 4,14 3,12 Timber (0.5 kN/m2)* 0.56 kN/m2 11,2 0,52 0,31
15
16 |*Exciuding non-loadbearing walls, so total weight equals 1.0 [khN/m2]
17
18 |3. Effect of additional room Additional room Ratio Structure Height NFL UC_longitudinal
19 Variant 1.1 No 4,14 Concrete 14 2,67 0,47
20 Variant 1.2 No 4,14 Concrete 14 4,26 0,38
21
22 Variant 2.1 Yes 4,14 Concrete 14 407 0,35
23 Variant 2.2 Yes 4,14 Concrete 14 8,25 0,24

Figure X.10: Results stability study
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X.4.1 Calculation 4 storey, brickwork walls, concrete floors

F G H

psi-factor
04 12G+13%04%Q
1156+130+1.3%0.4%Q

Eq.6.1 12 13
E.6.2 1,15 13 04
Load factor_Historical 14

@ o koW

Structural parameters
9 |CFL 10,28 m

10 |Number of floors. 4-

11 |Wall thickness 220 mm
12 |Floor height 28m

Brickwork 220 [mm]; Concrete 200 [mm]

14 Load definition
15 |General

16 [Weight concrete
17 |Weight brickwork
18 |Timber

19 [Timber floor

ber roof

21 |concrete

22 [Concrete floor
23 |concrete roof
24 |Foundation floor

24 kN/m3
19 kN/m3

1 kN/m2
0,56 kN/m2

47 kN/m2
3,88 kN/m2
51 kN/m2

27 Historical situation N1055
29 |Roof structure %] [kn/mz] kN/m  Formule D
Permanent 3,88 19,94 C307$859/2 Roof structure
31 |variable 100 Not considered 083170 Permanent

2 Variable

33 |4th floor

34 [Permanent

35 Floor load 47 2416 C35°B9/2

36 wall 11,70 (B11/1000]*B177812
37 35,86 SOM(D35:D38)

38 3th floor
39 |variable 100 2 10,28 C39%(89/2)*839/100 Permanent
40 Variable
41 |3th floar

42 |Permanent

43 Floor load 47 24,16 C43°B9/2

4 wall 11,70 (B11/1000]*B127817
45 35,85 SOM(D43:D44]

246 1st floor
47 |variable 50 2 9,25 C47+(847/100)*(BS/2) Permanent
48 Variable
49 | 2nd floor

50 [Permanent

51 Floor load 47 24,16 C51%B9/2

52 wall 1170 (R11AD001*R12*R17
53 35,86 50M(D51:052)

&

Permanent
Variable

2nd floor
Permanent
Variable

Permanent
Variahle

55 |Variable 80 2 8,22 (B55/100)7C55789/2
56 Total load_Ed
57 | st floor

58 |Permanent

59 Floor load 47 24,16 C59°89/2

60 wall 11,70 (B11/1000)*8127817
61 35,86 SOM(D59:060)

62 Overcapacity wall
63 |Variable 70 2 7,20 (863/100)7C537(B9/2) Overcapacity/m2

635 | Ground floor
Permanent
Floor load 51

3 26,21 €C67*89/2 Summary table

I J K

Recaclulating (NEN8700)
ki/m2  kN/m  Formule)

388 19,94 131789/2
[} 0132

4th floor_Full loaded

35,86 D37
1,75 9,00 136789/2

35,86 D45
1,75 9,00 140°89/2

35,86 D53
1,75 9,00 144789/2

35,86 D61
1,75 9,00 148°89/2

Ground floor_Full loaded

37,52 D69
2 1N2R IS2*RA/D
Total

270,60 kN/m  MAX(LS3;N53)

Overcapacity structure

73,12 kN/m
14,23 kN/m2

B76-156
162/(89/2)

29 6.1 [kN/m] Formule L

23,93 B4%31

47,71 (B4*135) + (C4*D4*136)

47,71 (B47139) + (C4*D47140)

47,71 (84%143) + (C4*D4*144)

47,71 (B47147) + (C4*D47148)

50,85 (84%151) +(C4*D4*52)

29 6.2 [kN/m] Formule N

22,93 B5%131

52,93 (B5*135) +(C5* 136)

45,92 (BS57139) + (C57D5%140)

45,92 (B5*143) + (C5*D5*144)

45,92 (BS57147) + (C57D5%148)

56,97 (B5*151) +(C5* I52)

11,70 (B11/1000)*812*817

CFA

265,63 SOMIL30:152)

270,60 SOM(N3D:NS0)

66

67

68 wall
63 37,92 SOM(D67:D68) 670-849
70 849-1028
71 |Variable 60 3 9,25 (B71/100)*C71%89/2

15.75-14.83
14.83-1423

KN/m2
kN/m2

i/m2
kn/m2

74 | Load histarical
75 | Total load_kar
75 | Total load_ed

Formule
D30+D31+D37+D39+D45+D47+D53+D554D61+D63+D63+D71
B75%86

245,51 kN/m
343,72 kN/m

Figure X.11: Overcapacity VL; 4-storey; Brickwork walls; Concrete floors_Excel sheet
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X.4.2 Calculation 4 storey, brickwork walls, timber floors

A [ C D 3 F G H 1 1 K
© Aastories Bridavorkwalls Timber floors |
2 Safety factors
3 G a psi-factor
4 Eg.61 1.2 13 04 12G+13%04%Q
5 |Ea.62 115 13 04 115G+1.30+1.3%0.4%Q
6 |Load factor_Historical 14
-
8 Structural parameters
9 |cFL 1028 m
10 Number of floors 4a-
11 Wall thickness 220 mm Brickwork 220 [mm]; Concrete 200 {mm]
12 Floor height 28 m
13
14 Load definition
15 General
16 Weight concrete 24 kN/m3
17 \weight brickwork 19 kN/m3

1 kN/m2

20 |Timber roof 0,56 kN/m2
21 Concrete
22 [concrete floor 47 kn/m2
23 |Concrete roof 3,88 kN/m2
24 |Foundation floor 5,1 kN/m2
5
26
27 Historical situation N1055. Recaclulating (NEN8700)
28
29 Roof structure [ [kN/m2] kN/m  Formule D kN/m2  kN/m  Formule
30 Permanent 0,56 2,88 C30*$B59/2 Roof structure
31 variable 100 Not considered 0 831%0 Permanent 0,56 2,88 131%89/2
32 Variable o 0132
33 4th floor
34 Permanent 4th floor_Full loaded
35 Floor load 1 5,14 €35%89/2 Permanent 16,84 D37
36 Wall 11,70 (B11/1000)°8172812 Variable 175 9,00 136*89/2
37 16,84 SOM(D35:D36)
38 3th floor
39 Variable 100 2 10,28 C39%(BS/2)*B38/100 Permanent 16,84 D45
40 variable 1,75 9,00 140*89/2
41 3th floor
42 [Permanent 2nd floor
13 Floor load 1 5,14 C43789/2 Permanent 16,84 D53
M wall 11,70 (B11/1000)*812*817 variable 1,75 9,00 144*89/2
43 16,84 SOM(D43+D44)
6 1st floor
47 |variable %0 2 9,25 C47%(B47/100)%(B9/2) Permanent 16,84 D61
48 variable 1,75 9,00 148*89/2
49 |2nd floor
30 Permanent Ground floor_Full loaded
51 Floor load 1 5,14 €51789/2 Permanent 37,92 D69
52 wall 11,70 (B11/1000)°812%817 Variable 2 10,28 I52%89/2
53 16,84 SOM(D51+D52) Total
54
55 variable 20 2 8,22 (855/100)*C55*B9/2
36 Total load_Ed 163,49 kN/m MAX(L53;N53)
57 1st floor
52 Permanent
59 Floor load 1 514 €59*B9/2
60 wall 11,70 (811/1000)*B12*B17
61 16,84 SOM(D59:D60) Overcapacity structure
62 Overcapacity wall 49,84 kN/m  B76-156
63 |Variable 70 2 7,20 (863/100)7C637(89/2) Overcapacity/m2 9,70 kN/m2  162/(BS/2)
64
65 Ground floor
66 Permanent
67 Floor load 51 2621 C677B9/2 Summary table
68 wall 11,70 (811/1000)*B127B17 CFA
69 57,92 50M(D67:D68) 6.70-8.439 11.22-1030 kNN/m2
70 8.49-10.28 1030-9.70 kiN/m2
71 |variable 60 3 9,25 (871/100)*C71%B9/2
2
73
74 Load historical Formule
75 Total load_kar 152,38 kN/m D30+D31+D37+D39+D454D474D53+D55+D61+D63+D69+4D71

Total load_ed

213,33 kN/m

B75%86

Figure X.12: Overcapacity VL; 4-storey; Brickwork walls; Timber floors_Excel sheet

q 6.1 [kN/m] Formule L
3,45 Ba*131

24,89 (B47135) + (C47D4"I36)

24,89 (B47139) + (C47D4"140)

24,89 (B47143) + (C47D4%144)

24,89 (B47147) + (C47DA%148)

50,85 (B47I51) + (C4°D4%I52)

eq 6.2 [ki/m] Formule N
3,31 B5*131

31,06 (B57135) + (C57 136)

24,05 (B57139) + (C5¥D5%140)

24,05 (B57143) + (C57D57144)

24,05 (B57147) + (C57D57148)

56,97 (B5%J51) +(C5%152)

4

153,86 SOM(L30:L52)

163,49 SOM(N30:NS0)



X.4.3 Calculation 4 st

A = D
1 [ astories Concrete walls Concrete floors |
2 Safety factors
3 G Q psi-factor
4 |Eg.61 12 13 04 1.2G +1.3*0.4°Q
5 |Eq.6.2 1,15 13 04 1156 +130+13°0.4%0
6 |Load factor_Historicz 14
5
8 Structural parameters
9 |cFL 10,28 m
10 |Number of floors 4-
11 |wall thickness 200 mm Brickwork 220 [mm]; Concrete 200 [mm]
12 |Floor height 28m
13
14 Load definition
15 |General
16 |Weight concrete 24 kiN/m3
17 |weight brickwork 19 kN/m3
12 | Timber
19 [Timber floor 1 kN/m2
20 |Timber roof 0,56 kN/m2
21 |Concrete
22 |Concrete floor 47 kN/m2
23 |Concrete roof 3,88 kN/m2
24 | Foundation floor 5.1 kN/m2
25
26
7 Historical situation N1055
28
29 |Roof structure [3%] [kN/m32] kh/m  Formule D
30 |Permanent 3,88 19,94 C307$B59/2 Roof structure
31 |Variable 100 Not considered 0B31%0 Permanent
32 Variable
33 |ath floor
34 |Permanent 4th floor_Full loaded
35 Floor load 47 2416 C35%B9/2 Permanent
36 wall 13,44 (B11/1000)*816*B12 Variable
37 37,60 SOM(D35:D36)
38 3th floor
39 |Variable 100 2 10,28 C397(B9/2)*B39/100 Permanent
40 Variable
41 | 3th floor
42 |Permanent 2nd floor
13 Floor load 47 24,16 C43°89/2 Permanent
M wall 13,44 (B11/1000)*812*B16 variable
15 37,60 SOM(D43+D44)
46 1st floor
47 |variable 90 2 9,25 C47%(B47/100)%(89/2) Permanent
a8 Variable
49 | 2nd floor
30 |Permanent Ground floor_Full loaded
51 Floor load 47 24,16 C51°89/2 Permanent
52 wall 13,44 (B11/1000)°812°B16 Variable
53 37,60 SOM(D51+D52)
54
55 |variable 80 2 8,22 (855/100)*C55°89/2
56 Total load_Ed
57 |1st floor
58 |Permanent
59 Floor load 47 24,16 C59*BS/2
60 wall 13,44 (B11/1000)*B12*B16
61 37,60 SOM(D59:D60) Overcapacity structure
62 Overcapacity wall
63 |Variable 70 2 7,20 (863/100)7C63%(BS/2) Overcapacity/m2
64
65 |Ground floor
66 |Permanent
67 Floor load 51 26,21 C677B9/2 Summary table
68 wall 13,44 (B11/1000)*B127816 CFA
69 39,65 SOM(DE7:D68) 6.70-5.49
70 8.49-10.28
71 |variable 60 3 9,25 (B71/100)*C71°89/2
72
3
74 | Load historical Formule

75 |Total load _kar
75 |Total load_ed

254,19 kN/m
355,87 kN/m

Figure X.13: Overcapacity VL; 4-storey; Concrete walls; Concrete floors_Excel sheet

orey, concrete walls, concrete floors
E F G H | J

D30+D31+4D37+4D39+D45+4D47+D534D55+D61+D63+4D694D71

B75°B6
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K

Recaclulating (NEN8700)

kN/m2  kN/m  Formule)
3,88 19,94 131%B9/2
[} 0132
37,60 D37
175 9,00 136%89/2
37,60 Das
175 9,00 140°89/2
37,60 D53

175 9,00 144*89/2

37,60 D61
175 9,00 148¥89/2

39,65 D69
2 1028 I52°B9/2

280,58 kN/m  MAX(L53;NS3)
7529 kN/m  B76-156
14,65 kN/m2  162/(89/2)

16.39-15.34 kh/m2
15.34- 1465 kh/m2

q 6.1 [kN/m] Formule L
23,93 B4TI5L

49,50 (B4*135) + (C4*D4*136)

49,80 (B47139) + (C47DA7IAD)

49,80 (B4=143) + (C4°D4"144)

49,80 (B4%147) + (C4*D4*148)

52,93 (B47I51) + (C4%D4%I52)

eq 6.2 [kN/m] Formule N
22,93 B5"51

54,93 (BS*135) + (C5* 136)

47,92 (B5¥139) + (C5*D57140)

47,92 (B5%143) + [C5°D5144)

47,92 (B5%147) + (C5*D5*148)

58,97 (B5%151) +(C5%152)

276,04 SOM(L30:L52)

280,58 SOM(N30:NS0)
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X.4.4 Calculation 3 storey, brickwork walls, concrete floors
B C D E F G H I J K

| 3stories Bridawork walls_Concrete floors

2 Safety factors

3 G Q psi-factor

4 Eq.6.1 12 13 04 12G+13*0.4%Q

5 |Ea.6.2 — 1,113 13 04 115G +1.30+1.3%0.4%*Q

Structural parameters
9 |crL 1028 m
10 |Number of floors. &l -
11 Wall thickness 220 mm Brickwork 220 [mm]; Concrete 200 [mm]
12 |Floor height 28 m

14 Load definition
15 General
16 Weight concrete 24 kN/m3
17 | Weight brickwork 19 kN/m3
mber

mber floor 1 kn/m2
20 |Timber roof 0,56 kN/m2
21 Concrete
22 [Concrete floor 47 kN/m2
23 | Concrete roof 3,88 kN/m2
24 |Foundation floor 5,1 kM/m2

Z Historical situation N1055 Recaclulating (NEN8700)

29 | Roof structure [3%] [kN/m2] kN/m  Formule D kN/m2  kN/m  Formule)  eq6.1[kN/m] FormuleL &q 6.2 [kN/m] Formule N
30 Permanent 3,88 19,94 C307SBS9/2 Roof structure 23,93 B4%I31 22,93 85731

31 Variable 100 Not considered 0 83170 Permanent 3,88 19,94 I317B9/2

32 Variable [ 0132

33 3thfloor
34 Permanent 3rd floor_Full loaded 47,71 (84*135) + (C4*D4a*136) 52,93 (BS*135) + (C5* 136)
35 Floor load 47 24,16 C35%89/2 Permanent 35,86 D37

36 wall 11,70 (B11/1000)*B17*612 Variable 175 9,00 136°B9/2

37 35,86 SOM(D35:D36)
38 2nd floor 47,71 (B47139) + (C47D47140) 45,92 (B5¥139) + (C57D5740)
39 |Variable 100 2 10,28 C39%(B9/2)*839/100 Permanent 35,86 D45

40 Variable 1,75 9,00 140*BS/2

41 | 2nd floor
42 Permanent 15t floor 47,71 (84°143) + (C4°D4%144) 45,92 (B5%143) + (C5°D5*144)
43 Floor load 47 24,16 C43%B9/2 Permanent 35,86 DS3

a4 wall 11,70 (B11/1000)*B127B17 Variable 175 9,00 1447B9/2

a5 35,86 SOM(DA43+D4a4)
6 Ground floor_Full loaded 50,85 (B47147) + (C47D4%148) 56,97 (B5¥147) + (€57 148)
47 variable s0 2 9,25 C47%(B47/100)*(89/2) Permanent 37,92 D61

48 Variable 2 10,28 148*BS/2 +

49 |15t floor Total 217,91 50M(L30:L48) 224,68 SOM(N30:N45)

50 Permanent
51 Floor load 47 24,16 C51%89/2
52 wall 11,70 (B11/1000)*B127B17 Total load_Ed 224,68 kN/m  MAX[LAS;N4S)
53 35,86 SOM(D51+D52)

55 |Variable 80 2 8,22 (855/100)°C55°89/2 Overcapacity structure

56 Overcapacity wall 60,92 kN/m  B68-152
57 Ground floar Overcapacity/m2 11,85 kN/m2  156/(B9/2)
52 Permanent

59 Floor load 51 2621 C59%B8/2
60 wall 11,70 (811/1000)*812*617 Summary table

61 37,92 S0M(D59:D60) crA

62 6.70-8.49 13.07-1233 kh/m2
63 Variable 70 3 10,79 (B63/100)C63789/2 8.49-10.28 12.33-11385 kh/m2

66 Load historical Formule
67 Total load_kar 204,00 kN/m D30+D314D37+D39+D45+D47+4D53+D55+D61+D63
68 Total load_ed 285,60 kN/m B67%86

Figure X.14: Overcapacity VL; 3-storey; Brickwork walls; Concrete floors_Excel sheet
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X.4.5 Calculation 3 storey, brickwork walls, timber floors

9 cRL 10,28 m

10 Number of floors 3-

11 Wall thickness 220 mm

12 Floor height 28m

13

14 Load definition

15 General

16 | Weight concrete 24 kN/m3

17 |Weight brickwork 19 kN/m3
1 kn/m2

20 | Timber roof 0,56 kN/m2

21 Concrete

22 Concrete floor 47 kN/m2

23 |Concrete roof 3,88 kN/m2

24 Foundation floor 5,1 kn/m2

25

26

27 Historical situation N1055

S

29 Roof structure 1] [kN/m2]

30 Permanent
31 Variable

33 3thfloor

34 Permanent

35 Floor load
36 wall

39 Variable

41 2nd floor

42 |Permanent

43 Floor load
a4 wall

47 Variable

49 1st floor

50 |Permanent

3 Floor load
52 wall

55 Variable

B C

1

2 Safety factors

3 G a

4 |Eq.61 12

5 Eq.62 115

6 |Load factor_Historicz 14

7

8 Structural parameters

100 Not considered

100

57 Ground floor

58 |Permanent
59 Floor load
60 wall

63 Variable

&6 |Load historical
67 |Total load_kar
68 |Total load_ed

129,88 kN/m
181,83 kN/m

D

E

G H |

J K

psi-factor
13 04
13 04

Brickwork 220 [mm]; Concrete 200 [mm]

KN/m  Formule D
056 2,88 C307$BS9/2
083170

1 5,14 €35789/2
11,70 (B11/1000)*8177812
16,84 SOM(D35:036)

2 10,28 C397(B9/2)B39/100

1 5,14 £43°89/2
11,70 (B11/1000)*8127817
16,84 SOM(D43+D44)

2 9,25 C47%(B47/100)*(B9/2)

1 5,14 C51*89/2
11,70 (B11/1000)°812*817
16,84 SOM(D51+D52)

2 8,22 (BS5/100]*C55°89/2

51 26,21 €59%89/2
11,70 (B11/1000)°812*817
37,92 SOM(D59:D60)

3 10,79 (B63/100]"C637B9/2

Formule

1.2G6+1.3"0.4%Q
1156 +130+13*04*Q

Recaclulating (NEN8700)
kN/m2  kN/m Formule J
Roof structure
Permanent 0,56 2,88 131789/2
Variable 0 0132
3rd floor_Full loaded
Permanent 16,84 D37
Variable 175 9,00 136789/2
2nd floor
Permanent 16,84 D45
Variable 175 9,00 140789/2
1st floor
Permanent 16,34 D53
Variable 175 9,00 144789/2
Ground floor_Full loaded
Permanent 537,92 D61
Variable 2 10,28 148789/2
Total
Total load_Ed 139,44 kN/m  MAX(L49;N4g)
42,33 kN/m  BEB-I52
Overcapacity/m2 825 kN/m2  156/(89/2)
summary table
CFA
570-8.49 9.46-873 kN/m2
849-10.28 873-825 kN/m2

D30+D314D37+D39+D45+D47+D53+D55+D61+D63

B67°B6

Figure X.15: Overcapacity VL; 3-storey; Brickwork walls; Timber floors_Excel sheet

eq 6.1 [kN/m] Formule L
3,45 Ba%I31

24,89 (B47I35) + (C4°D4%136)

24,89 (B47I39) + (C4°D4%140)

24,89 (B4%143] + (C4*Da%144)

50,85 (B4*147) + (C4*Da*148)

24 6.2 [kN/m] Formule N
3,31 B5%I31

31,06 (B5%J35) +(C5% 136)

24,05 (B5®139) +(C5°D5%140)

24,05 (85°143) +(C5*D5*144)

56,97 (85%147) +(C5* 1a8)

128,97 SOM(L30:L48)

¥
139,44 SOM(N30:N46)
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X.4.6 Calculation 3 storey, concrete walls, concrete floors

A B C D E F G H | J K L M N o]

1
2
3
4 [Ea.6.1 12 13 04 1.26+13°0.4°Q

5 Eq.62 115 13 04 115G+1.30+1.3%04%Q
6 |Load factor_Historicz 14

7

3

Structural parameters
9 |crL 10,28 m
10 | Number of floors 3-
11 Wall thickness 200 mm Brickwork 220 [mm]; Concrete 200 [mm]
12 Floor height 28m

14 Load definition
15 General

16 Weight concrete 24 kN/m3
17 \Weight brickwork 19 kN/m3
12 Timber

19 | Timber floor 1 kN/m2
20 |Timber roof 0,56 kN/m2
21 | Concrete

22 |concrete floor 4,7 kN/m2
23 |Concrete roof 3,88 kN/m2
24 | Foundation floar 5,1 kN/m2

27 Historical situation N1055 Recaclulating (NEN8700)

29 | Roof structure 1% [kN/m2] kN/m  Formule D kN/m2  kN/m  Formule}  eq6.1 [kN/m]Formule L £q 6.2 [kN/m] Formule N
Permanent 3,88 19,94 C30°5859/2 Roof structure 23,93 B4®I31 22,93 B5%)31

31 Variable 100 Not considered 083170 Permanent 388 19,94 131789/2

32 Variable 0 0132

33 3thfloor
34 Permanent 3rd floor_Full loaded 49,80 (B47135) + (C47D47I36) 54,93 (B5*135) + (C57 136)
35 Floor load 47 24,16 C35%B9/2 Permanent 37,60 D37

36 wall 13,44 (B11/1000}7B167812 Variable 175 9,00 136789/2

37 57,60 SOM(D35:D36)
38 2nd floor 49,80 (B47139) + (C4*D47140) 47,92 (B5%139) +(C5°D5%140)
39 |Variable 100 2 10,28 C39%(89/2)*839/100 Permanent 37,60 D45

40 Variable 175 9,00 140%89/2

41 | 2nd floor
42 [Permanent 1st floor 49,80 (847143) + (C47D47144) 47,92 (B57143) +(C5°D5%144)
43 Floor load 47 26,16 C43°B9/2 Permanent 37,60 DS3

a9 wall 13,44 (B11/1000}"B127816 Variable 175 9,00 144789/2

15 537,60 SOM(D43+D44)
26 Ground floor_Full loaded 52,93 (B4%147) + (C4*D4148) 58,97 (BS5®147) +(C5® 148)
47 Variable 90 2 9,25 C47%(847/100)*(B9/2) Permanent 39,65 D61

42 variable 2 10,28 148%89/2

49 1t floor Total 226,25 SOM(L30:148) 232,66 SOM(N3D:N4E)

50 Permanent

51 Floor load 47 24,16 C51°B9/2
52 wall 13,44 (B11/1000}"B127816 Total load_Ed 232,66 kN/m  MAX(LAG;N4g)
53 37,60 SOM(D51+D52)

]

55 |variable 80 2 8,22 (B55/100)*C55*B9/2 Overcapacity structure

56 Overcapacity wall 62,66 kN/m  BEB-I52
57 Ground floor Overcapacity/m2 12,19 kNfm2  156/(BS/2)
58 Permanent
59 Floor load 51 26,21 C59789/2 Summary table

60 wall 13,44 (811/1000}*812°816 cFA

61 39,65 SOM{D59:D50) 670-8.49 1359-1274 kh/m2
62 849-10.28 1274-1219 kh/m2
63 |variable 70 3 10,79 (B63/100)*C63*B9/2

66 Load historical Formule
67 |Total load_kar 210,94 kN/m D30+D314D37+D394D45+D474D53+D55+D614D63
68 Total load_ed 295,32 kN/m B67°86

Figure X.16: Overcapacity VL; 3-storey; Concrete walls; Concrete floors_Excel sheet

X.4.7 Preliminary used weight for HSB and CLT construction

A E g D E G G H 1
]
2 |safety factors G a Psi
3 |Eg.61 135 15 0.4 1.35G +1.5%0.4%Q
4 |Eq.6.2 1,2 15 04 1.2G +1.50+1.5%0.4%Q
5
(7]
7 [EE—— ar Formules
2 |Permanent load Formules B Permanent load
9 0,7 kN/m2 walls 0,99 kN/m2
10 Floors_excl. i 0,45 kN/m2 Floors and roof_excl. Finishing 0,96 kN/m2
11 0,25 kNf/m2 Fermacell finishing 0,25 kN/mZ
12 0,2 kN/m2 ceiling 0,2 kN/m2
13 1,603 kN/m2  SOM(B9:B12) 2,403 kN/m2  SOM[H9:H12)
14
15 Variable loading Variable loading
16 Imposed load 1,75 kN/m2 Imposed load 1,75 kN/m2
17 |Non-loadbearing wall 0,5 kN/m2 Non-loadbearing walls 0,5 kN/m2
18 2,35 kN/m2  SOM(B16:B17) 2,25 kN/m2  SOM(H16:H17)
19
20 [eg6.1 3,51 kN/m2 (B3*B13) + (B18*C3*D3) eqhb.l 4,59 kN/m2 (B3*H13) + (C3*D3*H18)
21 leg 6.2 4,85 kN/m2  (B4*B13)+ [C4*B16) + (C4*D4*B17) eq6.2 5,81 kN/m2  (BA*H13)+ (C4¥H16) + (C4*DA*H17)
22
23
24 | Addable floors per overcapacity
25|1<9370

26 (9.70<1-2<11.62
27 |1162 <2:<1455;
28 |1455<2-3<17.43:

Figure X.17: Weight estimation; HSB and CLT construction Excel sheet




X. Calculation sheets]|223

X.4.8 Verification excel sheet: Overcapacity VL (X.4)
X.4.8.1: 4-storey flats
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Figure X.18: Verification excel sheet (4 stories) Overcapacity VL (1)
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Order /

9 RAADGEVENDE
a’a""'v" }/‘* ; b e VA INGENIEURS
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> )J) U .uLb .
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/‘
- 3G 'mw‘
-2 F/(xlr /0(’5' I ’ (f/‘/zl Tl 7 e, AJ/A )‘! I‘ [ru/l"

» wall + Yoall . T/wlc-éj. (; ",J j njye [ﬁV/p«] v
[1*-#] nl))
35 8% [Mi1 S
2> 3b Varabl

2 Q~‘&[7W~’S 5 jo{%S
> lood = ™ e » - og) O o~ -2s [r/v/ss S

&
il el )
-3 ha fermoul
Jboc food - YJ (FAh = w7 w1y < 2u 16 Lrvi
Sl el MHeor LeJ; I ue 2.0 x¢s ...,o[u:,{“}_r
35 ¢ LAy 3
- uh Vor.oble [ 3 P
o Q-2 1N /e y A
5 leoghr Q u 30/9 it _).ut. i_ J‘A'l r‘v,ésﬂ
»Wou toe
sd
s Y

3 Au fLTIW'I
> Jbor lood = (F (FAly = wy. w©aff = 2uib [tvﬂ-x
-> A}‘I - J:a_/i r{w- /Q#/ Ib ZZ— )‘?()n i, ]U ‘D/M‘S !

* 35 % [NAIA

» sh Var “&b
a6 le 2l LelifhadY - 701"/.
o lood = Q ﬁ_l_z,l 202 i | 2 .w 2o . f-20 {‘U/M]/C}
(=) (=

£. Groved Ve

- (.. amongad
> Jlert loof - XIT (F//A S -1e 2}/1 = 2[»2' Ell//.ul
o ] A)n// ’M r/wf ‘03‘/ Yb Z,Jb 7.0 (é ’O 'NIMS’

.qu%

Figure X.19: Verification excel sheet (4 stories) Overcapacity VL (2)




X. Calculation sheets | 225

Order
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X.4.8.2: 3-storey flats
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X.5 Overcapacity S [Section 6.4]
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X.5.1 Brickwork walls; No additional room; concrete floors

Formules B

(88+89+1)*87
(88+1)*87

B5/84

B818-(0,57B15)

Pointload left/right [kN] Formules ¢

37,95 BA7*B20*H10

22,98 B49*B20*G10
45,97 BS0*B20*H10

Formules E

Contr. Width 1st

Contr. width other
323

TAN(B10*2°PI{)/360) w7 TAN(B10°2*PI()/360) * B7 =

Pointload middle [kN]
30,99 B47*B19*H10

[kt/m]

18,77 B49*B19*G10
37,53 B50°B19*H10

A
A
2
E] Parameters geometry
4 |Ratio: Depth / length stability wall a5 -
5 |Depth building 10,85 m
6 |Width unit building 18 m
7 |storey height 28 m
& |Number of floars_existing building 4-
9 |Number of layers top-up 2-
10 |Contributing width angle 30 degree
11 |Number of buildings between dilitation 2-
12 Height building extended 196 m
13 | Height existing building 4 m
14 Wall parameters
15 ' Wall thickness. 220 mm
16 |Length stability wall 241 m
0 o
18 NFL 426 -
19 Floor lenght 3 2,47 m
20 Floor length b 3,005 m
21
2 di
3 Half floor span (Wall next to dilatation) 196 m
2
25
2% Structural material properties
27 General
28 Brickwork 19 kN/m3
29 Concrete 24 kN/m3
30
31 Concrete
32 Concrete floor 47 kN/m2
EE] Concrete roof 3,88 kN/m2
E7]
35 Timber floor
36 Timber floor 05 kNfm2
37 ber roof 0,56 kN/m2
38
39 Safety factors (NEN 8700)
40 Permanent load 09 -
41 variable load 14-
2
a3
4 Verification in longitudinal direction
45 Compression caused by self-weight
6 kN/m2
47 1.Roof structure 3,88
42 | 2.Floor load (story 1 till 4)
49 First floor 47
50 Gther floors_per floor 47
51 Total for floors
52 3walls
53 [Stability wall
Pointloads from contributing walls
First floor

Contributing width other walls

Total overview of loads

Compressien force SLS
Compression force ULS

Tension caused by wind

CsCd

ar

co

CE

Cr_tot

7 o_wind_per wall

7 M_wind

72 M_wind_Ed

7 Tension on the sides
7

s Tension?
7%

7 Compression maximum
7 Maximum compression force
79 Area
20 Compressive stress_ULS
8
2

Brickwork (Fbc=10; M10)
a3 Material factor
] Compressive capacity
o5 uc
2%
a7 Verification in cross
28 Compression caused by self-weight
]

90 |Roof

91 |Floor load

92 Wwalls

9 Total
9

95 Compressive stress.
3 Compressive stress _ED
97

%8

99 Tensile stress (caused by wind)

100 CsCd
101 aplh)
02 oo
103 513
104 Cr_iat
105 o_wind
106 M_Wind_Ed
107 w_wall
108 Sigma M
109

110 uc_cross direction
1

12

13 Compression maximum
114 Maximum compressive stress_ULS
115

116 Brickwork (Fbc=10; M10)
"7 Material factor
18 Compressive capacity
19 uc

549,22 kN
494,30 kN

3,91 kn/m
750,26 kNm

1050,37 kNm
435,68 kN

0,88 -

929,94 kn
355647,8 mm2
2,61 N/mm2

4,77 N/mm2
2,81 N/mm2
093 -

direction

kM/m2 kN/m
3,88
47

0,47 N/mm2
0,42 N/mm2

1-
0,9 kN/m2
038 -
07 -
15-

3,97 kn/m
1,07E+09 Nmm
4,32E+09 mm3

0,25 N/mm2

059 -

0,67 N/mm2

4,77 N/mm2
17-

2,81 N/mm2

024 -

160,89 C49+ ((B8-1)*C50)

18,92 (B15/1000)*B7*B28%G10
113,52 (B15/1000)*H10°67°B258%(B8-1)

331,28 C4T4C514C554C56
Formules B
(0,5*ES8)+C58+0,5°G58°B16)
B60*B40

B674868
B65°B66°B69*B5/B11
(1/2)°B70%B1242
B71°B41

B872/816

B873/861

8614873
(610*1000)*815
B78*1000/879

B82/B83
B80/B84

Formules C

7,60 B90*B23
36,85 B91*BE°B23
58,52 (B15/1000)*67+(B8+1)*B28
102,97 C90+C91+C82
Formules B
ce3/815
B95°B40

B102-8103
B100*B101°B104*B23%2%0,75
(1/2)*B105%(B12*1000)72*B41
(1/6)*B15%(B5*1000)"2
B106/B107

B108/B96
B06+B108

B116/8117
B114/B118

131,37 E49+((88-1)*E50)

18,92 (B15/1000)*B287B7*G10
113,52 (B15/1000)*B7°(B&-1)*H10%B28

294,80 E47+E514ES54E56

Total stories

Figure X.26: Overcapacity S; No additional room; Brickwork walls; Concrete floors_Excel

Formules 6

58,52 (B15/1000)"B7%(B8+1)*B28

5852 G53
Height
3 11,2
4 14
5 168
3 196
7 24

m

qp [kN/m2]

0,71
0,78
0,88

09
093
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X.5.2 Concrete walls; No additional room; concrete floors

A B C D E F G H

Lo conceteWalls/Noadditional roomy Concretefloors
2z

3 Parameters geometry Formules B Formules E

4 |Ratio: Depth / length stability wall 45 -

5 | Depth building 10,85 m

6 Width unitbuilding 18 m

7 storey height 2,8 m

& |Number of floors_existing b a-

9 Number of layers_top-up 2- Contr. Width 1st Contr. width other
10 Contributing width angle 30 degree = 1,62 323 m
11 Number of buildings between dilitation 2- TAN(B10727PI{)/360) * BI TAN(B10%2*PI()/360) * B7 * 2
12 Height building_extended 186 m (B&+B3+1)767

13 Height existing building 14 m (B&+1)*87

it Wall parameters

15 Wall thickness 200 mm

16 Length stability wall 241 m B5/84

7 itudinal directi

18 [ 46 -

19 Floor lenght a 2,47 m

20 Floor length b 3,025 m B18-{(0,5°B19)

21

2z i

23 Half floor span (Wall next to dilatation) 1,96 m

24

25

26 structural material properties

27 | General

28 Brickwork 16 kN/m3

29 Concrete 24 kN/m3

30

31 Concrete

32 Concrete floor 4,7 kNfm2

3 Concrete roof 3,88 kN/m2

34

35 Timber floor

36 Timber floor 05 kN/m2

7 Timber roof 0,56 kN/m2

38

kL] safety factors (NEN 8700)

40 Permanent load 09 -

41 variable load 14 -

42

43

44 Verification in longitudinal direction

45 | Compression caused by self-weight

46 kN/m2  Pointload left/right [kN] Formules C Pointioad middle [kN] [kN/m] Formules 6
47 | 1.Roof structure 3,88 57,95 BA7*B207H1D 30,99 B477B1S7HIO

48 | 2.Floor load (story 1 till 4)

49 First floor 47 22,98 B49*B207G10 18,77 B497B197G10

50 Gther floors_per floor 47 45,97 B50*B20°H10 37,53 BS0°B19°H10

51 Total for floors 160,89 €43+ ((B8-1)*C50) 131,37 E49+{(B8-1)°ES0)

52 3.Walls

53 stability wall 67,2 (B15/1000)*87*(B8+1)°B29
34 pointloads from contributing walls

55 First floor 21,73 (B15/1000)*B7*B29°G10 21,73 (B15/1000)*B29*B7%G10

56 Contributing width other walls 130,36 (B15/1000)*H10*B7*B29%(88-1) 130,36 (B15/1000)*B7#(B8-1)*H10*B29

57

58 Total overview of loads 350,92 C47+C51+C55+C56 314,44 E47+ES1+ES5+ES6 67,2 G53
59 Formules B

60 Compression force SLS 585,16 kN (0,5%ES8|+C58+(0,5"G557B16)

61 Compression force ULS 530,24 kN B60*B40

62

63

64 Tension caused by wind

65 CsCd 1-

66 ap 0,9 kN/m2 Total stories Height ap [kN/m2]

67 co 08 - 3 11,2 071
68 CE 0- a 14 078
69 Ch ot 08 - B674868 5 168 084
] a_wind_per wall 3,91 kN/m B65*B66*B69*B5/B11 6 18,6 09
il M_wind 750,26 kNm (1/2)*870*B12"2 7 224 093
T2 M_wind_Ed  1050,37 kNm B71*B41

73 Tension on the sides. 435,64 kN B72/B16

74

75 Tension? 0,82 - B73/B61

76

b ‘Compression maximum

ki Maximum compression force 965,88 kN B61+B73

kel Area 323316,2 mm2 (G1071000)*815

20 Compressive stress_ULS 2,99 Nfmm2 B78*1000/B79

81

82 Concrete C12/15 12 Nfmm2

83 Material factor 15 -

84 Compressive capacity 8 N/mm2 B52/B83

85 uc 037 - BE0/B84

%6

87 Verification in cross direction

28 Ccompression caused by self-weight

89 kn/m2  kn/m Formules C

90 Roof 3,88 7,60 B90*B23

91 Floor load a7 36,85 B91*B8*823

92 |walls 67,2 (B15/1000)*87°(B&+1)*B29

93 Total 111,65 CO04CO1+C92

94 Formules B

95 Compressive stress. 0,56 Nfmm2 €93/B15

9% Compressive stress _ED 0,50 Nfmm2 B95*840

97

9%

99 Tensile stress (caused by wind)

100 CsCd 1-

101 aplh) 0,9 kN/m2

102 co 08 -

103 CrE 07 -

104 CF_tat 1,5 - B102-B103

105 q_wind 3,97 kN/m B100*B101*B104*B23%2%0,75

106 M_Wind_Ed 1,07E+09 Nmm (1/2)*B105*(B12#1000)"2*B41

107 W_wall 3,92E+09 mm3 {1/6)*B15%(B5*1000)2

108 Sigma M 0,27 Nfmm2 B106/8107

109

110 UC_cross direction 054 - B108/B36

111

12

113 ‘Compression maximum

14 Maximum compressive stress_ULS 0,77 Nfmm2 B96+5108

15

116 Concete C12/15 12 Nfmm2

nr Material factor 15 -

g Compressive capacity 8 N/mm2 B116/8117

19 uc 0,10 - B114/8118

Figure X.27: Overcapacity S; No additional room; Concrete walls; Concrete floors_Excel




X.5.3 Brickwork walls; No additional room; timber floors

101
102
103
104
105
106
107
108
109
110
m
nz
113
114
15
16
mn7
118
119

Parameters geometry
Ratio: Depth / length stability wall 45 -
Depth building 10,85 m
Width unit building 18 m
Storey height 28m
Mumber of floors 4-
Number of layers_Top-up Bl
Contributing width angle 30 degree
Number of buildings between dilitation 2-
Height building_extended 196 -
Height existing building 14 -
Wall parameters
Wall thickness 220 mm
Length stability wall 2,41 m
itudinal direction
NFL 4,06 -
Floor lenght a 2,47 m
Floor length b 3,025 m
Transversal direction
Half floor span [Wall next to dilatation) 1,96 m

Structural material properties

General
Brickwork
Concrete
Concrete
Concrete floor
Concrete roof
Timber floor
Timber floor
Timber roof

18 kN/m3
24 kn/m3

47 kN/m2
3,88 kN/m2

1 kN/m2
0,56 kN/m2

safety factors (NEN 8700)

Permanent load
Variable load

09 -
14-

Verification in longitudinal direction

Compression caused by self-weight

Formules B

(B8+B9+1)*B7
(88+1)*87

B5/B4

B18-(0,5*819)

pointload left/right [kN: Formules C

5,48 B47*B20*H10

4,89 BA9*B20*G10
9,78 B50°B20°H10

X. Calc

E

Formules E

Pointload middle [kN]

4,47 BAT*B19*H10

3,99 BA9*B19*G10
7,99 BS0*B19*H10

kN/m2
1.Roof structure 0,56
2.Floor load (story 1 till 4)
First floor 1
Other floors_per floor 1
Total for floors
3.walls
Stability wall
Paintloads from contributing walls
First floor
Contributing width other walls
Total overview of loads
Compression force SLS 325,13 kN
Compression force ULS 262,62 kN
Tension caused by wind
CsCa 1-
ap 0,9 kN/m2
cLo 08 -
CiE o-
Cttat 08 -
aq_wind_per wall 3,91 kN/m
M_wind 750,26 kNm
M_wind_Ed 1050,37 khm
Tension on the sides 435,64 kN
Tension? 1,49 -
Compression maximum
Mazximum cempressien force 728,26 kN
Area  355647,77 mm2
Compressive stress_ULS 2,05 N/mm2
Brickwork {Fbc=10; M10)) 4,77 N/mm2
Material factor 17 -
Compressive capacity 2,81 N/mm2
uc 0,75 -
Verification in cross direction
Compression caused by self-weight
kN/m2 kN/m
Roof 0,56
Floor load 1
walls
Total
Compressive stress 0,31 Nfmm2
Compressive stress _ED 0,28 Nfmm2
Tensile stress (caused by wind)
CsCa 1-
aplh) 0,9 kn/m2
CcLo 08 -
CE -7 -
Cf_tar 15 -
q_wind 3,97 kN/m
M_Wind_Ed 1067311728,0 Nmm
W_wall 4316491666,7 mm3
Sigma M 0,25 N/mm2
UC_cross direction 0,90 -
Compression maximum
Maximum compressive stress_ULS 0,52 N/mm2
Brickwork (Fb ); M10)) 4,77 N/mm2
Material factor 17 -
Compressive capacity 2,81 N/mm2
uc 0,19 -

34,23 €49+ ((88-1)*C50)

18,92 (B15/1000)7B778287G10
113,52 (B15/1000)7H107877B28*(B3-1)

172,15 C47+C514C55+C56
Formules B
(0,57ES8)+C58+(0,57G587B16)
8607840

B67+868
8657B667B697B5/B11
(1/2)*870%B1242
714841

872/B16

873/B51

8614873
(610%1000)°B15
87871000/B79

882/B83
880/B84

Formules €
1,10 8907823
7,34 B91*887B23
58,52 (B15/1000)*B7*(B8+1)*828
67,46 CO0+CO1+C92
Formules B
C93/B15
8952840

8102-8103
B100*B101*B104*823*2*0,75
(1/2)*B105%(B12*1000)42*B41
(1/6)7815*(B5*1000)42
8106/8107

B8108/896

B96+B108

B116/8117
B114/B118

Total stories

27,95 E49+{(85-1)°E50)

18,92 (815/1000)*B287B7*G10

ulation sheets|233

Contr. Width 1s Contr. width other

162 323 m

[kN/m] Formules G

58,52 (B15/1000)°87*(B8+1)°B28

113,52 (B15/1000)787%(88-1)*H107B28

164,87 E47+ESI4ES54ES6

Height
3 11,2
a 14
5 16,8
3 19,6
7 22,4

Figure X.28: Overcapacity S; No additional room; Brickwork walls; Timber floors_Excel

58,52 G53

ap [kN/m2]
071
078
0,84
09
033
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X.5.4 Brickwork walls; Additional room; concrete floors

A B C D E F G H

oo eridworkwels/Addtionslroom/ Coneretefloors
2

3 Parameters geometry Formules B Formules E

4 |Ratio: Depth / length stability wall 45 -

5 |Depth building 1085 m

6 |Width unit building 18 m

7 |storey height 28 m

8 |Number of floors_Existing building a-

9 |Number of layers_top-up 2- Contr. Width 1st Contr. width other
10 | Contributing width angle 30 degree = 1,62 323 m
11 |Number of buildings between dilitation 2- TAN(B10¥2*PI()/360) * B7 TAN(B10*27PI(}/360) ¥ B7 * 2
12 | Height building_extended 196m (B8+89+1)°87

13 | Height existing building 14 m (B8+1)*B7

14 Wall parameters

15 |wall thickness. 220 mm

16 | Length stability wall 241m 85/84

17 | Longitudinal direction

18 NFL 426 -

19 Floor lenght d 241 m

20 Floor length ¢ 1,53 m (B18-(0,5*B19))/2

21

2 di

2 Half floor span (Wall next to dilatation) 19 m

2

5

% Structural material properties

27 |General

2 Brickwork 19 kN/m3

29 Concrete 24 kN/m3

30

31 | Concrete

32 Concrete floor 47 kN/m2

3 Concrete roof 3,88 ki/m2

S

35 | Timber floor

36 Timber floor 0,5 kn/m2

7 Timber roof 0,56 kN/m2

33

39 Safety factors (NEN 8700)

0 Permanent load 09 -

a1 Variable load 14-

a2

a4

a Verification in longitudinal direction

45 | Compression caused by self-weight

26 kN/m2  Pointload left/right [kN; Formules € Paintload middle [kN] [kN/m] Formules G
47 | L.Roof structure 3,88 53,44 B477B187H10 0,00

42 | 2.Floor load (story 1 till 4)

] First floor 47 32,37 B49°B18°G10 000

50 Other floors_per floor 47 64,73 BS0*B18*H10 0,00 +

51 Total for floors 226,57 CA49+((B8-1)*C50) 0,00 E49+((B8-1)*ESO)

52 |3.Walls

53 |Stability wall 58,52 (B15/1000)?B7%(88+1)7B28
54 | Pointloads from contributing walls

55 First floor 37,84 (B15/1000)*B7*B28%(G10%2) 000

56 Contributing width other walls 227,05 (B15/1000)*{H10*2)*B7*B28%(B8-1) 0,00

57

58 Total overview of loads 544,90 C47+C514C554C56 0,00 E47+E514E554E56 58,52 G53
59 Formules B

60 Compression force SLS 615,45 kN €58 +(0,5 ¥ G58 * B16)

61 Compression force ULS 553,90 kN 860°840

62

63

64 | Tension caused by wind

65 CsCa 1-

66 ar 0,9 ki/m2 Total stories Height ap [kN/m2]

67 cLo 08 - 3 11,2 071
68 =23 o- 4 1 078
9 Ch o 08 - 8674868 5 168 0,84
il a_wind_per wall 3,91 kn/m B65°B66*869°B5/811 [ 136 0.9
bl M_wind 750,26 kNm (1/2)*B70*B12"2 7 22,4 0,93
” M_wind_Ed 105037 kNm 871841

3 Tension on thesides 435,64 kN 872/816

71

75 Tension? 079 - 873/861

7%

n ‘Compression maximum

78 Maximum compression force 989,54 kN B614B73

7 Ares 7112955 mm32 (G10*1000%2)*B15

2 Compressive stress_ULS. 1,39 N/mm2 87871000/879

8

82 Brickwork (Fbc=10; M10)) 4,77 N/mm2

2 Material factor 17-

o Compressive capacity 2,81 N/mm2 882/883

a5 uc 0,50 - B80/B84

86

a7 Verification in cross direction

22 | Compression caused by self-weight

89 kN/m2  kN/m Formules €

90 |Roof 3,88 7,60 890*823

91 |Floor load 47 36,85 891°88*B23

92 |walls 58,52 (B15/1000)*B7*(B8+1)*B28

93 Total 102,97 CS0+C91+C92

9 Formules B

95 Compressive stress. 0,47 N/mm2 c93/815

% Compressive stress _ED. 0,42 N/mm2 895°840

97

9%

99 | Tensile stress (caused by wind)

100 CsCd 1-

101 aplh) 0,9 ki/m2

102 cLo 08 -

103 CiE 07 -

104 Cf_tot. 15 - B102-8103

105 q_wind 3,97 ki/m 8100°B101*8104%6232%0,75

106 M_Wind_Ed 1,07E+09 Nmm (1/2)781057(B1271000)27841

107 W_wall 4,32E+09 mm3 (1/6)7B157(8571000)A2

108 Sigma M 0,25 N/mm2 8106/8107

109

110 uC_cross direction 0,59 - B8108/896

1

12

13 Compression maximum

14 Maximum compressive stress_ULS 0,67 N/mm2 8968108

15

116 Brickwork (Fbc=10; M10) 4,77 N/mm2

n7 Meaterial factor 17 -

118 Compressive capacity 2,81 N/mm2 B116/8117

19 uc 0,24 - B114/8118

Figure X.29: Overcapacity S; Additional room; Brickwork walls; Concrete floors_Excel
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X.5.5 Concrete walls; Additional room; concrete floors

5]

2

100
101
102
103
104
105
106
107
108
109
110
m
12
13
114
115
116
n7
18
19

A B
Parameters geometry
Ratio: Depth / length stability wall a5 -
Depth building 10,85 m
Width unit building 18 m
Storey height 28 m
Number of floors_Existing bu; a-
Number of layers top-up 2-
Contributing width angle 30 degree
Number of buildings between dilitation 2-
Height building_extended 19,6 m
Height existing building 14m
Wall parameters
Wall thickness 200 mm
Length stability wall 2,41 m
Longitudinal directi
NFL 426 -
Floor lenght d 241 m
Floor length ¢ 1,53 m
Half floor span (Wall next to dilatation) 1,96 m
Structural material properties
‘General
Brickwork 19 kN/m3
Concrete 24 kN/m3
Concrete
Concrete floor 4,7 kNfm2
Concrete roof 3,88 kN/m2
Timber floor
Timber floor 05 kN/m2
Timber roof 0,56 kN/mz

Safety factors (NEN 8700}

Permanent load
Variable load

08 -
14 -

Verification in longitudinal direction

Compression caused by self-weight

C

tload left/right [kN]

D E

Formules B

(B8+89+1)787
(BS+1)787

85/84

(B18-(0,5*B19))/2

Formules C
Pointload middle [kN]

53,44 BA7*BIB*H10 0,00
32,37 B49*BIB*G10 0,00
64,73 B50*B18*H10 0.00

kN/m2 P
1.Roof structure 3,88
2.Floor load (story 1 till 4)
First floor 47
Other floors_per floor 47
Total for floors
3.Walls
Stability wall
Pointloads from contributing walls
First floor
Contributing width other walls
Total overview of loads
548,32 kN
Compression force ULS 583,49 kN
Tension caused by wind
csCa 1-
ap 0,9 kN/m2
o 08 -
CLE 0-
Ch_tet 08 -
q_wind_per wall 3,91 kNfm
M_wind 750,26 kNm
M_wind_Ed  1050,37 kNm
Tension on the sides 435,64 kN
Tension? 0,75
Compression maximum
Maximum compression force  1019,13 kN
Area 646632,3 mm2
Compressive stress_ULS 1,58 N/mm2
c12/1s 12 N/mm2
Material factor 15 -
Compressive capacity 8 N/mm2
uc 020 -
Verification in cross direction
Compression caused by self-weight
kN/m2  kNfm
Roof 388
Floor load 47
walls
Total
Compressive stress 0,56 N/mm2
Compressive stress _ED 0,50 Nfmm2
Tensile stress (caused by wind)
1-
0,9 kNfm2
08 -
07 -
15 -
a 3,97 kN/m
M_Wind_Ed 1,07E+08 Nmm
W_wall 3,92E409 mm3
Sigma M 0,27 Nfmm2
UC_cross direction 054 -
Compression maximum
Maximum compressive stress_ULS 0,77 Nfmm2
Concete C12/15 12 N/mm2
Material factor 15-
Compressive capacity 8 N/mm2
uc 0,10 -

226,57 C48+((B8-1)*C50) .00

43,45 [B15/1000)*B7*B29%(G10%2)
260,72 (B15/1000)*(H10%2)*B7*B29*(B8-1)

0,00
0.00

584,19 CA7+C514C554C56
Formules B
€58 +(0,5 ¥ G58 * B16)
B60*B40

0,00

Total stories

8674868
86578667860785/811
(1/2)*B707B1242
871*841

B72/B16

“au e w

873/861

8614873
(610*1000°2)*B15
B78*1000/879

B880/B84

Formules €
7,60 B90%823
36,85 B91°88°B23
67,2 (B15/1000)*B7%(B8+1)*B29
111,65 C90+C91+C92
Formules B
c93/815
8952840

B102-8103
B100*B101*B104°823°2°0.75
(1/2)7B105*(B1271000)42*B41
(1/6)*B15%(B5*1000)42
8106/B107

B108/B96

BOG+B108

B116/B117
B114/B118

Formules £

E49+4{(BS-1)*ES0)

E474ES1+ESS+ESE

Height

11,2

14
168
196
224

Contr. Width 1st Contr. width other
1,62 3,23 m

TAN(B10%27PI{)/360) * B7 TAN(B10*2*PI()/360) * B7 * 2

[kn/m] Formules &

53,2 (B15/1000)7B77(B&+1)7828

53,2 G53

qp [kN/m2]
0,71
078
0,84
09
093

Figure X.30: Overcapacity S; Additional room; Concrete walls; Concrete floors_Excel
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X.5.6 Brickwork walls; Additional room; timber floors

A B G D E F G H
. L —
2
3 Parameters geometry Formules B Formules E
4 |Ratio: Depth / length stability wall 45 -

5 Depth building 10,5 m

6 Width unit building 18 m

7 |Storey height 28m

& |Number of floors a-

9 |Number of layers_Top-up 2- Contr. Width 1st Contr. width other
10 | Contributing width angle 30 degree = 162 323 m
11 |Number of buildings between dilitation 2- TAN(B10*2*PI()/360) * B TAN(B10*2*PI()/360) * B7 * 2
12 |Height building_extended 196 - (B8+89+1)*87

13 Height existing building 14 - (B8+1)*B7

14 all parameters

15 \wall thickness 220 mm

16 |Length stability wall 241 m B5/B4

17 | Longitudinal directi

18 NFL 426 -

19 Floor lenght d 241 m

20 Floor length ¢ 153 m (B18-(0,5°B19))/2

21

2 it

23 Half floor span (Wall next to dilatation) 196 m

24

25

2% Structural material properties

27 General

2 Brickwork 19 kN/m3

2 Concrete 24 kN/m3

30

31 Concrete

2 Concrete floor 47 kh/m2

3 Concrete roof 3,88 k/m2

E']

35 Timber floor

36 Timber floor 1 kN/m2

37 Timber roof 056 kn/m2

3

39 Safety factors (NEN 8700)

40 Permanent load 03

a1 Variable load 14

2

3

a9 Verification in longitudinal direction

45 Compression caused by self-weight

26 kN/m2  Pointload left/right [kN] Formules C Paintload middle [kN] [kN/m]
47 |1.Roof structure 056 7,71 B47°B18°H10 0,00

42 | 2.Floor load (story 1 till 4)

49 First floor 1 6,89 B49°B18°G10 0,00

50 Other floors_per floor 1 13,77 BS0*B18*H10 0,00 +

51 Total for floors 48,21 Ca49+((B8-1)*C50) 0,00 E49+{(B8-1)*ES0)

52 | 3.walls

53 |stability wall 58,52 (B15/1000)*B7%(B8+1)*B28
34 Pointloads from contributing walls

55 First floor 37,84 (B15/1000}*B7*B28+%(G10%*2) 0,00

56 Contributing width other walls. 227,05 (B15/1000)*(H10*2)*B7*B28%(B8-1) 0,00

57

58 Total overview of loads 320,81 CAT+HS14C55+C56 0,00 E47+E514E554E56 58,52 G53
59 Formules B

60 Compression force 5LS 391,36 kN €58 +(0,5 7 GS8 " B16)

61 Compression force ULS 352,22 kN B50B40

62

63

64 Tension caused by wind

65 CsCd 1-

66 ar 0,9 kN/m2 Total stories Height ap [kN/m2]
67 co 08 - 3 112 071
68 CE 0- 4 14 078
69 Chtat 08- BE7+868 5 168 084
0 a_wind_per wall 3,91 kN/m B65*B66°B69*B5/B11 6 196 0s
7 M_wind 750,26 kNm {1/2)*B70*B12°2 7 224 093
yr] M_wind_Ed  1050,37 kNm B71*B41

RE] Tension on the sides. 435,64 kN B72/B16

7

75 Tension? 124 - B73/861

76

7 Compression maximum

7 Maximum compression force 787,86 kN B51+873

78 Area 7112655 mm2 (G1071000°2)°B15

80 Compressive stress_ULS 1,11 N/mm2 B7871000/879

81

a2 Brickwork (Fbc=10; M10) 4,77 Nfmm2

2] Material factor 17 -

8 Compressive capacity 2,81 N/mm2 B82/883

85 uc 039 - B30/884

86

a7 Verification in cross direction

33 compression caused by self-weight

29 kNfm2  kNfm Formules C

90 |Roof 0,56 1,10 BOD*B23

91 |Floor load 1 7,54 BO1"BBB23

92 \Walls 58,52 (B15/1000)%87%(85+1)°628

% Total 67,46 COD+CO1+CO2

9 Formules B

95 Compressive stress. 0,51 Nfmm2 €93/815

9 Compressive stress _ED. 0,28 Nfmm2 BI5*B40

97

9%

99 Tensile stress (caused by wind)
100 CsCd 1-
101 aplh) 0,9 kN/m2
102 cLo 08 -
103 CLE 07 -
104 Cf_tot 15 - B102-B103
105 q_wind 3,97 kN/m B100*B101*B104*B23*2*0,75
106 M_Wind_Ed  1,07E+09 Nmm (1/2)*B105%(812*1000}A2*B41
W07 W_wall 4,32E409 mm3 (1/6)*B15*(B5*1000)42
108 Sigma M 0,25 N/mm2 B106/8107
109
10 UC_cross direction 080 - B108/896
1
12
13 Compression maximum
14 Maximum compressive stress_ULS 0,52 N/mm2 89648108
115
16 Brickwork (Fbc=10; M10) 477 Njmm2
17 Material factor 17 -
18 Compressive capacity 2,81 N/mm2 B116/B117
13 uc 019 - B114/8118

Figure X.31: Overcapacity S; Additional room; Brickwork walls; Timber floors_Excel sheet




X. Calculation sheets|237

X.5.7 Results for flowchart stability

4 stories NFL Ratio Addable floors 3 stories NFL Ratio Addable floors
267 287 3 267 287 3
267 3.69 2 267 3.69 2
347 287 =3 347 287 3
347 369 2 347 369 2
347 237 >3 347 287 3
347 3.69 2 347 3.69 2
4.26 287 2 4.26 287 >3
4.18 3.69 2 4.18 3.69 3
267 369 2 267 369 2
267 450 1 267 450 1
347 3.69 2 347 3.69 2
347 4.50 2 347 450 2
347 3.69 2 347 3.69 2
347 4.50 2 347 450 2
4.6 3.69 3 4.6 3.69 3
426 450 2 426 450 2

4 stories NFL Ratio Addable floors 3 stories NFL Ratio Addable floors
267 287 >3 267 287 3
267 369 2 267 369 2
347 287 >3 3.47 287 >3
347 369 3 3.47 369 3
347 287 >3 3.47 287 >3
347 369 3 3.47 369 3
4.26 287 >3 4.26 287 >3
4.26 369 3 4.26 369 3
267 369 2 267 369 2
267 450 1 267 450 2
3.47 3.69 3 3.47 3.69 3
3.47 450 2 3.47 450 2
3.47 3.69 3 3.47 3.69 3
3.47 450 2 3.47 450 2
426 3.69 3 4.26 3.69 3
426 450 2 4.26 450 2

4 stories NFL Ratio Addable floors 3 stories NFL Ratio Addzble floors
2.67 2.87 2 2.67 2.87 2
2.67 3.69 1 2.67 3.69 1
3.47 2.87 2 3.47 2.87 2
3.47 3.69 1 3.47 3.69 1
3.47 2.87 2 3.47 2.87 2
3.47 3.69 1 3.47 3.69 1
4.26 2.87 2 4.26 2.87 2
436 3.69 1 426 3.69 1
267 3.69 1 267 3.69 1
267 450 o 267 450 o
3.47 369 1 3.47 3.69 1
3.47 450 o 3.47 450 1
3.47 369 1 3.47 3.69 1
3.47 450 1 3.47 450 1
436 3.69 1 426 3.69 1
436 4.50 o 426 450 1

4 stories NFL Ratio Addable floors 3 stories NFL Addable floors

4,07 2,87 >3 2,87 >3
4,07 3,69 3 3,69 3
6,16 2,87 =3 6,16 2,87 =3
5,16 3,60 =3 6,16 3,60 >3
6,16 2,87 >3 6,16 2,87 >3
5,16 3,69 =3 6,16 3,69 3
8,25 2,87 =3 8,25 2,87 =3
8,35 3,69 23 8,325 3,69 >3
4,07 3,69 3 4,07 3,69 3
4,07 a5 =3 407 a5 2
6,16 3,69 =3 6,16 3,69 =3
6,16 a5 23 6,16 45 3
6,16 3,69 >3 6,16 3,69 =3
5,16 a5 =3 6,16 a5 3
8,25 3,69 =3 8,25 3,69 =3
8,35 a5 23 8,325 a5 >3

Figure X.32: Results for flowchart S (1)
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4 stories NFL Ratio Addable floors 3 stories MFL Ratio Addable floors
4,07 2,87 =3 4,07 2,87 =3
4,07 3,69 3 4,07 3,69 3
6,16 2,87 >3 6,16 2,87 >3
6,16 3,60 >3 6,16 3,69 >3
6,16 2,87 »3 6,16 2,87 »3
616 3,69 »3 6,16 3,69 =3
8,25 2,87 =3 8,25 2,87 =3
8,25 3,69 =3 8,25 3,69 =3
4,07 3,69 3 4,07 3,69 3
4,07 45 2 4,07 45 2
6,16 3,60 »3 6,16 3,69 >3
616 45 3 6,16 45 3
616 3,69 »3 6,16 3,69 =3
6,16 45 3 6,16 45 3
8,25 3,69 3 8,25 3,69 =3
8,25 4,5 >3 8,25 45 =3

4 stories NFL Ratio Addable floors 3 stories NFL Ratio Addable floors
407 2,87 2 4,07 2,87 2
4,07 3,69 z 4,07 3,69 2
6,16 2,87 2 6,16 2,87 2
6,16 3,69 2 6,16 3,60 2
6,16 2,87 2 6,16 287 2
6,16 3,69 z 6,16 3,69 2
825 2,87 2 8,25 2,87 2
8,25 3,69 z 8,25 3,69 2
4,07 3,69 z 4,07 3,69 2
407 a5 1 407 45 1
6,16 3,69 2 6,16 3,69 2
6,16 a5 1 6,16 45 1
6,16 3,69 z 6,16 3,69 2
6,16 a5 1 6,16 45 1
8,25 3,69 z 8,25 3,69 2
825 a5 1 8,25 45 1

Figure X.33: Results for flowchart S (2)
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X.5.8 Verification excel sheet stability (X.2; X.5)

X.5.8.1: No additional room
Order /

RAADGEVENDE
Blad nr\/l /)i/ / y : 1 & VA INGENIEURS
Deel \or.)ical. Datrondgier s due Lt ®
Datum 25 /oy /:_,2{' ) 5( . % ROSSU M

\/&?l‘-rlu /-o.« excel 5/c.£. /. /; SL‘I; * _No additional room +

Br. ttt.wrpwu//s 3

@ &r‘g el 3 ?go :gg/(;; @ cete Tloors

R‘;/.o + R\Fﬂ ! Jonctl steh, ua/’ z 4|5 I'I '_ g
C'(/r)‘”\ bu-/{,’u F 3 e (375 lwl ]—\ II: :r x i

Qielth un ! .,./(ﬂ-J 2 8 Inad

storey,  boich! 2 lm] l I
F loors c&s_\/ builelny < u -3 —>. prictipl. valid loc
nansbor P ) Jee ‘Jeu k; ul’ s 2 ! -1 "Xos !l ol Xs:3

‘(,»nlr t’ul WL//A u > 30(_;
humk‘/udbulz o ‘Jlum Allatan v 2. 1"}

s - JJ oo lw] 7
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e
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LLL'-/f bUJ -1 v\!"
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\. { af

“051/ exshin, bulely =
Nr-;)/\l exioe b.,,/(!.ﬁ

‘ i (a-/r. L dih
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Figure X.34: Verification excel overcapacity S (No additional room) (1)
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Order /
RAADGEVENDE
Bladnr 2 /0/ , VA INGENIEURS

Deel VC"" }:(U ? IJaru meter )/“$r7 stab. /,; W
S . ROSSUM
L S/r-« /.ua/ Ma‘/o/!a/ Prarr)r/(A
B:,(((,;O{K = Dg{fu/m l
(oncrete - rU/
(onuP{’ ?/‘b/ - l r U/” ]
Congrels P 3}(:’7 (J.U Y™ 3
Towdoe Flwr . = o5, 'ClM il
T.Nl\pr r.;)or r Usé [rV/m?_(
ssrc'; [agitors (U?MJ;QJ)
cvaren': {6 . oy [-3
Vurighle R [-3

b Vehf,u_; L. on /QQ.: hucbnal clrecton
A del} 'c.;('-:)/l =2 e pichd

1. Ral - lieclue
-3 ,bm‘ /ua(,l A’JF/ /l:&/J = L L!)?fr “,_/IL u#ﬂ’ oo
= Yo25 s 3,23 3.8 ‘;:’ [eN3 A

e l)omf/aub\ P AL :  GellA - (w/' willloller «
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Figure X.35: Verification excel overcapacity S (No additional room) (2)
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Order & )

siadiv 524 v AN RAADGEVENDE
| . INGENIEURS
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X.5.8.2: Including additional room
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X.6 Strengthening for stability [Section 6.3.5]

X.6.1 Concrete core

A ¢ 3 o 3 [ 6 H i s
1 Note: All values change If 1 parameter Is changed. So the values are obtained per height.
2 Formules b
3 |Safety factor permanent loading o5
4 |safety factor variable loading 14-
5wt concrete 28 kajm3
L)
7 |Lengin_jong 2160 mm
2 Lenght_Cross 2550 mm.
3 |Wall thickness 250 mm
10 area care 2105000 mmz (87458 - (57-(24090)" (B8-(2°E3))
11 jengtitudinal L36007E412 mmd ((1/421°B8"87%3) - (11/12)" (B8-488"2)1"(87-(2789))3)
12 | eross 1,79289€412 mma (1/32)°87499%3) - (11/12)° (B7-(2°35)1(58-(2*83)1°3)
13 E_concrete 11000 N/mm2
14 Reduction factor stffness epenings o1
18 |Factor foundation 2-
%
17 El_concrete long_reduced 1087258416 Wimm2 B117B13%E1e
18 El_concrete cross_reduced 1280826416 2 iz
)
)
1 Building properties
22 Depth building 1088 m
23 |width unit building wm
u
k=1
. tiffness estimation in
27 Beickwork, E-modules [1000°Fk] 4770 njmm2
25 |Outer wall left
k] Length 1085 m B12
» thickness 220 mm
7 B 1118996017 N2 (1/12)°8307(825°10001'3°527
32 Guter wall right
n Lengh 1085 m 622
u thickness
35 L 1.11699€+17 Nmm2 (1/12)°834%(823°1000)43°827
3
37wl (berween 2 sppartments)
3 Length 543 m B22/2
= Thickness 220 mm
#© B 139624416 Nmm2 (1/123397(838° 100013527
2
Q2
a 0 total brckwork 237266417 N2 Bs14354840
“ Btotal concrete 1380526416 N2 618
s ftotal 251168617 mm2 preson
46
@ Part slevator 0os - Baamas
“
s
) Wind properties longitudinal Area 1, Urtan
51 1
2 o 03
) e o
u G o8
55 qp{16.8m) 084 kh/m2
% ap {19 8] 039 w2
Ed ap(22.4m) 083 wm2
F) Suildings linked 2
E)
&
6
] seight [m|aw (kn/m]  Formule: [ Formule D w ] Formale ¥ a/500h fom]  uC Formule1
& 13,8 3.91 B51*B54"B56"822/858 1050370272 (1/2)"BE3*B4"AB3A2* 106 13,76 [1/B)"B63%AB3*1000) 4 "B15/ [$B517) 392 0,35 F63/HE3
2] 4.04 B51°B54°857°822/858 1317642588 (1/2)°BE4"B4°ABA 710" 24,26 (1/8)"B54*(AB471000)*4"B15 / [$B517) 445 054 FE4/HES
&
&
&
& Weight structure_ED s765238 1
@
n am [N/men2] Formude © oN_care [N/mm3] Formule £ oN_ad [W/mm2] Farmule G Tension [N/mm2] Farmule |
n 083 DE3*(5857/2) / (58511 0,47 AS3°S8S5*1000/(10°6)"83 027 Gea/e10 014 LGN
n 113 De4*(5857/2)  (58511) 0,48 A54*$8S5"1000/(10°61°E3 027 Gs/B10 0.7 Cr2E7RGT2
n
u
7 Reinforcement caculation_longit. Tensien (W] Formule 8 Fe8500 [M/mm2] Ares [mm2/mjren] Formule £
7% 196m 57230.86 ALS(17150:71°5859"5858,0) H 39,32 B76/(D76"2*(5858/10001)
77 [25.2m 3458736 *sa505a5801 pery 105,75 877/(077+24{5858/1000])
™
]
2 "Wind properties cross direction
8 ) 1
2 o
o e
“ Gl
s apl1 &m)
% ap {15,6m)
o ap(22.4m)
@
= gt {m] e /] e ] Formule D w ) Formaie £ 1/500h ] UC Farmule
%0 195 1.34 BS1°BB4"BBS 8237847 359170392.4 (1/2)*BS0"B4°(A90"1000)*2 3,57 (1/8]"B90*{AS0"1000)*4 * $B515/5B518 3 0,09 FIOMHIO
a 2 138 881884 07 "H20°847 284757863 (1/2)7881"84" (481" 1000} 628 (1/8"801"(A81"1000)% " $BS15/5BS18 48 .14 ra0s0
@2
n
o | rr— T B on _core (imen2] Fommuet o _od ] Farmule @ Tension DN/mn] Fere
% 026 (090*I05*3888)I/58512 0,41 $855°490/1000%83 027 GeB/B10 044 C95.€95G95
5% 0,34 (D917(0,575858)1/58512 0,45 $8557481/1000°B5 027 Gea/Bin 0,41 COBEI6-GB5
@
@
% Reinforcement cakculation_Cross Tension (] Formule Fe9500 [Nfmma] ares [mmafmjron] Formule £
00 13,6m 0 ALS(19520;195"877B5,0) 5 0 B100/(D100*2%(87,/1000])
101)25.2m O ALS(196>0;196°87 " 435 '2*(87/1000))
02
0!
04 Tension piles_Not parametric
105 Pie copacity 100w
106
107 Piles.cross means in iongitusini direction Tension W] Weeded piles spplies ol Total elevator
108 185m 723 09 2 4
0 280m 2800 24 2 4
110
m
112 Estimation dameter piles_Not parametric
113 Compressive eapacity 10 M/mm2
115 neight number of ples Campressive force/pile(N]  Formule € Nesded areafpile (m2]  Formule £ Acplied diameter fmm] sres pile [mm2]
195 2 285107 87 (MAXI(C71467 1467 11{COS4ER5+G95)) * [5859°58581)/B115 48811 C116/B113
nr 253 2 B00347,02 (MAXH|C: 1 )WB117 60035 C117/8118 324 2445
118
1)
120 Y it (] Lengin ] ] e Tension force_lang (WM _ Area reint. (mm3jmiraw]
n 196 2160 2550 250 035 87 &4
2 124 2160 2550 250 054 288 19

Figure X.45: Strengthening with concrete core_Excel sheet




X.6.2 Concrete thickened stability wall

© General
3 | safety factor varisble loading
4 |safety factor permanent laading
5 | Weight concrete

6 |Buildings linked

7 |variant Timber_No exchange ronm_NFA3 47, Ratio:d 2
1

© Wind loads (sheet core]_kar

10 |18,6m

1 |22.8m

wall
14 Length wall

15 | Thickness wall

16 |1_wail

17 |E_watt

18 |EL_wall

19 |Factor foundation

1 Calculation stiffness differences
22 | Brickwork wall

14

L2]

24 ijm3.
2

Longitudinal
28 khjm
40 khjm

2500
150 mm
2,197€+11 mma
11000 Njmm2

2,4167E+15 Nmm2
2o
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[ Note: All values [except piles) change If 1 parameter Is changed. 5o the values are obtained per helght.

Formule B

(1/121°815%81843

B16%817

23 |E(~1000f 4770 Nfmm2
3wt packoss o
25 |Length wall 2600 men
26 | Contribution due to wall for stiffess (estimation) 350 men
7 | 1_outer 2,60571E+11 mm4 ((1/12)°B26°824%3)4((B26°824)%(825/2)"2)*2
28 | 1_wall 3222276411 mm4 (1/12)*B24%82543
e e e
30 Bl brickwork 2,77904E+15 Nmm2. B28'B23
31 |E1_totsl 5,19664E+15 Nmm2 B1E+830
32 | Part wind_load brickwork 05 - B30/831
33 |Part wind_load concrate 0, B18/831
* w is reduced based on the stiffnesses
e T e
w [mm]* Formule B H/S00 [mm] Formule 0 ue_sis Formule
196 27,69 (1/8]"810"B33"(A37"1000)*4"$B519/SBS 18 39,2 A37"1000/500 0,71 B37/D37 118.77]
224 48,45 (1/8]"B11"B33"(A38"1000)*4*$B519/5B518 44,8 A38*1000/500 1,08 B38/D38 260,94
— TR 0 == ) e e e =g
»>: 59,0 ((B15/1000)*(814/2/1000)*85°14)*B4 59,80 H37-841 5 52,9 D41°1000/(F41°2*($8514/2000))
59,0 ((B15/1000)*(814/2/1000)*85°14)*B4 201,97 H38-842 433 178,6 D42°1000/(F42°2*158514/20000)
&*
47 |Capacity tensian pile 100 kN
48 Longitudinal direction Tension farce [kN] piles_needed Applied piles/wall
s o i 3 r
5 e riE .
=
2
53
54 | Compressive capacity 10 Nfmm2
55
e =T ] e TR
57 196 396,00 33600 C57*1000/854 273 58535
8 224 2 457,44 45744 C58°1000/B54 273 58535
]
@
&1 Height building wall thickness [mm] wall length [mm) Tension [kN) Avea reinf [mma/m/row]|
[+ 196 150
L 224 200 2600 182,32 161,3]
Figure X.46: Strengthening with concrete wall_Excel sheet
X.6.3 Steel bracings
A B C D E F G H 1 J L M N
" Dimensioning of bracings longitudinal direction
2 Safety factor @ 14
3 Safety factor G 09
4 Height q_5LS q_uLs Formule C Width [mm] @ Ties [mm] Profile Nties [kN]* Atie [mm2] Formule | oM [N/mmZ] Fermule K UC_ULS ties  Formule M
5 196 5,47 B5*B2 40 HEA200_235 1256,64 (1/4)*PI)*F5*2 116,40 H5*1000/15 0,50 K5/235
6 224 4,036 5,65 B6*B2 2600 40 HEA240_235 166,2 1256,64 (1/4)"PI)*F6r2 132,26 HE"1000/16 0,56 K6/235
7
8
9 Continue Nprof. [kN]* Aprof [mm2] o [Nfmm2] Formule D UC_ULS_prof  Formule F w [mm]* H/500 [mm] Formule | uC_sLS Formule K
10 > 404,11 75,11 B10*1000/C10 0,32 D10/235 39,2 A5*1000/500 0,70 H10/110
1 545,18 7680 70,99 B11*1000/C11 0,30 D11/235 304 44,8 AE*1000/500 0,68 H11/111
12
13
14 Caleulation tension piles
15 Capacity 100 kN
16 Helght Tenslon force [kN] G_Ed [kN]* G_bracings_ed [kN]** Force to foundation [kN] piles needed  Applied/truss
17 196 404,11 287,82 37.26 79,03 0.79 4|
18 22,4 545,18 287,82 42,93 214,43 2,14 4
19
20 * downwaord load for o timber floor_no exchonge room. NFA=3.47" Rotio=4.2
21 ** Excel for impart calculation

23 ‘Estimation pile diameter

24 Compressive capacity 10 N/mm2

26 Height building piles Compressive force/pile [kN] Formule Area needed [mm2]  Formule Agplied dismeter [mm] Applied area [mm2] Formule H
27 196 2 364,60 (B17+C17+D17)/B27 36460 C27*1000/B24 2713 58535 (1/4)*PI{})* G272
28 24 2 437,97 (B18+C18+D18)/B28 43797 C28*1000/B24 73 58535 (1/4)°PI()*G28*2

Figure X.47: Strengthening with steel b

racings_Excel sheet
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X.6.4 Verification appendix X.6
X.6.4.1 Concrete core
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Figure X.48: Strengthening concrete core_Verification (1)
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Figure X.49: Strengthening concrete core_Verification (2)
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Figure X.50: Strengthening concrete core_Verification (3)
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X.6.4.2 Concrete thickened stability wall
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Figure X.52: Strengthening by concrete thickened stability wall _Verification (1)
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Figure X.53: Strengthening by concrete thickened stability wall_Verification (2)
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X.6.4.3 Steel bracings
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Figure X.54: Strengthening with steel bracings_Verification (1)
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X.7 Environmental impact HSB and CLT [Section 7.2.2]

X.7.1 HSB

B e ® 0 ® o ® © ® &

21 HsB-wall Formules B

22 | Columns

23 |Dimensions 38xBIx3000 mm3

24 spacing 600 mm per pair

25 |Length wall 11700 mm

26 |Number of columns per wall 39 - B25*2/(B24)

27 volume of columns (1 single wall) 0,40 m3 B26*38*89*3000%10%-9

Beams
Number of beams (top and bottom) 4-

Dimensions, 38x89 mm2

Length wall 11700 mm B25

Volume of beams (1 single wall) 0,16 m3 B32°B30*38*89%10%-9

2
30
Ell
32
3
34
35 | Woodbased panel
36
37
38
32
40

Thickness 15 mm
Number of sides 2-
Height 3000 mm
Lenght 11700 mm
Volume of woodbased panel (1 single wall) 1,05 m3 B367B3778387B397104-9
]
42 | stability wall
43 |Length 1/3 of normal wall
44 \Volume columns 0,07 m3 ((825/3)/B24]*38 * 89 300071049
45 \volume beams 0,03 m3 (832/3)*(B30/2)*38°89*10"9
46 |Volume panels 0,35 m3 B36*B377838%(839/3)°104-9
a7
48 Total overview walls
49 |Number of walls 10-
50 | Number of stability walls a-
51 volume columns 3,83 m3 (827%(B49-1)}+(844°B50)
52 Volume beams 153 m3 (833%(B49-1)}+{845°B50)
53 Volume panels. 11,93 m3 (B40%B49)+{B46°850)
54
55
56
57 HsB-floor & roof
32 Beams
59 Dimensions. 71x221 mm2

Totzl considered lenght 35100 mm
Spacing 600 mm

Amount of beams 20-

Totzl volume beams 11,02 m3 71722178607B62710-0

60

61

62

63

64

65 Floor panels
66 Thickness 18 mm
67 Area 410,67 m2 B60*B25°104-6
68 |volume floorpanels 7,39 m3 B67*(B66/1000)
69
70

Total (Considering floor and roof similar)

bl volume beams 22,03 m3 B63*2
i) Volume floorpanels 14,78 m3 B68*2
B
i1

- | e e e

76 HsB-facade wall fouter walls)

77 |Area (single side) 351 m2 B38*B39*1046
78 |Insulation

79 90 mm thick layer 351 m2 B77

20 | Gypsum plasterboard

81 15 mm one layer 351 m2 B77

a2

3

24 | HsB-facade wall (inner walls)

25 | Area (single side) 351 m2 B77

26 Insulation

87 90 mm thick layer 2 layers 702 m2 Ba5*2

28 | Gypsum plasterboard

29 15 mm two layers. 702 m2 B85*2

%0

a1

92 Total overview walls

93 |Number of facade walls 2

94 |Number of inner walls (stab. wall = 1/3 of normal wall) 9,33 -

95

9% Insulation 90 mm 7254 m2 (879%B93)+(B87°894)
97 Gypsum plasterboard 15 mm 725,4 m2 (B817893) + (8897BY4)
98

9

100 Floor

101 Area single 410,67 m2 B67

102 Insulation 100mm 410,67 m2 B101

03 Fermacell layer 410,67 m2 B101

104

105 Total

106 Number of floor/roof 2-

107 Insulation 100mm 821,34 m2 B102*8106
108 Fermacell laver 22 mm 821,34 m2 B103°8106
109

10

Figure X.56: Environmental impact estimation HSB construction_Excel sheet (1)
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1

112 Structural elements Considered wood kg CO2-eq/m3 (A1- A3) Formule C

113 Columns and beams sawn wood -1460

114|Floor panels Plywood 738

115,

116,

17| Element Volume [m3] GWP [kg CO2-eq] (A1-A3)

118|Columns. 3,83 -5584,56 B118*C113

119|Beams 23,56 -34397,86 B119*C113

120/ Floor panels 26,72 -19611,10 B120*C114

121 54,10 -59593,53 SOM(C118:C120)

122,

123,

124 | Non-structural elements Considered aspect kg CO2-eq/m2 (A1-A3)

125|Walls Insulation 90 mm 1,09

126|Walls Gypsum plasterboard 15 mm 2,59

127|Floor/raof Insulation 100 mm 121

128|Floor/raof Fermacell 22 mm 201

129

130,

131 Element. Area [m2] GWP [kg CO2-eq] (A1-A3)

132|insulation 90 mm 725,40 790,69 B132*C125

133Insulation 100 mm 821,34 993,82 B133*C127

134 |Gypsum plasterboard 15 mm 725,40 1878,79 B134*C126

135 |Fermacell 821,34 1650,89 B135*C128

136, 5314,19 SOM(C132:C135)

137,

138]

140/ Intended 23y Formule B

141 Floor area 410,67 m2 BE7

142,

143 | Environmental impact_Structural -63,09 *104-1 kg COZ-eq/y/m2 floor arez (C121/(B140*B141))710
nmental impact_Nen-structural 5,63 *104-1 kg COZ-eq/fy/m2 floor area (C136/(B140°B141))710

145 Environmental impact_total -57,47 1041 kg COZ-eqfy/m2 floor area 514448145

146,

147,

142 | Results Structural Non-structural Total percent non-structural from structural

149/ 23y 63,09 563 -57.47 *10"1 kg CO2-eafy/m3 floor area 83

150/42y -34,55 5,08 -31,47 *10"1 kg CO2-ea/y/m3 floor area 83

15150y -29,02 2,59 -26,43 *107-1 kg CO2-eq/y/m2 floor area -89

152,

153 | Material use (parameterisch)

15423y 5,73 *10-3 m3 wood/ m2 floor area/storey  B121*1073/(23*B142)

155/4a2v 3.14 *104-3 m3 wood/ m2 floor area/storev B121*1073/(42*8142)

Figure X.57: Environmental impact estimation HSB construction_Excel sheet (2)

X.7.2 CLT

R R S e

=

]

ey

=

=

21 CLT-wall Formules B

22 Normal wall

23 Lenght 11700 mm

24 Height 3000 mm

25 Thickness 120 mm

26 Volume (single wall) 431 m3 B23*B24*B25%10n-9
27

28 stability wall

29 |Lenght 3900 mm B23/3

30 Height 3000 mm B24

31 |Thickness 120 mm B25

32 Volume (single wall) 1,40 m3 B29*B30*B31*10~-9
33

34 Floor and roof

35 Considered width 35100,00 mm

36 Area 410,67 m2 B35*823*10"6

37 Thickness 120 mm 825

38 Volume (single floor/roof) 4928 m3 B36%(B37/1000)

39

40 Total overview of materials

41 | Number of normal walls 10 -

42 Number of stability walls 4,00 -

43 Number of slabs 2-

a4 Volume walls 47,74 m3 (B26*B41) + (B32*B42)
45 Volume slabs 98,56 m3 B38%B43

46

47

ol venterisationinsultation meterials ]
49 Facade wall [outer walls)

50 Area 35,1 m2 B23*B24*10"-6

51 Insulation

Figure X.58: Environmental impact estimation CLT construction_Excel sheet (1)
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A B C D E
52 Inzulation 170 mm 35,1 m2 B50
53 Gypsum plasterboard
54 Gypsum board 15 mm one layer 35,1 m2 B50
55
56 Inner wall
57 Area 35,1 m2 B50
52 Gypsum plasterboard
59 Gypsum board 15 mm two layers 70,2 m2 B57%2
60
61 Total walls
62 Number of facade walls 2-
63 |Number of inner walls 933 -
64
65 Insulation 170 mm 70,2 m2 B52*B62
BE Gypsum plasterboard 15 mm 7254 m2 (B54%B62) + (B59*B63)
67
62 Floor
69 Area single 410,67 m2 B36
70 Insulation 100 mm 410,67 m2 B69
7 Fermacell 22 mm 410,67 m2 B&9
72
73 Total
74 |\Number of floor/roof 2 -
75 Insulation 100 mm 821,34 m2 B70*B74
76 Fermacell 22 mm 821,34 m2 B71*874
i
78
79
80 structural materials Considered wood kg CO2-eq/m3 (Al - A3) Formules C
81 All materials cLT -714
a2
23 Element Volume [m3] GWP [kg CO2-eq] (A1-A3)
84 walls 47,74 -34083,50 B34*C81
85 |Slabs 98,56 -70372,41 B85*C81
86 146,30 -104455,92 SOM(C84:C85)
ar
a8
89 Non-structural elements Considered aspect kg CO2-eq/m2 [A1-A3)
90 (Walls Insulation 170 mm 2,06
91 walls Gypsum plasterboard 15 mm 2,59
92 |Floor/roof Inzulation 100 mm 1,21
93  Floor/roof Fermacell 22 mm 2,01
94
95
96 Element Area [m2] GWP [kg CO2-eq] (A1-A3)
497 Insulation 100 mm 821,34 995,82 BA7*C92
98 |Insulation 170 mm 70,20 144,61 B9B*CA0
99 Gypsum plasterboard 15 mm 725,40 1878,79 B9S*(C91
100 | Fermacell 821,34 1650,89 B100*C93
101 4668,11 S0M(C97:C100)
102
103
104 |Intended lifetime 23y Formule B
105 |Floor area 410,67 m2 B36
106
107 |Environmental impact_Structural -110,59 *10*-1 kg CO2-eqfy/m2 floor area (C86/(B104%B105))*10
108 |Environmental impact_Non-structural 4,94 *104-1 kg CO2-eq/y/m2 floor area (C101/({B104*B105))*10
108 |Environmental impact_total -105,65 *10*-1 kg CO2-eq/y/m?2 floor area B108+B109
110
m Structural Non-structural Total Percent non-structural from structural
112 |23y -110,59 494 -105,65 -45
113 |42y -60,56 271 -57,85 -4,5
114 |50y -50,87 2,27 -48,6 -4,5
115
116
117 Material use_23 15,49 *104-3 m3 wood/ m2 floor area/y BBG6*1043/(B106%23)
118 | Material use_42 8,48 *10-3 m3 wood/ m2 floor areafy B86*1043/(B106%42)

Figure X.59: Environmental impact estimation CLT construction_Excel sheet (2)
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X.8 Environmental impact strengthening methods [Section 7.2.4]

X.8.1 Concrete core

A 8 c D 3 F G H
1 Impact of concrete core
2 |core
: Height Length_long [m] Length_cross [m] Thickness [m] Volume [m3] Formule £
4 196 216 255 0325 41,26 ((B4*C4) - ((Ba-(2*D4)) * (Ca-(2°Da4))))*A4
5 224 216 255 0325 47,15 ((BS*C5) - ((B5-(2*D5)) * (C5-(2*D5))))*AS
6
7 |Assumed building dimensions Formule B
& |width 18 m
9 |Depth 1085 m
10 | Floor area_added floor 1953 m2 8889
n
2 Height [m] =dded floors New floor area [m2] Formule C
3 196 2 35056 513°B10
" 228 El 5859 B14*B10
15
16 | Environmental impact
17 |shadow costs c02 005 €/ kg CO2eq
12 | Reinforced concrete 210 kg CO2-eq/m3
19 |RFL_short 23 year
20 |RFL_long 42 year
21
2 Height [m] Carbon footprint_23 y [1104-2 €/y/m2 new floor area] Formule B Carbon footprint_42 y [10%-2 €/y/m2 new floor area]  Formule D
23 196 96,86 (E4°58518/(5B519°C13)1*100 5251 (E4*$B518/(58520°C13))°100
2 222 7348 C14)1*100 4024 )i*100

Piles
29 |Weight steel 7850 kg/m3
30 | Height [m] Length pile [mm] Number of piles Diameter [mm] Thickness steel ring [mm] Volume steel [m3] Weight steel [ke] Volume Concrete [m3])
Ell 196 20000 a 017 1297,20 1,01
32 224 20000 4 324 10 0,20 154874 145
33
34 Environmental impact
35 | Reinforced concrete 210 kg CO2-eq/m3
36 |steel 719 kg CO2-eq/ 1000 kg
El
38 Environmental impact Carbon footprint_23 y [*104-2 €/y/m2 new floor area] Formule B Carbon footprint_42 y [*10A-2 €/y/m2 new floor area] Formule D
39 196m 1273 (((G31*$B$36/1000) + ($B$35°H31))/(SBS19*C13))*100 6,57 ((G31*$B$36/1000) + ($BS35°H31))/(SBS20*C15))*100
4 224m 1053 (((G327$B536/1000) + ($B$35°H32])/($BS19°C14)*100 576 ((fG31: ($8835°H31 )
4
42
43 Total impact
44 |Environmental impact Carbon footprint_23 y [*104-2 €/y/m2 new floor area] Formule B Carbon footprint_42 y [*10A-2 €/y/m2 new floor area] Formule D
45 196m 109,17 B23+839 59,79 D23+D39
46 224m 8401 B24+B40 46.00 D24+D40
Figure X.60: Environmental impact concrete core_Excel sheet
X.8.2 Concrete thickened stability wall
A B C D E F G H
: —
2 wall
3 Building height wall height [m] Length [m] Thickness [m] Volume [m3] Formule E
4 14 | BA*C4*Da
5 224 14 26 02 7,28 BS*C5*D5
6
7 Formule B
8 18 m
9 1085 m
10 |Floor area_added floor 195,3 m2 B8*B9
1
12 Height [m] added floors New floor area [m2] Formule €
13 196 2 3906 B13*B10
14 24 3 5859 B14%B10
15
16
17 Environmental impact
18 |Reinforced concrete 210 kg CO2-eq/m3
19 |RFL_short 23 year
20 [RFL_long 42 year
21
22 |Environmental impact Carbon footprint_23 y [*10%-2 €/y/m2 new flcor area] Formule B Carbon footprint_42 y [*10%-2 €/y/m2 new flcor area] Formule D
23 19,6 m 12,76 (E4*5B518/(5B519*C13))*100 6,99 (E4*$B$18/(5B320%C13))*100
24 224m 1134 (E5*5BS18/i58519*C14))*100 6.21 (E5 )
25
26
7 Piles
28 dimensions
29 |weight steel 7850 kg/m3
30 Height [m] Length pile [mm] Number of piles Diameter [mm] Thickness steel ring [mm] Vol | [m3] i [ke] Vol rete [m3]
Bl 196 20000 4 273 10 017 129720 1,01
2 24 20000 4 273 10 0,17 1297,20 1,01
33
34 Environmental impact
35 |Reinforced concrete 210 kg CO2-eq/m3
36 [Steel 718 ke CO2-eq/ 1000 ke
n
38 |Environmental impact Carben footprint_23 y [*104-2 €/y/m2 new floor area] Formule B Carbon footprint_42 y [*104-2 €/y/m2 new floor area] Formule D
30 196m 12,73 (((G317$B$36/1000)+{H3175BS35))/($BS19C 137100 5,97 (((G31 H31 13))*100
40 224m 8,438 (1632 1000} 14))*1 4,65 ({8 [H: 14))*100
41
42
43 Total impact
44 |Environmental impact Carben footprint_23 y [*104-2 €/y/m2 new floor area] Formule B Carbon footprint_42 y [*104-2 €/y/m2 new floor area] Formule D
45 ,6m . 8234839 , D234D38
46 224m 19,83 B24+B40 10,86 D24+Da0

Figure X.61: Environmental impact concrete wall_Excel sheet
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X.8.3 Steel bracings

ST bt

0 Amount of weight Note the bratings anly continue to the 14 meters

- =l

2

5

3 Building height [m] Tie diamater [mm] Cross-section [mmz] Formule € Length 1 tie [m] Number of ties  Volume ties [m3] Formule 6 weigntligl  Formulet
7 136 40 125664 1ja*pi(IB742 382 10 008 (CT*10A-6)"ET*FT 376,83 GT'BS
g 224 20 125664 1/4°Pi1"BE*2 382 k- 0os (C8*107-6)*EB"FB 37683 B3*GE
>

10 Columns/ beams.

n Building height [m] Profile Area [mm2] Number of beams Total length profiles [m) Formule H Vol profiles_total [m3] Weight [kg]
12 196 MEA200_235 5380 28 10 25 5 41 (D12°E12)+(F12°G12) 022 173155
3 224 HEAZS0 235 7630 28 10 26 s a1 (DI3"EL31F13"G13) 031 247081
o

70 Assurved building dimensions

6] wiem -

17 Depth 1085 ™

18 Floor ares_sdded floor 1953 m2

"

20 Height added floors Hew floor area [m2]

5 5 s

2 224 3 56859

z

%

[P

2% Tes 298 kg CO2-00/1000 kg

27 Profiles 719 kg CO2-2q/1000 kg

28 AFL_short 23 year

28 RFLlone 42 vest

&

n CO2_jmpact_23y CO2-impact_42y

32 Environmental impact  [*10-2 kg CD2-eqjyfm2 new floor ares] Formule B [*10%2 kg CO2-eqjy/m2 new fioar area] Formale 0

3 196m 1511 e I B27 i J*100

o i L T

=

36

» IS

LY

38 Weight steel 7850 kg/m3

4D Height [m] Length pile [mm] Number of giles Diameter [mm] Thickness steel ring [mm) Violume steel [m3] Weight steel [kg]  Volume Concrete [m3]

a e = 0 o Lo

2 224 20000 s 273 10 017 129720 1,01

a3

o T

45 Reinforced concrete 210 kg CO2-eq/m3

e e

=

3 ©O2_jmpact_25y CO2-impact_42

45 impact. I new area) Formule B [*10%2 kg CO2-0q/y/m2 new figar area] Formule O

0 196m 1273 e A ) 697 [l A )

51 224m 849 I )+ 1) 11AC22458528)14 10 455 A i 45 ))/IC22%58529))100

2

=

Z

g e ot impne 1

56 Environmental impact [*107-2 kg COZ-eq/y/m2 new floor area] Formule B [*10%-2 kg COZ-0q/y/m2 new floar area] Formule D

e e i Cicn i ezt

Figure X.62: Environmental impact steel bracings_Excel sheet
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X.9 LCA-calculation concrete building [Section 7.3]

X.9.1 Actual building

85

47
43
49
50
51
52
53
34
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
i
72
73
74
73
76
7
78
)
80
a1
a2
a3
a4
a5
26
a7
a8
89
90
91
92
93
94

Foundation
Piles Diameter [mm] Area [m2] Length [m] Amount [-] Volume_tot [m3]
410 013 20 32 84,50
410 013 21 8| 22,18
410 013 22 4 11,62
410 013 21,5 24 68,13
460 017 22 30| 109,69
460 017 23,5 7 27,34
460 017 21,5 28| 100,05
460 017 21 5 17,45
440,94 m3 concrete (C30/37; XC4)
Foundation beams
Width [mm] Height [mm] Length [mm] Amount [-] Volume_tot [m3]
200 500 11356 2 6,81
500 500 11356 = 14,20
500 500 4500 1 113
500 500 1870 9 4,43
500 500 Q836 8| 19,67
500 500 9856 1 2,46
B850 500 Q836 1 3,20
450 500 94550 1 21,27
350 500 1500 4 1,05
350 500 4650 1 0,81
400 500 4650 1 0,93
500 500 4650 2 2,33
350 500 19850 1 3,47
81,77 m3 concrete (C30/37; XC4)
Ground floor
Ground floorsystem
Length [mm] width [mm] thickness [mm] amount [-] area_tot [m2]
Hollow core slab 9836 4650 350 10| 457,37
11356 4650 350 5 264,03
Deleting area 4000 4650 350 1 18,60
4650 1500 350 2 6,98
695,83 m2 hollow core slab
Concrete_in situ Volume_tot [m3]
4000 4650 250 1| 4,65 m3 concrete (C30/37; XC1)
Walls
Length [mm] Height [mm] Thickness [mm] Amount [-] Volume_tot [m3]
In-situ 11475 3270 200 2 15,01
10110 3270 200 2 13,22
10110 3270 250 9 74,38
9856 3270 250 1 8,06
1365 3270 180 4 3,21
11356 3270 250 4 37,13
4550 3270 250 1 3,80
154,82 m3 concrete (C30/37; XC1)
Prefab
1520 3270 390 7 13,57
2300 3270 180 1 135
4850 3270 200 1 3,04
2845 3270 150 2 2,79
1600 3270 150 2 157
200 3270 390 9 2,30
1520 3270 S0 4 1,79
26,41 m3 concrete (C45/55; XC1)
1st floor
1st floor
Length [mm] width [mm] thickness [mm] amount [-] Volume_tot [m3]
In_situ 74580 8491 230 1 145,67
55200 1619 230 1 20,78
Deleted area 4000 585 230 1 0,55
2800 1200 230 8 6,96
1000 500 230 15 173
4650 1600 230 1 171
4650 1619 150 3 3,39
4650 1520 150 4 4,24
4650 1520 230 3 4,88
163,14 m3 Concrete (C30/37, XC1)
Prefab 4650 1619 150 1| 1,13 m3 concrete (C45/55, XC1)
Walls
Length [mm] Height [mm] Thickness [mm] Amount [-] Volume_tot [m3]
In_situ 10110 2770 200 4 21,40
10110 2770 250 10| 70,01
8491 2770 250 4 23,52
1365 2770 180 B| 4,08
4850 2770 250 1 3,22
123,24 m3 Concrete (C30/37, XC1)

Figure X.63: Environmental impact new concrete building_Excel sheet (1)
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prefab
1520 2770 390 11 18,06
200 2770 390 B| 1,50
beam 4850 600 250 4 2,79
beam 4650 390 200 4 1,45
1600 2770 150 2 133
2845 2770 150 2 2,36
2300 2770 180 1 1,15
1520 2770 S0 6| 2,27
3000 2770 200 1 1,66
32,38 m3 concrete (C45/55, XC1)
2nd floor
2nd floor
Length [mm] width [mm] thickness [mm] amount [-] Volume_tot [m3]
In-situ 745390 8491 230 1
Deleted area 1500 1000 230 1
4650 1600 230 1
1000 500 230 15
4650 1619 150 15
4650 1619 230 1 173
4650 1520 230 14 22,76
4650 1520 150 2 2,12
185,44 m3 Concrete (C30/37, XC1)
Prefab
4650 1619 150 1
4650 1520 150 2
m3 concrete (C45/55, XC1)
Walls
Length [mm] Height [mm] Thickness [mm] Amount [] |Vo\umeﬁtot [m3]
In-situ 10110 2770 200 2 11,20
8491 2770 200 2 9,41
8491 2770 250 12 70,56
9856 2770 250 1 6,83
10110 2770 250 1 7.00
1365 2770 180 2 1,36
4850 2770 250 1 3,22
109,58 m3 Concrete [C30/37, XC1)
Prefab
1520 2770 380 15 2463
2300 2770 180 1 115
3000 2770 200 1 1,66
1600 2770 150 2 133
2845 2770 150 2 2,36
390 2770 200 2 0,43
1520 2770 [0 2 0,76
beam 4850 185 397 i 5,46
beam 4850 200 390 1 0,36
38,15 m3 concrete (C45/55, XC1)
3rd floor
3rd floor
Length [mm] width [mm] thickness [mm] amount [-] Volume_tot [m3]
In-situ 74530 10110 230 1 173,44
Deleted area 4650 1619 230 1 173
1500 1000 230 14 4,
1000 500 230 15 1,
4650 1600 230 1 1,71
4650 1520 230 2 3,25
166,70 m3 Concrete (C30/37, XC1)
Prefab 4650 1619 150 1 1,13 m3 concrete (C45/55, XC1)
Walls
Length [mm] Height [mm] Thickness [mm] Amount [-] Volume_tot [m3]
In-situ 10110 2770 200 4 22,40
10110 2770 250 14| 98,02
4650 2770 250 1 3,22
1365 2770 180 2 1,36
125,00 m3 Concrete (C30/37, XC1)
Prefab 1520 2770 390 15 2463
1520 2770 S0 2 0,76
2300 2770 180 1 1,15
4650 2770 200 1 2,58
390 2770 200 2 0,43
1600 2770 150 2 1,33
2845 2770 150 2 2,36
33,24 m3 concrete (C45/55, XC1)
4rd floor
4rd floor
Length [mm] width [mm] thickness [mm] amount [-] |Vo\umeﬁtot [m3]
In-situ 74590 9856 230 1 169,09
4650 1619 150 14 15,81
4650 1619 230 1 173
Deleted area 4650 1600 230 1 171

Figure X.64: Environmental impact new concrete building Excel sheet (2)
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1000 500 230 15
183,19 m3 Concrete (C30/37, XC1)
Prefab 4650 1619 150 1| 1,13 m3 concrete (C45/55, XC1)
Walls
Length [mm] Height [mm] Thickness [mm] Amount [-] Volume_tot [m3]
In-situ 10110 2770 200 2 11,20
8491 2770 200 2 9,41
8491 2770 250 14 81,31
1365 2770 180 2 1,36
4850 2770 250 1 3,22
107,51 m3 Concrete (C30/37, XC1)
Prefab 1520 2770 390 15 24,63
1520 2770 90 2 0,76
2300 2770 180 1 115
3000 2770 200 1 1,66
1600 2770 150 2 133
390 2770 200 2 0,43
2845 2770 150 2 2,36
beam 4650 397 185 15 512
beam 4650 422 250 1 0,49
37,94 m3 concrete (C45/55, XC1)
Sth floor
5th floor
Length [mm] width [mm] thickness [mm] amount [-] Volume_tot [m3]
In-situ 74530 10110 230 1 173,44
4850 1520 230 2 3,25
Deleted area 4650 1619 230 1 1,73
4550 1600 230 1 171
1500 1000 230 14
168,42 m3 Concrete (C30/37, XC1)
Prefab 4650 1619 150 1| 1,13 m3 concrete (C45/55, XC1)
Walls
Length [mm] Height [mm] Thickness [mm)] Amount [-] Volume_tot [m3]
In-situ 10110 2670 200 4 21,59
10110 2670 250 14 94,48
4650 2670 250 1 3,10
1365 2670 180 2 1,31
120,49 m3 Concrete (C30/37, XC1)
Prefab 1520 2670 390 15 23,74
1520 2670 S0 2 0,73
1600 2670 150 2 1,28
2845 2670 150 2 2,28
390 2670 200 2 0,42
28,45 m3 concrete (C45/55, XC1)
6th floor
6th floor
Length [mm] width [mm] thickness [mm] amount [-] Volume_tot [m3]
In-situ 74530 89336 230 1 153,30 m3 Concrete (C30/37, XC1)
Deleted area 1000 300 230 1 0,18
153,12 m3 Concrete (C30/37, XC1)
Walls
Length [mm] Height [mm] Thickness [mm] Amount [-] Volume_tot [m3]
In-situ 11356 3600 200 4 15,78
11356 3600 250 14| 59,02
84,79 m3 Concrete (C30/37, XC1)
Prefab 1520 950 390 18| 4,51
beam 4650 399 170 15 473
beam 4650 482 424 1 0,95
beam 4650 485 450 18| 16,24
26,42 m3 concrete (C45/55, XC1)
Roof
Plates
Length [mm] width [mm] thickness [mm] amount [-] |Vo\ume7tot [m3]
74590 6742 5 4| 10,06 m3 woodbased panel
Timber beams
Length [mm] Height [mm] Thickness [mm] Amount [-] |VD\umE_tDt [m3]
74530 171 20 -Il 1,02 m3 Sawn timber
Summation of volumes/amounts
Ribcassettefloor
Foundation Area [m2] C30/37; XC1 [m3] €30/37; XC4 [m3]  C45/55, XC1  Sawn timber [m3] Woodbased panel [m3]
Piles 440,94
Beams 81,77 +
Total 522,71
Floor 695,83 4,65
Wwalls 154,82 26,41 +
Total 695,83 159,47 26,41
1st floor
Floor 163,14 113
Walls 125,24 32,38 +
Total 286,38 33,51

Figure X.65: Environmental impact new concrete building_Excel sheet (3)
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290 2nd floor

291 Floor 185,44 3,25

292 walls 109,58 38,15 +
293 Total 295,02 41,40

254 3rd floor

295 Floor 166,70 113

296 Walls 125,00 33,24 +
297 Total 291,70 34,37

292 4th floor

299 Floor 183,19 1,13

300 Walls 107,51 37,94 +
301 Total 290,70 39,07

302 5th floor

303 Floor 168,42 1,13

304 Walls 120,49 28,45 +
305 Total 288,91 29,58

306 6th floor

307 Floor 153,12

308 Walls 84,79 26,42 +
309 Total 237,91 26,42

310 | Roof-structure

311 Plates 10,06
312 Beams 1,02 +
313 Total 1,02 10,06
314

315 | Total +
316 695,83 1850,09 522,71 230,75 1,02 10,06
N7

318

319

320 New floor area

321 Depth [mm] Length [mm] Additional area [m2] Area [m2]

322 |ath floor {includes balconies) 11356 74590 - 847,04

323 |sth floor 9991 74580 13,95 759,18

324 |Average area/floor 803,11

325

326 |Added area for 3-storey building 2409,33 m2

327|Added area for 4-storey building 1606,22 m2

328

329

330 Values for environmental impact

331 Al-A3 Unit Amount Unit Total impact [kg CO2-eq]

332 |Ribcasette floor 21,84 kg COZ-eq/m2 695,83 m2 15196,84

333 C30/37; XC1 210 kg CO2-eq/m3 1850,09 m3 388518,79

334 C30/37; XC4, XF1 217 kg CO2-eq/m3 522,71 m3 113427,06

335 C45/55; XC1 250 kg CO2-eq/m3 230,75 m3 5768762

336 |Sawn timber -1460 kg CO2-eq/m3 1,02 m3 -1489,77 +

337 ' Woodbased panel -734 kg CO2-eq/m3 10,06 m3 -7382,36

338 565958,17

339

340|RsL 75 year

341 |new construction compared to 3-storey porch flat 31,32 *107-1 kg CO2-eq.fy/m2 new floor area

342 | new construction compared to 4-storey porch flat 46,98 *107-1 kg CO2Z-eq./y/mZ new floor area

Figure X.66: Environmental impact new concrete building_Excel sheet (4)
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X.9.2 Changed to 4-storey building

276 Summation of volumes/amounts_Changed to 4-storey

277 Ribcassettefloor

272 Foundation Area [m2] C30/37; XC1 [m3] C30/37; XC4 [m3] C45/55; XC1  Sawn timber [m3] Woodbased panel [m3]
279 Piles 440,94

280 Beams 81,77 +
281 Total 522,71

282 Groundfloor

283 Floor 695,83 4,65

284 walls 154,82 26,41 +
285 Total 695,83 159,47 26,41

286 1st floor

287 Floor 163,14 1,13

288 walls 123,24 32,38 +
289 Total 286,38 33,51

280 2nd floor

291 Floor 185,44 3,25

292 Walls 109,58 38,15 +
293 Total 295,02 41,40

294 3rd floor

295 Floor 166,70 1,13

296 walls 125,00 33,24 +
297 Total 291,70 3437

292 4th fioor

299 Floor 153,12

300 walls 84,79 26,42 +
301 Total 237,91 26,42

302 Roof-structure

303 Plates 10,06
304 Beams 1,02 +
305 Total 1,02 10,06
306

307 Total +
308 695,83 127048 r 522,71 162,11 1,02 10,06
309

310

amn

312 New floor area

313 Depth [mm)] Length [mm] Additional area [m2] Area [m2]

314 floor (includes balconies) 11356 74580 - 847,04

315 floor (excl. Balconies) 9991 74590 13,95 759,18

316 Average area/floor 803,11

N7

318 Added area for 3-starey building 803,11 m2

319

320

321 Values for environmental impact

322 Al-A3 Unit Amount Unit Total impact [kg CO2-eq]

323 Ribcasette floor 21,84 kg CO2-eq/m2 695,83 m2 15196,84

324 €30/37; XC1 210 kg CO2-eq/m3 1270,48 m3 266799,77

323 C30/37; XC4, XF1 217 kg CO2-eq/m3 522,71 m3 113427,06

326 C45/55; XC1 250 kg COZ2-eq/m3 162,11 m3 40526,52

327 Sawn timber -1460 kg COZ-eq/m3 1,02 m3 -1489,77 +

328 Woodbased panel -734 kg CO2-eq/m3 10,06 m3 -7382,36

329 427078,05

330

331 |RSL 75 year

332 new construction compared to 3-storey porch flat 70,90 *107-1 kg CO2-eq./y/m2 new floor area

Figure X.67: Environmental impact new concrete (changed to 4-storey building) building_Excel sheet
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X.9.3 Changed to 5-storey building

276 ‘Summation of volumes/amounts_Changed to 5 storey building

27 Ribcassettefloor

278 | Foundation Area [m2] C30/37; XC1 [m3] C30/37; XC4 [m3] C45/55; XC1  Sawn timber [m3] Woodbased panel [m3]
279 Piles 440,94

280 Beams 81,77 +
281 Total 522,71

282

283 Floor 695,83 4,65

284 Walls 154,82 26,41 +
285 Total 605,83 150,47 26,41

286 1st floor

287 Floor 163,14 113

288 walls 123,24 32,38 +
239 Total 286,38 33,51

230 2nd floor

291 Floor 185,44 3,25

292 Wwalls 109,58 38,15 +
293 Total 295,02 41,40

284 3rd floor

295 Floor 166,70 113

296 walls 125,00 33,24 +
297 Total 291,70 34,37

223 ath floor

299 Floor 183,19 113

300 Walls 107,51 37,94 +
301 Total 290,70 38,07

302 5th floor

303 Floor 153,12

304 Walls 84,79 26,42 +
305 Total 237,91 26,42

306 | Roof-structure

307 Plates 10,06
308 Beams 1,02 +
309 Total 1,02 10,06
310

311 |Total +
312 695,83 1561.18' 522,71 201,17 1,02 10,06
313

34

315

316 New floor area

317 Depth [mm] Length [mm] Additional area [m2] Area [m2]

318 |floor {includes balconies) 11356 74590 - 847,04

319 |floor (excl. Balconies) 9991 74590 13,95 759,18

320 |Average area/floor 803,11

321

322 |added area for 3-storey building 1606,22 m2

323 |Added area for 4-storev building 803,11 m2

324

325

326 Values for environmental impact

327 Al-A3 Unit Amount Unit Total impact [kg CO2-eq]

328 |Ribcasette floor 21,84 kg CO2-eq/m2 695,83 m2 15196,84

329 C30/37; XC1 210 kg CO2-eq/m3 1561,18 m3 327847,38

330|C30/37; XC4, XF1 217 kg CO2-eq/m3 522,71 m3 11342706

331 | C45/55; XC1 250 kg CO2-eq/m3 201,17 m3 50293,03

332 |Sawn timber -1460 kg CO2-eq/m3 1,02 m3 -1489,77 +

333 |Woodbased panel -734 kg CO2-eq/m3 10,06 m3 -7382,36

334 497892,16

335

336 |RsL 75 year

337 |new construction compared to 3-storey porch flat 41,33 *10"-1 kg CO2-eq./y/m2 new floor area

338 |new construction compared to 4-storey porch flat 82,66 *10"-1 kg CO2-eq./y/m2 new floor area

Figure X.68: Environmental impact new concrete (changed to 5-storey building) building_Excel sheet
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X.9.4 Changed to 7-storey building

276 ‘Summation of volumes/amounts_Changed to 7-storey building

27 Ribcassettefloor

272 Foundation Area [m2] C30/37; XC1 [m3] C30/37; XC4 [m3] C45/55; XC1__ Sawn timber [m3] Woodbased panel [m3]
279 Piles 440,94

280 Beams 8177 +
281 Total 522,71

282 Groundfloor

283 Floor 695,83 4,65

284 walls 154,82 26,41 +
285 Total 695,83 159,47 26,41

226 1st floor

287 Floor 163,14 113

288 walls 123,24 32,38 +
229 Total 286,38 33,51

2290 2nd floor

291 Floor 185,44 3,25

292 Walls 109,58 38,15 +
293 Total 295,02 41,40

294 3rd floor

295 Floor 166,70 113

296 walls 125,00 33,24 +
297 Total 291,70 3437

233 4th floor

299 Floor 183,19 113

300 walls 107,51 37,94 +
301 Total 290,70 39,07

302 5th floor

303 Floor 168,42 113

304 Walls 120,49 28,45 +
305 Total 288,91 28,58

306 6th floor (fictive)

307 Floor 168,42 113

308 walls 120,49 28,45 +
309 Total 288,91 29,58

310 7th floor

N Floor 153,12

312 Walls 84,79 26,42 +
313 Total 237,91 26,42

314 Roof-structure

315 Plates 10,06
316 Beams 1,02 +
317 Total 1,02 10,06
318

319 | Total +
320 695,83 2139,00' 522,71 260,33 1,02 10,06
321

332

333 Values for environmental impact

33 AL-A3 Unit Amount Unit Total impact [kg CO2-eq]

335 |Ribcasette floor 21,84 kg CO2-eq/m2 695,83 m2 15196,84

336 C30/37; XC1 210 kg CO2-eq/m3 213900 m3 449190,21

337|C30/37; XC4&, XF1 217 kg CO2-eq/m3 522,71 m3 11342706

338 C45/55; XC1 250 kg CO2-eq/m3 260,33 m3 65082,21

339|Sawn timber -1460 kg CO2-eq/m3 1,02 m3 -1489,77 +

340 |Woodbased panel -734 kg CO2-eq/m3 10,06 m3 -7382,36

ESal 6534024,18

342

343 |RsL 75 year

344 |new construction compared to 4-storey porch flat 35,09 *107-1 kg CO2-eq./y/m2 new floor area

Figure X.69: Environmental impact new concrete (changed to 7-storey building) building_Excel sheet
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X.10 Structural design of CLT unit [Appendix D.3]

X.10.1 CLT properties

X.10.1.1 3-layered panel

E F G H 1 J K L M N o 3 Q R s T u v

1 3layered panel Standard panel sizes Weight [ke/m?]
2 |Wood properti Panel number Total thickness 1 2 3 Unit |Emen Formule L
3 |Strength class. c24 1 60 20 20 20 mm 25,2((G3/1000)75B54
4 |Prnneen 420 kg/m’ 2 70 0 30 20 mm 29,4/(G4/1000) 5854
5 | Putemi 350 ke/m® 3 80 20 a0 20 mm 33,6/(65/1000)*5854
6 |Eounns 7400 Mpa a 80 0 20 30 mm 33,6|(G6/1000) 385
7 | Eoxmesn 11000 Mpa 5 90 30 30 30 mm 37.8((G7/1000)*5854
[T 50 Mpa 3 100 30 40 30 mm 42(GB/1000)75854
9 |Goge sy mesn 690 Mpa 7 100 40 20 40 mm 42/(G9/1000)*$B54
0 8 110 a0 30 40 mm 46,2|(G10/1000)°$BS4
11 | Layer proper El 120 40 40 40 mm 50.4|(611/1000)*$BS4
12 [Layer i t [mm] a: [mm]
13 1 a0 a0
] 2 w0 0 Formule B
15 H £ 40
16 |heir 120 mm |SOM(B13:815)
17 |h, 80 mm 813815
18 |h, 40 mm 510
19z 50 mm 816/2
20 |b, 1000 mm
2 by 1000 mm
25 [Aupmutie 120000 mm2 B20°B16
26 | Anens 80000 mm2 B17°820
27 |leper 1,387E+08 mm4. (B20%(B133)/12) + (B20°B13*C1372) + (B20*(B15%3)/12) + (B20°B15%C15"2)
B [l 6665666667 mmd. (B13+815)*(82043)/12
20 W 2,311E:06 mm3 (2*827)/816
30 |Snotingxner 1,60E+06 mm3 B20°B13%C13
31 (S0 1,60E406 mm3 B20°B13%C13
2
33 Bending along x-axis
34 |Avsrna 120000 mm2 B21°B16
35 |A oo 40000 mm32 821°818
36 | lyner 5,33E+06 mm4 (B21*(B1473)/12) + (B21*B14%C14"2)
37 |Lyne 3333333333 mma B14*B21%3/12
38 |Wne 8,B9E+04 mm3 2°B36/B16
39
40 | Rolling deformation Out-of-plane lsading only!
A1 |l (=span) 00 mm

1,00 -

078 - 1/{14((PI)n2*B7+B15/84172)*(B14/88)))

1,245E408 mm4. B20%((2°813"3/12) + ((1+843)*B13°C13"2))

39,45 mm |WORTEL(Ba4/B26)
42 Validation Excel
49 Verifiction excel with table 3.11 (P.45 CLT Handbook) & 3.14 (p.50 CLT Handbook) (Borgstrém & Frébel, 2019)
50
51 Erean [ke/m’ ] bt (g =2.5m) [mmm’] icet (e =2.5m) [mm] it [mM*] Winet [mm’] Stotingxne [MM’] et [mm*] Wnet [mm’] Arnet [mm’] Aynec MM | Actruiio= Aysrutso [mm’]
52 Excel iTable Excel  Table Excel {Table Excel  iTable [Excel  Table |Excel iTable Excel  {Table |Excel Table |Excel (Table |Excel Table |Bxcel (Table
53 Panel build-up : H H H H H i H
54 202020 252} 25{1eeEr07i  15eE407] 2022} 20.2|1,738407: 1,73€+07| 5,78E+05 1 5,78E+05 4.00E405!  4,00E405|6,67E+0: 2,20E+04| 4,00E:04 4,00E+04 | 2,00E/04{2,00E+04 | 6,00E404]  6,00E404
55 20-40-20 33,6 34|3,34E407 3,34E+07 283} 28,9(3,73E+07} 3,73E+07 | 9,33E+059,35E+05 6,00E+05;  6,00E405|5,33E+0f 1,33E+05| 4,00E404: 4,00E+04| 4,00E+04 4,00E+04 | 8,00E+04i  8,00E404|
56 |30-40-30 a2} a2l6728007! 6728007 33,36} 33,5(7,808207, 7,80E+07 | 1,56E406/ 1,56E406| 105E:05]  1,05E406|5,33E:06!5, 11,076+05| 6,00E404! 6,00E+08| 4,00E:0414,006+04 | 1,00E205!  1,00E405
s7
58 [All values correspond, so excel is validated ]
59

Figure X.70: CLT section properties 3-layered panel_ Excel incl. validation
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X.10.1.2 5-layered panel

B < o E F G H | ] K L M N o P Q R s T u v w X Y z
‘Standard panel sizes Weight [kg/m*]
|Panel nur{ Total ti 1 2 3 4 5 Unit e Formule X
s i 1o 2 2 20 2  zmm 2 |ias/000)sese
420 kg/m" 2 120( EL 30 20 30 20 mm 50,4 (04/1000)"5854
350 kg/m’ 3| 140) F a0 20 "y 20 mm 588 (05/1000)75854.
7400 Mpa 4 110| 0 20 30 0 20 mm 462 (Q6/1000)°5854
11000 Mpa. 5 130 20 30 30 30 20 mm 546 (Q7/1000]*5854
50 Mps. 8| 150| 2 20 30 a0 20 mm 1) (08/1000)75854.
690 Mpa 7| 120| 0 20 0 20 20 man 504 (Q9/1000)°5854
L 140] 0 30 40 30 20 mm 588 (Q10/10001°3854
9| 150| 0 40 40 40 20 mm 67.2 (Q11/10001°3854
t [mm] a [mem] 10| 120| 20 20 0 0 30 mm 504 (Q12/10001°3854
3 1 0 50 11 140] 30 30 0 30 30 mm 588 (Q113/10001*5854
4 2 30 15 12 160] 30 40 20 0 30 mm 67,2 (Q114/10001*5854
5 3 0 o 13 130] 30 0 30 20 30 mm 546 (Q115/10001*5854
6 4 30 15 14 150| 30 30 30 30 mm 63 (Q16/10001*5854
7 5 0 50 Formule 8 18] 170| 30 40 30 40 30 mm. T4 (Q17/10001*5854
18 har 120 mm SOMIB13:817) 16| 140] 30 0 40 20 30 mm 568 (Q118/10001°5854
19 b, 0 mm B13+815+817 17] 160| 30 30 0 0 30 mm 672 (a19/10001"5854
20 h, &0 mm Bra45815 18| 180 30 40 40 40 30 mm 756 (020/10001°$854
2z 60 mm B18/2 19| 140| “ e 0 0 40 mm 588 (Q21/10001°3854
2 1008 mm 0f 10| s 0 20 0 4o 672 |(az2/100075854
2 b, 1000 mm 21 180 @ 40 20 40 40 mm 756 (023/10001°$854
2 ul 10 w2 2 s I e e
25 sectional progerties 3 | w3 ;3 s 714 |(a2s/100015834
Bending around v-auis. 24 190| a0 a0 30 a0 40 mm 798 (az6/10001°3854
1,206405 mm2 B22°B18 25 150| 0 e 40 0 40 mm 67.2 (Q27/10001°3854
6,00E404 mm2 B15622 26 10 @ 3 s 0 swomm 756 |1az/0005854
1,0206408 mmd [822%(B1343)/12) + (B227B13%C1542) » (B22%B1543)/12) + (B227B157C1542) + (B22*(B1743)/12) + (B22*B17*C1742) 27| 00| 40 a0 40 a0 40 mm 82 (a25/1000]73854
SE409 mmd (B13+B15+B17]°B2243/12
1,700€6406 mm3 (2°B28)/B18
1.00+06 mm3 22815713
1050000 mm3 (B22*B13*C13) + (B22*(B15°2)/8)
35 Bending around
36 Ausnns 1,20E405 mm2 B1B*B23
37 Ancna 6.00€+04 mm2 B20°823
38 i 42006407 mmd. (823" ) (8237 )
E ] SE408 mmd. (B14+B16|"B23"3 / 12
D Wy 7,000€405 mm3 i2*B36)/818
a
42 Bolling deformation  aut-of-glane loading anly
43 L (wpan) 3500 mm
-y, 0,90 - 1/{1 + {[P1(}*2"B7*813/B4342)*(B14/BR)))
5w 1
% v 090 - (L4(P111°2 *B7°817/843421"B16/881)
A7 |1 9246407 mma it i ) 41 (822781 ) *822°B17°C1742)
8 i 33,24 mm | WORTEL|B47/B28)
P
50 Validation Excel
51 Verifiction excel with table 3.12 (P.46 CLT Handbook) & 3.15 (.52 CLT Handbook) (Borgstrom & Frobel, 2019)
2
s o B/ ]| st (g2 5m) (] s (e =2.5m) [mim] o [} Wonet [00°] | Suotngups (') A [men] Agpe [men']
54 Excel ‘Table  |Excel Table Excel ble Excel Table  |Excel Table  |Excel Table  [Excel Excel Table  [Excel Table
55 Panel bulld-up
56 20-20-20-20-20 42| 5826407 5,82€+07 31.1/6.¢ X 1,326406: 1,
57 30-20-20-20-30 50,4 1,06€+08; 1,06€+08| 36,4/ 1,27E+0811 27€408(2, 1164061 2,118+ 1,35€+06; 1,35€+06
58 40-20-30-20-40 63| 2,02€408; 2,026+08 42,9|2,55€+0812.¢ 20€+06: 2, 20€+06 1,10€+05: 1,10€+05 |
9
60 All values correspond, so excel is validated
61

Figure X.71: CLT section properties 5-layered panel_ Excel incl. validation
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X.10.2 CLT roof panels

A B L= D E F G H J
78
79
a0 Verification strenght (ULS) Formule B
21 |1. Bending
82 | M 3741150,00 Nmm (1/8)*B7T*B30A2*10%6
83 | Oy e 4,01 N/mm®  |B82/B9
84
85 |vm 1,25 -
36 |Load duration long-term -
87 |service class 1-
88 |Kmaa 07 -
89 |ky 1,10 - MIN{(150,/B5)"0,2; 1,1)
90 |foua 1478 N/mm’  |B27*B28*B89/B8S
91 | UCgangin 0,27 - B33/B90
92
93 |2.Shear
94 |y 477560 N 0,5*B77*B30*1000
95 |1, 0,07 N/mm®  |B94*B10/ (B7*BE)
96 |Tavq 0,07 N/mm®  |B94*B11/(B7*B6)
97
98 |y 1,35 -
39 |Load duration long-term -
100 | Service class 1-
107 | ke 07 -
102 [fyq 2,24 Nfmm® |B24*B101/898
103 | faya 0,39 N/mm®  |B25*B101/B98
104 | UGy aar 0,03 - B95/B102
105 | UChotingshear 0,18 - BOG/B103
106
107
108 Verification deflections (5LS)
109 | Uinare 3,98 mm (5/384)*(B45*B6,/1000)*(B30*1000)"4/(B21%B8)
110 | Usnsr1 5,06 mm (5/384)*(B65*B6,/1000)*(B30*1000)"4 / (B21%B&)
117 Usnsria 2,83 mm (5/384)*(B53*B6/1000)*(B30*1000) 4/(B21*B8)
112 Uspsri2 -0,94 mm (5/384)*B62*B6/1000)*(B30*1000) 4/(B21*BE)
113
114 | Load duration long-term -
115 |Service class 1-
116 | Kot 0,6 -
117
18 | Upn g 5,36 mm B109*(1+B116)
119 Upn 1 5,06 mm B110%*(1 + (E66*B116))
120 | Upin it 0,00 mm B111%*(ES3 + (E54*B116))
121 | Upingi2 0,00 mm B112*(E62 + (E63*B116))
122 | upin 11,43 mm SOM(B118:B121)
123
124 | Wigueq (0.004L) 14 mm 0,004*B30*1000
125 | UCatinrtinn 0.82 - B122/B124
126
127
128 Results
129 |Panel build-up UCqain UC. 0 UChotlingshear UCeftection
130 |20-20-20 0,42 0,04 0,24 16
131|20-40-20 0,27 0,03 0,18 0,82 (<- Choosen panel
132 |20-30-20 0,33 0,04 0,2 1,11
133
134
135
136
137 Verification load perpendicular to the grain (point loads of walls)
138 Load combinations [NEN1390; €C2)
139 Ve va
140 |6.10a 1,35 1,5 Qus = Givs +7Quvalo
141 |6.10b 12 15 Qus = G + Dt + Z0uvade
142
143 g
144 Roof
145 Floor 04
146
147
142 | Roof topfloor kIN.I,-’n'l2 kN/mi Formiule C
144 |Permanent load 0,786 1,38 B149*B30/2
150 |variable 1,00 1,75 B150*B30/2
151 Eq_6.10a 1,86 kN/m (B140*C143) + (C140*B144*C150)
152 Eq_6.10b 4,28 kN/m (B141*C143) + (C141*C150)
153
154 |Floor topfloor kl*.l,-’m2 kN/m
155 |Permanent 0,964 1,69 B155*B30/2
156 |variable

Figure X.72: Structural verification CLT roof panel (2)_Excel




A B L= D E
156 |variable
157 Non-structural walls 0,5 0,88
158 Residential loads 1,75 3,06
159 Eq_6.10a 4,64 kN/m
160 Eq_6.10b 7,14 kN/m
161
162 'wall {100 mim)
163 [m 42 kg/m2
164 | Height 295 m
1653 |q_k 1,24 kN/m
166 Eq_6.10a 1,67 kN/m
167 Eq_6.10b 1,49 kN/m
168
169 Roofpanel 1st floor top-up kI'~.I,-'m2 kN/m
170 |Permanent 0,786 1,38
171 |variable Not present
172 Eq_6.10a 1,86 kN/m
173 Eq_6.10b 1,65 kN/m
174
175 | Total load perpendicular to roofpanel
176 Eq_6.10a 10,03 kN/m
177 Eq_6.10b 14,56 kN/m
178 OLroofpansl ULS 14,56 kN/m
179
180 Verification Formule B
187 |t 100 mm
182 | by 130 mm B181+30
183 0., g 0,112 Nfmm® |B178/B182
184
183 k.gp (atedge) 15 -
186 |y 1,25 -
187 |Load duration long-term -
188 |Service class 1-
189 | Ko 07 -
190 |f..90.xiayt 2,1 N/mm®  |B185*B189*B26/B186
191 uUc 0,05 - B183/B150

Figure X.73: Structural verification CLT roof panel (3)_Excel

Hand validation roof panel sheet on next page.
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B157*B30/2

B158*B30/2
(B140%C155) + (C140*B145%(C157+C158))
(B141*C155) + (C141*C158) + (C141*B145%*C157)

Formule B
(B163*10/1000) * B164
B140*B165

B141*B165

Formule C
B170*B30/2

C170%*B140
C170%B141

Formule B
C151+C159+B166+C172
C152+C160+B167+C173
MAX(B176:B177)
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Figure X.74: Validation excel roof panel (1)
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Figure X.75: Validation excel roof panel (2)
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Figure X.76: Validation excel roof panel (2)




X.10.3 CLT floor panels
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A B C D F G H | J
1 Choosen floorpanel
2 | Panel
3 |Number of layers 3 -
4 | Panel build-up 40-40-40 mm
5 |hpane 120 mm
& |by 1000 mm
7 [l 1,387E+08 mm*
B gt (ler = 3.5 m) 1,245E+08 mm*
9 W, 2,311E+06 mm’
10 | Sene 1,600E+06 mm’
1 |Syps ing 1,600E406 rI’II'I'I:1
12 (I 5,330E+06 mm”
13 Wyne 3,390E+04 mm”
14 | Zmean 50,4 kg/m’
15
16 |Wood properties
17 |strength class c2a
18 | D.tammocn 420 kg/m’
19 | Do 350 kg/m’
20 |Egrgus 7400 MPa
21 | Eq.xmean 11000 MPa
22 GQUQUJn‘,m'l 50 MPa
23 Gugua‘mm-, 690 MPa
24 |fy090.xax 4 N/mm?®
25 |fy.a090.xayk 0,7 N/mm’
26 |fog0.mmex 2,5 N/mm*
27 |fin 24 N/mm®
28
249 | structural system
30 |Span 35 m
31 |Scheme:
32
33 o o
M M
35
36
37
38
39
40
41 Loads
42 |Permanent loading Formule B
43 |self-weight panel 0,504 kl‘«l,-'m2 B14*10/1000
44 |Fermacell finishing (22 mm) 0,26 kN,-'m2
45 |Installations 0,2 kNfm?
46 Total permanent 0,964 kN,I’m?' SOM(B43:B45)
47
43 |Variable loading
49 |Non-structural walls 0,5 kN,I’m?'
50 |Residential loads 1,75 kh/m®
51 Total variable 2,25 khl,-’m2
52
53 Load combinations (NEN1990; CC2)
34 g 04 -
55
56 Ya Yo
57 [6.10a 1,35 1,5 O =Gy +T QW0
38 |6.10b 12 1,5 gu = Ga¥s + Qiiva + ZQuivad0
59
60 | Qe eqiia 2,65 kN/m®  (B57*B46)+(C57*B54%B51)
61 | Oed_eqo.100 4,08 kN/m®  (B58%B46) + (C58*B50) + (C58*B49%B54)
62

Figure X.77: Structural verification CLT floor panel (1)_Excel
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A B C D E F G H J
63 |Results
64 | Qe s 4,08 kN/m MAX(B60:B61) * B6/1000
65 |Qug 55 3,21 kN/m {B46+B51)*B6,/1000
66
67
68 Verification strenght (ULS)
&9 1. Bending Formule B
70 | My 6250256,25 Nmm (1/8)*B64*B30A2*106
T | ot e 2,70 N/mm’  |B70/89
72
73 Vi 1,25 -
74 |Load duration long-term -
75 |Service class 1-
76 |Kinad 0,7 -
77T |k 1,10 - MIN{(e00/B5)"0,1; 1,1)
78 [foa 14,78 N/mm’ |B27*B76¥B77/B73
79 |UCpandin 0,18 -
80
81 | 2.shear
a2 Wy 714315 N 0,5*B64*B30*1000
83 |1y 0,08 N/mm® |B32*B10/(B7%B6)
4 |Tava 0,08 N/mm’  |B82*B11/(B7*B6)
85
a6 Yl 1,25 -
27 |Load duration long-term -
88 [Service class 1-
89 |kinaa 07 -
90 |fuq 2,24 N/mm’  |B24*B89/BBG
9 |fua 0,39 N/mm’ |B25*BE9/B86
92 |UC.hear 0,04 -
93 | UChutinaatrear 021 -
94
95
96 Verification deflections (5LS)
97 |Uipar 1,38 mm (5/384)*(B46*B6/1000)*{B30*1000)"4/(B21*B5)
98 |Uinsran 2,50 mm (5,/384)*(B50*B6,/1000)*(B30*1000) 4 / (B21*B8)
99 |Ugeye 0,71 mm (5/384)*(B49*B6,/1000)%(B30%1000)4/(B21*B3)
100
101 |Load duration long-term -
102 |service class 1-
103 | kye 0,6 -
104 |y 0,3 -
105
106 | Upn g 2,20 mm B97¥(1+B103)
107 | Upn 2,95 mm B9S*(1 + (B104*B103))
108 | Upn s 0,41 mm BO9*({B54 + (B104*B103))
109 | ug, 5,56 mm SOM(B106:8108)
110
117 | Wy (0.004L) 14 mm 0,004*B30*1000
112 | UCy eftection 0,40 -
113
114
115 Verification vibrations (5LS)
116 |1. Fundamental frequency
117 m 96,4 kg/m®  |BA6*1000/10
118 | Ex g imean 11000000000 M/m* B21*1046
1191, 1,2456-04 m* B8*10M012
120 £, (=8 Hz) 15,28 Hz {P1{)/(2*B3042))*WORTEL((B118*8119)/8117)
121 [UCyny 0,52
122
123 |2. Point deflection
124|F 3000 N
125 [wr 1,96 mm/3 kN |B124%(B30*1000)3 / (48 * B21*B8)
126 [ W sy 0,65 mm/1 kN |B125/(B124,/1000)
127 |a 1 mmy/1 kN
128 |UCne2 0,65 -

Figure X.78: Structural verification CLT floor panel (2)_Excel
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A B C D E F G H | J
129
13013, Impulse velocity response
131|8 25 m
132 |l pee 1,387E-04 m* B7*10n-12
133 | e 5,330E-06 m” B12*10A-12
134 | Erean 1,10E+10 N."ﬂ'lz B21*10"6
135 |nag 251 - ({(40/B120)~2 - 1) * (B131/B30)~4 * ((B134*B132)/(B134*B133)))0,25
136 m 96,4 kg/m*  |B117
137 v 0,0073 m/s 4*((0,4 + (0,6%B135)) / ((B136%B131*B30) + 200))
138
139|b 120 m/Ns®
140 |& (damping) 0,025 - 0,025
147 |plitEY 0,05 m/s B139A{(B120%B140) -1)
142 |UC.ibea 0,14 -
143
144
145 |Results
146 | Panel build-up UCpending UCihear  UChatingshear UCimacsion UG UC, 2 UC a3
147 |20-20-20-20-20 0,31 0,04 0,22 0,77 0,71 1,31 0,19
148 |40-20-40 0,25 0,05 0,26 0,61 0,63 1,04 031
149 20-30-20-30-20 0,25 0,03 0,18 0,54 0,61 0,88 0,12
150 [40-40-40 0,18 0,04 0,21 0,4 0,52 0,65 0,14

Figure X.79: Structural verification CLT floor panel (3)_Excel

Hand validation floor panel sheet on next page.
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Figure X.81: Validation excel floor panel (2)
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X.10.4 CLT Wall panel ‘beam’

A B =
1 Choosen wall panel (Beam verification)
2 | Panel
3 |Number of layers 3 -
4 |Panel build-up 30-40-30 mm
5 | Thickness panel 100 mm
& ‘'wall height {l.) 2950 mm
7 |by 2950 mm
8 by 1000 mm
9 |l 7,800E+07 mm”
10 | Agpen 6,00E+04 mm®
1| Wine 1,56E+06 mm’
12 Lz yner 856E+10 mm’
13 |1t (1o = 2950 mm) 6,95E:07 mm”
14 |t 34,04 mm
15 |m 42 kg/m’
16
17 |Wood
18 |strength class cza
19 | Putmmonn 420 ke/m’
20 | Dot 350 ke/m’
21 |Eg 005 7400 MPa
22 | Egxmean 11000 MPa
23 | Gagag siayamean 50 MPa
24 | Ggagsiaysmean 590 MPa
25 (fepx 21 Nfmm’
26 |fryx 24 Nfmm’
27 |fugsax 4 Nfmm’
28
28 | Structural scheme
30 Floorspan 35m
3
32 F F
33
M Sioad .
3 LT T T T TTITI
EHIAN AN AN AN AN
37
=] 9450 mim
39
40
41
42
43
A
45
46
47 Load definition
43 |Load combinations (NEN1930; CC2) Variable residential load is leading action
49 Y& Yo
50 |6.10a 135 15 Q. = Give +20uvaba
51 |6.10b 12 1,5 Qe = Givs + Dt + F0uvodn
52
53 Yo
54 Roof o]
55 Floor 0,4
56
57
58 Roofpanel topfloor kN/m’ kM m
59 |Permanent 0,786 1,38
60 |variable 1 175
61 Eq 6.10a 1,36
62 Eq 6.10b 165
63
&4  Floorpanel topfloor kN,-’m2 kM m
63 | Permanent 0,964 1,69
66 |Variable
67 Residential loading 1,75 3,06
68 Non-structural walls 0,5 0,88
69 Eq 6.10a 464
70 Full looded Eq 6.10b 7.14
il
72 |Roofpanel 1st floor kh/m? kN/m
73 |Permanent 0,786 1,38
74 |variable Not present -
75 Eq 6.10a 1,36
76 Eq 6.10b 1,65
77
72 Floorpanel 1st floor kN,-’m2 kM m

X. Calculation sheets|285

Formule C

B59¥B30/2

(BE0*B30/2)

(C59*B50) + (C60*B54*C50)
(BS1*C59) + (C51*B54*C50)

B65*B30/2

B67*B30/2

B68*B30/2

(B50%C65) + (C50%(C67+C68)*B55)
{B51*C65) + (C51*C67) + (C51*C68¥B55)
B73* (B30/2)

BS0*C73
B51¥C73

Figure X.83: Structural verification CLT wall panel as beam (1)_Excel
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A B C D E F G H J K L M N

79 |Permanent 0,964 1,69 B79*B30/2
80 |variable
8
a2

Residential loading 1,75 3,06 B&1*B30/2
Non-structural walls 0,5 0,88 B&2*B30/2

a3 Eq 6.10a 464 (BS0*C79)+(C50*B55%(C81+C82))

M Full loaded Eq 6.10b 714 (B51*C79) + (C51*CB1) + (C51*B55*CE2)
85

26 |Wall panel itself

&7 |Permanent load kN,n’m2 kM m
a8 self-weight 0,42 2,48 B38*B6*2,/1000
2 Facade 0,5 2,95 BE9*B6*2,/1000
90 Fire safety board 0,14 0,83 BOO*B6%2/1000
91 Total 5,25 SOM|C88:C0)
92 Eq 6.10a 844 B50*Co1

93 Eq 6.10b 7,50 B51*Co1

94

95 | Point loads due to frond facade _kN/m’ kN
96  Permanent 05 5,16 B96*(B6 * 2/1000) * (B30/2)
a7 Eq 6.10a 697 C96¥B50

] Eq 6.10b 6,20 C96*B51

99
100 | Total load Pointload Formule B
101 |Eq 6.10a 21,44 kN/m 5,97 CH1+C60+CT5+CE34C92
102 |Eq 6.10b 25,09 kN/m 6,20 C62+C70+C76+C84+C93
103 | ques 25,00 kN/m 6,20 MAX(B101:8102)
104
105 Properties inserted into Matrixframe
106 | Thickness horizontal layer 40 mm Formule E
1071, 8,56E+10 mm® = 8,56E-02 B107*%104-12
108 |E_modulus 11000 N/mm® = 1,1E407 kN/m®  BLOB*104-3 * 1046
109
110 | Input loads
1
12| 6.20
113
114
115
116
117
Hg 25)09 25|09 25|09 25|09
120 51} 1 s2¥ 1 s3¥ 1 s4 1
- - - 2
122
123
124 Results Matrixframe
125 |Reaction forces
126

127 K1, K2

128 .y
129

f=
130

13

132

133 -29.46 -67.67 -54.98 -67.67 -29 .46
134

135 |Moments

136
137 -14.97-14.97 -14.97-14.97

9.08-0.98 @
s3 L\ s4 _

S N
5.08
143 10.78 10.78

6.20

Ka K5

146 | Shear forces

148 3595
2396 31.72 27.49

154 -27.49 3172 -23.26

-35.95
156
Figure X.84: Structural verification CLT wall panel as beam (2)_Excel




A B C
157
158
159 Verification buckling (at support K2)
160 |Reduction factor for buckling
161 A, 86,66 -
162 |X..., 1,47 -
163 |k, 164 -
164 k., 0,42 -
165
166 | Load and verification
167 |Spread angle 30 degree
168 |h/4 737,5 mm
168 Spread area load 851,59 mm
170 | Normal force i frame 67,67 kN
171 | Qoo 79,46 kN/m
172 | Qo spresd for 1 mowa 93,31 kN/m
173 | Ouga 1,56 N/mm’
174
175 [vm 1,25
176 |Load duration long-term
177 |Service class 1
178 | Kmoa 0,7
179, pa 11,76 N/mm’
180 |uc 031 -
181
182
183 Verification normal stress k2
184 |Normal force 67,67 kN
185 | Thickness vertical lamella 30 mm
186 |width steel beam 250 mm
187 |Area 15000 mm®
188 |0 g 4,51 Nfmm’
189
190 |y 1,25
191 |Load duration long-term
192 |Service class 1
193 | Kinoa 0,7
194 f. 04 11,76 N/mm’
195 |uc 0,38 -
196
197
198 Verification bending k2 /k4
199 | Muys, matvicirame 14,97 kNm
200 | Os 0,26 N/mm’
201 |ym 1,25
202 |Load duration long-term
203 |Service class 1
204 Ky 0,7
205 |fq 13,44 Nfmm’
206 |UC 0,02 -
207
208|  Werification shear stress k2
209 |Vys 35,95 kN
210|Thickness horizontal lamella 40 mm
211 | Ay 118000 mm”
212 |1, 0,46 N/mm®
213 |y 1,25
214 |Load duration long-term
215 |service class 1
216 | Kmaa 0,7
217 |fya 2,24 Njmm’
218|uc 0,20 -

Formule B

B6/B14

(B161/P1{)) * WORTEL{B25/B21)
0,5*(1+(0,1 * (B162-0,3)) + B16242)
1/(B163 + WORTEL(B16342 - B162/2})

B7/4
2 * TAN(30%2*PI()/360) *B168

B170/(B169/1000)
B171 * 1/(B169,/1000)
B172/60

B25*B178/B175
B173 /(B179*B164)

B170

B186¥B185*2
B184*1000/B187

B193*¥B25/B190
B138/B194

B199*10%6 * 0,5 * B7 / (B12)

B204*B26/B201
B200/B205

B210*B6
1,5%*B209%1000/B211

B27*B216/8213
B212/B217

Figure X.85: Structural verification CLT wall panel as beam (3)_Excel

Hand validation wall panel as ‘beam’ sheet on next page.
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Figure X.88: Validation excel wall as ‘beam’ (3)
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Figure X.89: Validation excel wall as ‘beam’ (4)
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X.10.5 CLT Wall buckling

X.10.5.1 Maximal vertical weight
A B C D E F G H | J K

1 Choosen wall panel

2 Panel

3 |Number of layers 3 -

4 | Panel build-up 30-40-30 mm

5 |Thickness panel 100 mm

& |Wall height (1.) 2950 mm

7 |by 300 mm

8 [ 2, 340E+07 mmd

9 |Acne 1,80E+04 mm®

10 {Wene 4,68E+05 mm’

11 | Lyt (1t = 2950 mm) 2,09E407 mm*

12 iu_.“ 34,04 mm

13 |m 42 kg/m’

14

15 'Wood

16 |Strength class c24

17 | Putammonn 420 kg/m’

18 | Patame 350 kg/m’

19 |Eggns 7400 MPa

20 [Eg o smean 11000 MPa

21 |Gagag aay.mean 50 MPa

22 G|;|gc|;._‘:l-"-d-n,g,‘,-I 890 MPa

23 |fgax 21 Nfmm®

24 |k 24 Nfmm®

25

26 |Structural scheme

27 |Floorspan 3,5 m

28 'width column 0,3 m

29 'wWidth incl. half gallery 09 m

30

31

32

- ]

34

35

36 ;

37 i

38 1

39

40

41 AN

42

43

44 Load definition above column [at gallery)

45 | Load combinations (NEN1930; CC2) Variable residentiol load is leading oction
46 Ya ¥o

47 |6.10a 1,35 1,5 Qu = Gayg +ZQuyods

43 (6.10b 1,2 1,5 Qe =Ga¥g + QuaVo + ZQu¥allo
49

50 Yo

Bl Roof o

52 Floor 0,4

23

54

35 | Roofpanel topfloor kl'v.l,l'm2 kM/m Formules C
56 Permanent 0,786 413 BS6*B27,2 * (B29/B28)
57 |Variable 1 5,25 (BS57*B27/2) * |B29/B28)
58 Eq 6.10a 5,57 (C56*B47) + (C57*B51*C47)
59 Eq 6.10b 4,95 (B4B*C56) + (C4B*BS1*C57)
60

Figure X.90: Structural verification CLT wall panel buckling max vertical load (1)_Excel
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A B C D E F G H | J K
&1 Floorpanel topfloor kN,-'m2 kM/m
62 |Permanent 0,964 5,06 B62*B27/2 * (B29/B28)
&3 |variable
B Residential loading 1,75 9,19 B64*B27/2 * (B29/B28)
65 Mon-structural walls 0,5 2,63 BES*B27,/2 * (B29/B28)
66 Eq 6.10a 13,92 [BAT*CH2) + (C4T* CBA+CE5)*B52)
67 Full loaded Eq 6.10b 21,43 (BAB*CH2) + (C48*CH4) + (CAB*CE5*B52)
68
&9 Roofpanel 1st floor kN,-’mz kM, m
70 |Permanent 0,786 4,13 B70* (B27/2) * (B29/B28)
71 \variable Mot present -
72 Eq 6.10a 5,57 B47*CT0
73 Eq 65.10b 4,95 B4B*CTO
74
75 Floorpanel 1st floor khlfmz kM/m
76 |Permanent 0,964 5,06 B76*B27/2 * (B29/B28)
77 |variable
78 Residential loading 1,75 9,19 B78*B27/2 * (B29/B28)
79 Mon-structural walls 0,5 2,83 B79*B27/2 * (B29/B28)
80 Eq 5.10a 13,92 (BAT*CTE)+CAT*B52*|CTB+CT9))
a1 Full loaded Eq 6.10b 21,43 (B48¥CT76) + (C4B¥C78) + (C4B¥B52¥CT9)
82
23 'wall panel itself
84 | hggar 2115 mm
85 |Number of doors 2 - Formule B
86 hﬁ._.d“_._.d;.,._.-3.,lw-,_.,mq,._..,-.,; 1670 mm (2 * BB - (BB5¥B&4)
BT | Buas 2,77 m? ((B28*(B6,/1000)*2) + [(B29-B28) * [B8E/1000)))
88 [N average: noors 9,24 m (includes at gallery} BE7/B28
89
%0 ' Permanent load kN,-’mz kM, m Formule C
| Self-weight 0,42 3,88 BO1*BEE
92 Facade 0,5 4,62 B92*BES
43 Fire safety board 0,14 1,29 BA3*BE8
94 Total 9,79 50M{C91:C93)
45 Eq 6.10a 13,22 B4A7*C94
96 Eq 6.10b 11,75 B4B*Co4
a7
%2 Load due to frond facade kl‘\.l,-'m2 kM, m
%3 Permanent 0,5 17,21 Devided over width column B99*{B6*2/1000) * B27,/2 / B28
100 Eq 65.10a 23,23 £99*B47
101 Eq 6.10b 20,65 £99*B48
102
103 Total load Formule B
104 |Eg 6.10a 75,43 kN/m C58+CB6+C7 24CB04C95+C100
105 |Eq 6.10b 85,17 kN/m C58+Ce7+C734+C814C96+4C101
106 | guus 85,17 kN/m MAX({B104:B105)
107
108
109
110 Verification buckling Formule B
111 |Reduction factor for buckling
112 (A, 86,66 - BG/B12
13 A, 1,47 - {B112/PI()) * WORTEL{B23/B19)
114k, 1,64 - 0,5 *(1+(0,1 * (B113-0,3)) + B11342)
115 ke, 0,42 - 1/(B114 + WORTEL(B114A2 - B11342))
118
117 | Load and verification
118 |Thickness vertical panels 30 mm
119|004 1,42 N/mm® |B106/(2*B118)
120
121 Vi 1,25
122 |Load duration long-term
123 | Service class 1
124 | kpoa 0,7
1254 11,76 N/mm® |B23*B124/B121
126 |uc 0,29 - B119/ (B125*B115)

Figure X.91: Structural verification CLT wall panel buckling max vertical load (2)_Excel
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X.10.5.2 Including horizontal wind load
A B C D E F G H J K

1 Choosen wall panel

2 | Panel

3 |Number of layers 3 -

4 | Panel build-up 30-40-30 mm

5 |Thickness panel 100 mm

& |wall height (1.) 2950 mm

7 |by 300 mm

B [lyner 2,340E407 mm*

9 |Acne 1 20E4+04 mm’

10 [Wyner 4,68E+05 mm”

11 | ety (e = 2950 mm) 2,09E+07 mm®

12 imll 3404 mm

13 |m 42 kgfm®

14

15 Wood

16 |Strength class cza

17 | Botammenn 420 keg/m’

18 | Bt 350 kg/m’

19 |Egxpus 7400 MPa

20 |Eg.xmean 11000 MPa

21 | Gagag tapmean 50 MPa

22 | Goaa siay mean 590 MPa

23 |fogax 21 Nfmm?

24 [frxs 24 Nfmm®

25

26 |Structural scheme

27 |Floorspan 35 m

28 'width column 0,3 m

29 'Width incl. half gallery 09 m

30

E)| F

32

33 .(‘]

34 ]

35 !

36 :I a

37 L

38 [

39 L

40 "

4 S

42

43

44 Load definition above column (at gallery)

45 |Load combinations (NEN1990; CC2) Wind is leading action

46 ¥ Yo

47 |6.10a 1,35 1,5 Qu = Gaye +T0vala
48 (6.10b 12 1,5 Qu = GV + Qg + T0uvalio
49

30 Py

51 Roof a

32 Floor 0,4

53

34 |Horizontal load

53 | (22.4m) (Wind area 11; Urban) 0,93 kN/m®

56 CsCd 1-

57 CrD 0,8 -

58 CiE 0,7 - Formule B
59 C tat 15 - B57+B538
60 Quind 515 1,26 kN/m B55*B56¥B59¥B29
61 | Guind_uts 1,88 kN/m BEO*C48
62 |Mying uts 2048622,89 Nmm {1/8)*B61*B6A2
63

64 vertical load

Figure X.92: Structural verification CLT wall panel buckling incl. wind load (1)_Excel
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A B C D E F G H J K
65 Roofpanel topfloor kij2 kM/m Formule C
66 |Permanent 0,786 413 B66*B27/2 * (B29/B28)
67 |variable 1 5,25 (B67*B27/2) * (B29/B28)
68 Eq 6.10b 495 (B4B*CEE) + (C4B*B51*CET)
69
70  Floorpanel topfloor kij2 kM/m
71 |Permanent 0,964 5,06 B71*B27/2 * (B29/B28)
72 |variable
73 Residential loading 1,75 9,19 B73*B27/2 * (B29/B28)
74 MNon-structural walls 0,5 2,63 B74*B27/2 * (B29/B28)
75 Eq 6.10b 13,16 (B483C71) + [C4B*B52%(C73+C74))
76
77 |Roofpanel 1st floor Ir.l'\.l,fm2 kM/m
78 |Permanent 0,786 413 B78* (B27/2) * (B29/B28)
79 \Variable Not present -
a0 Eq 6.10b 4495 B4B*CT8
a1
82 |Floorpanel 1st floor Ir.l'\.lfm2 kN/m
83 |Permanent 0,964 5,06 BE3*B27/2 * (B29/B28)
84 |variable
85 Residential loading 1,75 9,19 B85*B27,/2 * (B29,/B28)
86 Non-structural walls 0,5 2,63 B86*B27/2 * (B29/B28)
87 Eq 6.10b 13,16 (BAB*CE3) + (C48 * B52*(CB5+CBE))
88
2% 'wall panel itself
90 | hagar 2115 mm
91 |Number of doors 2- Formule B
92 hq._.m._.d:.,,_.-;.,lw-l.,“,_u,,_..,-.,; 1670 mm (2 *BB) - (BA1*B90)
93 (A 277 m* ((B28%(B6/1000)*2) + ((B29-B28) * (B92/1000)))
94 | haverage: foors 924 m {includes at gallery) BO3/B28
95
96 Permanent load Ir.l'\.ljm2 kM/m Formule C
97 Self-weight 0,42 3,88 B97*B94
98 Facade 0,5 4,62 B9S*B94
] Fire safety board 0,14 1,29 B99*B94
100 Total 9,79 SOM|CO7:C99)
101 Eq 6.10b 11,75 B48*C100
102
103 | Load due to frond facade kl'\.ljm2 kM/m
104 | Permanent 0,5 17,21 Devided over width column B104%*(B6*2/1000) * B27,/2 f B28
105 Eq 6.10b 20,65 BAE*C104
106
107 Total load Vertical Horizontal Formule B
108 | Quus £q6.108 68,63 kN/m 2,05E+06 Nmm C68+C75+C80+C87+C101+C105
109
110
1
12 Verification buckling
113 | Reduction factor for buckling Formule B
114 |A, 86,66 - BE/B12
115 A, 1,47 - (B114/PI()) * WORTEL(B23/B13)
116k, 1,64 - 0,5 *(1+(0,1 * {B115-0,3)) + B115432)
117 | keyy 0,42 - 1/(B116 + WORTEL(B11642 - B11542))
18
119 Load and verification
120 |Thickness vertical panels 30 mm
121 | 0ga 1,14 N/mm’  |B108/(2%B120)
122 | o 4,38 N/mm’  [D108/B10
123
124 Vet 1,25 -
125 |Load duration long-term -
126 |Service class 1-
127 [kingd 0,7 -
128 [ky, 1,10 - MIN{(600/B5)40,1; 1,1)
128 f o 11,76 N/mm® |B23*B127/B124
130 o4 1478 N/mm® |B24*B127*B128/B124
131|uc 0,53 - (B121/ (B129*B117)) + (B122/B130)

Figure X.93: Structural verification CLT wall panel buckling incl. wind load (2)_Excel
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A B C i) E F G H J K
132
133
134 Verification deflection
135 | Usnery 5,40 mm (5/384)*B60*B6A / (B20*B11)
136 |Load duration short-term
137 |Service class 1
138 [ by 0,6
139 | 0,3
140 | ug 0 6,37 mm B135 * (1 +(B139%B138))
R LT — 9,83 mm B6/300
142 [uc 0,65 B140/B141

Figure X.94: Structural verification CLT wall panel buckling incl. wind load (2)_Excel

Hand verification CLT Wall buckling both load combinations on next page.
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X.10.5.3 Hand validation buckling
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Figure X.95: Validation excel wall buckling (1)
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Figure X.96: Validation excel wall buckling (1)
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Figure X.97: Validation excel wall buckling (3)
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Figure X.98: Validation excel wall buckling (4)
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Figure X.99: Validation excel wall buckling (5)




X.10.6 CLT Wall Lintels

X.10.6.1 Lintel above gallery
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A B C D E F
1 Choosen wall panel
2 | Panel
3 |Mumber of layers 3 -
4 |Panel build-up 30-40-30 mm
3 |Thickness panel 100 mm
& |wall height (l.) 2950 mm
7 |m 42 kg,-’m?'
8
% Wood
10 | Strength class cza
11| Drtammenn 420 kg/m’
12 Pt 350 kg/m’
13 Eqmﬂ; 7400 MPa
14 | Eg xomean 11000 MPa
15 | Ga090 iy memn 50 MPa
16 | Goag xay.mean 650 MPa
17 [fgax 21 N/mm?
18 [frx 24 N/mm’
19 fuﬂgu’A 4 N,"ITIITIz
20
21 |Structural scheme
22 |Span lintel 1.2 m
23 |Span floors 35m
24 |Height lintel 485 mm
25
26
27 Qload
s T T T T T T T ¢
30
3
32
33| Fr
34
35
36
37 Load definition
32 Load combinations (NEN1990; CC2) Varigble residential load is leading oction
39 ¥ Yo
40 |6.10a 1,35 1,5 Qu = Givs +F0uvalin
41 |6.10b 1,2 1.5 Qu =Gy + D-&I‘FFQ-"EO-&""FQLIJU
42
43 g
44 Roof 0
45 Floor 0,4
46
47 | Floorpanel topfloor kN,n’mP' kM,/m
43 |Permanent 0,964 1,69
49 |variable
50 Residential loading 1,75 3,08
51 Maon-structural walls 0,5 0,88
52 Eq 6.10a 4,64
53 Eq 6.10k 7,14
54
55 |Roofpanel 1st floor kN/m® kN/m
56 | Permanent 0,786 1,38
57 |Variahle Not present -
58 Eq 6.10a 1,86
59 Eq 6.10b 1,65

Figure X.100: Structural verification CLT wall lintel above gallery (1)_Excel

Formule C
B48*B23,2

B50*B23/2

B51*B23/2

(BAD*C48) + (C40¥B4AS* [C50+C51))
(B41*C48) + (C41*C50) + (C41*B45*C51)

B56%B23/2

B40*C56
B41*C56
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A B C D E
]
61 'wall panel
62 |Height lintel 485 mm
63 |Height above lintel till openii 470 mm
64 Total 955 mm
65
66 kN/m® kN/m
&7 | Permanent 0,42 0,40
62 Eq 6.10a 0,54
69 Eq 6.10b 0,48
70
71 Total load
72 |Eq 6.10a 7,04 kN/m
73 |Eq 6.10b 9,28 kN/m
74 Quis 9,28 kN,"ITI
75 | Freation ULS Per e 7,365 kN
76
T Verification strength
72 1. Bending moment Formule B
9 81
ED _{: l_ _ IJrII,.I...'
21 5y
a2
83 |Mys_matrixframe 2920000 Nmm
84 |tharitantal layer 40 mm
85 |w, 1,57E+06 mm” (1/6)*B82*B2442
86 |Oea 1,86 N/mm® |B83/B85
a7
82 [y 1,25
29 Load duration long-term
90 Service class 1
91 |kmod 0,7
92 (ks 1,02 MIN({(500/B24)10,1; 1,1)
93 |fuq 13,73 N/mm’ |B18*B91*Bo2/BES
94 |uc 0,14 - BB6/B93
95
96 | 2. Shear force
97 |V ner 7365,00 N B75*1000
98 |tharitantal layer 40 mm
99 |1, 0,57 N/mm’®  |(3/2)*B97/(B98*B24)
100
107 |y 1,25
102 |Load duration long-term
103 |Service class 1
104 | kg 0,7
105 |fyq 2,24 N/mm® |B19*B104/B101
106 |uc 0,25 - B99/B105

Figure X.101: Structural verification CLT wall lintel above gallery (2)_Excel

Formule B
B24

SOM(B62:B63)

Formule C
BG67*B64/1000
B40*Ce7
B41*C67

Formule B

C52+C584C68
C53+C59+4C69
MAX(B72:B73)



X.10.6.2 Lintel below gallery

A B C D E
1 Choosen wall panel
2 | Panel
3 |Mumber of layers 3 -
4 |Panel build-up 30-40-30 mm
3 |Thickness panel 100 mm
& |wWall height (l.) 2950 mm
7 |m 42 kg,-’m?'
8
% Wood
10 | Strength class cza
11| Drtammenn 420 kg/m’
12 Pt 350 kg/m’
13 Enxni0s 7400 MPa
14 | Egxamean 11000 MPa
15 | Ga090 iy memn 50 MPa
16 | Gaa0,xiaymean 590 MPa
17 [fgax 21 N/mm?
18 [frxs 24 N/mm?
19 f\;ggc_A 4 N,"ITIITIz
20
21 |Structural scheme
22 |Span lintel 1.2 m
23 |Span floors 35m
24 |Height lintel 350 mm
25
26
27 Qload
2 T T T T T T T ¢
30
3
32
13| F
34
35
36
37 Load definition
32 Load combinations (NEN1990; CC2) Varighle residential load iz leading action
39 Vs Yo
40 |6.10a 1,35 1,5 Qu = Give +30yalo
41 |6.10b 12 1,5 Qe = Gays + Quavn + 20 vole
42
43 P
44 Roof ]
45 Floor 0,4
46
47 | Floorpanel topfloor kN/m? kN/m
48  Permanent 0,964 1,69
49 |variable
50 Residential loading 1,75 3,06
51 Mon-structural walls 0,5 0,88
52 Eq 5.10a 4,64
53 Eq 6.10k 7,14
54
55 wall panel
56 |Height lintel 350 mm
57
58 k/m? kN/m
539 | Permanent 0,42 0,15
60 Eq 5.10a 0,20
61 Eq 6.10k 0,18

Figure X.102: Structural verification CLT wall lintel below gallery (1)_Excel
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Formule C
B48*B23/2

B50°B23/2

B51*B23/2

(B40*C4E) + (C40%B45* (C504C51))
(B41*C48) + (C41*C50) + (C41*B45*C51)

Formule B
B24

Formule C
B59*B56,/1000
B40*C59
B41*C59



62
63
B4
65
b6
67
63
69
70
7
T2
73
74
75
76
v
78
79
80
81
82
a3
24
85
26
87
a8
29
90
91
92
a3
o4
95
96
o7
]
99
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A B C D E F
Total load
Eq 6.10a 4,84 kN/m
Eq 6.10k 7,32 kN/m
Quis 7,32 kN/m
Fresction ULS Per fints 7,365 kM

Verification strength
1. Bending moment Formule B
+ 51 =
LI -
‘ - il

MyLs_resuttant 3710000 Nmm
Biarizantal layer 40 mm
W, 8,17E+05 mm’
ot 4,54 Nfmm®
Vit 1,25

Load duration long-term

Service class 1

[o— 07

ks, 1,06

g 14,18 N/mm®
uc 0,32 -

2. Shear force

Wy 7365,00 N

[ re— Laryer 40 mm

Ty 0,79 N,n’mmz
Vit 1,25

Load duration long-term

Service class 1

[o— 07

fua 2,24 N/mm®
uc 0,35 -

(1/6)*B77*B24A2
B76/B75

MIN{(500/B824)40,1; 1,1)
B18°B84*BE5/B81
B79/BE6

B&7*¥1000

(3/2)*B90/(BO1*B24)

B19°B97/Bo4
B92/B93

Figure X.103: Structural verification CLT wall lintel below gallery (2)_Excel

Formule B
C52+C60
C53+Ch1
MAX(B64:BE5)
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X.10.6.3 Lintel above door
A B C D E F G H J

1 Choosen wall panel

2 | Panel

3 |Mumber of layers 3 -

4 |Panel build-up 30-240-30 mm

3 |Thickness panel 100 mm

& |wall height (l.) 2950 mm

7 |m 4z kgfmz

8

% Wood

10 | Strength class c24

11| Drtammenn 420 kg/m’

12 Pt 350 kg/m’

13 Eqmﬂ; 7400 MPa

14 | Eg xamean 11000 MPa

15 | Ga090 iy memn 50 MPa

16 | G0 siay mean 530 MPa

17 [fgax 21 N/mm®

18 [frxs 24 N/mm®

19 fuﬂgu’A 4 memz

20

21 |Structural scheme

22 |Half span lintel 0,45 m

23 |Span floors 3,5 m

24 |Height lintel 485 mm

25

26

27 V | g-load

28

29 r -

30

3

32

= A—450 mm—"

34

35

36

37 Load definition

32 Load combinations (NEN1990; CC2) Variable residential load is leading action

39 Vs Yo

40 |6.10a 1,35 1,5 Qu = Giye +T0vally

41 |6.10b 1.2 1,5 Qe = Gi¥a + Qeavo + 2Quvale

42

43 Yo

44 Roof [a]

45 Floor 0,4

46

47 | Floorpanel topfloor kN/m? kM/m Formule C
48  Permanent 0,964 1,69 B4B*B23/2
49 |variable

50 Recidential loading 1,75 3,06 B5O*B23/2
51 Non-structural walls 0,5 0,88 B51*¥B23/2
52 Eq 6.10a 4,64 (BAD*C48) + (CAD*B45* (C50+C51))
53 Eq 6.10k 7,14 (BA1*C48) + (C41*C50) + (C41*BA5*C51)
54

55 |Roofpanel 1st floor kN/m® kN/m

56 |Permanent 0,786 1,38 B56¥B23/2
57 |Variable Mot present -

58 Eq 6.10a 1,86 BA0O*C56
59 Eq 6.10b 1,65 B41*C56
]

Figure X.104: Structural verification CLT wall lintel above door (1)_Excel




61
62
63
B4
65
b6
67
63
69
70
71
72
73
74
75
76
L
78
79
20
a1
82
a3
24
85
26
87
23
a9
90
Ll
92
a3
o4
95
96
o7
93
99
100
10
102
103
104
105
106
107
108
109
110
111
112
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A B C D E
‘Wall panel
Height lintel 485 mm
Height abowve lintel till opening 470 mm
Total 955 mm
kM/m* kM /m
Permanent 0,42 0,40
Eq 6.10a 0,54
Eq 6.10k 0,48
Total load
Eq 6.10a 7.04 kN/m
Eq 6.10k 9,28 kN/m
Quis 9,28 kN/m
Freaction ULS Per fints 3,6 kN
Verification strength
1. Bending moment Formule B
2.56
_+ st T ]
| L]
Muts,_resutant 2560000 Nmm
Tharizantal layer 40 mm
W, 1568166,667 mm’ (1/6)*BB5*B2412
Ot 1,63 Nf/mm® |B84/B36
i 1,25
Load duration long-term
Service class 1
[Co— 0,7
ks, 1,02 MIN({600/B24)"0,1; 1,1)
fra 13,73 N/mm® |B18*B92+Ba3/B89
uc 012 - B87/B94
2. Shear force
51 _
3 —L T 1 %
-7.78
Vi e 777378 N (B75*¥1000) + (B74¥B22*1000)
Basrizantal layer 40 mm
T 0,60 Njmm®  |(3/2)*B103/(B104%B24)
i 1,25
Load duration long-term
Service class 1
Kora 0,7
fua 2,24 Njmm®  |B19*B110/B107
uc 0,27 - B105/8111

Figure X.105: Structural verification CLT wall lintel above door (2)_Excel

G H
Formule B
B24

SOM(BE2:B63)

Formule C
BE7*BE4,/1000
B40*CHT
B41*Ce7

Formule B

C524C58+C68
C534C59+C69
MAX(B72:B73)



X.10.6.4 Lintel below door
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A B C F G H J
1 Choosen wall panel
2 | Panel
3 |Mumber of layers 3 -
4 |Panel build-up 30-240-30 mm
3 |Thickness panel 100 mm
& |wall height (l.) 2950 mm
7 |m 4z kgfmz
8
% Wood
10 | Strength class c24
11| Drtammenn 420 kg/m’
12| Prtam 350 kg/m’
13 Eqmﬂ; 7400 MPa
14 | Eg xamean 11000 MPa
15 | Ga090 iy memn 50 MPa
16 | G0 siay mean 530 MPa
17 [fgax 21 N/mm®
18 [frxs 24 N/mm®
19 fuﬂgu’A 4 memz
20
21 |Structural scheme
22 |Half span lintel 0,45 m
23 |Span floors 3,5 m
24 |Height lintel 350 mm
25
26
37 v 1 g-load
28 l
29 r - =
30
3
32
= A—450 mm—
34
35
36
37 Load definition
38 |Load combinations [NEN1990; CC2) Variable residential load is leading action
39 ¥a Yo
40 |6.10a 1,35 1,5 Qu = Giye +T0vally
41 |6.10b 1.2 1,5 Qe = Gi¥a + Qeavo + 2Quvale
42
43 Yo
44 Roof [a]
45 Floor 0,4
46
47 | Floorpanel topfloor kN/m? kM/m Formule C
48  Permanent 0,964 1,69 B4B*B23/2
49 |variable
50 Residential loading 1,75 3,06 BS0*B23/2
51 Non-structural walls 0,5 0,88 B51*¥B23/2
52 Eq 6.10a 4,64 (BAD*C48) + (CAD*B45* (C50+C51))
53 Eq 6.10b 7.14 (BA1*C48) + (C41*C50) + (C41*BA5*C51)
54
55 |wall panel Formule B
56 |Height lintel 350 mm B24
57
58 kN/m® kN/m Formule C
59 |Permanent 0,42 0,15 B59*B56,/1000
60 Eq 6.10a 0,20 B40D*C59
61 Eq 6.10b 0,18 B41¥C59

Figure X.106: Structural verification CLT wall lintel below door (1)_Excel
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62

63 |Total load Formule B
64 |Eq 65.10a 4,84 kN/m C524C60
65 |Eq 6.10b 7,32 kN/m C534C61
66 [Quis 7,32 kN/m MAX(BEA:BES)
BT | Fronction ULS Per Enge 3,6 kN

68

69 Verification strength

70 |1. Bending moment Formule B

71

k _,{3 st— 1T |

73 1 T

74

75 | Muss resuitant 2360000 Nmm

76 | thoritontal Layer 40 mm

77 |w, 816666,6667 mm’ (1/6)*B76*B242

78 | O 2,89 Njmm® |B75/B77

79

80 (v 1,25

21 |Load duration long-term

82 |Service class 1

23 kinag 0,7

84 [k 1,06 MIN{(600/B824)%0,1; 1,1)

83 |fma 14,18 Nfmm’ |B18*B83+*B34/B80

86 |uc 0,20 - B7E/BES

87

22 |2. Shear force

i St -
55’ %@H«—-L_J__L‘P

-5.89
92
93 |V, £393,80 N (B67*1000) + (B56*B22*1000)
9 | tharitantal layer 40 mm
95 |14 0,74 Njmm® |(3/2)*Ba3/(Bo4*B24)
96
97 |y 1,25
92 Load duration long-term
99 Service class 1
100 | ks 0,7
101 |fyq 2,24 Nfmm®  |B19*B100/B97
102 |uc 0,33 - B9S5/B101

Figure X.107: Structural verification CLT wall lintel below door (2)_Excel

Hand validation CLT wall lintels next page.
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X.10.6.5 Hand validation

Drder /
o VAN RAADGEVENDE
<o s INGENIEURS
ey el bt ROSSUM
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Figure X.108: Validation excel wall lintels (1)
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Order / =
RAADGEVENDE
Badnr 2./ VA INGENIEURS

Deel Ve Jicedm dldeh CLT ROSSUM

Datum ok 45 /1023

2 l&) (uw .,3(1/“,/

A

(/e[r. Mt > ).lal-.t f " 7 [ 4
Momad @l suppor? = Fh -isov - ks Y365 00" isom ~ 3733 ased

p g 74.?1 25 ox WJ U"”"“
Med AL L8 [)“,“”-J
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Figure X.109: Validation excel wall lintels (2)




X.10.7 CLT Stability wall

X.10.7.1 Placement on council estate
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A B C D E F G H J
1 STABILITY
2 | Panel
3 |Number of layers 3 -
4 |Panel build-up 30-40-30 mm
5 |Thickness outer panel 30 mm
& |Thickness panel 100 mm
T [Wall height 2850 mm
8 | by (= Lurabisiy wan) 2500 mm Formule B
9 |1, 7,81E+10 mm* (1/12)%(B5*2)*B8A3
10 (W, G,25E+07 mm’ (1/6) * (B5*2)*Bar2
11 'm 42 kg/m’
12
13 'Wood
14 |Strength class c2a
15 | Putammean 420 kg/m’
16 | Batams 350 kg/m’
17 |Eaxons 7400 MPa
18 |Egimean 11000 MPa
19 chg.‘;)d’-_-n.”, 50 MPa
20 | Gysg ey mear £30 MPa
21 g 21 N/mm®
22 |frnx 24 N/mm?
23 |fuosox 4 N/mm’
24
25
26 Horizontal load
27 |Length unit 945 m
28 |Units linked 4 -
20 | g, (19.6m) (Wind area II; Urban) 0,9 kN/m?
30 C=Cd 1-
31 Ci D 0,8 -
3z CrE 07 -
33 Ci_tat 15 - B31+B32
34 | Gying 515 3,19 kN/m B29*B30*B33*B27/B28
35
36 Deformation check
37 |Load duration short-term
38 |Service class 1
39 | Ky 0.6
A0 |1y 03
1
42 Uit 0,56 mm {1/8)*B34*(B7*2)A4 / (B18*BA)
43 U 0,66 mm B42*(1+(B39*B40))
44 — 11,8 mm (B7*2)/500
45 uc 0,06 B43/Ba4
46
a7
48 Tension force due to wind load
49 | Tension due to wind
30 |safety factor Q 1,5 -
31 Quind_ULS 4,78 kN/m B34*B50
32 |Mys 8,33E+07 Nmm (1/2)*B51*(B7 %22
33 |Tension force 33,31 kN B52/B8/1000
54
35
56 Mormal force due to self-weight (Wall side)
57 |safety factor G 09 -
38 |Span floorpanel 35 m
59
60 |Side wall panel kl‘n.l,n’m2 kN/m Formule C

Figure X.110: Structural verification CLT stability wall council estate (1)_Excel




61
62
63
64
65
66
67
68
6o
70
[l
72
73
74
75
76
I
78
9
a0
Ll
a2

A
Roofpanel topfloor
Floorpanel topfloor
Roofpanel first floor
Floorpanel first floor
Q=

Self-weight
Fire board

B C
0,336 0,59
0,964 1,69
0,336 0,59
0,964 1,69

0,42 2,48
014 0,83

X. Calculation sheets|313

4,55

Facade Not considered os some units can have none

Stability wall panel itself kN/m?*
Self-weight
Fire board

O«

Qe

Moty et
Mot fram sidawa
Length side wall

qx
et

kN/m
0,42 2,48
0,14
3,30
2,97

3,72 kN
29,59 kN
4,19 m

0,826

3,30

7,85 kN/m
7,07 kN/m

kM,/m

> egsily can be taken vp by sidewall

Figure X.111: Structural verification CLT stability wall council estate (2)_Excel

X.10.7.2 Placement on ground

CO =~ @ U AWM=

w

10
11
12
13
14

15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

A B C
Choosen wall panel
Panel
Number of layers 3-
Panel build-up 30-40-30 mm
Thickness outer panel 30 mm
Thickness panel 100 mm
Wall height 2950 mm
b, (= Lstahilitywall) 2500 mm
L 7,81E+10 mm*
W 6,25E+07 mm”
m 42 kg/m2
Wood
Strength class c24
Prammean 420 kg/m®
Prianc 350 kg/m®
Eg,x 005 7400 MPa
Eg,xmean 11000 MPa
G‘B(}S(},x\ay,mean 50 MPa
Gosg,xiay,mean 690 MPa
feomk 21 Njmm?
T 24 Njmm?
fu om0k 4 Njmm®
Horizontal load
Length unit 9,45 m
Units linked 2-
qp (6m) (Wind area II; Urban) 0,58 kN/m’
CsCd 1-
CrD 0,8 -
CrE Q0,7 -
CF_tat 1,5 -
Gwind_SLS 4,11 kN/m
Deformation check
Load duration short-term
Service class 1
ker 0,6
U, 0,3

D E F
Formule B
(1/12)*(B5*2)*B8"3

(1/6) * (B5*2)*B8A2

B31+B32
B29*B30*B33*B27/B28

Figure X.112: Structural verification CLT stability wall ground (1)_Excel

H | J
B61*B58/2
BE2*B58/2
B63*B5E/2
BE4*B58/2
SOM(CB1:Ce4) <Formule D
B67*B7*2/1000
B68*B7*2/1000
Formule D
SOM(C67:CE8)

D65+D70
D71*B57

Formule C
B75*B7+%2/1000
B76%B7%2/1000
SOM[C75:C76)
C77*B57

Formule B
0,5*C78*B8,/1000
B53-B80

B81/D72
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A B C D E F G H ]
41
42 Uit 0,72 mm (1/8)*B34*(B7*2)"4 / (B18*B9)
43 U 0,85 mm BA2%(1+(B39*B40))
44 Wallowed 11,8 mm (B7*2)/500
45 uc 0,07 B43/B44
46
47
48 Tension force due to wind load
49 |Tension due to wind
50 Safety factor Q 1,5 -
51 | Gying_uts 6,17 kN/m  |B34*B50
52 My 1,07E+08 Nmm  |(1/2)*B51%(B7*2)A2 1,07E+02
53 |Tension force 42,93 kN B52/B8/1000
54
55
56 Normal force due to self-weight (Wall side)
57 Safety factor G 0,9 -
58 |Span floorpanel 3,5m
59
60 |Side wall panel Ir(N/m2 kN/m Formule C
61 Roofpanel topfloor 0,336 0,59 B61*B58/2
62 Floorpanel topfloor 0,964 1,69 B62*B58/2
63 Roofpanel first floor 0,336 0,59 B63*B58/2
64 Floorpanel first floor 0,964 1,69 B6A*B58/2
65 A 4,55 SOM(CB1:C64) <Formule D
66
67 Self-weight 0,42 2,48 B67*B7%2/1000
68 Fire board 0,14 0,83 B68*B7%2/1000
69 Facade Not considered as some units can have none Formule D
70 3,30 SOM(CE7:C68)
71 G 7,85 kN/m D65+D70
72 e 7,07 kN/m D71%B57
I
74 |Stability wall panel itself kN/m2 kN/m Fermule €
75 Self-weight 0,42 2,48 B75%B7%2/1000
76 Fire board 0,14 0,826 B76*B7%2/1000
77 a9 3,30 SOM(C75:C76)
78 Gea 2,97 kN/m C77*B57
79 Formule B
80 | Netab wall_ed 3,72 kN 0,5%C78*B8/1000
81 NHEEdEde’DmSIdEWEH 39,21 kN B53-B80
82 |Length side wall 5,55 m > easily can be taken up by sidewall B81/D72

Figure X.113: Structural verification CLT stability wall ground (2)_Excel
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X.10.7.3 Hand validation stability wall sheet

Oraer /

% VAN RAADGEVENDE
e : INGENIEURS
Deel  Vari )i o stebil, T

e by 1/ (.;aﬂ ([I

Datum j/u /2023 ROSSUM

)\, A

loeys| : 30 Lo-3¢ = wo Lww)

LZ;I-EJH ro2686 x 2 Cwwl

lixll © = 25% Bunsd : c)
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Figure X.114: Validation excel wall stability wall (1)
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Figure X.115: Validation excel wall stability wall (2)




X.10.8 Steel interlayer

X.10.8.1 Wind load is leading action (Variant 1a)
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A B i D E F G H J K
1 Choosen wall panel
2 Applied combination 1a
3 |*Windload + downward load
4 |wall height (1) 2950 mm
5 |by 2950 mm
6 (m 4z kg,-’m2
7
8 |Structural scheme
% |Floorspan 35m
10 |Span between steel beams 236 m
11 |Length stability wall 2500 mm
12 |Length unit 9,45 m
13
1: (load
16
17 p v P
18
19 AN
0 ——3500 mm——~
21
22
23
24 Load definition
25 |Load combinations (NEN1990; CC2) Wind load is leading action
26 Yo Yo
27 |6.10a 1,35 1,5 Qu = Gavs 420Vl
28 |6.10b 12 1,5 0.t =G + Quava + ZQuivall
29
30 Yo
31 Roof (o]
32 Floor 0,4
33
34 Horizontal load
35 |Number of walls 4 -
36 Q. (19.6m) (Wind area 11; Urban) 09 kh/m?
37 C=Cd 1-
38 Ci D 08 -
39 CiE 07 - Formule B
40 CF_rat 1,5 - B38+B39
41| Oing 515 3,19 kN/m B36*B37*B40%B12/B35
42 | Oying uis 478 kN/m B41*C28
23 | Moing_us 8,33E+07 Nmm (1/2)*B42*(B4*2)A2
A4 |Fpind hor 112,90 kN B42*B5*2*B35/1000
45 | Findver 33,31 kN B43/B11/1000
46
47 |Roofpanel topfloor kl*.l,-’m2 kM/m Formule C
48 |Permanent 0,786 1,38 B48*B9/2
49 Variable 1 1,75 SLS (B49*B9/2)
50 Eq 6.10b 1,65) 1,38 (B28*C48) + (C28*B31*C49)
51
52 |Floorpanel topfloor kl‘«l,l’m2 kN/m
533 |Permanent 0,964 1,69 B53*B9/2
54 |Variable
55 Residential loading 1,75 3,06 B55*B9/2
56 Non-structural walls 0,5 0,88 SLS 4 B56¥B9/2
57 Full loaded Eq 6.10b 4,39] 3,26 (B2B*C53) + ((C55+C56)*B32*C2E)
58
539 | Roofpanel 1st floor kl*.l,-’m2 kM/m
60 |Permanent 0,786 1,38 BBO* (BS,/2)
61 |variable Not present - 5LS
62 Eq 6.10b 1,65 1,38 B28*C50
63
64 |Floorpanel 1st floor kN,lrITIZ kN/m
65 |Permanent 0,964 1,69 B65*B9/2
66 |Variable
67 Residential loading 1,75 3,06 B67*B9/2
68 Non-structural walls 0,5 0,88 SLS 4 BEB*B9/2
69 Full loaded Eq 6.10b 4,39] 3,26 (B2B*CE5) + ((CET+CE8)*C28*B32)
70
71 'wall panel itself
72 |Permanent load kl*.l,-’m2 kM/m
73 Self-weight 0,42 2,48 B73*B4*2/1000

Figure X.116: Structural verification steel interlayer_loads var. 1a (1)_Excel
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A B D E F
Facade 0,5 2,85
Fire safety board 0,14 0,83
Total 5,25 SLS -
Eq 6.10b 750 625
g-load stability wall
Permanent load kl‘«l,l’m2 kMN/m
Self-weight 0,42 2,48
Fire safety board 0,14 0,83
Total 3,30 SLS -
Eq 6.10b 3,95| 3,30
Self-weight steel beam kM/m
Permanent load (HEB 260) 093
55 0,93 kN/m
Eq 6.10b 1,12 kN/m
Pointload facade kN/m? kN
Self-weight 0,5 5,16 SLS
Eq 6.10b 5,20| 516
Total load kN /mi kN kN/m (at stab. Wall)
Eq 6.10by.s 19,58 46,26 3,96
Eq 6.10bss 15,53 36,69 3,30
Overview loads_ULS
Horizontal wind load s 112,90 kN
Vertical windloadsy +f- 33,31 kN
Guasty ws 3,96 kN/m
Permanent vertical loads 52,81 kN
Qurafie 1,12 kMN/m
Results ULS
i o s W K
) ) ) ) t
Overview loads_SLS
Horizontal wind loads s 75,27 kN
Vertical windloadss 5 +/- 22,20 kN
Torating o 3,30 kN/m
Permanent vertical loads 41,89 kN
Qprofie 0,93 kN/m
Results SLS
o

K1 =z

L L

Figure X.117: Structural verification steel interlayer_loads var. 1a (2)_Excel

G H
B74*B4*2/1000
B75*B4*2/1000
SOM(C73:C75)
B2B*C76

B21*B4*2/1000
BB2*B5%2/1000
SOM(CB1:C82)
C83*B28

BB7
B37*B28

(B93*2*B4/1000)*B9,2
C93*B28

Formule B
C50+C57+C62+C09+C77
D50+D57+D62+D69+D7 7



X.10.8.2 Variable load is leading action (Variant 1b)
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Figure X.118: Structural verification steel interlayer_loads var. 1b (1)_Excel

A B L= D
Properties
Applied combination 1b
Wall height {l..) 2950 mm
by, 2950 mm
by 1000 mm
m 42 kg,.-"m2
Structural scheme
Floorspan 35 m
Span between steel beams 2,36 m
Qload
A~——3500 mm—~
Load definition
Load combinations (NEN1990; CC2) Varioble residential load is leading action
Yo Ya
6.102 135 15 gu = Givs +Z0volin
6.10b 12 1,5 Qu = Give + Qirva + ZQuvodo
Yo
Roof (o]
Floor 04
Roofpanel topfloor kl*.l,,-’m2 kN/m
Permanent 0,786 1,38
Variable 1 1,75 5LS 4
Eq 6.10a 1,86 1,38
Eq 6.10b 1,65 1,38
Floorpanel topfloor kl*.l,-'m2 kN/m
Permanent 0,964 1,69
Variable
Residential loading 1,75 3,06
MNon-structural walls 0,5 0,88 SLS -
Eq 6.10a 4,64 3,26
Full loaded Eq 6.10b 7.14 5,10
Roofpanel 1st floor kl‘ﬁl,l’m2 kN/m
Permanent 0,786 1,38
Variahle Not present - SLS |-
Eq 6.10a 1,86 1,38
Eq 6.10b 1,65 1,38
Floorpanel 1st floor kl*.ll.-’m2 kN/m
Permanent 0,964 1,69
Variable
Residential loading 1,75 3,06
Mon-structural walls 0,5 0,88 SLS -
Eq 6.10a 454 326
Full loaded Eq 6.10b 7,14 5,10
Wall panel itself
Permanent load kl‘ﬁl,l’m2 kN/m
Self-weight 0,42 2,48
Facade 0,5 2,85
Fire safety board 0,14 0,83
Total 5,25 SLS J»
Eq 6.10a 8,44 5,25
Eq 6.10b 7,50 6,25
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Formule C

B38*B9/2

(B39*Bg/2)

(C38%B29) + (C39%B33*C29)
(B30*C38) + (C30¥B33*C39)

B24*B3/2

B4G*BA/2

BA7*BO/2

(B29*C44) + (C29%(C46+C4T7)*B34)
(B30*C44) + (C30*C46) + (C30*C47*B34)

B52* (B9/2)

B29*C52
B30*C52

B58*B9/2

BE0*B9,/2

B61*89/2
(B29%C58)4(C29*B34%(C60+CH1))
(B30¥CS8) + (C30%CE0) + (C30*B34%C61)

BE7*B3%2/1000
BEB*B3%2/1000
BEO*B3%2/1000
SOM(CE7:C69)
B29*C70
B30*C70
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A B C D E F
g-load stability wall
Permanent load kIN.I,-'m2 kN/m
Self-weight 0,42 248
Fire safety board 0,14 0,83
Total 3,30 SLS
Eq 6.10a 4,46 3,30
Eg 6.10b 396 3,30
Self-weight steel beam kN/m
Permanent load (HEB 260) 0,93
515 0,93 kN/m
Eq 6.10a 1,26 kN/m
Eq 6.10b 1,12 kN/m
Pointload facade kN/m? kN
Self-weight 05 5,16 5LS
Eq 6.10a 5,97 516
Eg 6.10b 6,20 516
Total load kN/m kN kN/m (at stab. wall)
Eq 6.10a,.s 21,44 = 50,64 4,46
Eq 6.10by,< 25,00 ® 59,28 3,96
Normativey g 59,28 3,96
Eq 6.10a5s 15,53 = 36,60 3,30
Eq 6.10bs< 19,20 ® 45,37 3,30
Normatives s 45,37 3,30
Overview loads_ULS
Vertical loadsy s 67,67 kN
stabiity wal 3,96 kN/m
Qurafite 1,12 kN/m
Results ULS
Kl K %] K KE,
) ) } 4 )
Overview loads_SLS
Vertical loadsss 51,79 kN
stabiity wal 3,30 kN/m
Ografie 0,93
Results ULS
K1 K2 K3 K4 &ﬂ
b b
2298 179 2296
Figure X.119: Structural verification steel interlayer_loads var. 1b (2)_Excel

B76*B3%2/1000
B77*B4%2/1000
SOM(CT6:CT7)
C78*829
C78*830

BE3
B33*B29
B33*B30

(B30*2¥B3/1000)*B9/2
Co0*829
Co0*830

Formule B
CA0+C48+C544C624+C71
C41+C494+C55+C63+C7 2
MAX(D96:097) < Formule D
D404D48+4D544D624071
D41+4049+D554D634+072

< Formule D
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X.10.8.3 Permanent load low: 0.9G (Variant 2)

[==BE- TR, R Ve R TR

37
38
39
40
41
42
43

45
46
47

43
50
5
52

53

55
56
57
58
59
60
61
62
)
64
65
66
67
68
69
70
71
72
73

[t

A B = D E F
Choosen wall panel
Combination 2
Wall height {l.) 2950 mm
b, 2850 mm
b, 1000 mm
m 42 kg,.-"m2
Structural scheme
Floorspan 3,5 m
Span between steel beams 2,36 m
Length stability wall 2500 mm
Length unit 9,45 m
Qload
< . r
A~————3500 mm—~
Load definition
Load combinations (NEN1990; CC2) Wind load is leading action
¥a Ya
6.10a 0.9 1,5 Qe =Givs +2Quvolbe
6.10b 09 1,5 Qe =Guvs + Qeava + 2Quvade
g
Roof 0
Floor 0,4
Horizontal load
MNumber of walls 4-
q. [19.6m) (Wind area I1; Urban) 0,9 kN/m?
CsCd 1-
cio 0,8 -
CiE 07 -
CF_tat 1,5 -
Guina 515 3,19 kN/m
Guinst_uts 4,78 kN/m
Muing_uis 8,33E+07 Nmm
Finet iar 112,90 kN
Frine 33,31 kN
Roofpanel topfloor kl*.l,-’m2 kN/m
Permanent 0,786 1,38
Variable 1 1,75 SLS )
Eq 6.10b 1,24 1,38
Floorpanel topfloor kl*.l,-’m2 kM,/m
Permanent 0,964 1,69
Wariable
Residential loading 1,75 3,06
Mon-structural walls 0,5 0,88 SLS 4
Full loaded Eq 6.10b 388 326
Roofpanel 1st floor kl*.l,-’m2 kN/m
Permanent 0,786 1,38
Wariahle Not present - SLS )
Fq 6.10b 124 138
Floorpanel 1st floor khl,-’m2 kN/m
Permanent 0,964 1,69
Wariable
Residential loading 1,75 3,06
Mon-structural walls 0,5 0,88 SLS
Full loaded Eq 6.10b 3,88 3,26

Figure X.120: Structural verification steel interlayer_loads var. 2 (1)_Excel

G H
Formule B
B41+B42
B39*B40*B43*B13/B38
B44*C31
(1/2)*B45%(B3%2)42
BA5*B4*2*B38/1000
B46/B12/1000
Formule C
B51*B10/2
(B52¥B10y/2)

(B31*C51) +(C31*B34*C52)

B56*B10/2
B58*B10/2

B59*B10/2
(B31*C56) + ((C58+C59)*B35%C31)

B63* (B10/2)

B31*C63

B68¥B10/2

B70*B10/2
B71*B10/2
(B31*C68) + ((C70+C71)*C31%B35)
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74 'Wall panel itself
75 |Permanent load kl*.l,-’m2 kM,/m
76 Self-weight 0,42 248 B76*B3*2,/1000
T Facade 0,5 295 B77*B3*2,/1000
78 Fire safety board 0,14 0,83 B78*B3*2,/1000
79 Total 6,25 SLS SOM(C76:CT8)
80 Eq 6.10b 5,63 6,25 B31*C79
a1
22 |g-load stability wall
23 |Permanent load kl\l,-’m2 kM/m
84 Self-weight 0,42 248 BB4*B3*2,/1000
a5 Fire safety board 0,14 0,83 BE5*B4*2/1000
36 Total 3,30 SLS SOM(CB4:CB5)
a7 Eq 6.10b 2,9?| 3,30 CBE*B31
88
29 |Self-weight steel beam kN/m
30 |Permanent load (HEB 260) 0,93
91 55 0,93 kN/m B30
92 Eq 6.10b 0,84 kN/m BO0*B31
93
94 |Pointload facade kN/m? kN
95 Self-weight 0,5 5,16 SLS (BO5*2*B3/1000)*610/2
96 Eq 6.10b 4,55| 5,16 CO5*B31

97
a8
%9 |Total load kN/mi kN kN/m (at stab. Wall) Formule B

100 Eq 6.10by.s 15,87 z 37,48 2,97 C53+C60+C65+C72+CB0
101 |Eq 6.10bes 15,53 = 36,69 3,30 D53+D60+D65+0724D80
102

103  Overview loads_ULS

104 |Horizontal wind loadys 112,90 kN

105 |vertical windloads 5 +f- 33,31 kN

106 | Gy v 2,97 kN/m

107 |Permanent vertical loads 42,80 kN

108

109 | Results ULS

1 1 D K1 L] K Kd K5

il i

nz 4 ' 4 ' f
113| 9 280 M 18 1936
114

115

116

117  Overview loads_SLS

118 |Horizontal wind loadss 75,27 kN

119 |vertical windloadss s +- 22,20 kN

120 | Gy vt 3,30 kN/m

121 |Permanent vertical loads 41,89 kN

122

123 |Results SLS

124| ¥ K2 K K8 K
125

26 4 ) } $ }
127 e W 103 " m 195
128

Figure X.121: Structural verification steel interlayer_loads var. 2 (2)_Excel
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X.10.8.4 Structural verification steel interlayer

0 = oL b W g

AR I I R A A I A A A I I =TT B i A=A R I A A A s R S L S A B A=)
S @ e =~ & oen e R — - - R - ] [l SRR ) = @i W2 S we ~awmbhOM=oOWwE-=1duw B WM OWERe = G kwh = o

7

A B = D E F
Verification steel beam bending
Mg 239,88 kNm
M. (Mote other load combination 1129 kN
Vg 80,47 kN
w 219 mm
Span beam 6600 mm
Factors
¥mo 1-
Choosen profile
HEBZ60
fyd 235 N/mm’
E 210000 N/mm*
G 81000 N/mm’
I 7,3628E+11 mm®
Iy 1257000 mm*
h 260 mm
b 260 mm
bl 17,5 mm
tw 10 mm
r 24 mm
Wy 1283000 mm”
A 11844 mm?*
l: 51350000 mm®
Cross-section dassification
flange Formule B
c 101 mm (B19/2) - (B21/2)-B22
t 17,5 mm B20
g 5,77 - B29/830
H 1- WORTEL(235/813)
Class1< 9- 9*B32
Class2 < 10 - 10%B32
Result 1
Web
c 177 mm B18 - (2*B20) - (2*B22)
t 10 mm B21
ot 17,7 - B38/B39
a 0,64 - (1/ B38) * ((B18/2) + ((B3*1000)/ (2*B21*B13)) - (B20+822))
Class 1 (@=0.5) < 54,51 - 396%B32 / ((13*B41) - 1)
Class 2 (@=0.5) < 62,77 - 456%B32 / ((13*B41) - 1)
Result 1
Owverall class 1- MAX(B35;B44)
> plastic analysis
Verification if axial force has to be included in analysis Formule B
T 2783340 N B13*B24
025N, 54 595,84 kN B50*0,25/1000
Mag < 0.25Np04 WASR - B3<B51
%= 0.5, / Vi 264,375 kN 0,5% (B18 - (2*B20)) * B21 * B13/B9 / 1000
Mas <% WASR - B3<B54
2 times '"WAAR' so axial force can be excluded from analysis
Verification if shearforce should be considered Formule B
Ay 3759 mm’ MAX(B24 - (2 *B19*B20) + ((B21 + (2*B22)) * B20); (1,2 * (B18-(2*B20))*B21))
Vo 510 kN BEO*(B13 / WORTEL(3)) / BS /1000
0.5V,unq 255,01 kN BE1%*0,5
Vg < 0.5Vpp04 WASR - B4<B62
True, so shear force can be neglegted
Cross-sectional check
(Y 301505000 Nmm B23*B13
Mo 239880000 Nmm B2¥10%6
uc 0,80 - BE9/B68

Figure X.122: Structural verification steel interlayer (1)_Excel




72
73
74
75
76
7
78
79
80
a1
82
a3
a4
85
86
87
83
89
90
91
92
93
94
95
96
97

A B C
Lateral ional buckli

Loy 6600 mm
Lyip 6600 mm
. 1,35 -
s -0,55 -
k] 1232 -
cC 3,74
ke (D, < 75) 1
M 593055169 Nmm
ALt 0,71
Buckling curve a
@ 0,21 -
Bt 0,81 -
xur 0,84 -
M n 253729921 Nmm
uc 0,95 -

Safe, as not calculated with lateral supports, but these are there

Verification deflection
Wogled 26,4 mm
uc 0,83 -
Deflection for ller profiles  w [mm] uc
HEA260 31,3 1,2
HEB240 29,1 11
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B&
BE

WORTEL|(B14*B16)/(B15*B17))
(PI()*B75*B73/B74) * (WORTEL(1 + ((P1()*2*B7742/B7442) * (87642 + 1)) + (P1()*B767B77/874))

B79*(B78/B73) * WORTEL|B14 * B25%815*B17)
WORTEL({B23*B13,/880)

0,5%(1 +(B83*(B81-0,2)) + (B81/2))
1/(B84 + WORTEL(B&412 - B81/2))

BBS*B6S
B69/B87

0,004*B5
B5/B91

Formule C
B95/B891
BOG/BO1

Figure X.123: Structural verification steel interlayer (2)_Excel



X.10.8.5 Hand validation steel interlayer
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Figure X.124: Validation excel steel interlayer (1)
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Figure X.125: Validation excel steel interlayer (2)
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Figure X.127: Validation excel steel interlayer (4)
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Figure X.128: Validation excel steel interlayer (5)
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Figure X.129: Validation excel steel interlayer (6)
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X.10.9 Weight calculation CLT top up

X.10.9.1 1-storey top-up

0 = oo s W ha =

=1

Figure X.130: Weight calculation CLT top-up 1-storey

A
1-storey weight

ion

‘Wall height {1.)
by
by

m

Structural scheme

Floorspan
Span between steel beams
Length unit

2950 mm
2950 mm
1000 mm

42 kg/m®

35 m
2,36 m
9,45 m

Load definition 1 storey

Load combinations ([NEN1930; CC2)

6.10a
6.10b

Variable residential load is leading action

Yo

Yo

Roofpanel

Roof
Floor

kN/m?

Permanent (Solar panels excluded)

Floorpanel topfloor

1,35
1.2

0,336

1.5 Qus =Guvs +2CQvalln
1,5 Qe =Gavs + Quava + Z0vodo

kN/m
0,59

Eq 6.10a
Full looded Eq 6.10b

kN/m?

Permanent
Variable

Wall panel itself

0,964

Residential loading
Non-structural walls

1,75
05

0,79
0,71
kN/m
1,69

3,06
0,88

Egq 6.10a
Full looded Eq 6.10b

Permanent load

g-load stability wall

kN/m?
Self-weight
Fire safety board

0,42
0,14

Total

464
7,14

kN/m
124
0,41

1,65

Eq 6.10a
Eq 6.10b

Permanent load

Self-weight steel beam

kN/m?
Self-weight
Fire safety board
Total
Eg 6.10a8
Eq 6.10b

kM/m

Permanent load (HEB 260)

Pointload facade

5LS
Eq 6.10a
Eq 6.10b

kN//m?

Total load walls

Self-weight
Eq 6.10a
Eq 6.10b

kM/m

Eg 6.10ays
Eq 6.10by,s
Normativey s

0,42
0,14

0,83

05

7,66
9,83

2,23
1,98

kN/m
124
041
165
2,23
198

093
1,26
1,12

kN
2,58
3,48
3,10

kM
. 18,11
= 23,23
23,23

kN/m (at stab. Wall)
2,23
1,98
1,98

(1)_Excel

Formule C
B26*B9/2
(C26%B17)
(B18*C26)

B31*B9/2

B33*B9/2

B34*B9/2

(B17%C31) + (C17%(C334C34)*B22)
(B18¥C31) + (C18%C33) + (C18%C34*B22)

B40*B2/1000
B417B2/1000
SOM(C40:C41)
B17%C42
B18*C42

B48*B2/1000
B49*B3/1000
50M|C48:C49)
C50*B17
C50*B18

B55
B55%B17
B55¥B18

(B62*B2/1000)*B9/2
C62*B17
C62*B18

Formule B
C27+C35+C43
C28+C36+C44
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A B C D F G H J K
71
72 |Overview loads Load [kN/m] Amount[-] Length [m] Total load [kN
73 |Floors + Walls 9,83 2 9,45 185,81
74
75 Load [kN/m] Amount[-] Length [m] Total load [kN
76 |Stability wall 1,98 1 25 496
77
78 Load [kN] Amount[-]  Total load [kN]
79 |Frond + back facade 3,10 4 12,39
20
a1 Load [kN/m] Length [m] Amount Total load [kN
22 | Steel beams 1,12 3,5 5 19,6
a3
24 Total load 222,75 kN
85 Area
36 Width 35m
87 Length 9,45 m
88 Area 33,08 m’
a9
30 Design load for 1 storey 6,7 kl*.l,i'm2
91 |Reduction 5% 6,4 kN/m®
Figure X.131: Weight calculation CLT top-up 1-storey (2)_Excel
X.10.9.2 2-storey top-up
A B C D F G H J K
1 2-storey weight calculation
2 'wall height {1.) 2950 mm
3 |by 2950 mm
4 |b, 1000 mm
5 m 42 kg,.-’m2
6
7
2 | Structural scheme
3 Floorspan 35m
10 | Span between steel beams 2,36 m
11 |Length unit 9,45 m
12
13
14 Load definition 2 stories
15 |Load combinations (NEN1990; CC2) Variable residential load is leading action
16 V& Yo
17 |6.10a 1,35 1,5 Ou = Guvs +30wvalo
18 |6.10b 12 15 Qs = Givs + Qiave + Z0uvalle
19
20 o
21 Roof Q
22 Floor 0,4
23
24
25 |Roofpanel topfloor khl,n’m2 kMN/m Formule C
26 | Permanent (Solar panels excluded) 0,336 0,59 B26*B9,2
7 Eq 6.10a 0,79 (C26*B17)
28 Eq 6.10b 0,71 (B1E*C26)
20
30 |Floorpanel topfloor khl,-’m2 kMN/m
31 Permanent 0,964 1,69 B31*B9,2
32 \variable
33 Residential loading 1,75 3,06 B33*B9/2
34 Mon-structural walls 0,5 0,88 B34*B9/2
5 Eq 6.10a 4,64 (BL7*C31) + (C17%(C33+C34)*B22)
36 Full looded Eq 6.10b 7,14 (B1B*C31) + (C18*C33) + (C18*C34%B22)
37
32 |Roofpanel 1st floor khl,.-’m2 kMN/m
3% Permanent (Solar panels excluded) 0,336 0,59 B39* (B9/2)
A0 |\Variable Not present -
1 Eq 6.10a 0,79 B17*C39
42 Eq 6.10b 0,71 B18*C39
43
44 |Floorpanel 1st floor khl,-’m2 kM/m
45 |Permanent 0,964 1,69 B45*B9,2
46 |Variable
47 Residential loading 1,75 3,06 B47*B9/2
48 Mon-structural walls 0,5 0,88 B48*B9,2
49 Eq 6.10a 4,64 (BL7*CA5+{C17*B22%(CAT+C48))
50 Full loaded Eq 6.10b 7,14 (B18*C45) + (C18*C47) + (C18*B22*C4B)

Figure X.132: Weight calculation CLT top-up 2-storey (1)_Excel
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A B C D E
Wall panel itself
Permanent load kl*.lfm2 kN/m
Self-weight 0,42 2,48
Fire safety board 014 0,83
Total 3,30
Eq6.10a 4,46
Eq 6.10b 3,96
g-load stability wall
Permanent load kl*.lfm2 kM/m
Self-weight 0,42 2,48
Fire safety board 0,14 0,83
Total 3,30
Eq6.10a 4,46
Eq 6.10b 3,96
Self-weight steel beam kN/m
Permanent load (HEB 260) 0,93
518 0,93
Eq6.10a 1,26
Eq 6.10b 1,12
Pointload facade kN/m? kN
Self-weight 0,5 5,16
Eq6.10a 5,97
Eq 6.10b 6,20
Total load walls kM/m kM kM/m (at stab. Wall)
Eq 6.108y.5 15,33 = 36,21 4,46
Eq 6.10by.s 19,66 = 46,45 3,96
Normativey.s 46,45 3,96
Overview loads Load [kN/m] Amount[-] Length [m] Total load [kN
Floors + Walls 19,66 2 9,45 371,62
Load [kN/m] Amount[-] Length [m] Total load [kN
Stability wall 3,96 1 25 9,91
Load [kN] Amount[-] Total load [kN]
Frond + back facade 6,20 4 2478
Load [kN/m] Length [m] Amount Total load [kN
Steel beams 1,12 3,5 5 19,6
Total load 425,91 kN
Area
Width 3.5 m
Length 9,45 m
Area 33,08 m°
Design load for 2 stories 129 kl*.l,r'm2
Reduction 5% 12,3 kN/m®

Figure X.133: Weight calculation CLT top-up 2-storey (2)_Excel

B54*B2%2/1000
B55*B2%2/1000
S0M|C54:C55)
B17*C56
B18*C56

B62*B2*2/1000
B63*B3*2/1000
50M(C62:C63)
C64%B17
C64*B18

B6S
B69*B17
B69*¥B18

(B76%2*B2/1000)*83/2
C76%B17
C76*B18

Formule B
C27+C35+C41+C49+C57
C28+C36+C42+C50+C58
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X.10.10 Environmental impact CLT top-up
X.10.10.1 1-layer top-up

B C D E [
v evionmentalaleulation
2 CLT side walls Formule B
3 Standard dimensions
4 Height 2950 mm
5 Length 9450 mm
] Thickness 100 mm
7 Opening at gallery
8 Width 1200 mm
9 Height 2115 mm
10 Area () 2538000 mm’ B2*B9
11 Volumes
12 Volume single wall 2,53 m? ((Ba*B5*86) - (B10*B6)) * 109
13 Number of side walls per unit 2 -
14 Wolume CLT for side walls/ unit 507 m® B12*B13
15
16 Gypsum board
17 wall area 25,34 m® ({B4*B5)-B10) * 1006
18 Thickness gypsum board 18 mm
19 Volume gypsum board/wall 0,46 m’ B17%(B18/1000)
20 Volume gypsum board total for walls 0,91 m? B19*B13
21
22 CLT stability wall
23 Dimensions
24 Height 2950 mm B4
25 Length 2500 mm
26 Thickness 100 mm B6
27 Volume 0,74 m’ B24¥B25*B26%104-9
28
29 Gypsum board
30 Wall area (2 sides) 14,75 m* B24*B25%10%-6* 2
£l Thickness gypsum board 18 mm B18
32 Volume gypsum board 0,27 m’ B30*(B31,/1000)
33
34 CLT roof
33 Dimensions
36 Width 3500 mm
37 Length 9450 mm BS
38 Thickness 80 mm
39 Volume 2,65 m’ B36*B37*B38*10°-9
40
4 CLT floor
42 Dimensions
43 Width 3500 mm B36
44 Length 9450 mm BS
45 Thickness 120 mm
46 Volume 3,97 m’ B43*B44*B45%10M-9
47
48
49 Steel interlayer
30 Dimensions
51 Area beam 11800 mm’ 118*1002
52 Length per unit 3500 mm B36
53 Amount of beams 5 -
54 Volume per 2 units (above each other) 021 m’ B51*B52*104-9*B53
55 Weight steel 7850 kg/m’
56  weight steel per 2 units (above each other) 1621,03 kg B54*B55
57
58 Overview of materials
59 Amount of units considered 1-
60 New floor area (2 units) 33,075 m* B36*B37*B59*1046
61 Considered lifetime 75y
62
63 Material m’ *104-3 m*f m* new floor area/ y Formule C
64 |1.CLT
65 CLT side walls 5,07 2,04|B65%1000,/B60/861
66 CLT stability walls 0,74 0,30|B66*1000/B60/861
67 CLT floors 3,97 1,60|B67%1000/B60/861
68 CLT roofs 2,65 1,07|B68%1000/B60/861
69 Total CLT 12,42 5,01(B69*1000/B60,/861
70 2. Steel interlayer
7 Steel beams 0,21 0,08|B71*1000/B60,/861
72 3. Gypsum board
73 Gypsum plasterboard type F (Walls) 1,18 0,47|B73*1000,/B60,/B61
74
73 Total
76 Total material usage 13 80 5,56[C69+CT14C73

Figure X.134: Impact calculation 1 layer CLT top-up (1)_Excel
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A B C D E F
7
78 Global warming potential of CLT units
79 \Impact materials unit kg CO2-eq/unit
80 |cLT m’ 714
81 |Steel 1000 kg 719
82 Gypsum board (18 mm) m* 3,11
83
24 Material Amount (2 units)  Unit GWP [kg CO; -eq] Formule D
85 cLT 12,42 m’ -8868,17|B85*C80
86 steel 1621,03 kg I 1165,52|B86/1000*CB1
&7 Gypsum board 65,43 m? 203,48|BBT*C82
88 -7499,16|50M(DB5:D87)
89
90 Total impact
%1 New floor area (2 units) 33,075 m* B60
92 Considered lifetime 75y Percentage of total B61
93
G4 mMaterial Impact Unit 2% of total Formule B
93 Impact CLT -35,75 *10A-1 kg CO; -eq ,.i'mz new floor area /[y 118,3|D85%10/B91/B92
96 Impact Steel 470 *107-1 kg CO; -eq /m” new floor area / y -15,5|D&86%10/891,/B92
97 Impact Gypsum board 0,82 ¥10°-1 kg CO; -eq jm2 new floor area /y -2,7|D87*10/B91/B92
98 Total impact -30,23 *107-1 kg CO; -eq jm2 new floor area /y SOM(B95:B97)
99
100
1m Impact splitted per element
102 | Impact materials Unit kg CO2-eq/unit
103 cLT m’ 714
104 | steel 1000 kg 719
105 | Gypsum board (18 mm) m? 311
108
107 | New floor area (2 units) 33,075 m* B60
108 | Considered lifetime 75y B61
109
110 | Element Amount (2 units) Unit Impact
111 Walls [*104-1 kg CO; -eq fmi new floor area / y] [Formule D
12 cT 581 m -16,71 10*B112*C103/(B108*B107)
113 Plasterboard 65,43 m’ 0,32 10*B113*C105/(B108*B107)
114 -15,39|50M(D112:0113)
115 Floors
116 cT 397 m° -11,42|10%B116*C103/(B108*B107)
17
112 Roofs
19 o 2,65 m° -7,62|10*B119*C103/(B108%B107)
120
121 | steel interlayer
122 Steel 1621,03 kg 4,70|10*B122*C104/(1000*B108*B107)
123 Total impact -30,23|50M(D114+D116+D1194D122)

Figure X.135: Impact calculation 1 layer CLT top-up (2)_Excel
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X.10.10.2 2-layer top-up

A B C D E F
L eniowmentolaladation
2 CLT side walls Formule B
3 |standard dimensions
4 Height 2950 mm
5 Length 9450 mm
] Thickness 100 mm
7 |Opening at gallery
] Width 1200 mm
9 Height 2115 mm
10 frea (-) 2538000 mm’ BB*BY
11 |volumes
12 Volume single wall 2,53 m’ ((B4*B5*B6) - (B10*BE)) * 1049
13 Mumber of side walls per unit z-
14 Volume CLT for side walls/ unit 5,07 m’ B12*B13
15
16 |Gypsum board
17 Wall area 25,34 m? ({B4¥B5)-B10) * 1046
18 Thickness gypsum board 18 mm
19 Volume gypsum board/wall 0,45 m® B17*(B18,/1000)
20 Wolume gypsum board total for walls 0,91 m’ B19*B13
21
22 CLT stability wall
23 |Dimensions
24 Height 2950 mm B4
25 Length 2500 mm
26 Thickness 100 mm Bb
27 Valume 074 m’ B24*825*B26%10~-9
28
29 |Gypsum board
30 Wwall area (2 sides) 14,75 m’ B24*B25*107-6 * 2
3 Thickness gypsum board 18 mm B18
32 Volume gypsum board 0,27 m’ B30%(B31,/1000)
33
34 CLT roof
33 |Dimensions
36 Width 3500 mm
37 Length 9450 mm BS
38 Thickness 80 mm
39 Volume 2,65 m? B36*B37*B38*10%-9
40
4 CLT floor
42 | Dimensions
43 width 3500 mm B36
44 Length 8450 mm B5
45 Thickness 120 mm
16 Valume 3,97 m B43*B44*B45710A0
47
43
49 Steel interlayer
50 |Dimensions
51 Area beam 11800 mm’ 1181042
52 Length per unit 3500 mm B36
53 Amount of beams 5-
54 Wolume per 2 units {above each other) 0,21 m? B51*B52*10°-9*B53
55 Weight steel 7850 kg/m’
36 | Weight steel per 2 units (above each other) 1621,03 kg B54*B55
57
58 Overview of materials
59 Amount of units considered 2 -
60 MNew floor area (2 units) 66,15 m* B36*B37*B59*104-6
61 Considered lifetime 75y
62
63 |Material m’ *100-3 m*/ m” new floor area/ y Formule C
64 |1.CLT
65 CLT side walls 10,14 2,04(B65*1000/860/B61
(77 CLT stability walls 1,48 0,30|B66*1000,/860/B61
67 CLT floors 7.54 1,60(B67*1000/860/B61
68 CLT roofs 5,25 1,07 |[B68*1000/860/B61
69 Total CLT 2484 5,01|B69*1000/860/B61
70 |2. steel interlayer
pal steel beams 0,21 0,04|B71*1000/860/B561
72 |3. Gypsum board
73 Gypsum plasterboard type F (Walls) 2,36 0,47|B73*1000/860/B61
74
75 |Total
76 |Total material usage 37,40 5,52|CeO+C714C73

Figure X.136: Impact calculation 2-layer CLT top-up (1)_Excel
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A B C D E F
77
78 Global warming potential of CLT units
79 |Impact materials Unit kg CO2-eg/unit
80 |cLT m’ 714
81 |5teel 1000 kg 719
82 |Gypsum board (18 mm) m? 3,11
83
24 |Material Amount (2 units) Unit GWP [kg CO; -eq] Formule D
85 |cLT 34,84 m’ -17736,33(B85*C80
86 |Steel 1621,03 kg 1165,52|B86,/1000%C81
27 |Gypsum board 130,86 m? 406,97 |B87*C82
88 -16163,85|50M(D35:087)
39
30 |Total impact
91 |New floor area (2 units) 66,15 m? BeO
92 |Considered lifetime 75y Percentage of total Bl
93
%4 |Material Impact Unit % of total Formule B
95 [Impact CLT -35,75 *104-1 kg CO; -eq /m® new floor area / y 109,7|D85*10/B591/B92
96 (Impact Steel 2,35 *10%-1 kg CO; eq /m” new floor area / v -7,2|D86%10/B91/B92
97 |Impact Gypsum board 0,82 *107-1 kg CO; -eq /m® new floor area / y -2,5|D87*10/B91/892
%8 |Total impact -32,58 *10A-1 kg CO; -eq /m® new floor area / v SOM(B95:B97)
99
100
101 Impact splitted per element
102 | Impact materials Unit kg CO2-eg/unit
103 |cLT m’ 714
104 |Steel 1000 kg 719
105 | Gypsum board {18 mm) m* 3,11
106
107 |New floor area (2 units) 66,15 m? BeO
108 |Considered lifetime 75y Be1
109
110 | Element Amount (2 units) Unit Impact
111 'walls [*104-1 kg CO; -eq /m” new floor area / v] |Formule D
112 CLT 1161 m’ -16,71 10¥*B112*C103/(B108*B107)
113 plasterboard 130,86 m” 0,82 10%B113*C105/({B108*B107)
114 -15,89|SO0M(D112:D113)
115 |Floors
116 o 7,94 m’ -11,42(10*B116%C103/(B108*B107)
17
112 |Roofs
119 o 529 m* -7,62(10*B119%C103/(B108¥B107)
120
121 steel interlayer
122 Steel 1621,03 kg 2,35|10¥B122*C104/(1000*B108*B107)
123 Total impact -32,58|SOM(D1144+D116+01194D0123)

Figure X.137: Impact calculation 2-layer CLT top-up (2)_Excel




X. Calculation sheets|338

X.10.10.3 Hand validation
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Figure X.138: Validation environmental impact CLT (1)
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Figure X.139: Validation environmental impact CLT (2)
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X.11 Structural design of HSB top-up [Appendix D.4]

X.11.1 HSB roof structure

X.11.1.1 Excel sheet

A B C D E F G H 1 K
T cooiationHSBRoofstructure |
2 | safety factors (NEN-EN 1990} Yo Yo
3 Eg6.1 1,35 15
4 |Eg6.2 12 15
5
6 | Choosen floor
7 |Timber beams Formule B
2 E-modulus (C24) 11000 N/mm2
9 Density 420 kg/m3
10 Height 170 mm
1 Width 70 mm
12 Span 4.6 mm
13 Spacing 500 mm
14 L — 10,00 kg/m’ (1/(B13/1000)) * 1 * (B10/1000)%(B11/1000) * B9
15 [ 28659166,67 mmd (1/12)*B11*81043
16 Waeam 337166,6667 mm3 (1/6)*B11*B10A2
17
18 | Multiplex
19 E-modulus (C18) 9000 N/mm2
20 Density 550 kg/m3
21 Thickness 18 mm
22 Mimbipiec 9,90 ke/m’ (B21/1000)*B20
23
24 |Loads
25 |Permanent Formule B
26 Beam 0,10 kN/m2 B14*10/1000
27 Multiplex 0,10 kN/m2 B22*10/1000
28 Ceiling 0,20 kN/m2
29 Roof finishing 0,20 kN/m2
30 Total_characteristic 0,60 kN/m2
3
32 Variable i s s
33 Imposed loading 1 kN/m2 o 0|
34 Snowload:
35 5 0,7 kN/m2
36 '8 038 -
37 C. 1-
38 C; 1-
39 Value snowload 0,56 kN/m2 B35*B36*B37*B38
40
4 Windload
42 0,(22.4) 0,93 kN/m2
43 Cisaner 18 -
4 Criones -1,2 -
43 Ciionett -07 -
%6 Cizanet 02 -
47 GG 1-
3 Qi -0,186 kN/m® BA2*MAX(B43:B46)*B4T7
49
30 | Design value load uLs SLS
51 Eqg6.1 0,81 kN/m2 0,60 kN/m2 (B3*B30)+(C3*D33*B48)
52 Eq 6.2 2,22 kN/m2 1,60 kN/m32 (B4*B30) + (C4¥B33) + (C4*D33+B39)
53 Normative design value 2,22 kN/m2 1,60 kN/m32 MAX(B51:852)
54
35 |Verification bending (ULS)
56 |Material properties (C24) Formule B
57 Climate class 1 -
58 Load duration long-term -
59 Kinaa 07 -
60 frx 24 Nfmm2
61 Vi 13-
62 ks 1- ALS(B10<150; MIN((150/B10)40,2; 1,3); 1)
63 [ 12,92 N/mm2 BEO*B59*B62/B61
64
65 |Forces_ULS and verification
66 g_Ed 1,11 N/mm B53*B13/1000
67 Span 4600 mm B12*1000
68 Moment 2934300 Nmm (1/8)*B66¥BET "2
69 an 8,70 N/mm2 B68/B16
70 uci 0,67 - B69/B63

Figure X.140: Structural verification HSB roof structure (1)_Excel
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A B C D E F G H ] K
71
72 Verification shear [ULS)
73 Material properties (C24)
T4 Climate class | -
73 Load duration long-term -
76 Kinoe 07 -
7 fox 4 Nfmm2
78 Vi 13-
79 [ 2,15 Nfmm2 B77*B76/B78
80
21 Forces_ULS and verification
82 q_Fd 1,11 N/mm B53*B13,/1000
a3 Span 4600 mm B12*1000
84 v 2552 N (1/2)*BE2*BE3
85 W 0,32 N/mm2 (3/2)*B84/(B117810)
86 ucz 0,15 - B85/879
a7
88 Verification deflections (5LS)
29 Vvalues
90 Qg 0,30 Nfmm B30¥B13/1000
91 Qoix 0,5 Nfmm B33*B13/1000
92 Quias 0,28 N/mm B39*B13/1000
93 Qoiws -0,093 Nfmm B48*B13/1000
34 Instantaneous deflections
95 [T 5,54 mm (5/384)*B800%(B12*1000)"4/|BE*B15)
9% [T 9,25 mm (5/384)*B21%(B1271000)A4 / (BB*B15)
97 Uinst 0iis 5,18 mm (5/384)*B92*(B12*1000)~4/(B8*B15)
98 Uinstim -1,72 mm (5/384)*B03%(B12+1000)4/(BE*B15)
39 Final deflections
100 | kyu (Climate class I; Sawn wood) 0,6
101 Upne 8,86 mm B95%(1+B100)
102 U 9,25 mm BOG*(1 + (E337B100))
103 Ufin s 0,00 mm
104 Ui i 0,00 mm
105 Uin 18,11 mm SOM(B101:8104)
106 Verification
107 FT— 18,4 mm 0,004*B12*1000
108 uc3a 0,98 - B105/B107
109
|17 smallverifiation multiglen tsel6 |
1l Formule B
112
13 Verification ULS (Bending)
114 | Material properties [C18)
115 Climate class 1 -
116 Load duration long-term -
117 Kinaa 07 -
118 fnx 18 Nfmm2
119 Vi 12 -
120 g 10,50 N/mm2 B117*B118/B119
121
122 | Forces_ULS and verification
123 Qw4 [Considering 1 m) 2,22 kNfm B53*1
124 L 500 mm B13
125 Ml 69336 Nmm (1/8)*B123*B12472
126 Wraor 54000 mm’ (1/6)710007B2142
127 oy 1,28 Nfmm’ B125/B126
128 ucs 0,12 B127/B120
129
130 Verification deflections (5L5)
131 values
132 Ogx 0,60 Nfmm B30*1
132 daix 1 N/mm B33%1
134 Qoiss 0,56 N/mm B39%1
135 Qo -0,186 N/mm B4B*1
136 Instantaneous deflections
137 Uinst,G 0,11 mm (5/384)*B132%(8124)"4/(B19%(1/12)*1000%82143)
138 [T 0,19 mm (5/384)*B133%(B124)"4/(B19%1/12)*1000%B2143)
139 Uinst giis 0,10 mm (5/384)*B134%*(8124)"4/(B19%(1/12)*1000%82143)
140 Uinst i -0,03 mm (5/384)*B135*%(B124)74/(B19%(1/12)*1000*B2143)
141 Final deflections
142 kye (Climate class I; multiplex) 02
143 Ufin g 0,20 mm B137*(1+B142)
144 Up o1 0,19 mm B138%1 + (E33*B143))
145 U s 0,00 mm B139%(D33+(E337B142))
146 Ui Diw 0,00 mm B140*D33+(E33*B142))
147 Uin 0,39 mm SOM(B143:B146)
148 Verification
149 LT — 2 mm 0,004*B124
150 ucs 0,18 - B147/B149
151
152
153
154 | Results Beams Plywood Mt
155 Span [m] Applied beam {C24) Spacing [mm] Multiplex (C18) uci Ucl UC3 | ucd ucs kN/m2
156 39-45 70x170 s00 18 0,67 015 098|012 0,19 0,60
157 47-54 70x195 400 18 0,58 0,13 087008 0,10 0,64
158 5.5-6.6 70x245 400 18 0,56 0,12 083008 0,11 0,68

Figure X.141: Structural verification HSB roof structure (2)_Excel
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X.11.1.2 Excel hand validation
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Figure X.142: Validation HSB roof structure (1)
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Figure X.143: Validation HSB roof structure (2)
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Figure X.144: Validation HSB roof structure (3)




X.11.2 HSB floor structure

X.11.2.1 Calculation normal floor
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A B D E F G H J K
T
2 |safety factors (NEN-EN 1990) Yo Yo
3 |[Eg6.1 1,35 1,5
4 |Eq6.2 1,2 15
5
] Choosen floor
7 |Timber beams Formule B
8 E-modulus (C24) 11000 Nfmm’
9 Density 420 kg/m’
10 Hiyeam 270 mm
1 [ — 70 mm
12 Span (L) 46 m
13 Spacing 400 mm
14 Iseam 1,15E+08 mm’ (1/12)*B11*B10A3
15 Waeam 8,51E+05 mm’ (1/6)*B11*B10A2
16 (EN)singis sm 1,26E+12 Nmm® BE*B14
17 () 3,16E+12 Nmm*/m B16%1/(B13/1000)
18
19 |Multiplex
20 E-modulus (C18) 5000 Nfmm’
21 Density 550 kg/m’
22 Thickness 18 mm
23 Floor width (B) 10 m
24 (El), 4,37E+09 Nmm®fm B20%(1/12)*1000*B2243
25
26 |Mass permanent
7 [ — 19,85 kg/m’ (1/{B13/1000)) * 1 * (B10/1000)* B11/1000) * B9
28 [ 9,90 kg/m’ (B22/1000)*821
29 Magd Fermare 26,00 Kgfmz
30 Mysy 55,75 k.E.(’n‘lZ SOM(B27:B29)
]l
32 |Structural scheme
33
34 El_l_u_l_l_l_l_l_%
35
36 pan (L)
37
38 Loads
3% |Permanent Formule B
0 Beam 0,20 kN/m2 B27%10/1000
a Multiplex 0,10 kN/m2 B28%10/1000
42 Ceiling 0,20 kNj/m2
43 Finishing (22 mm fermacell) 0,26 kN/m2
44 Total_characteristic 0,76 kN/m2 SOM(B40:B43)
45
46 | Variable
a7 Imposed loading 1,75 kN/m2
48 Non-structural walls 0,5 kN/m2 g (7%
49 Total_characteristic 2,25 kN/m2 0,4 0,3[30M(B47:B48)
50
31 |Design value load
52 Eq 6.1 2,37 kN/m2 (B3*B44)+{C3*B49*D4g)
53 Eq6.2 3,83 kN/m2 (B4*B44) 4 (C4*B47) + (C4*B48*D49)
54 Normative design value 3,83 kN/m2 MAX(B52:B53)
55
56 Verification bending (ULS)
57 |material properties (C24) Formule B
58 Climate class | -
59 Load duration leng-term -
60 Kinae 07 -
61 ke 1 ALS(B10<150; MIN((150/810)A0,2; 1,3); 1)
62 frn 24 Nfmm2
63 Yid 13 -
64 [ 12,92 N/mm32 B62*B60B61/B63
65
66 |Forces_ULS and verification
67 q_Ed 1,53 N/mm B54*813/1000
68 Span 4600 mm B12*1000
69 Moment 4,06E+06 Nmm (1/8)*B67*B68A2
70 o 4,77 N/mm32 B69/B15
7 uct 0,37 - B70/864
Figure X.145: Structural verification HSB floor structure (1)_Excel
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A B C D E F G H J K L M
72
73 Verification shear [ULS)
74 |Material properties (C24)
75 Climate class | -
76 Load duration long-term -
77 Kimaa 07 -
T3 [ % 4 Nfmm2
79 Vit 15 -
80 fua 2,15 N/mm2 B78*B77/B79
81
82 |Forces_ULS and verification
23 q_Ed 1,53 Nfmm B54*B13,/1000
a1 Span 4600 mm B12*1000
a5 v 3527 N |1/2)*B83*Ba4
26 w 0,28 Nfmm2 (3/2)*B85/(B11*B10)
87 ucz 0,13 - B26/B30
23
&3 Verification deflections [5L5)
90 Values
91 s 0,30 Nfmm B44¥B13,/1000
92 Qaix 0,7 Nfmm B47*B13,/1000
93 Qs 0,2 Nfmm B4B*B13,/1000
34 |Instantaneous deflections
95 Uinsr s 1,40 mm (5/384)*B91*(B12*1000)~4/(B16)
96 Uinst.01 3,23 mm (5/384)*B92*(B12*1000)~4 / (B16)
97 Uinsey 0,92 mm (5/384)*B93*(B12*1000)4/(B16)
9% |Final deflections
99 | kyy (Climate class I; Sawn wood) 0,6
100 Upns 2,24 mm BO5%(1+B90)
101 g 3,81 mm B96%(1 + (E49*B9g))
102 Ui o5 0,54 mm BO7*(D40+(E49¥B99))
103 Ufin 6,58 mm S0M(B100:8102)
104 verification
105 — 18,4 mm 0,004*812*1000
106 uc3 0,36 - B103/B105
107
108 Verification vibrations
109 1. Fundamental frequency Formule B
110 L 46 m B12
m (E1), 3,16E+06 Nm?/m B17%10%6
12 m 55,75 kg/m2 B30
13 f1 17,67 Hz = 8 Hz  |(PI[)/(2*B110A2)) *WORTEL(B111/8112)
114 uc4 0,45 E113/B113
115
118
117 2. Pointload deflection
118 ] 04 m (=spacing) B13/1000
119 al im
120 Elgzerrep 4,37E+03 Nmz,."n'l B24*10%6
121 k. 0,60 - 0,37 + (0,3 *(B118/B119)) - (B120/50000)
122 Pointload F 3 kN
123 be 1,26E+06 Nm2 B16¥10%6
124 L 46 m B12
125 w 2,90 mm B121%(B122*1000)*{B124¥1000)43 / (48 * B123%1046)
126 [r— 0,97 < 1 B125/8122
127 ucs 0,97 B126/D126
128
129
130 3. Impulse velocity response
131 b 120 m/Ns’
132 £ 001 -
133 fi 17,67 Hz B113
134 Vi 0,019 mfs B1314((B133*B132)-1)
135
136 B 10 m B23
137 L 4,6 m B12
138 (EN), 3,16E+06 Nm*/m B17%100-6
139 (E1)s, 4,37E+03 Nm’/m B24*104-6
140 g 16,06 - (({40/B133)12 - 1)¥(B136/B137)"4 * (B138/B139))A0,25
141
142 m 55,75 kg/m2 B30
143 v 0,015 m/fs (4%(0,4 +(0,6%B140))) / ((B142*B136*B137) + 200)
144 uce 0,75 - B143/B134
145
146
147
148 = Mark, the supplier states that 18 mm could be used for both 400 & 600 mm spacing| Formule B
149
150 Verification ULS (Bending)
151 Material properties (C18)
152 Climate class | -
153 Load duration long-term -
154 Kimad 07 -

Figure X.146: Structural verification HSB floor structure (2)_Excel
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A B C D E F G H J K L M
155 Tk 18 N/mm2
156 Y 12 -
157 [ 10,50 Nfmm2 B155*B60/B156
158
159  Forces_ULS and verification
160 0.4 (Considering 1 m) 3,83 kN/m B54*1
161 L 400 mm B13
162 Mag 7,67E+04 Nmm (1/8)*B160*B16142
163 Wigar 54000 mm’ (1/6)*1000*B2242
164 T 1,42 Nfmm® B162/6163
165 ucz? 0,14 B164/B157
166
167 Verification deflections (SLS)
168 | values
169 Qex 0,76 Nfmm B44*1
170 Qais 1,75 N/mm B47*1
171 Ok 0,5 MN/mm B48*1
172 | instantaneous deflections
173 Uinst5 0,06 mm (5/384)*B169%(B13)*4/(B20*(1/12)*1000*B223)
174 Uinst,01 0,15 mm (5/384)*B170%(B13)*4/(B20*(1/12)*1000*B22+3)
175 Uinst 05 0,04 mm (5/384)*B171*(B13)*4/(B20*(1/12)*1000*B22+3)
176 Final deflections
177 kye (Climate class |; multiplex) 08
178 Upg 0,10 mm B173*(14B177)
179 Upin 0,17 mm B174%(1 + (E49*B177))
180 Upin o 0,02 mm B175*D49+(E49*B177))
181 Ufin 0,25 mm SOM(B178:8180)
182 |verification
183 [— 1,6 mm 0,004*813
184 ucs 0,18 - B181/B133
185
186
187
188 Results Beams Multiplex T st
189 Span [m] Applied beam (C24) Spacing [mm] Multiplex (C18) ucl UC2 UC3 UCc4 UC5 UCe | UC7 UCB KN/m?
190 3.9-46 70x270 400 18 0,37 013 036 045 057 075|014 0,18 0,76
191 a7-54 95x295 500 21 0,4 013 042 055 093 064|016 0,23 0,81
192 55-57 95x295 400 21 0,36 011 04 057 0% 059( 01 012 0,87
@ _______586s _ os@es 70 | __: 21___|__o23 __o0os 031 083 098 0s3]002 001]
194 5.8-6.6 70 245 400 18 0,34 012 031 04 078 066]| 01 012 0,98

1493 | * As not efficient, the main steel beams span from wall to wall [spaced 4 [m]), and secondary beams (70x245 - 400mm) are applied

Fi_éure X.147: Structural verification HSB floor structure (3)_Excel
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X.11.2.2 Verification normal beams below fagade

A B C D E [F G H 1 K L M
1 Coloulationresidential floor Belowfacade
2 |Safety factors (NEN-EN 1990) Yo Ya
3 [Eg61 1,35 15
4 |Eg6.2 1,2 15
5
& Choosen floor
7 |Timber beams
8 E-modulus (C24) 11000 Nfmm’
9 Density 420 kg/m®
10 Hiam 270 mm
il Byeam 70 mm
12 Span (L) 46 m
13 Spacing 400 mm
14 Ineam 1,15E+08 mm® (1/12)*B11*B1043
15 Wi 8,51E+05 mm’ (1/6)*B11*B10~2
16 1= — 1,26E+412 Nmm® BE*B14
17 (El)imar 3,16E+12 Nmm®/m B16*1/|B13/1000)
12
19 |Multiplex
20 E-modulus {C18) 000 N/mm*
21 Density 550 kg/m?
22 Thickness 18 mm
23 Floor width (B) 10 m
24 (El)s 4,37E+09 Nmm®/m B20%(1/12)1000%82243
25
26 |Mass permanent
27 [r— 19,85 kg/m® (1/(B13/1000}) * 1 * (B10/1000}*(B11/1000) * B9
28 [T— 9,90 kg/m® (B22/1000)*821
29 Tt Fermaces 26,00 ke/m’
30 My 55,75 kg/m® SOM(B27:B29)
3
32 |structural scheme .
33 -
u PITTITTTTT]Y
35 A A
36 pan (L
37
3% Loads
3% |Permanent kN/m2 kN/m Formule C
40 Beam 0,198 0,08 B40*B13/1000
41 Multiplex 0,099 0,04 B41%B13/1000
42 Facade 0,5 1,40 BA2Z*2 8
43 ceiling 0,20 0,08 B43*B13,/1000
44 hing (22 mm fermacell) 0,26 0,10 B44*B13/1000
45 Total_characteristic 1,26 1,70 S0M|C40:C44)
46
A7 |variable lN/m2 kN/m
43 Imposed loading 1,75 07 B4B*B13,/1000
49 Mon-structural walls 0,5 0,2 g (I B49*B13/1000
50 Total_characteristic 2,25 0,9 0,4 0,3|50M(C4a8:C49)
51
52 |Design value load
53 Eq 6.1 2,84 kN/m (B3*C45) + (C3*D50*C50)
54 Eq 6.2 3,21 kN/m (B4*C45) + (C4*C48) + C4*DS0*C49)
55 Normative design value 3,21 kN/m MAX([B53:B54)
56
57 Verification bending (ULS)
58 |Material properties (C24)
59 Climate class | -
B0 Load duration long-term -
61 Ko 07 -
62 ki, 1 ALS{B10<150; MIN{{150/B10)A0,2; 1,3); 1)
63 fn 24 N/mm2
64 Vi 13-
63 T 12,92 N/mm2 B63*B61*B62/B64
66
67 |Forces_ULS and verification
68 q_Ed 3,21 N/mm BS5
69 Span 4600 mm B12¥1000
70 Moment 8,50E+06 Mmm (1/8)*B6B*BEIA
T O 9,99 N/mm2 B70/B15
T2 ucl 077 - B71/B65

Figure X.148: Structural verification HSB floor structure (Below facade) (1)_Excel
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A B C D E F G H 1 K L M
72 uct 077 - |B71/885
73
T4 Verification shear [ULS)
75 |Material properties (C24)
76 Climate class | -
T Load duration leng-term -
] Koo 07 -
79 fus 4 Nfmm2
a0 Vid 13-
81 fua 2,15 N/mm2 B79*B78/B80
82
23 |Forces_ULS and verification
84 q_Ed 3,21 N/mm BSS
a5 Span 4600 mm B12¥1000
86 W 7391 N (1/2)*BB4*B85
87 T 0,59 N/mm2 (3/2)*B86/(B11*B10)
38 ucz 0,27 - B87/881
9
%0 Verification deflections (SLS)
91 |values
92 [ 1,70 N/mm c45
93 Joix 0,7 N/mm c4B8
9 Oois 0,2 N/mm cag
95 |Instantaneous deflections
96 TS 7,86 mm (5/384)*B92+{B12+1000)A4/(B16)
97 Unspt 3,23 mm (5/384)*B93*(B12%1000)A4 / (B16)
98 Uinst, 0y 0,92 mm (5/384)*B94*(B12*1000)4/(B16)
%9 |Final deflections
100 | kye (Climate class |; Sawn wood) 06
101 Ui 12,58 mm BOG*(1+B100)
102 Upnn 3,81 mm BO7*{1 + (ES0*B100)]
103 Uy 0,54 mm BOE*{D50+(ES0*B100))
104 Usn 16,93 mm SOM(B101:8103)
105 | verification
106 Wallgwed 18,4 mm 0,004*B12*1000
107 ucs 052 - B104/B106
108
109
110 | Results Beams
111 Span [m] Applied beam (C24) Spacing [mm] Multiplex (C18) uci ucz uc3
112 39-48 F0x270 400 18 0,77 0,27 052
113 47-54 95x295 500 21 0,74 0,24 093
114 55-57 95x295 (2 beams) 400 21 0,37 012 05

Figure X.149: Structural verification HSB floor structure (Below fagade) (2)_Excel
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X.11.2.3 Steel beams for span (5.8-6.6 m)

A B C D E F G
1
2 | Safety factors (NEN-EN 1990) Vi Yo
3 [Eg61 1,35 1,5
4 EqB.2 1,2 1,5
5
b Loads from timber floor
7 |Permanent Formule B
8 Beam 0,20 kN/m2
9 Multiplex 0,10 kN/m2
10 ceiling 0,20 kN/m2
1 Finishing {22 mm fermacell} 0,26 kN/m2
12 Total_characteristic 0,76 kN/m2 SOM(B8:B11)
13
14 Variable
15 Imposed loading 1,75 kh/m2
16 Non-structural walls 0,5 kN/m2 g [T
17 Total_characteristic 2,25 kMWN/m2 0,4 0,3|50M(B15:B16)
18
19 Design value load uLs SLS
20 Eq 6.1 2,37 kN/m2 1,66 kN/m2 [B3*B12)+{C3*B17*D17)
21 Eq 6.2 3,83 kN/m2 2,71 kN/m2  |(B4*B12) + (C4*B15) + (C4*B16*D17)
22 Normative design value 3,83 khN/m2 2,71 kN/m2  |MAX(B20:B21)
23
24 Span (transfers load) 4000 mm
25 Spacing secondary beams 400 mm 515 WL
20 |Fug 6,13 kN 4,33 kN (B24/1000)*(B25,/1000)*822
27 Qe 15,33 kN/m 10,83 kN/m B26%1000/B25)
28
29
30 Total load
31 | Choosen beam HEA220 Formule B
32 |f, 235 N/mm’
33 | Duwan 220 mm
3 | hyean 210 mm
35 A 6430 mm’
36 | W, 5,69E405 mm’
37 |1, 5,41E+07 mm”®
38 p 7850 kg/m’
3 |E 210000 N/mm?
40 |t 11 mm
41 |t 7 mm
42 |r 18 mm
43 |¥mo 1
A4
43 |Load
40 | Quetrmeight 0,51 kN/m
LT —— 0,61 kN/m B46*B4
48 | Quona 15,94 kN/m B47+B27
49
50 Cross-section classification
31 flange
52 |c 88,5 mm (B33/2) - (B41/2)-B42
53 |t 11 mm B4O
54 | o 8,05 - B52/B53
55 [¢ 1- WORTEL({235,/B32)
56 Class 1« Q- 9*B55
57 Class 2 < 10 - 10¥B55
58 Result 1
59

Figure X.150: Structural verification HSB floor structure (Steel beam) (1)_Excel
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60 |Web

61 [c 152 mm B34-(2*B40) - (2*B42)
62 |t 7 mm Ba1

63 | ot 21,71 - BE1/BE2

64 Class 1< 72 - 72*B55

B3 Class 2 < 23 - B3*B55

66 Result 1

67 Both class 1, so plastic analysis

68

i) Verification ULS_Bending

70 Loads

71 |Span main beam 6600 mm

72 M 8,68E+07 Nmm (1/8)*B4B*BT 112

73 o 1,53E+02 Nfmm®  |B72/B35

74

73 | Material properties and verification

76 fia 235,00 Njmm®  |B32

77 uc 0,65 - B73/B76

78

T4 Verification ULS_Shear

30 Loads

21 |Span main beam 6600 mm B71

82 (Vg 5,26E+04 N 0,5*B48*B81

83 (A, 2063 mm’ MAX(B35 - (2*B33*B40) + ((B41 + (2*B42))*B40); 1,2*(B34-(2*B40))*B41)
8 Vo g 279902 N B83*(B32/WORTEL(3))/B43
85 [uc 0,19 B82/B84

86

a7 Verification deflections [5LS)

a8 w 24,65 mm (5/384)*D27+B46)*(B7174) / (B39*B37)
89 —— 26,40 mm B71%0,004

a0 uc 0,93 - BE8/BEY

91

92 Optimalization profile | UCpanding UCpear UL,

93 HEA200 0,85 0,21 1,36

94 HEA220 0,65 0,19 0,93

95 HEAZ24D 0.5 0,16 0,66

Figure X.151: Structural verification HSB floor structure (Steel beam) (2)_Excel
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X.11.2.4 Steel beams for span (check below fagade)

A B C D E F G
1
2 |safety factors (NEN-EN 1990} Ya Ya
3 |Eg6.1 1,35 15
4 |Eq6.2 12 15
5
6 Loads from timber floor
7 | Permanent Formule B
8 Beam 0,20 kN/m2
9 MWultiplex 0,10 kN/m2
10 Ceiling 0,20 kN/m2
1 Finishing (22 mm fermacell) 0,26 kN/m2
12 Total_characteristic 0,76 kN/m2 SOM(B2:B11)
13
14 |variable
15 Imposed loading 1,75 kN/m2
16 Mon-structural walls 0,5 kN/m2 g s
I Total_characteristic 2,25 kN/m2 0.4 0,3|50M(B15:B16)
18
19 | Design value load uLs SLS
20 Eq6.1 2,37 kN/m2 1,66 kN/m2 (B3*B12)4+{C3*B17¥D17)
21 Eq 6.2 3,83 kN/m2 2,71 kN/m2 (B4*B12) + (C4¥B15) + (C4*B16¥D17)
22 Normative design value 3,83 kN/m2 2,71 kMN/m2 MAX({B20:B21)
23
24 |Span (that transfers load) 2600 mm *first beams are closer at each other
25 |Spacing secondary beams 400 mm SLS W)
26 |F 3,99 kN 2,82 kN (B24,/1000)*(B25/1000)*B22
27 | Qeg 9,97 kN/m 7,04 kN/m B26%(1000/B25)
28 |Qud +iseade 11,65 kN/m 8,44 kN/m B27+0,5%2,8*B4)
29
30 Total load
31 | Choosen beam HEA220 Formule B
32 |fq 235 Nfmm?
33 | byeam 220 mm
3 | hyeam 210 mm
35 |A 6434 mm’
36 (W, 5,609E405 mm’
37 (1, 5,41E407 mm*
38 |p 7850 kg/m’
39 |E, 210000 N/mm’
A0 | 11 mm
41 |t, 7 mm
42 |r 18 mm
43 vma 1
A4
45 |Load
LT — 0,51 kN/m
AT | Qs 6 0,61 kN/m B46*B4
LT . 12,25 kN/m B47+B28
49
50 Cross-section classification
51 [flange
52 |c 88,5 mm (B33/2) - (B41/2)-B42
53 |t 11 mm B40
54 | o 8,05 - B52/853
55 |g 1- WORTEL{235/B32)
56 Class1< Q- 9*as5s
57 Class 2 < 10 - 10*B55
58 Result 1
59
60 'Web
61 |c 152 mm B34-(2*B40) - (2*B42)
62 |t 7 mm B41
63 | o 21,71 - B61/B62
64 Class 1< 72 - 72*¥B55
65 Class 2 < 83 - 83*B55
66 Result 1
67 Both class 1, so plastic analysis

Figure X.152: Structural verification HSB floor structure (Steel beam below facade) (1)_Excel
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Verification ULS_Bending
Loads
Span main beam 6600 mm
Mg 6,67E+07 Nmm (1/8)*Ba8*B7142
Ot 1,17E+02 Nfmm®  |B72/B36
Material properties and verification
fu 235,00 Nfmm®  [B32
uc 0,50 - B73,/B76
Verification ULS_Shear
Loads
Span main beam 6600 mm B71
Wt 4 04E+04 M 0,5*B48¥B81
Aoy 2067 mm’ MAX(B35 - (2¥B33%B40) + ((B41 + (2¥*B42))*B40); 1,2%(B34-(2*B40))*B41)
Vairg 230445 N BE3*(B32/WORTEL{3))/B43
uc 0,14 B82/B&4
Verification deflections (SLS)
w 15,45 mm (5/384)*(D27+B46)*(B7124) [ (B39*B37)
Woallged 26,40 mm B71+*0,004
uc 0,74 - BE88,/B89
Optimalization profile | UCyunding UC.pear UG,
HEA220 0,5 0,14 074

Figure X.153: Structural verification HSB floor structure (Steel beam below facade) (2)_Excel
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Figure X.156: Validation HSB floor structure (3)
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X.11.3 HSB wall

X.11.3.1 Single wall (combination 1)
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D E F G H 1)K L M N
1 Coloation s wall (storey; ingle wall Combinationy |
2 |safety factors (NEN-EN 1990) s Yo Formule B
3 [Eq61 135 15
4 |Eg62 12 15
5
6 |Choosen column
7 [Timber column
3 E-modulus (C24) 11000 Nfmm’
9 Eogs 7400 N/mm®
10 Density 420 kg/m®
1 Width (b) 38 mm
12 Length (h) 89 mm
13 A 3382 mm’ B11*B12
14 spacing columns 06m
15 ciL 67 m
16 [ 2,37 ke/m* (B11/1000) * (B12/1000) * B10 * (1/814)
17 Height floor 2,80 m
18 Mumber of stories 1-
19 Leatuemn 2232401,833 mm" (1/12)*B11*B12°3
20 Weaiamn 50166,33333 mm’ (1/6)*B11*B12"2
21 Half span gallery beam 06m
22 Number of columns at startfend wall 2-
23 Opening factor 07 -
24 |Plywood
25 Thickness 18 mm
26 Density 550 kg/m’
27 Mhwood 9,9 kz/m” (B25/1000)*B26
28
29 [struct h
30
3 F
32 A
3 /
34 ]
35 :
36 H 4
37 ] H
38 '
39 |
40 !
El
42
43
44
45 |Load (imposed load is leading action)
45 |Roof (Full loaded) kN/m? [ [T~ Formule C Formule D
47 [Permanent load o7 2,01 2,11 Uig|BA7*(B15/2) * B14 * (1/823) B47+(B15/2) * (B21+{B14/2))
48 |variable load of
4 Imposed load 1 302 B49%(B15/2)*B14%(1/B23) B49 * (B15/2) * ((B14/2)+821)
50 eq 6.1 271 285 (B3*C4T) + [C3*E48*C40), [B3*D47) + [C3*EAB*DAO),
51 eq6.2 672 7,06 (Ba*Ca7) + (Ca*cag) (B4¥D47) + (C4*Dag)
52
53 |Self-weigth wall kN/m’ KN KN e
54 [Permanent load
55 Columns 0,02 0,04 0,04 B55°B14*B18%B17 BS5°(B14/2)*(B17*B18]*B22
36 Gallery beam 0,07
57 Gypsum board (Type F) 014 047 0,24 B57°B14*B18%B17°2 B57°(B14/2)*B17%B18%2
58 Plywood (18 mm) 0,10 0,33 0,17 B58*B14*B18¥B17+2 B58*(B14/2)B17+B18*2
39 SOM(CS5:C58) SOM(D55:D58)
&0 eq6l 1,14 0,69 B3%C59 83°D59
61 eq62 1,01 0,61 B4*C59 B4*D59
(7]
63 |Pointload frond facade kN/m? [Tr— Formule C
&4 [Permanent load 05 4,69 B64%(B15/2)*B17°B18
85 eq6.1 6,33 B3*C64
&6 eq62 5,63 Ba*C64
&7
&8
89
0
71 | Total load kN (incl. facade)* kN (excl. facade) Formule B Formule C
/] eq61 494 3,85 (D50+D60+C65)/B22 €50+C60
] eq62 6,65 773 (D51+D614C66)/B22 €514C61
4 Fut 6,65 7,73 MAX(B72:873) MAX(C72:C73)
75 * Value is devided by factor 2 at facade. At that location 2 columns must be placed
76
1
78 |Verification strength
79 |Buckling analysis > Supported at weak axis
80 [Reduction factor Formule B
g1 I, 2,23E406 mm® B1g
82 i 25,69 mm WORTEL(B81/813)
83 [ 2800 mm B17+1000
24 A, 108,98 - B&3/B82
85 [ 21 Nfmm2
86 At 1,85 - (B84/PI{)) * WORTEL(B85/59)
87 k, 2,36 - 0,5 = (1+(0,2 * (B86-0,3)) + BBGA2)
88 k. 0,26 - 1/[BB7+WORTEL(BB742 - B8642))
89
90 |Material properties
91 Climate class | -
92 Load duration long-term -
93 [ 07 -
94 [ 21 Nfmm2 B85
95 ™ 13-
9% [ 11,31 N/mm2 B94*B93/BIS
97

Figure X.158: Structural verification HSB wall (1-storey; Single wall; combination 1) (1)_Excel
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i A B C D E F G H I J K L M
32 |Forces and unity check (Incl. facade)

%9 O tacade 1,97 N/mm2 B74*1000/B13

100 UCiaade 0,67 - B99/(BU6*BEE)

101 |Forces and unity check (Excl. facade)

102 oy 2,29 N/mm2 C74*1000/813

103 uc 0,78 - B102/{B88*BY6)

104

105

106 s ion per, to the grain (Beam below column)

107 [ 1,25

108 x 30,00 MIN(30; B14+1000/2;811)
109 Tet 98,00 mm B11+{2*B108)

110 A 8722,00 mm* B12°8109

m On_Horms 0,89 N/mm* €74%1000/8110

12 [ 2,50 N/mm’

13 fos0a 1,35 N/mm’ B112°893/B95

14 UC o 053 - B111/(B107+8113)

15

116

117 Results 1-storey flat (Single-wall}

18 [ Column UCiacnse * U orma U omma I
119 670 515 38 x 89 - sp. 600 mm 0671(2) 078 053
120 8.49 SLS 38 % 89 - 5p. 600 mm 08412) 095 0.65
121 10.28 5LS 38 x 120 - sp. 600 mm 0.44(2) 050 0.57

122 |* placement of 2 columns at begin and end of wall

Figure X.159: Structural verification HSB wall (1-storey; Single wall; combination 1) (2)_Excel

A B C D E F G H K L M N
1 Callationsss wall2-storey; Single wall Combinations) |
2 safety factors (NEN-EN 1990) Ve va Formule B
3 |Eq61 135 15
4 [Eq62 1.2 15
5
6 Choosen column
7 Timber column
8 E-modulus (C24] 11000 N/mm®
9 Enos 7400 N/mm*
10 Density 420 kg/m®
1 Width (b) 38 mm
12 Length (h) 140 mm
13 A 5320 mm* B11*B12
14 Spacing columns 06 m
15 CFL 6,7 m
16 [T 3,72 kg/m’ (B11,/1000) * (B12/1000) * B10 * (1/B14)
17 Height floor 2,80 m
18 Number of stories 2-
19 leotmn 8689333,333 mmn (1/12)*B11*B123
20 Wegtamn 124133,3333 mm’ (1/6)*B11°B1242
21 Half span gallery beam 0,6 m
2 Number of columns at start/and wall 1-
23 Opening factor 07 -
24 | Plywood
25 Thickness 18 mm
26 Density 550 kg/m®
a7 [rT— 9,9 kg/m’ (B25/1000)*826
28
29 [structural scheme.
30
3 F
32 A
33
34 H
35 !
36 !
7 : H
38 :
39 \
40 L
El S
42 o
43
4
45 [Load (Imposed load is leading action)
45 | Roof [Full loaded) kn/m? [ [T Formule C Formule D
47 Permanent load 0,7 2,01 2,11 ip|BAT*(B15/2) * B14 * [1/B23) BA7*(B15/2) * (B21+{B14/2))
43 |variable load 0
4 Imposed load 1 2,87 3,02 B49°(B15/2)*B14%(1/823) B49 * (B15/2) = ((B14/2)4821)
50 eg6.1 2,71 2,85 (B3%C47) + (C3*E4B¥CA9) (B3*Da7) + (C3*EAB*DA9)
51 eg6.2 672 7,06 (B4+Ca7) + (ca*cag) (B4*D47) + (C4*Dag)
52
53 2nd floor [Full loaded) kn/m?* [ ST
54 [Permanent load 1 2,87 \ig|BSa*(B15/2) * B14 * (1/823) B54%(815/2) * ((B14/2)+821)
55 |Variable o4
36 Imposed load 1,75 5,08 B56+(B15/2) * BL4*(1/823) B56*(B15/2)"((B14/2)+821)
57 Nen-structural walls 05 144 B57+(B15/2) * B14 * (1/823) B57+(B15/2)"((B14/2)+821)
58 2q6.1 7,75 (B3*C54) + (C3*ES5(C56+C57)) (B3*D54)+(C3*ES5%(D56+D57))
59 262 11,84 (B4¥C54) + (C4%C56) + (C47E55°C57) (B4*D54) + (C4*D56) +(C4E55°D57)
&0
61 | self-weigth wall ki /m’ [T [AY—
&2 [Permanent load
] Columns 0,04 013 0,06 B63°B14%B18°B17 B863°(B14/2)*(B17°B18)*B22
64 Gallery beam 0,07
85 Gypsum board (Type F) 014 0,94 0,47 B65°B14*B18*B17%2 B65%(B14/2)'B17*B18%2
66 Plywood (18 mm) 0,10 0,67 0,33 B667B147B187B1772 B667(B14/2)"B17°B1872
67 1,73 0,94 SOM(C63:C66) SOM(D6E3:D66)
68 eg6.1 2,34 1,26 B3*C67 B3*D67
89 eg6.2 2,08 1,12 B4*CE7 B4*D67
0

Figure X.160: Structural verification HSB wall (2-storey; Single wall; combination 1) (1) _Excel
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A B c D 3 F G H 1) K L M N
71 Pointload frond facade ki/m? [T
72 Permanent load 05 9,38 B72*(B15/2)*B17*B18.
73 eg6.1 12,66 B3*C72
74 eq6.2 11,26 B4*C72
75
76
77
78
79 Total load kN {incl. facade)* kN (excl. facade) Formule B Formule C
80 eq6.l 2492 12,80 (D50+D58+D68+4C73)/822 C504C58+C68
81 eq62 31,87 20,64 (D51+D59+D69+4C74)/822 C514C594C69
82 Fut 31,87 20,64 MAX(B20:B81) MAX(C80:C81)
83 * Value is devided by factor 1 or 2 at facade. At that location, 1 or 2 columns must be placed
24
a5
36 Verification strength
87 Buckling analysis > Supported at weak axis Formule B
38 Reduction factor
] 1, 8,69E+06 mm’ B19
90 i 40,41 mm \WORTEL(BB9/B13)
91 Louc 2800 mm B17+1000
92 A, 69,28 - 891/830
E] feon 21 N/mm2
94 Aut 1,17 - (B92/PI()) * WORTEL(B93/B3)
95 k, 128 - 0,5%(1+(0,2 * (B94-0,3)] + BI4A2)
96 ke 0,56 - 1/{BIS+WORTEL([BIS"2 - B94~2))
97
92 Material properties
99 Climate class | -
100 Load duratien leng-term -
101 Kmoa 07 -
102 foox 21 Nfmm2 893
103 Yo 13-
104 [ 11,31 N/mm2 B102*B101/8103
105
106 Forces and unity check (incl. facade)
107 Tttt 5,99 N/mm2 882+1000/B13
108 UChscase 084 - 8107/(B104%896)
109 Forces and unity check (Excl. facade)
110 o 3,88 N/mm2 C82*1000/B13
ANl uc 061 - 8110/(B96*B104)
112
113
114 Compression perpendicular to the grain (Beam below column)
15 Kesa 1,25
16 x 30,00 MIN(30; B14+1000/2; B11)
17 98,00 mm B11+{B116%2)
18 13720,00 mm? B127B117
119 1,50 N/mm’ C82*1000/B118
120 2,50 Nfmm*
121 1,35 N/mm? B1207B101/B103
12 0,89 - B119/(B121*B115)
123
124
125 Results 2 storey flat (Single wall)
126 CFL Column UChacase * UCaoms UCnoma /1
127 670 SL538x 140-5p.600mm 094 (1) 061 0.39
128 8.49 SLS 38 x 140 - sp. 400 mm 055 (2) 051 o074
129 1028 SLS38x140-5p.400mm _ 0.66(2) 060 0.88
130 |* placement of 1 or 2 columns at begin and end of wall
131

Figure X.161: Structural verification HSB wall (2-storey; Single wall; combination 1) (2)_Excel

B D E F G H 1K L M N
' CaliationHsn wall(3storey; Single wall Combinations) |
2 |safety factors (NEN-EN 1990) Ve va Formule B
3 [Eg61 135 15
4 Eg62 12 15
5
6 |Choosen column
7 |Timber column
8 E-modulus [C24) 11000 N/mm®
9 0ss 7400 N/mm’
10 Density 420 kg/m’®
n Width (b) 38 mm
12 Length (h) 140 mm
13 A 5320 mm’ B11°B12
14 Spacing columns 04m
15 CcrL 67 m
16 Mesumn 5,59 kg/m® (B11,/1000) * (B12/1000) * B10 * (1/B14)
17 Height floor 2,80 m
18 Number of stories 3-
19 [— 8,69E:06 mm’ (1/12)°B11°81243
20 Weatimn 124133,3333 mm’ (1/6)*B11*B127°2
21 Half span gallery beam 06 m
2 Mumber of columns at start/end wall 2-
23 Opening factor o7 -
24 | Plywood
25 Thickness 18 mm
2% Density 550 kg/m’
27 [ 9,9 kg/m’ (B25/1000)*B26
28
29 [structural scheme
30
31 F
32 A
3 /
4
35 !
36 !
7 .
38 :
39 H
40
41 N
42 Pa

Figure X.162: Structural verification HSB wall (3-storey; Single wall; combination 1) (1)_Excel
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A ] C D E F G H 1K L M N
23
44
45 |Load (Imposed load is leading action} Formule € Formule D
46 |Roof kN/m? KNy [T
47 [Permanent load 07 134 1,88 Ui;|BA7*(B15/2) * B14 = (1/B23) B477(B15/2) * (B21+(B14/2))
48 |variable load of
19 Imposed load 1 191 2,68 B49°(B15/2)*B14%(1/B23) B49 * (B15/2) * ((B14/2}4821)
50 eq6.1 181 2,53 (B37C47) +(C3*EAB*C49) (B3*D47) + (C3*E48*D49)
51 eq6.2 161 2,35 (B4¥C47) + (C4*E4B*C49) (B4*D47) + (C4°E487D49)
52
53 |3rd floor (Full loaded) kN/m* KN KNpcade
54 |Permanent load 1 191 2,68 1o |BS4#(B15/2) * B14 * (1/B23) B54%(B15/2) * ((B14/2)4B21)
55 |variable 04
56 Imposed load 1,75 3,35 4,69 B56%(B15/2) * B14¥(1/B23) B56 * (B15/2) * ((B14/2) + B21)
57 Mon-structural walls 05 0.96 1,34 B57°(B15/2) * B14%(1/B23) B57%(B15/2) * (({B14/2)4B21)
58 eq6.1 517 7,24 (B3*C54) + (C3*ES5*(C564C57)) (B3*D54)+(C3°E55%(D56+D57))
50 eq6.2 7,90 11,06 (B4*CS4) +(C4¥CS6) +(C4*ESS*CS7) (B4*D54) + (C4*DS6) + (C4*ESS*DS7)
60
61 | 2nd floor (Full loaded) kN/m?* [ [T
62 [Permanent load 1 191 2,68 15| B62%(B15/2) * B14 = (1/823) B62%(B15/2) * ({B14/2)4B21)
63 |variable 04
64 Imposed load 1,75 335 4,69 B64°(B15/2) * B14%(1/B23) B64%(B15/2)*((B14/2)4B21)
65 Non-structural walls 05 0,96 1,34 B65%(815/2) * B14 * (1/823) B65(B15/2)*((B14/2)+B21)
66 eq6.1 5,17 7,24 (B3*C52) + (CI*EGI*(CE4+CES)) (B3*D62)+(C3°E637(D64+DES))
67 eq6.2 7,90 11,06 (B4¥C52) + (C4¥C54) + (C4*E63*C65) (B4*D62) + (C4D64) + (C4*E63*D65)
62
62 | self-weigth wall kN/m? KMo KNiocate
70 [Permanent load
il Columns 0,06 019 0,19 B71°B14*B18°B17 B71%(B14/2)*(B17*B18)*B22
72 Gallery beam 007
7 Gypsum board (Type F) 014 0,94 047 B73°B14*B18*B1772 B73*(B14/2)B17*B18*2
7 Plywood (18 mm) 0,10 0,67 033 B74°B14*B18°B17°2 B74%(B14/2)*B17°B18"2
75 SOM(C71:C74) SOM(D71:074)
76 eq6.1 2,42 1,43 B3%C75 B3*D75
7 eq6.2 2,15 127 B4*C75 B4*D75
78
79 | Pointload frond facade kN/m?* KN i
80 [Permanent load 05 14,07 B80°(B15/2)*817°B18
a1 eq 6.1 18,99 B3*C80
82 eq6.2 16,88 B4*CB0
8
84
85
86
27 | Total load kN (incl. facade)* kN (excl. facade) Formule B Formule C
88 eq6.1 18,72 1457 (DS0+DSB+D66+D76+CB1)/B22 CS0+CSB4CE6+CT6
89 eq62 21,26 19,55 (D514D59+D67+D77+CB2)/B22 C514C594C674C77
%0 Fu 21,26 19,55 MAX(B88:889) MAX(C88:CBI)
91 *Value is devided by factor 2 at facade. At that location, 2 columns must be placed
92
2
94 |Verification strength
95 |Buckling analysis > Supported at weak axis Formule B
96 |Reduction factor
97 I, 8,69E+06 mm’ B19
9 i 40,41 mm \WORTEL(B97/813)
% Liuc 2800 mm B17+1000
100 . 69,28 - 899/898
101 [ 21 N/mm2
102 Mo 117 - (B100/P1()) * WORTEL(B101/89)
103 k, 128 - 0,5 %(1+(0,2 * (B102-0,3)} + B10272)
104 ke 0,56 - 1/(B103+WORTEL(B103A2 - B10242})
105
106 | Material properties
107 Climate class | -
108 Load duration long-term -
109 [ 07 -
110 [ 21 N/mm2 B101
1 ™ 13-
12 [ 11,31 N/mm2 B110°8109/B111
13
114|Forces and unity check (Incl. facade)
115 Ot raceds 4,00 N/mm2 B90°1000/B13
116 UChcuse 0,63 - B115/(8112°8104)
117 |Forces and unity check (Excl. facade)
118 on 3,68 N/mm2 €90°1000/B13
119 uc 0,58 - B118/(8104*8112)
120
121
122 |Compression perpendicular to the grain (Beam below column)
123 [ 125
124 x 30,00 MIN(30; B14¥1000/2; 811)
125 La 98,00 mm B11+{B124%2)
126 A 13720,00 mm* B125°812
127 O Horms 1,43 Nfmm* C90*1000/B126
e fesox 2,50 N/mm®
129 fos04 1,35 N/mm’ B128*B109/B111
130 [1[— 0,85 - B127/(B129%B123)
131
132
133 |Results 3-storey flat (Single wall)
134 CFL Column UCtpesse UChormat UCorma //
135 6.70 SLS38x140-sp.400mm 063 (2) 058 0.85
136 8.49 SL538x170-5p.400mm  0.51(2) 0.47 0.87
137 1028 SLS 38 x 184 - sp. 400 mm 053 (2) 048 055

138|* placement of 2 columns at begin and end of wall

Figure X.163: Structural verification HSB wall (3-storey; Single wall; combination 1) (2)_Excel




X.11.3.2 Single wall (combination 2)
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A B c D E F G H
| L coluation B wall {3 storey;Single wall_combinationz) |
2 | safety factors (NEN-EN 1990) e Vo Formule B
3 [Eg6.1 1,35 15
4 |Eq62 1.2 15
5
6 | Choosen column
7 [Timber column
8 E-modulus (C24) 11000 N/mm’
3 Eoas 7400 N/mm’
10 Density 420 kg/m®
n Width (b) 38 mm
12 Length (h) 120 mm
13 A 4560 mm’ B11*B12
14 Spacing columns 06 m
15 CFL 67 m
16 Mesiyenn 3,19 kg/m’ (B11/1000) * (B12/1000) * B10 * (1/B14)
7 Height floor 2,80 m
12 Number of stories 1-
19 [ 5472000 mm* (1/12)*B11*B1243
20 Woesimn 91200 mm® (1/6)*B11*B12A2
21 Half span gallery beam 06 m
2 Number of columns at start/end wall 1-
3 Opening factor 07 -
24 |Plywood
25 18 mm
2% Density 550 kg/m’
27 fL— 9,9 ke/m’ (B25/1000)*826
b
29 |structural scheme
30
3 F
32
3 ,«’fq
34 i [
35 ! |,
3% |
37 P[] g
El |
39 Ll
40 N
41 PN L
2
3
44
43 | Load (wind load is leading action}
45 |Roof kh/m? N oo [L— Formule €
47 [Permanent load o7 1,01 1,06 \g|Ba7*(B15/4) * B14 * (1/823)
48 |variable load o
4 Imposed load B49*(B15/4]B14%(1/823)
50 eq6.2 (B4¥C47) + (CA*EAB*CAT)
51
52 | Self-weight wall ki /m? [R— [T
53 [Permanent load
54 Columns 0,03 0,05 0,03 B54°B14*B18*B17
55 Gallery beam 0,07
56 Facade 0,50 0,84 0,42 BS6 * B14 *B17%B18
57 Gypsum board (Type F) (single side) 014 0,24 0,12 B57°B14*B18*B17
58 Flywood (18 mm) 0,10 0,33 0,17 B58°B14*B18*B17°2
59 146 0,80 SOMC54:C58)
60 eq62 1,75 0,96 B4*C59
61
62 | Pointload frond facade kn/m? KNpoote
63 |Permanent load 0,5 2,35 B63*B15/4)*B17*B18
64 eq6.2 2,81 B4*CE3
65
66 | Total load kN (incl. facade) kN (excl. facade) Formule B
67 eq 6.2 5,04 2,96 (D50+D60+CE4)/B22
(] Fus 5,04 2,96 MAX(BE7:867)
69
70
n
72 Wind Load Formule B
73 s (19.6m) (Wind area 11; Urban) 0,84 ki/m’
] CsCd 1-
75 Cio 0,8 -
76 Ci_E 07 -
77 Crtat” 08 - MAX(B75:876)
78 | Quind 525 Novmai 0,40 kN/m B73°B74%B77°B14
79 | Quing_si5 tocete 0,20 kN/m B73°B74%B77°(B14/2)/B22
:]
81 N [T— Formule B Formule C
82 M. 592704 296352 (1/8)*B78*C4*(B171000)"2 (1/8]*B79*C4*(B17+1000)"2
a3
2
85 |Verification strength
85 |Buckling analysis > Supported at weak axis
87 |Reduction factor Formule B
28 5,47E+06 mm” 819
89 34,64 mm \WORTEL(BE8/B13)
% 2800 mm B17°1000
9 80,83 - 890/B89
2 21 N/mm2
93 1,37 - (B91/P1{)) * WORTEL(B92/B9)
9 155 - 0,5 (1+(0,2 * (893-0,3)} + B9I342)
95 0,44 - 1/(B94+WORTEL(B942 - B9342])
9

Formule D
B47*(B15/4) * (B21+(B14/2))

B49 * (B15/4) * ((B14/2)+821)
(84*D47) +(C4*E45D48)

B54%(B14/2)*(B17°B18)*B22

B57%(B14/2)*B17°B18
B58°(B14/2)*B17°B182
50M(D54:D58)

B4°D59

Formule C
C50+C60
MAX(C67:C67)

Figure X.164: Structural verification HSB wall (1-storey; Single wall; combination 2) (1) _Excel
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A B c D £ F G H [ ¢ L M N
o7 | Material properties
% Climate class | -
% Load duration long-term -
100 [ 07 -
101 foox 21 N/mm2 Ba2
102 fn 24 N/mm2
103 Y 13-
104 ks 1,05 ALS(B12<150; MIN{(150/B12)40,2; 1,3); 1)
105 [ 11,31 N/mm2 B101B100/B103
106 [ 13,51 N/mm2 B1047B1007B102/8103
107
102 | Forces and unity check (indl. facade)
109 O pacate 1,11 N/mm2 B63*1000/813
110 Ctifacae 3,25 N/mm2 CB2/B20
m UCpeaie 0,36 - (B109/(B95*B105)) + (B110/B106)
112 | Forces and unity check (Exd. facade)
113 oy 0,65 N/mm2 C68*1000/B13
14 O 6,50 N/mm2 B82/B20
15 uc 061 - (B113/(B105°B95)) + (B114/B106)
116
"7
112 [Compression perpendicular to the grain (Beam below column)
19 ka0 125
120 X 30,00 MIN{30; B14*1000/2; B11)
121 - 98,00 mm B11+(B120%2)
122 At 11760,00 mm® B121°B12
123 ON Horms 0,25 N/mm* C68°1000/8122
124 fesos 2,50 N/mm®
125 f.a04 1,35 N/mm?® B124*B100/B103
126 UC gy 015 - B123/(B125%B119)
127
128
129 Results 1-storey flat (single
130 CFL Column UCiacade UC ormal UCharma /1
131 670 SLS 38 x 120 -5p. 600 mm 046 (1) 06l 015
132 B8.49 SLS 38 x 120 - sp. 600 mm 051 (1) 062 017
133 10.28 5L5 38 x 120 - sp. 600 mm 0.56 (1) 064 0.18

Figure X.165: Structural verification HSB wall (1-storey; Single wall; combination 2) (2)_Excel

A 8 C D E F G H 1)K L M N
DL couaton M wal (2 storeys Sngle voll Combinationz) |
2 |safety factors (NEN-EN 1990) ' Yo Formule B
3 [Eg6.1 1,35 15
4 Eq6.2 12 15
5
6 Choosen column
7 [Timber column
3 E-modulus (C24) 11000 N/mm”
9 Eags 7400 N/mm®
10 Density 420 kg/m®
1 Width (b) 38 mm
12 Length (h) 140 mm
13 A 5320 mm’ B117B12
14 Spacing columns 06m
15 CFL 67 m
16 Megiumn 3,72 kg/m’ (B11/1000) * (B12,/1000) * B10 * (1/B14)
17 Height floor 2,80 m
12 Number of stories 2-
19 [ T— 8689333,333 mm* (1/12)*B11%*B123
20 Weotirma 124133,3333 mm’ (1/6)°811°B1242
21 Half span gallery beam 06 m
2 Mumber of columns at start/end wall 1-
23 Opening factor 07 -
24 | Plywood
2 Thickness 18 mm
26 Density 550 kg/m®
7 [ 99 ke/m? (B25/1000)°B26
28
29 [str
30
21 F
32
3 i
34
35
36 :
7 ! H
kLS i
39
]
a {
a2
43
“
45 Load (wind load is leading action)
46 |Roof kN/m? - [T Formule € Formule D
47 Permanent load 0,7 1,01 1,06 Wo|B47*(B15/4) * B14 * (1/823) B47*(B15/4) * (B21+(B14/2))
48 |Variable load 0
49 Imposed load 1 1,44 1,51 B49%(B15/4)*B14%(1/B23) B49 *(B15/4) * ((B14/2)+B21)
50 eq 6.2 1,21 1,27 (B4¥C47) + (C4*E48*CA0) (B4¥D47) + (C4*E487D49)
51
52 2nd floor kn/m’
53 | Permanent load 1 Wg|BS3%(B15/4) * B14 * (1/823) B53*(B15/4) * ((B14/2)+B21)
54 \Variable 0,4]
55 Imposed load 175 B55%(B15/4) * B14%(1/823) B55°(B15/4]%((B14/2)1821)
56 Non-structural walls 05 B56%(B15/4) * 814 * (1/823) B56%(B15/4)%((B14/2)4821)
57 eq6.2 (B4°C53) + (C4°ES4*(CS5+4C56)) (B47D53) + (C47E54*(D55+D56))
58
59 | self-weight wall kN/m? [T [T
60 [Permanent load
61 Columns 0,04 0,13 0,06 B61*B14*B18*B17 B61*(B14/2)*(B17*B18)*B22
62 Gallery beam 007
63 Facade 0,50 1,68 0,84 B63 ¥ B14 *B17*B18
64 Gypsum board (Type F) single side) 014 0,87 0,24 B64*B14*B18*B17 B64*(B14/2)*B17*B18
65 Plywood (18 mm) 0,10 0,67 3 B65°B147B18%B17*2 BE5*(B14/2)*B177B18%2
66 2,94 1,54 SOM(C61:C65) 50M(D61:D65)
&7 €0 6.2 3,53 1,85 B4*C66 B4*D66
62

Figure X.166: Structural verification HSB wall (2-storey; Single wall; combination 2) (1)_Excel
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X. Calculation sheets|364

A 8 C D E F G H [
Pointload frond facade kN/m* KMo
Permanent load 05 4,69 B70°(B15/4)*B17°B18
eq6.2 563 84*C70
Total load kN (incl. facade)* kN (excl. facade) Formule B Formule C
€062 12,59 8,40 (D50+D57+D67+C71)/B22 C504C57+C67
Fot 12,59 8,40 MAX(B74:874) MAX(C74:C74)
*Value is devided by factor 1 or 2 at facade. At that location, 1 or 2 columns must be placed
Wind Load Formule B
. (13.6m) (Wind area I; Urban) 0,9 kN/m?
CsCy 1-
cLo 08-
=23 07 -
Crm” 08 - 8824883
GQuing SIS, Norms 0,43 kN/m 880°B81*884°B14
Quing 515 facade 0,22 kN/m B80°B81*884*(B14/2)/B22
[T [ — Formule C
My 635040 317520 (1/8)78857C4*(B17 7100042 (1/8)7B867CA¥(B1771000}"2
Verification strength
Buckling analysis > Supported at weak axis
Reduction factor
I 8,69E+06 mm’ B1S
i 40,41 mm | WORTEL(895/813)
[ 2800 mm 8171000
A 69,28 - 897/896
foox 21 Nfmm2
Ao 117 - (B98/PI)) * WORTEL(B99/89)
K, 128 - 0,5 %(1+(02 * (B100-0,3)) + B100"2)
ke 0,56 - 1/(B101+WORTEL(B1012 - B100"2))
Material properties
Climate class | -
Load duration long-term -
Kinad 07-
[ 21 Nfmm2 899
fm 24 Njmm2
¥ 13-
ky 1,01 ALS{B12<150; MIN((150/812]40,2; 1,3); 1)
[ 11,31 Nfmm2 8108+8107/8110
fra 13,10 Nfmm2 B8111°8107B109/6110
Forces and unity check (Indl. facade)
Tt facete 2,37 Nfmm2 875*1000/813
Ortacete 2,56 Nfmm2 €89/820
UChase 057 - (B116/(8102°8112)) + (B117/8113)
Forces and unity check (Excl. facade)
ay 1,58 Nfmm2 €7571000/B13
oy 512 Nfmm2 889/820
uc 0,64 - (B120/(8112*8102)} + (6121/8113)
G ion perpendicular to the grain (Beam below column)
kesg 125
x 30,00 MIN(30; B1471000/2; B11)
[ 98,00 mm 811+{812772)
At 13720,00 mm’ 81287812
O _parms 0,61 Nfmm’ C75*1000/B129
fosox 2,50 N/mm’
fesoa 1,35 Nfmm® 813178107/8110
UG srmas 036 - 8130/(B1327B126)
Results 2-storey flat (Single
CFL Column UCtacase * UCnormal UCharma /1
670 5l538x140-5p. 600 mm  0.57(1) 064 036
8.49 51538x140-5p. 400 mm  0.28(2) 045 028
1028 SIS38x140-5p.400mm _ 0.32(2) 048 032
* placement of 1 or 2 columns at begin and end of wall

Figure X.167: Structural verification HSB wall (2-storey; Single wall; combination 2) (2)_Excel

@ o W =

A B C D E F G H
___ Cloulation HsBwall (3-storey; Single wall Combination2) |
safety factors (NEN-EN 1990) Vo va Formule B
Eq6.1 1,35 15
Eq6.2 12 15
Choosen column
Timber column
E-modulus (C24) 11000 N/mm®
Eggs 7400 Nfmm’
Density 420 kg/m®
Width (b] 38 mm
Length (h] 140 mm
A 5320 mm’ B11*B12
Spacing columns 04m
CFL 67 m
[L— 5,59 kg/m’
Height floor 2,80 m
Number of stories 3-
Leotumn 8689333,333 mm® (1/12)*B11*B1243
Wigiarmn 1,24E405 mm’ (1/6)"B117B1242
Half span gallery beam 06 m
Number of columns at start/end wall 2-
Opening factor 07 -
Plywood
Thickness 18 mm
Density 550 kg/m®
[LI— 9,3 ke/m’ (B25/1000)*B26

Figure X.168: Structural verification HSB wall (3-storey; Single wall; combination 2) (1)_Excel
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_ A B [« D E F G H 1K L M N
29 [Structural scheme.
30
3 F
2
3 'G
34 /
35 !
36 !
37 | |G §
38 d
39 4
40 f
4 pavy
42
43
a4
45 [Load (wind load is leading action)
46 Roof kN/m? [T— [T Formule C Formule D
47 |permanent load 07 0,67 0,94 g|B47%(B15/4) = B14 = (1/B23) B47%(B15/4) = (B21+(B14/2))
48 |variable load o
49 Impesed load B49*(B15/4)*B14*(1/B23) B49 * (B15/4) * ((B14/2)+B21)
50 eq6.2 (BA¥C47) + (C47E48*C4Q) (B47D47) + (C47E487D49)
51
52 3rd floor knyfm? [ kNiocose
53 Permanent load 1 0,96 1,34] \g|B53%(B15/4) * B14 * (1/B23) B53*(B15/4) * ((B14/2)+B21)
54 Variable 04
55 Imposed load 1,75 1,68 2,35 B55*(B15/4) * B14%(1/B23) BSS * (B15/4) * ((B14/2) +B21)
56 Non-structural walls 05 B56%(B15/4) * B14%(1/B23) B56*(B15/4) * ((B14/2)+B21)
57 eq6.2 2,34 3,42 (B4*CS3) 4 (C4¥ES4*(C554C56)) (B47D53) + [C4*E54*(D55+D56))
58
59 2nd floor kN/m*
60 Permanent load 1 \g|BEO*(B15/4) * B14 * (1/B23) B60*(B15/4) * ((B14/2)+B21)
61 |variable 04
62 Imposed load 1,75 B62%(B15/4) * B14%(1/B23) B62*(B15/4)*({B14/2)+B21)
63 Non-structural walls 05 B63*(B15/4) * B14 * (1/B23) B63*(B15/4)*({B14/2)+B21)
64 eq6.2 (B4*CE0) + (C4¥E61*(CE24CE3)) (B47D60) + (C4*E61*(D62+DE3))
85
66 | Self-weight wall kN/m? [T— [T
&7 [Permanent load
68 Columns 0,06 0,19 0,19 BG68*B14%B18°B17 B68%(B14/2)%(B17°B18)*B22
&9 Gallery beam 0,07
70 Facade 0,50 1,68 0,34 B70 *B14 *B17°B18 B70%((B14/2))*B18*B17
7 Gypsum board [Type F) (single side) 0,14 0,47 0,24 B71*B14*B18*B17 B71*(B14/2)*B17*B18
2 Plyweod (18 mm) 0,10 0,67 0,33 B72?B14*B18*B17%2 B72*(B14/2)*B17*B18%2
73 3,00 1,67 SOM(C68:C72) SOM(D68:D72)
74 eq62 3,60 2,00 B4%C73 B4*D73
75
76 Pointload frond facade kh/m’
77 Permanent load B77%(B15/4)*B17*B18
78 ea 6.2 B4*CT77
1]
20 Total load kN (incl. facade)* kN (excl. facade) Formule B Formule €
81 eq 6.2 9,20 9,29 (D50+D57+D644D74+C78)/B22 CS04C5740844C74
82 Fus 9,20 9,329 MAX(BB1:881) MAX(CB1:CB1)
83 * Value is devided by factor 2 at facade. At that location, 2 columns must be placed
84
85
36 Wind Load Formule B
@, (22.4m) (Wind area 11; Urban) 0,93 ki/m*

CsCa 1-

ceo 08 -

CLE 07 -

Ci_tor 0,8 - MAX{B8S;B0)

0,30 kN/m B37*B8B*BI1*B14
0,07 kN/m BB7*B8B*BO1%{B14/2)/B22
[T - [T — Formule C

M 437E405 1,00E405(1/8)*B22*C4*(B17*1000)42 (1/8)*B93*C4*(B17+1000)"2
99 |Verification strength
100 Buckling analysis > Supported at weak axis
101 Reduction factor
102 I, 8,69E+06 mm® B19
103 iy 40,41 mm \WORTEL(B102/B13)
104 Lie 2800 mm B17+1000
105 i 69,28 - B104/8103
106 foox 21 N/mm2
107 Rt 117 - (B105/PI{)) * WORTEL{B106/B2)
108 k, 1,28 - 0,5 * (1 +(0,2 * (B107-0,3)) + B107A2)
109 k. 0,56 - 1/(B108+WORTEL(B10842 - B10742))
110
111 Material properties
12 Climate class | -
13 Load duration long-term -
114 Kers 07 -
15 foox 21 N/mm2 B10G
116 fn 24 N/mm2
17 i 13-
18 Ky 1,01 ALS(B12<150; MIN{(150/B12)A0,2; 1,3); 1)
119 fogn 11,31 N/mm2 B1157B114/B117
120 o 13,10 N/mm2 B118*B114*B116/B117
121
122 Forces and unity check {Incl. facade)
122 Oit_tasate 1,73 N/mm2 B82*1000/B13
124 Otfacte 0,88 N/mm2 €96/820
125 [V 034 - (B123/(B109%B119)) + (B124/B120)
126 Forces and unity check (Exdl. facade)
127 oy 1,75 N/mm2 C82*1000/B13
128 On 3,52 N/mm2 B96/B20

Figure X.169: Structural verification HSB wall (3-storey; Single wall; combination 2) (2)_Excel
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P A B c D E F G H 1K L M N
129 uc 054 - (B127/(B119*B109)) + (B128/8120)
130

131

132 | Compression perpendicular to the grain (Beam below column)

133 kesa 125

134 % 30,00 MIN(30; B2171000/2; B11)
135 [ 98,00 mm B114{B134%2)

136 At 13720,00 mm’ B135%B12

137 [E— 0,68 Nfmm’ C82*1000/8136

138 fesax 2,50 N/mm’

139 fos04 1,35 N/mm’ B138°B114/B117

140 UCamas 040 - 8137/(8139*B133)

141

142

143 |Results 3-storey flat (Single wall;wind)

144 CFL Column UCtucae UChgamat UChouma 1/
145 6.70 5LS 38 x 140 - sp. 400 mm 0.34(2) 054 o.40
146 8.49 SLS38x170-5p.400mm 027 (2) 0.39 0.39
147 10.28 SLS38x184-5p.400mm  0.26(2) 0.36 041
148 * placement of 2 columns at begin and end of wall

149

Figure X.170: Structural verification HSB wall (3-storey; Single wall; combination 2) (3)_Excel



X.11.3.3 Housing separation wall

29

&

=}

%0

Figure X.171: Structural verification HSB wall (1-storey;

A 8 C
_ calouation HsBwall (1storey; Housing seperationwal) |
Safety factors (NEN-EN 1930} Yo Ya
Eq6.1 1,35 15
Eg6.2 12 1,5
Choosen column
Timber column
E-modulus (C24) 11000 N/mm’
Eoos 7400 N/mm’
Density 430 kg/m®
Width (b) 38 mm
Length (h) 89 mm
A 3382 mm’
Spacing columns 06 m
CFL 67 m
[ — 2,37 kg/m’
Height floor 2,80 m

Formule B

B11¥B12

X. Calculation sheets|367

(B11/1000) * (12/1000) * B10 * (1/814)

Formule C
B47*B15*B23*B14

B49*B15*B23*B14
(B3*C47) +(C3*EAB*C49)
(Ba*Ca7) + (C4*C49)

B55*B14¥B18%B17

B57%814*B18%817
B58*814*B18%817
SOM(C55:C58)
B3*C59

B4*C59

B64%823*B15°B18*B17
B3*C64
B4*C64

Formule B
(D50+D604C65)/B22
(D514D614C66)/B22
MAX(B72:873)

Number of stories 1-
[T 2232401,833 mm* (1/12)*B11*B1243
Wegiumn 50166,33333 mm’ (1/6)7B117B12°2
Half span gallery beam 06 m
Number of columns at start/end wall 1-
Factor oad transfer 035 -
Plywood
Thickness 18 mm
Density 550 kg/m®
L 9,9 kg/m® (B25/1000)*826
Structural scheme
F
A
H H
Load (Imposed load is leading action)
Roof (Full loaded) kn/m? [T— [T
Permanent load 0,7 0,98 1,48 i
variable load 0
Imposed load 1 141 2,11
eg6.1 1,33 1,99
eq 6.2 3,29 494
Self-weigth wall kN/m? [T [Rr—
Permanent load
Columns 0,02 0,04 0,02
Gallery beam 0,07
Gypsum board (Type F) 014 0,24 0,12
Flywood {18 mm) 0,10 0,17 0,08
0,44 0,29
eq6.1 0,60 039
eq6.2 0,53 035
Pointload frond facade kN/m? KN ppease
Permanent load 05 3,28
eq6.l 4,43
eq6.2 3,94
Total load kN (incl. facade)* kN (excl. facade)
eq6.1 6,82 1,93
262 9,23 3,82
Fus 9,23 3,82
* value is devided by factor 1 or 2 at facade. At that Iocation, 1 or 2 column(s) must be placed
Verification strength

Buckling analysis > Supported at weak axis

Reduction factor

Material properties

Climate class
Load duration
Kinad

feax

Y

fens

long-term

2,23E406 mm
25,69 mm
2800 mm

108,95 -
21 N/mm2
1,85 -
2,36 -
0,26 -

07 -

21 Nfmm2

15 -
11,31 N/mm2

B19

WORTEL(B81/B13)

B17*1000
B83/882

(B84/PI1()) * WORTEL(B8S/89)
0,5 *(1+(0,2 *(B86-0,3)) + B86~2)
1/(887+WORTEL(BB7A2 - B8642])

B8S

B94%893/B95

Housing separation wall) (1) _Excel

Formule D
B47*B15*823%((B14/2)4821)

B49*B15°823%((B14/2}+821)
(B3*D47) +(C3*E48*DAT)
(B4*D47) + (C4*D49)

B55*(B14/2)*B177B18*822

B57%(B14/2)*B18%*B17
B58%(B14/2)*B18%*B17
SOM(DS5:D58)
B3*D59

B4*D59

Formule C
C504C60
C514C61
MAX(C72:C73)
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122|* placement of 1 or 2 columns at begin and end of wall

Figure X.172: Structural verification HSB wall (1-storey; Housing separation wall) (2)_Excel

@ o B

29

b}

@ 9
g a

65
66
67
68
69
70

A

A B c D E
Forces and unity check (Incl. facade)
A 2,73 Nfmm2 B74%1000/B13
UG 0,93 - B99/(BO6*BEE)
Forces and unity check [Excl. facade)
on 1,13 N/mm2 C74*1000/B13
uc 0,38 - B102/(BBB*B96)
Compression perpendicular to the grain (Beam below column)
ks 125
% 30,00 MIN(30; B1451000/2;811)
Lt 98,00 mm B11+{2*B108)
A 8722,00 mm* B12%B109
On_Narmai 0,48 N/mm® C74*1000/B110
fesox 2,50 Nfmm*
foa0a 1,35 N/mm® B112*B93/BA5
UCagmas 026 - B111/(81077B113)
Results 1-storey flat (sep-wall)
CFL Column UChucte * UCooms [ —7
670 51538 x 89 - 5p. 600 mm 093(1) 038 0.26
849 51538 x 89 - 5p. 600 mm 058(2) 047 032
10.28 5L 38 x 89 - sp. 600 mm 0.70(2) 0.56 0.38

L coloulation HSB wall (2storey; Housing seperationwal) |
safety factors (NEN-EN 1990) Ve va Formule B
Eq6.1 135 15
Eq6.2 12 1,5
Choosen column
Timber column
E-modulus (C24) 11000 N/mm’
Egos 7400 N/mm’
Density 420 kg/m*
Width (b) 38 mm
Length (h) 120 mm
A 4560 mm* B11*B12
Spacing columns 06 m
cFL 67 m
Megtamn 3,19 kg/m’ (B11/1000) * (B12/1000) * B10 * (1/B14)
Height floor 2,80 m
Number of stories 2-
Leotumn 5472000 mm* (1/12)*B11°B12A3
Wogiamn 91200 mm* (1/6)*B11*B12A2
Half span gallery beam 06 m
Number of columns at start/end wall 1-
Factor load transfar 035 -
Plywood
Thickness 18 mm
Density 550 kg/m®
L 9.9 ke/m’ (B25/1000)*826
Structural scheme
F
A
-
A
Load (Imposed load is leading action)
Roof (Full loaded) KkN/m® [T KNpeose Formule C
Permanent load 07 0,98 1,48 \o|B477B1578237B14
variable load 0
Imposed load 1 141 211 849°B15°823%B14
eg6.l 1,33 1,99 (B37C47) + (C37E4B7CAT)
£062 329 494 (B4*Ca7) + (Ca*Cag)
2nd floor (Full loaded) kN/m? [ [ T—
Permanent load 1 1,41 211 5| B54*B15*B14*B23
Variable 04
Imposed load 1,75 2,46 3,69 B56%B15%B14%823
Non-structural walls 05 0,70 1,06 B857*B15*B14*B23
eq61 3,80 5,70 (B3*C54) + (C3*ES5*(CS6+C57))
eq6.2 5,80 871 (B4%C54) + (C4%C56) + (C43E55°C57)
Self-weigth wall KkNfm® [ [ T—
Permanent load
Columns 0,03 011 0,05 863°B14°818%B17
Gallery beam 007
Gypsum board (Type F) 014 0,47 0,24 B657B14*818%B17
Plywood {18 mm) 0,10 0,33 0,17 BE6*B14*B18*B17
0,91 0,53 SOM(C63:C66)
eg6.l 123 0,71 83*C67
eq 6.2 1,09 0,63 B4*CE7

Figure X.173: Structural verification HSB wall (2-storey; Housing separation wall) (1) _Excel

K L M N
K L M N
Formule D

B4778157B237((B14/2}+821)

B49°3157B23%((B14/2)+821)
(837D47) + (C37E487D49)
(B4*D47) + (C4*D49)

B54*B15°B23%((B14/2)+B21)

B56*815*B23*((B14/2)+B21)
B57*B15*B23*((B14/2)+B21)
(B3*D54)+{C3%ES5*(D56+D57))
(B4*D54) + (C4*D56) +(C4*ES5°DS57)

B63%(B14/2)*B17°B18"B22

B65*(B14/2)*B18*B17
B66*(B14/2)*B18*B17
SOM(D63:D66)
B3*D67

B4*D6T
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Formule C

C50+4C58+C68
C514C59+C69
MAX(CB0:C81)

A B c D E F G
Pointload frond facade kn/m? [T
Permanent load 0,5 B72*B23*B15*B18*B17
2q6.1 8,86 83*C72
2q6.2 7.88 B4%C72
Total load kN (incl. facade]* kN (excl. facade) Formule B
eq61 17,27 6,36 (DS0+D58+D68+C73)/822
eq6.2 22,15 10,19 (D51+D59+D69+C74)/822
Fu 22,15 10,19 MAX{BBO:B81)
* Value is devided by factor 1 or 2 at facade. At that location, 1 or 2 columnis) must be placed
Verification strength
Buckling analysis > Supported at weak axis Formule B
Reduction factor
I, 5,47E+06 mm’ B19
i 34,64 mm WORTEL(BES/B13)
[ 2800 mm 817+1000
. 80,83 - B91/890
feox 21 N/mm2
X 137 - (B92/PI(}) * WORTEL(B93/B3)
ky, 1,55 - 0,5 *(1+(0,2 * (B94-0,3)) + B94A2)
ke 0,44 - 1/(B95+WORTEL(BI5"2 - B9472))
Material properties
Climate class | -
Load duration long-term -
ot 07 -
[ 21 Nfmm2 893
¥ 13-
fepa 11,51 N/mm2 8102*B101/8103
Forces and unity check (Incl. facade)
it pareis 4,86 N/mm2 882*1000/B13
UCiacase 097 - 8107/(8104*B96)
Forces and unity check (Excl. facade)
O 2,23 Nfmm2 C82°1000/B13
uc 0,45 - B110/({B96*B104)
Compression perpendicular to the grain (Beam below column)
kesg 125
30,00 MIN(30; B14%1000/2; B11)
98,00 mm B11+B116*2)
11760,00 mm* B127B117
0,87 N/mm* €82*1000/B118
2,50 Nfmm®
1,35 N/mm’ 8120*B101/8103
051 - 8119/(8121°B115)

Results 2-storey flat (sep-wall)
CFL
670
849
10.28

Column UCrocase *
5L5 38 x 120 - 5p. 600 mm 057 (1)
5L5 38 x 120 - 5p. 600 mm 0.61(2)
5LS 38 x 120 - 5p. 600 mm 0.74(2)

* placement of 1 or 2 columns at begin and end of wall

Ulhormal UCoorma //
045 051
055 0.64
066 076

Figure X.174: Structural verification HSB wall (2-storey; Housing separation wall) (2)_Excel

RN VR ST Ca

15

A B =
Safety factors (NEN-EN 1990) Y& Ya
Eq6.1 135
Eq6.2 12

15

Choosen column
Timber column

E-medulus (C24)
Density

Width (b)

Length (h)

A

Spacing columns

CFL

Megiumn

Height floor

Number of stories
Testarmn

Woeatamn

Half span gallery beam
Number of columns at start/end wall
Factor load transfer

Thickness
Density

Mahywaod

11000 N/mm®
7400 N/mm®
420 kg/m®
38 mm
120 mm
4560 mm’
06 m

67 m
3,19 ke/m’
2,80 m
3-
5472000 mm®
91200 mm’
06 m
2.
035 -

18 mm
550 kg/m®
9.9 ke/m’

Structural scheme

Formule B

B11*B12

(811/1000) * (812/1000) * B10 * (1/B14)

(1/12)*B11%B1243
(1/6)*B11*B1272

(825/1000)*826

Figure X.175: Structural verification HSB wall (3-storey; Housing separation wall) (1)_Excel
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A c D E F G H
Load (Imposed load is leading action)
Roof kNfm? [ KNiacase Formule €
Permanent load 07 0,98 1,48 5|B47°B15°B23%814
Variable load o
Imposed load 1 141 2,11 B49*B157B23°B14
eg6.1 1,33 1,99 (B3%C47) + (C3*E4B*C49)
e 6.2 1,18 1,77 (B4¥C47) + (C4*E4B*C49)
3rd floor (Full loaded) kn/m® [ — [
Permanent load 1 1,41 2,11 i5|BS4*B15%B14*823
Variable 04
Imposed load 175 2,46 3,69 B56°B15%B14°823
Non-structural walls 05 0,70 1,06 B57°B15%B14°823
261 3,80 5,70 (B3*C54) + (C3*ES5=(C56+C57))
eq62 5,80 871 (B4¥C54) + (C4*C56) + [C4ES57C57)
2nd floor (Full loaded) kn/m? [T [T
Permanent load 1 1,41 2,11 Ug|B62*B15*B14%823
Variable 04
Imposed load 175 2,46 3,69 B64°B15%614°823
Non-structural walls 05 0,70 1,06 B65°B15%614°823
eq6l 3,80 5,70 (B3%C62) + (C3*E63°(CH44CE5))
eq 6.2 5,80 8,71 (B4*C62) + (C4*CB4) + (C4*EB3*CE5)
Self-weigth wall kNfm? [ KNioce
Permanent load
Columns 0,03 0,16 0,16 B71°B14%B18°817
Gallery beam 0,07
Gypsum board (Type F) 014 0,71 0,35 B73°B14%B18°817
Plywood {18 mm) 0,10 0,50, 0,25 B74°B14%B18°817
1,37 0,83 SOMIC71:C74)
eg6.l 1,84 1,12 B3*C75
e 6.2 1,64 1,00 B4*C7S
Pointload frond facade kn/m? [T
Permanent load 05 9,85 B80*B23*B15*B18*B17
eq6.1 13,30 B3*CB0
eq62 11,82 B4*C80
Total load kN (incl. facade]* kN (excl. facade) Formule B
eq 6.1 13,91 10,77 (DS0+D58+DE6+D76+CE1)/B22
262 16,00 14,43 (D514D59+D67+D77+C82)/B22
Fut 16,00 14,43 MAX(B88:889)
*Value is devided by factor 2 at facade. At that location, 2 columns must be placed
Verification strength
Buckling analysis > supported at weak axis
Reduction factor
I, 5,47E+06 mm® B19
i 34,64 mm WORTEL({B97/B13)
2800 mm B17*1000
80,83 - 599/898
21 N/mm2
137 - (B100/PI{}) * WORTEL{B101/B8)
155 - 0,5+ (1+(0,2 *(8102-0,3)) + B1022)
0,44 - 1/(B103+WORTEL(B103A2 - B10242))
Material properties
Climate class | -
Load duration long-term -
[ 07 -
foax 21 N/mm2 B101
2 13-
[ 11,31 N/mm2 B110*B109/B111
Forces and unity check (Incl. facade)
L 3,51 Nfmm2 B90°1000/B13
UChcuse 0,70 - B115/(B112*B104)
7|Forces and unity check (Excl. facade)
o 3,16 N/mm2 €90*1000/813
uc 0,63 - B118/(B104*B112)
Compression perpendicular to the grain [Beam below column)
L) 135
30,00 MIN(30; B14*1000/2; B11)
98,00 mm B114(B124%2)
11760,00 mm’ B125*B12
1,23 N/mm® C90°1000/B126
2,50 N/mm’
1,35 Nfmm’ B1287B109/B111
0,73 - B127/(B129+B123)

Results 3-storey flat (sep-wall)

CFL
8.70

849
1028

Column
5L538x 120 -5p. 600 mm
51538 x 120 -sp. 600 mm
51538 x 140 -sp. 600 mm

UCtacate *

0.70(2)
0882
072(2)

UCnarmal UChcma /1
0.63 073
078 0.80
0.63 092

= placement of 2 columns at begin and end of wall

Figure X.176: Structural verification HSB wall (3-storey; Housing separation wall) (2)_Excel

Formule D
B47*B15°B23%((B14/2}+821)

BA49*B15*823%((B14/2}4821)
(83*D47) + (C3*E48*D49)
(B4*D47) + [C4*E48*D49)

B54°B15*823%((B14/2)+821)

B56°B15°823%((B14/2}+821)
B57*B15°823%((B14/2}+821)
(B3°D54}4(C3°E55%(D56+057))
(B4°D54) + (C47DS6) + (C4ES5°DS7)

B62*B15*B23%((B14/2}+821)

B64°B15°823%((B14/2)+821)
BE5°B15°823%((B14/2)+821)
(B3°D62)+(C3°E63%(D64+D65))
(B4*D62) + (C4*D64) + (C4*E63*DES)

B71%(B14/2)*B17*B18%B22

B73%(B14/2)*B18%B17
B74%(B14/2)*B18%B17
S0M(D71:D74)
B3*D75

B47D75

BB0*B23+B15¥B18+B17
B3*CB0
B4*CB0

Formule C
C50+C584C66+CT6
C51+C594C674C77
MAX(C88:CB3)
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Note: later during design, compression
perpendicular to grain is added (beam),
which appeared to be a normative design

Bladnr | /4 parameter for the 3-storey walls. Resultingly,
Deel \'/g[ b &z \ANOF - ;,_;a//_\, H5B3 the size of the columns is changed. Note that
Datum 24 /o5 fio23 still the validation holds, as the excel is not
atl 2 /3 AOo2S
changed.
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Figure X.177: Validation HSB Wall (Single wall; combination 1) (1)
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Figure X.178: Validation HSB Wall (Single wall; combination 1) (2)
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Figure X.179: Validation HSB Wall (Single wall; combination 1) (3)
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Order /

oy / VAN RAADGEVENDE
Bladnr 4 [y INGENIEURS

Dee U(’(-.I- ru/,,,,,, sAnSr - .;aa//s 145/?

Dawm 2y s Aoal ROSSUM

ode W
Op = Eed . Frue . bofp Lljn']
," ),? e
uC: gn Lo bes > A e oer &4
Y{LN“ (‘ wh "~6 : J \L-J w (‘( )
L1}
SHEE ] VALIDATED

Figure X.180: Validation HSB Wall (Single wall; combination 1) (4)




X. Calculation sheets|375

Note: later during design, compression

" / perpendicular to grain is added (beam),
Urger

which appeared to be a normative design
Bladnr | /? parameter for the 3-storey walls. Resultingly,

peel  \er. It ru( ode t.:ﬂ//( //512] thesize of the columns is changed. Note that
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Figure X.181: Validation HSB Wall (Single wall; combination 2) (1)
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Figure X.182: Validation HSB Wall (Single wall; combination 2) (2)
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Figure X.183: Validation HSB Wall (Single wall; combination 2) (3)
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Note: later during design, compression
perpendicular to grain is added (beam),
which appeared to be a normative design
Blad nr /§ parameter for the 3-storey walls. Resultingly,
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Figure X.184: Validation HSB Wall (Housing separation wall) (1)
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Figure X.185: Validation HSB Wall (Housing separation wall) (2)
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Figure X.186: Validation HSB Wall (Housing separation wall) (3)
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X.11.4 Gallery beam

X.11.4.1 Floor level

A B D E [
. cacuationgallerybeam(fioors)
2 safety factors ([NEN-EN 1990) Y& Yo Formule B
3 [Eq6.1 1,35 15
4 |Eg6.2 12 15
5
6 |Choosen beam
7 Timber gallery beams
g E-modulus (C24) 11000 N/mm2
G Density 420 kg/m3
10 Height 270 mm
1" Width 70 mm
12 Span 12 m
13 CFL 10,28 m
14 [r— 7,94 kg/m (B10/1000) * (B11/1000) * B9
15 lieam 1,15E+08 mm4 (1/12)*B11%B10A3
16 - 8,51E+05 mm3 (1/6)*B11*B102
17 Number of beams 1-
18
19 |Structural scheme
20 q-load
21
20p L4 L Ll Ll
23
= A’ 1.2 [m] A
5|7 ) '
26
27
28 | Loads
25 |Floors kl\.l,l’m2 kN/m Formule C
30 |Permanent 1 5,14 g B30*B13/2/B17
31 |variable 0,4
32 Imposed loading 1,75 9,00 B32*B13,/2/B17
33 Mon-structural walls (safe consideration) 0,5 2,57 B33*B13/2/B17
34
35 ULS [kN/m] SLS [kMN/m]
36 eq 6.1 13,88 9,77((B3*C30) + (C3*D31* (C32+C33))
37 eq 6.2 21,20 15,16|(B4*C30) + (C4*C32) + (C4*D31*C33)
38
35 |self-weight beam kN/m Formule B
40 | Characteristic self-weight 0,08 B14*10/1000
4
42 ULS [kN/m] SLS [kN/m]
43 eq 6.1 0,11 0,08 B40*B3
44 eq 6.2 0,10 0,08 B40*B4
45
46 |Total
47 ULS [kN/m] SLS [kN/m]
48 eq6.1 13,99 9,85 C36+B43
49 eq6.2 21,30 15,24 C37+B44
50 e 21,30 15,24 MAX(B4A8:B49)
51
52 |Verification strength
53 |1. Bending moment Formule B
54 Material properties (C24)
55 Climate class 1/11 -
56 Load duration long-term -
57 [ — 07 -
58 ke 1- ALS(B10<150; MIN([150/810)%0,2; 1,3); 1)
59 frx 24 N/mm2
60 i 13 -
61 e 12,82 N/mm2 B59*B57*B58/B60
62
63 Forces_ULS and verification
64 M 3,83E+06 Nmm (1/8)*BS0*(B12*1000)A2
65 O 4,51 N/mm2 B64/B16
B6 uc1 0,35 - B65/BE1
67

Figure X.187: Validation Gallery beam (Floor level) (1)_Excel
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A B C D E F
62 |2.Shear force
69 |Material properties (C24)
70 Climate class I1f11 -
71 Load duration long-term -
72 [ — 07 -
73 fix 4 Nfmm’
74 ¥il 13 -
75 fua 2,15 Nfmm® B73*B72/B74
76
77 |Forces_ULS and verification
78 W 12779 N 0,5*B50*B12*1000
79 ™ 1,01 Nfmm® (3/2)*B78/(B10*B11)
80 ucz 0,47 - B79/B75
81
22 3. Load perpendicular to the grain
a3 Vo 12779 N B78
a4 Column width 76 (2 columns 38 x 83)
as Column height 29
a6 * 30 =30 mm on both sides needed! |MIN(30; B&4; (B12¥1000))
a7 [ 136 mm BB84+{2*B86)
88 At 5520 mm? BB7*MIN(BS5;B11)
29 ka0 1,35 -
90 O.04 1,34 Nfmm? B33/B88
91
42 Material properties and verification
43 Climate class 1/11 -
G4 Load duration long-term -
95 [ — 07 -
% fa0k 2,5 Nfmm2
97 ¥il 13 -
98 foa04 1,35 N/mm2 B96*B95/B97
99 ucs 0,80 - (B90/(B9E*BEI))
100
101 | Verification deflections
102 | Instantaneous deflections
103 Ui 0,11 mm (5/384)*(C30+B40)*(B12*1000)4 / (B8*B15)
104 T 0,19 mm (5/384)*C32*%(B12*1000)4 / (B8*B15)
105 sy 0,05 mm (5/384)*C33%(B12*1000)74 / (B8*B15)
106 Final deflections
107 k. [Climate class 1/11; Sawn wood) 0,8
108 Pz 03
109 Upns 0,20 mm B103*(1+B107)
10 Upna 0,24 mm B104*(1+{B108*B107))
m Upin g 0,04 mm B105%(D31 + (B108*B107))
12 Uin 0,47 mm SOM(B109:B111)
113 | Verification
14 [— 4,8 mm 0,004*B12%1000
115 uc4 0,10 - B112/B114
116
17
112 Most waorst case scenario
119 Properties uLs SLS
120 CFL Beams uci ucz2 ucs uca
121 10,28 70 x 270 0,35 0,47 0,3 0,1

Figure X.188: Validation Gallery beam (Floor level) (2)_Excel




X.11.4.2 Roof level
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A B D E
_ cledtiongallerybeamfrool)
Safety factors (NEN-EN 1990) Vi Yo Formule B
Eq 6.1 1,35 15
Eq 6.2 1,2 15
Choosen beam
Timber gallery beams
E-modulus (C24) 11000 N/mm2
Density 420 kg/m3
Height 170 mm
Width 70 mm
Span 12 m
CFL 10,28 m
[ — 5,00 kg/m (B10/1000) * (B11/1000) * B9
Tsaam 2,87E407 mma (1/12)*B11*B10A3
Wieam 3,37E405 mm3 (1/6)*B11*B1042
Number of beams 1-
Structural scheme
q-load
~ 1.2 [m]
Loads
Floors kI*.I,,-’m2 kN/m Formule C
Permanent 07 3,60|dig B30*B13/2/B17
Variable [v]
Imposed loading 1 5,14 B32*¥B13/2/B17
ULS [kN/m] SLS [kN/m]
eq 6.1 4,86 3,60|(B3*C30) + (C3*D31* C32)
eq 6.2 12,03 8,74|(B4*C30) + (C4*C32)
Self-weight beam kN/m Formule B
Characteristic self-weight 0,05 B14*10/1000
ULS [kN/m] SLS [kN/m]
eq 6.1 0,07 0,05 B39*B3
eq 6.2 0,06 0,05 B39*B4
Total
ULS [kN/m] SLS [kN/m]
eq 6.1 492 3,65 C35+842
eq 6.2 12,09 8,79 C36+843
Qs 12,09 8,79 MAX(B4T:B4E)
Verification strength
1. Bending moment
Material properties (C24)
Climate class 1/11 -
Load duration long-term -
Koract 07 -
ke 1- ALS(B10<150; MIN{{150/810)40,2; 1,3); 1)
fou 24 N/mm2
¥ 15 -
g 12,92 Nfmm2 B58*B56*B57/B59

Forces_ULS and verification
My

2. Shear force

Material properties (C24)
Climate class
Load duration
Konaat
fox
Vit
fua

2,1BE+06 Nmm
6,45 N/mm2
0,50 -

I/ -
long-term -
07 -

a I\I,-'mm2
13 -

2,15 N/mm®

Figure X.189: Validation Gallery beam (Roof level) (1)_Excel
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76
L
78
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20
a1
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a3
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85
26
a7
23
89
%0
9
92
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100
1
102
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104
105
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108
109
110
m
112
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114
115
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n7
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A B i D E F
Forces_ULS and verification
W 7I53 N 0,5%B49*B12*1000
™ 0,91 Nfmm?* (3/2)*B77/(B10*B11)
ucz 0,42 - B78/B74
3. Load perpendicular to the grain
Vo 7253 N B77
Column width 76 (2 columns 38 x BS)
Column height 89 (2 columns 38 x 89)
E 30 =30 mm on both sides needed! |MIN(30; B&3; (B12¥1000))
Lear 136 mm B33+(B85%2)
Ao 9520 mm” B86*MIN(BE4;B11)
keao 1,25 -
O.anq 0,76 N/mm’ B82/B87
Material properties and verification
Climate class 111 -
Load duration long-term -
Kuros 07 -
feux 2,5 Nfmm2
¥ 15-
fo04 1,35 N/mm2 B9S*BO4/BOG
ucs 0,45 - (BE9/(BO7*BEE))
Verification deflections
Instantaneous deflections
Uiners 0,31 mm (5/384)%(C30+B39)%(B12¥1000)"4 / (BB*B15)
[T—— 0,44 mm (5/384)*C32*(B12*1000)"4 / (B8*B15)
Final deflections
k4. (Climate class 1/11; Sawn wood) 0,8
I 0
Ung 0,56 mm B102%(1+B105)
Upnat 0,44 mm B103*|1+(B106*B105))
Usin 1,00 mm SOM(B107:8108)
Verification
Wallowed 4,8 mm 0,004¥B12*1000
uc4 0,21 - B109,/8111
Most worst case scenario
Properties uLs 5LS
CFL Beams uc1 ucz Ucs uca
10,28 70% 170 0,5 0,42 0,45 0,21

Figure X.190: Validation Gallery beam (Roof level) (2)_Excel




X.11.4.3 Hand validation
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Figure X.191: Validation Gallery beam (1)
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X.11.5 Gallery column

X.11.5.1 1-storey

A E C D E F G H J K L
I clltongleycoumntstorey
2 |safety factors (NEN-EN 1990) Yo Yo
3 Eg6.1 1,35 15
4 |Eg6.2 1.2 15
5
& |Choosen column
7 |Timber column Formule B
8 E-modulus (C24) 11000 N/mm’
9 Egns 7400 N/mm’
10 Density 420 kg/m’
1 feox 21 N/mm’
12 ‘Width (short axis) 70 mm
13 Length (Long axis) 70 mm
14 A 4900 mm? B12*B13
15 Span gallery beam 12 m
16 CFL 10,28 m
17 L — 2,06 kz/m (B12/1000) * (B13/1000) * B10
18 Height floor 2,80 m
19 Number of stories 1,00 -
20 leonmn  2000833,33 mm’ (1/12)*B13%*B1273
2 W,pmn 57166,6667 mm’ (1/6)*B13*B12A2
22
23 |structural scheme
24
25 F
26 A
7 f
28 ;
29 '
30 1
31 i H
32 '
33 |
34
35 Y
36 s
37
32 |Load (normative = lowest
3% |Roof (Full loaded) kN,/m? kN Formule C
40 | Permanent load 0,7 216 g | BAD*{B16/2)*{B15/2)
41 |Variable load o
42 Imposed load 1 3,08 B42*(B16/2) *(B15/2)
43 eq6.1 2,91 (B3*C40) + (C3*D41%C42)
44 eq 6.2 722 (B4*C40) + (C4%C42)
45
46 | 5elf-weight column kN
47 |Permanent load 0,06 B19*B18¥817+¥10,/1000
43 eq 6.1 0,08 B3*Ca7
49 eq 6.2 0,07 B4*C47
30
51 |Total load kN
52 eq6.1 2,99 C43+C48
53 eq6.32 7,29 c44+Cag
54 [ 7,29 MAX(B52:853)
55
56 |Werification strength Formule B
57 |Buckling analysis
32 |Reduction factor (I, =1.)
59 Iy 2,00E+06 mm’ (1/12)*B13*B123
60 iy 20,21 mm WORTEL(B59/B14)
61 Liue 2800 mm B18*1000
62 A, 138,56 - B61/B60
63 Do 2,35 - (B62/P1{))*WORTEL(B11/89)
64 k, 3,47 - 0,5%(1 +(0,2%(B63-0,3)) + B63A2)
65 k. 017 - 1/(B64+WORTEL(B64A2 - B6342))
66
67 |Material properties
68 Climate class 111 -
69 Load duration long-term -
70 Koo 07 -
7 Fox 21 N/mm2 B11
72 fnx 24 N/mm2
73 Vi 13-
74 fna 11,31 N/mm2 B71*B70/B73
75 g 12,92 N/mm2 B72*B70/B73
76
77 |Forces and unity check
73 On 1,49 N/mm2 B54+%1000/B14
79 uc 0,79 - |B78/(B65*B74))
80
21 |Results 1 storey
82 CFL Column uc uC (44x70)
33 6.70-8.49 J0x70 0,65 2.54
84 8.49-1028 J0x70 0,75 3.07

Figure X.193: Validation Gallery column (1-storey) _Excel
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X.11.5.2 2-storey

A B C D E F G H | J K L M N
I clcstiongallerycolumn 2stoey
2 Safety factors (NEN-EN 1990) Yo Yo
3 Eg61 1,35 15
4 |Eq6.2 1,2 15
5
6 Choosen column
7 | Timber column Formule B
8 E-modulus [C24] 11000 N/mm?
9 Eaos 7400 N/mm’
10 Density 430 kg/m®
1 [ 21 N/mm?
12 Width (Short axis) 95 mm
13 Length {Long axis) 95 mm
14 A 9025 mm’ B12*B13
15 Span gallery beam 12 m
16 CFL 10,28 m
17 [ — 3,79 kg/m (B12/1000) * (B13/1000) * B10
18 Height floor 2,80 m
19 Number of stories 2,00 -
20 legwmn  6787552,08 mm® (1/12)*813*B1243
21 Wopre 142895833 mm’ (1/6)*B13*B1242
22
23 structural scheme
24
25 F
26
7 .-'<
28
29 i
30 !
3 .
32 i
33 i
34 \
35 |
36 A
ar
32 Load (normative = lowest column)
39 |Roof (Full loaded) kN/m? kN Formule C
40 | Permanent load 07 2,16 Uip[B40%{B16/2)*{B15/2)
41 |variable load 0|
42 Imposed load 1 3.08 B42+%(B16/2) *(B15/2)
23 eq6.1 2,91 (B3¥C40) + [C37D41%C42)
44 £q6.2 7,22 (B4*C40) + (Ca*C42)
45
46 2nd gallery floor (Full loaded) kN,r‘m2 kN
47 |Permanent load 1 3,08 Uip[BA7*{B16/2)*(B15/2)
48 |variable 0,4
49 Imposed load 1,75 5,40 B497(B16/2)%(B15/2)
50 Non-structural walls 05 154 B49*(B16/2)*(B15/2)
51 eq 6.1 8,33 (B3¥C47)+{C37D48*(C49+C50))
52 eq6.2 12,72 (BA*C47) +C4*C49) +{C4*C50*D48)
53
54 self-weight column kM
33 Permanent load 0,21 B19*B18*817+*10/1000
56 eq 6.1 0,29 B3*C55
57 eq6.2 0,25 B4*C55
58
39 Total load kN
60 eq b1l 11,53 C43+C514C56
61 eq 6.2 20,19 C44+C524C57
62 Fut 20,19 MAX(BG0:BE1)
63
64 [Verification strength Formule B
65 Buckling analysis
66 Reduction factor (I, =1,)
67 1, 6,79E+06 mm’ (1/12)*B13°B1243
62 iy 27,42 mm WORTEL(BE7/B14)
69 Liwe 2800 mm B13*1000
70 A, 102,10 - BG69/B6B
71 Ao 1,73 - (B70/PI1())*WORTEL{B11/88)
72 k, 2,14 - 0,5*(1 +(0,2*(B71-0,3)) + B7112)
73 k. 0,29 - 1/(B72+WORTEL(B722 - B7142))
74
75 Material properties
76 Climate class /Il -
T Load duration long-term -
s Kimad 07 -
79 foox 21 Nfmm2 Bi1
80 fine 24 Nfmm2
a1 Via 13-
82 feon 11,31 N/mm2 B79°B75/B81
23 [ 12,92 Nfmm2 BB0*B73/B81
84
25 Forces and unity check
26 o 2,24 Nfmm2 B62*1000/814
a7 uc 0,67 - (B86/(B73*B82))
88
29 Results 2 stories
90 CFL Column uc uc (70 x 70)
91 6.70-8.49 95x95 0,58 18
92 8.49-10.28 95x95 0,67 2,18

Figure X.194: Validation Gallery column (2-storey) _Excel




X.11.5.3 3-storey
A

Safety factors (NEN-EN 1990}

Eq 6.1
Eq62

Y&

Yo

1,35

1,2

15
15

Choosen column

Timber column

0~ @ W

E-modulus (C24)
Eans

Density

fenx

‘Width (Short axis)
Length (Long axis)
A

Span gallery beam
CFL

Megiumn

Height floor
Number of stories
legiumn

Westumn

11000 N/mm?
7400 N/mm’
420 kg/m®

21 Nfmm?
95 mm
95 mm

9025 mm’

12 m

10,28 m
3,79 kg/m
2,80 m
3,00 -

6787552,08 mm*

142895,833 mm’

Structural scheme

2600
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B12*B13
Formule B

(B12/1000) * (B13/1000) * B10

(1/12)*B13*B1243
(1/6)*B13°B12A2

Load [normative = lowest column)

Roof

Permanent load
Variable load
Imposed load

S
=

3rd gallery floor (Full loaded)

Permanent load
Variable
Imposed load
Non-structural walls

2nd gallery floor (Full loaded)

Permanent load
Variable
Imposed load
Non-structural walls

Self-weight column

Permanent load

Total load

eq6.1
eqB.2

kN/m?

eq6.1l
eqB.2

kN/m?

kN

kN

175

eq6.1
eq 6.2

kN/m?

0,5

kN

175

eq6.1
eq 6.2

eq 6.1
eq 6.2

kM

0,5

kN

20,00
28,42
28,42

2,16

3,08
2,91
2,59

3,08

5,40
1,54

8,33
12,72

3,08

5,40
154
8,33
12,72

0,32
0,43
0,38

Formule C
2| B40*(B16/2)*(B15/2)

=

BA427(B16/2) *(B15/2)
(B3*C40) + (C3*D417C42)
(B4¥C4D) + (C4¥CA27D41)

£

o|Ba7*(B16/2) * (B15/2)
04
B49*(B16/2) *(B15/2)

BS0*(B16/2) * (B15/2)

(B3*C47) + (C3*D48* (C49+C50))
(B47C47) + (C47C49) + (C47D48C50)

=

1|B55%(B16/2)*(B15/2)
04
B57*(B16/2)*(B15/2)
B58*(B16/2)*(B15/2)
(B3*C55)+{C3*D56%(C57+C58))
(B4*C55) +(C4*C57) +{Ca*C58*D56)

B19*B18*B17*10/1000
B3*C63
B4*CG3

Formule B
C43+C51+4C59+064
C44+C52+C60+C65
MAX(B68:B63)

Verification strength

Buckling analysis

Reduction factor (I, =1,)

~1
o

Material properties
Climate class
Load duration
Koo

6,79E+06 mm’
27,42 mm
2800 mm

102,10 -
173 -
2,14 -
029 -

i

long-term

0,7 -

Formule B

(1/12)*B13*81243
WORTEL(B75/814)

B18*1000

B77/B76
(878/PI{})*WORTEL{B11/89)
0,5%(1 +(0,2%(B79-0,3)) + B7942)
1/(B80+WORTEL{BBOA2 - B7942))

Figure X.195: Validation Gallery column (3-storey) (1) _Excel
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A B = D G H | J K L M N
[ — 0,7 -
feox 21 Nfmm2 B11
T 24 N/mm2
\ 13-
fenq 11,31 N/mm2 B37*BB6/B3Y
fma 12,92 N/mm2 B33*BE6/B3Y
Forces and unity check
On 3,15 N/mm2 B70%1000/B14
uc 0,95 - (B94/(B81*830))
Results 3 stories
CFL Column uc uc (70 x 70}
6.70-8.49 95x95 0,78 2,53
8.49-10.28 95 x 95 095 3,06

Figure X.196: Validation Gallery column (3-storey) (2) _Excel
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X.11.5.4 Hand validation
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bx - LT ey | |

A > 35»35‘§ 028 Lwn") ; ||

» u/éy [,.,] ‘ | |
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)} &)S_ N4 | Lo i Cown 3 ‘ Lol rr\).)
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Figure X.197: Validation Gallery column (1)
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Figure X.198: Validation Gallery column (2)
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X.11.6 HSB stability wall

X.11.6.1 Tension in wall

A B & D E F G H | J K Lk N 0

- e N 75
2 Parameters geometry
3 |Ratio: Depth [ length stability wall 45 -
4 |Depth building 10,85 m
3 Width unit building 18 m
6 |Storey height 28 m
7 |Number of floors 3-
8
9 |Contr. width 2nd floor 0Om
10 | Contr. Width other floors 0m
i
12 ‘Wall parameters
13 |Length stability wall 241 m B4/B3
14 | Longitudinal direction
15 |NFL 267 m
16 |Floorlength a 2,47 m
17 |Floorlength b 144 m B15-(0,5*B16)
18
159 |Transversal direction
20 |Half floor span 196 m
21
22 Structural applied weights
23 |Timber roof structure (Sheet roof) 0,7 kN/m*
24 |Timber floor (Sheet floor) 1 kN/m*
25
26 |Timber wall (double) (Sheet walls)
27 Columns 0,06 kN/m*
28 Gypsum board 0,28 kN/m*
29 Plywood (18 mm} 0,20 kN/m’
30 0,54 kN/m? SOM(B27:829)
N ‘Weigth per meter wall length 1,52 kN/m/storey B30*B&
32
EE] safety factors (NEN1990)
34 |Permanent load 09 -
33 Variable load 15 -
36
37
38 Verification in longitudinal direction
39 Loads caused by self-weight (assume no contributing width) Formule C Formule D Formule E
40 kN/m?* Pointload left/right [kN] Pointload middle [kN [kN/m]
41 |Roof structure o7 0,00 0,00 B41*817*810 B41*B16*B10
42 |3rd top-up floor 1 0,00 0,00 B42*B17*B10 B42*B16*B10
43 |2nd top-up floor 1 0,00 0,00 B43*B17*B9 B43*B16*BS
44 |1st top-up floor > does not transfer load to stability wall
45 (Walls
45 Stability wall 455 B31*B7
47 wall 3rd flaor 0,00 0,00 B31*810 831%B10
43 wall 2nd flaor 0,00 0,00 B31*89 831%B9
49 Total 0,00 0,00 4,55(C41+CAa2+C43+CAT7+C48  D41+D424D43+D47+D48 E46
30 Formule B
51 |Compressive force 515 549 kN €49+{D49/2)+(0,5*E497B13)
52 | Compressive force ULS 4,94 kN B34*851
53
54 Tension caused by windload
55 |Number of porches considered (Horiztonal linking of . 4 -
56 Qs (22.4m) (Wind area 1I; Urban) 0,85 kN/m’
57 CsCd 1-
58 cin 08 -
59 CiE 07 -
60 C_tot 0,8 >only suction or pressure MAX{B58;B59)
61 | Quind 515 2,02 kN/m B56*B57*B60%B4,/B55
62 |Guing_uis 3,03 kN/m B61*835
63 |Mying uis 1,07E+08 Nmm (1/2)*B62*{BT*B6*1000)"2
64 Tu 44,29 kN B63/(B13*1000) /1000
65 |Tension anchor 39,36 kN B64-B52
66
67 Tension anchorage
62 |Tension per wall side (Housing sep. wall) 19,68 kN B&5/2
69 |Capacity per Anchor (WHT440) 21,3 kN
70 |Number of anchors 1- AFRONDEN.BOVEN(BG2/B69;1)
71
72
73 Verification in t direction
74 |Loads caused by self-weigth
75 kN/m®  kN/m Formule C
76 |Roof 07 1,372|B76*B20
77 |3rd top-up floor 1 1,96|B77*B20
72 |2nd top-up floor 1 1,96|B78*B20
79 |wall 4,55|B31*B7
80 9,84|50M(C76:C79)
81 |Compression force per side 53,40 kN C80*B4/2 <Formule B
82 |Compression force_ed 45,06 kN BE1%B34 <Formule B
Tension caused by windload Formule B
q, (22.4m) (Wind area II; Urban) 0,93 kM/m?
CsCd 1-
o 08 -
CLE 07 -
Crrat” 15 SOM(BE7:888)
4,10 kN/m B85*B86*B8Y*2¥B20%0,75
6,15 kN/m BO0*B35
2,17E408 Nmm (1/2)*B91*(B7*B6*1000)A2
20,00 kN B92/(B4*1000)/1000
94 |Compression (> No tension) 28,06 kN B22-893

Figure X.199: Stability (Tension in wall) (1)_Excel
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A B € D E F G H | J K Lk N 0
95
9%
97 Maximal ion due to itudinal wind_load
92 Compressive force
99 |Compression due to wind 44,29 kN BE4
100 | Compression due to self-weigth 494 kN B52
101 Total 49,23 kN B99+B52
102 Number of columns 4- ((B13/2/0,6)%2)
103 Force per column 12,25 kN B101/B102
104
105 Column properties
106 k. 0,44 -
107 Arez 4560 mm®
108 o 2,69 N/mm? B103*1000/B107
109
110 Climate class | -
m Load duration long-term -
12 Kinat 07 -
113 foox 21 Nfmm’
114 ¥ 13-
15 [#9 11,31 N/mm? B113¥B112/B114
116 uc 0,54 B108/(B106*B115)
17
118 |Compression perpendicular to grain (Beam below wall)
119 koo 1,25
120 x 30,00 MIN(30; 600/2; 38)
121 Lt 98,00 mm 38+(2*B120)
122 Ay 11760,00 mm® 120%B121
123 o 1,04 N/mm? B103*1000/B122
124 fosax 2,50 Nfmm’
125 fos04 1,35 N/mm? B124*B112/B114
126 uc 0,62 - B123/(B119*B125)
127
128 Maximal compression due to t wind_load
129 |Compressive force
130 | Compression due to wind 20,00 kN Bo3
131 | Compression due to self-weigth 48,06 kN B82
132 Total 58,06 kN S0M(B130:8131)
133 Mumber of columns considered 9- (B4/2/0,6)
134 Force per column 7,53 kN B132/B133
135
136 | Column properties
137 ke 0,44 -
138 Area 4560 mm”
129 o 1,65 N/mm? B134¥1000/B138
140
141 Climate class | -
142 Load duration long-term -
143 Kenoat 07 -
144 oo 21 Nfmm®
145 ¥ 13-
146 [ 11,31 N/mm? B144¥B143/B145
147 uc 033 B139/(B137*B146)

Figure X.200: Stability (Tension in wall) (2)_Excel

X.11.6.2 Capacity of nails

D E F G H 1 J K L M N s P
L cacdtioncapacitynails(8axs0)
2 Fastener properties Formule B *
3 d 3,1 mm Round nails 15 %
4 Length 50 mm squared/profiled nails 25 %
5 |fux 400 N/mm2 Other nails 50 %
6 |Type of fastener | 15 % of johansen part* screws 100 %
7 My 2273,64 0,3°B5%(B3%2,6) Bolds 25 %
8 Dowels 0%
9 |Multiplex properties
0t 18 mm
1 |py 470 kg/m3
12 [fuax 36,82 N/mm2 0,11*B11%(B34-0,3)
13
14 softwood properties Formule B
15 |t 32 mm <wood thickness B4-B10
16 |py 350 kg/m3
17 |fuax 27,81 Nfmm2 0,082%(1-(0,01*B3))*B16
12 B 0.76 B17/B12
19
20 Estimation Facs
21 0.25Fun* 754,77 N (1/4)*PI{|*B342 * B5*0,25
22 *Most presumable it is a bit different, but capacity is limited to 15% of johansen part (below)
23 [Equations Fyp, Johanson part MAX: 0.25Fam  Fum
24 a 2054,55 N 0| 2054,55|B12*B10*B3
25 b 2758,78 N 0| 2758,78|B17*B15*B3
2 |c 1034,66 N 155,20| 1189,86/(({B12°B107B3)/(1+B18)) * (WORTEL{(B18+(27B18#2*(1+(B15/B10) + (315/B10)42} + (81843°(B15/810)"2))) - (B18%(1+(B15/810))]))
27 |d 121498 N 182,25 1397,23|(({1,05°B12*B10°B3]/(2+B18)) = (WORTEL((2°B182(1+B18)) + ((4*B187(2+B18)*B7)/(B12°B3°B1042)) - B18)))
28 e 1804,23 N 270,63 2074,85/(((1,05°B12*B15%83]/(1+(2*B18))) * (WORTEL({2*B1842%(1+B18)) +((4°B18%(1+(2°B18))*B7)/(B12°B3°815/2)) - B18]))
29 f 768,59 N 115,29| 883,88|(1,15 * WORTEL((27B18)/(14B18)) * WORTEL(2*877B127B3))
30
3 Fume 883,88 N MIN({E24:E29)
32
33 Design strength Formule b
34 kmod 07 -
35 ¥m 13-
36 |Funs 47594 N 831°B34/B35
37
38 Minimal spacing
39 al 31 mm ALS(B3<5; (5 +(5=COS(0)))*B3; (5 +(7°COS(0)))*B3)

Figure X.201: Capacity of nails_Excel
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A B C F G
'~ __ Verification shear force_Option2
2 Stability wall properties
3 |Ratio depth/ length stab. wall 45 -
4 | Depth building 10,85 m
3 |Length stability wall 2,41 m
6 |Hya 28 m
7 |Number of stories 3 -
& |Thickness plywood (C18) 18 mm
% | Column width (C24) 38 mm
10 | Column depth (C24) 120 mm
11 |Spacing 600 mm
12
13 Definition wind load
14 0. (22.4m) (Wind area I1; Urban) 0,93 kN/m’
15 CsCd 1-
16 CrO 0,8 -
17 CrE 0,7 -
18 i tat 08 - MAX(B16:B17)
19 | Quind 515 8,07 kN/m B14*B15*B18*B4
20 |safety factor wind 1,5 -
21 | Quing_uts 12,11 kN/m B19*B20
22 | Qo 84,76 kN (B21*(B7-0,5)*B6)
23
24 \Mumber of walls 4 -
25 NMumber of sides (Housing sep. wall) 2 -
26 | Q. e et 5ide 10,60 kN B22,/B24/B25
27
28 Calculation shear
29 |F1 12,30 kN B26%B6,BS
30 |y 4,39 kN/m B29/B6
31 |F2 10,60 kM B26&
32 | 4,39 kN/m B31/B5
3B y=n WASR - B30=B32
34
35 Number of nails needed
36 |Capacity nail (3.1%50) 47594 N
37 |Meeded screws per meter 10 - AFRONDEMN.BOVEN((B32/(B36/1000)); 1)
38 |Maximal spacing 100,0 mm AFRONDEN BEMEDEN WISK(1000/B37;1)
39 Applied spacing 100 mm

Figure X.202: Needed nails_Excel
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X.11.6.4 Hand validation
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Figure X.203: Validation stability (Tension in wall) (1)
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Figure X.204: Validation stability (Tension in wall) (2)
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Figure X.205: Validation stability (Tension in wall) (3)
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Figure X.206: Validation stability (Capacity of nails) (1)
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Figure X.207: Validation stability (Capacity of nails) (2)
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Figure X.208: Validation stability (Needed nails)
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X.11.7 Weight calculation HSB top-up

X.11.7.1 1-storey

A B C D E F G H J K L M N ]

1 Weight calculation HsB top-up (1 added laver)

2 Building information

3 |Depth 10,85 m

4 |Unit length 18 m

5 |Stories 1 -

& |Storey heigth 28 m

7

] Load calculation

% |Load binations (NEN1990; CC2) Variable residential load is leading action
10 Vo Yo

11 6.10a 1,35 1,5 Qe = Ga¥e +Z0uyalla

12 6.10b 12 15 0 =Gavs + Quiva + FQvatb
13

14 |Roof kM/m? Formule B

15 |Permanent {incl. finishings) 07 I

16 |Variable - o

17 Eq 6.10a 0,95 B11*B15

18 Eg 6.10b 0,84 B12*B15

19

20 |1st floor (Full loaded) kh/m?

21 |Permanent {Incl. finishings) 1 I

22 |Variable 04

23 Residential load 1,75

24 Mon-str. walls 0,5

25 Eq 6.10a 2,70 (B11¥B214(C11¥C22%(B23+B24))
26 Eg 6.10b 4,13 (B12*B21)}+(C12*B23}+{C12*C22*B24)
27

28 Housing seperation walls

29 | Columns

30 Wwidth 38 mm

Bl Height 23 mm

32 Spacing 600 mm

3 Density 420 kg/m*

34 Sides 2-

35 Weight 0,05 kamz wall |(B30/1000)*(B31/1000)* 1000/B32)*B34*B33*10/1000
36

37 |Plywood

38 Thickness 18 mm

39 Sides 2-

40 Density 550 ke/m’

1 Weight 0,20 kN/m® wall |{B38/1000)*B39*B40*10,1000
42

43 | Fire safety board 0,14 kN/m*

1 Weigth 0,28 kN/m® wall |B43*B39

45

46 Total weight per m2 wall 0,53 kN/m” wall |B35+Ba1+B4d

a7 Total length sep. Wall 21,71 m

43 Total wall area 60,79 m* B47*B6*B5

49 ‘Weight seperation walls wall 31,95 kN B46*B48

50 Weight per m2 flat area 0,16 kNIm2 B49/(B3*B4)

51 Eq6.10a 0,22 kN/m® B50*B11

52 Eq 6.10b 0,20 kN/m?® BS0*B12

53

34 [Inner walls

55 |Columns

56 Width 38 mm

57 Height 120 mm

58 Spacing 600 mm

59 Density 420 kg/m®

&0 Weight 0,03 kn/m® wall |(B56/1000)%(B57/1000)* 1000/858)*B59*10/1000
&1

62 |Plywood

63 Thickness 18 mm

64 Sides 2-

65 Density 550 kg/m’

66 Weight 0,20 kl‘ql,.-'n‘l2 wall |(B63/1000)*B64*B65*10/1000
67

58 |Fire safety board 0,4 kN/m®

69 Weigth 0,28 kN/m® wall |BEB*BE4

70

71 Total weight per m2 wall 0,51 kN/m® wall |BG0+BE6+BE9

72 Total length sep. Wall 2895 m

73 Total wall area 81,06 m? B72*B5*B6

74 Weight seperation walls wall 41,33 kN B71¥B73

75 ‘Weight per m2 flat area 0,21 kN/m? B74/(B3*B4)

76 Eq 6.10a 0,29 kN/m?* B75*B11

77 Eq 6.10b 0,25 kN/m® B75%B12

Figure X.209: Weight calculation HSB top-up (1-storey) (1)_Excel
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A B C D E F G H J K L M N 0
78
79 | Columns gallery
a0 Width 70 mm
a8 Height 70 mm
82 Amount 6 -
EE] Density 420 kg/m®
84 Weight total 0,35 kN (B80/1000)*(B81/1000)*B82 *B5*86*B83*10/1000
85 ‘Weight per m2 flat area 0,002 kh/m? B24/({B3*B4)
86 Eq 6.10a 0,002 khfm® BAES*B11
87 Eqg 6.10b 0,002 kN,.-'n‘l2 B85*B12
88
29  Beams gallery floor
90 Height 295 mm
al Width 95 mm
g2 Length 1200 mm
a3 Density 420 kg/m®
a4 Amount 5 -
a5 Weigth total 0,85 kN (B90/1000)*(B91,/1000)*{B92,/1000)*BI4*B5*BI3+10/1000
%6 ‘Weight per m2 flat area 0,00 kN/m? B95/(B3*B4)
97 Eq 6.10a 0,01 kl‘d,.-'n‘l2 B95*B11
a8 Eq 6.10b 0,01 kn/m® BOG*B12
99
100 | Beams gallery roof
101 Height 245 mm
102 ‘Width 70 mm
103 Length 1200 mm
104 Density 420 kefm’
105 Amount 6 -
106 Weigth total 0,52 kN (B101,/1000)*(B102/1000) * (B103/1000) * B105* (B104*10/1000)
107 Weight per m2 flat area 0,003 kl*-l,.-'m2 B106/(B3*B4)
108 Eq 6.10a 0,004 kN/m? B107*B11
109 Eq 6.10b 0,003 kN/m? B107*B12
110
111 |Frond and back facade
12 Weigth 05 kN/m’ facade
113 Area frond + back facade 1008 m’ facade  |B4*BS*BE*2
114 Total weight 50,4 kN B113*B112
115 Weight per m2 flat area 0,26 kN/m? B114/(B3*B4)
116 Eq 6.10a 0,35 kN/m® B115*B11
117 Eqg 6.10b 031 kN,.-'n‘l2 B115*B12
118
119 | Total weight 2 stories
120 Eg 6.10a 451 kN,."'n‘l2 B17+B25+B51+B76+B86+897+B108+B116
121 Eg 6.10b 5,74 khl,l'm2 B18+B26+B52+877+B87+B88+8109+B117
122 Normative weight 5,74 kN,.n"m2 MAX(B120:8121)
123 5% exceeding 55 kh/m’ B122%0,95

Figure X.210: Weight calculation HSB top-up (1-storey) (2)_Excel

X.11.7.2 2-storey

A B C D E F G H 1 K L M N o]
| weight calculation H5B top-up (2 added layers)
2 Building information
3 |Depth 10,85 m
4 Unit length 18 m
5 |Stories 2 -
6 Storey heigth 2,8 m
7
8 Load calculation
9 Load inations (NEN1990; CC2) Variable residential load is leading action
10 Y5 Yo
1 6.10a 1,35 1.5 Qe = Gavs +EQuvado
12 6.10b 12 15 Qe = Gavs + Quavo + 30uvaln
13
14 Roof kN m’ Formule B
13 Permanent {incl. finishings) 0,7 g
16 |Variable - o
17 Eq&.10a 0,95 B11*B15
18 Eq 6.10b 0,84 B12¥B15
19
20 2nd floor (Full loaded) kN/m?
21 Permanent {Incl. finishings) 1 g
22 \Variable 0,4
23 Residential load 1,75
24 MNon-str. walls 0,5
25 Eq6.10a 2,70 (B11*B21)+{C11*C22%(B23+B24))
26 Eq 6.10b 413 (B12*B21)+{C12*B23)+(C12%C22%B24)
27
28 1st floor (Full loaded) kh/m?
28 permanent {Incl. finishings) 1 Yy
30 Variable 04
3 Residentizl load 1,75
32 Non-str.walls 05

Figure X.211: Weight calculation HSB top-up (2-storey) (1)_Excel
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A EB C D E B G H 1 K L M N o]
33 Eq 6.10a 2,70 (B11*B29)+{C11*C30%(B31+B32))
Y] Eq 6.10b 4,13 (B12*B29)+{C12¥B31)+(C12*C30¥B32)
35
36 Housing seperation walls
37 | Columns
38 Width 38 mm
39 Height 120 mm
40 Spacing 600 mm
1 Density 420 kg/m’
42 Sides 2 -
43 Weight 0,06 kN/m’ wall |(B38/1000)%(B39/1000)%1000/B40)*B42*B41=10/1000
y7)
45 Plywood
46 Thickness 18 mm
47 Sides -
18 Density 550 ke/m’
49 Weight 0,20 kN/m’ wall |{B46/1000)*B47*B48*10/1000
50
51 Fire safety board 0,14 kN/m?
52 Weigth 0,28 kN/m® wall |B51%B47
53
54 Total weight per m2 wall 0,54 kN,r'r'rl2 wall (B43+B49+B52
53 Total length sep. Wall 2171 m
56 Total wall area 121,58 m* BS5*B6*BS
57 ‘Weight seperation walls wall 65,87 kN B54*BS6
58 Weight per m2 flat area 0,34 kN,n"r'rl2 B57/(B3*B4)
59 Eq6.10a 0,46 kN/m® B58%B11
60 Eq 6.10b 0,40 kN/m’ B58*B12
61
62 Inner walls
63 Columns
64 Width 38 mm
63 Height 140 mm
66 Spacing 400 mm
67 Density 420 ke/m’
68 Weight 0,06 kN/m’ wall |{B64/1000)* B65/1000)*1000/B66)*B67*10/1000
69
70 Plywood
71 Thickness 18 mm
72 Sides 2-
73 Density 550 kg/m’
T4 Weight 0,20 kN,l'mz wall [(B71/1000)*B72*B73*10/1000
75
76  Fire safety board 0,14 kN/m®
T Weigth 0,28 kN/m’ wall |B76%B72
78
9 Total weight per m2 wall 0,53 kN/m? wall |BGB+B74+B77
20 Total length sep. Wall 28,95 m
81 Total wall area 162,12 m? BEBO*B5*B6
a2 ‘Weight seperation walls wall 86,55 kN B79*BE1
23 Weight per m2 flat area 0,44 kN/m? BB2/(B3*B4)
84 Eq6.10a 0,60 kN/m® BE3%B11
25 Eq 6.10b 0,53 kN/m’ BE3*B12
26
&7 Columns gallery
a8 Width 85 mm
29 Height a5 mm
90 Amount 5 -
91 Density 420 kg/m®
92 Weight total 1,27 kN (B88/1000)*(B539/1000)*B30*857B6*B91%10/1000
93 Weight per m2 flat area 0,01 kN/m* B92/(B3*84)
94 Eq 6.10a 0,01 kN/m? BO3*B11
95 Eq 6.10b 0,01 kN/m® B93*B12
96
%7 Beams gallery floor
98 Height 285 mm
99 width 95 mm
100 Length 1200 mm
101 Density 420 kg/m’
102 Amount 6 -
103 Weigth total 1,69 kN (B9B/1000)* B99/1000)*|B100/1000)*8102*B5*8101%10/1000
104 Weight per m2 flat area 0,01 kN/m? B103/(B3*B4)
105 Eq 6.10a 0,01 kN,-'mz B104*811
106 Eq 6.10b 0,01 kN/m’ B104%B12
107
102 Beams gallery roof
109 Height 245 mm
110 Width 70 mm
111 Length 1200 mm
12 Density 420 ke/m’
113 Amount 5-
114 ‘Weigth total 0,52 kN (B109/1000)*(B110/1000) * (B111/1000} * B113* (B112*10/1000)
115 Weight per m2 flat area 0,003 kN,-'r'rl2 B114/(B3¥B4)
116 Eq 6.10a 0,004 kNfm* B115%B11
17 Eg 6.10b 0,003 kN,l'mz B115*B12

Fiéure X.212: Weight calculation HSB top-up (2-storey) (2)_Excel
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A B C D E F G H ] K L M N 4]
111 Length 1200 mm
12 Density 420 kg/m’
113 Amount 6 -
114 Weigth total 0,52 kN (B109/1000)*(B110/1000) * (B111,/1000) * B113* (B112+10,/1000)
115 ‘Weight per m2 flat area 0,003 kh/m’ B114/(B3*B4)
116 Eq 6.102 0,004 kN/m’ B115%B11
117 Eq 6.10b 0,003 kN/m* B115%B12
118
119 Frond and back facade
120 Weigth 0,5 kN/m’ facade
121 Area frond + back facade 201,6 m’ facade  |BA*BS*BE*2
122 Total weight 100,8 kN B121*B120
123 Weight per m2 flat area 0,52 kN/m® B122/(B3*B4)
124 Eq 6.102 0,70 kN/m® B123%*B11
125 Eg 6.10b 0,62 kN;’mZ B123*B12
126
127 rotal weight 2 stories
128 Eq 6.102 8,12 kM,ﬁ’n‘l2 B17+B25+B33+B59+B84+B94+B105+B116+B124
129 Eq 6.10b 10,67 kN,."m2 B18+B26+834+B60+B85+B95+B106+B117+B125
130 MNormative weight 10,67 kN/m* MAX(B128:B129)
131 5% exceeding 10,1 kN,n’m2 B130*0,95

Figure X.213: Weight calculation HSB top-up (2-storey) (3)_Excel

X.11.7.3 3-storey

D E F G H J K L M N o}
1
2
3 |Depth 10,85 m
4 |Unit length 18 m
5 |Stories 5 -
6 | Storey heigth 2.8 m
7
] Load calculation
3 Load binations (NEN1990; CC2) Variable residential load is leading action
10 Yo Yo
1 6.10a 1,35 1,5 Qo = Givs +30uyalls
12 6.10b 12 15 9w = Ga¥e + Quavo + 70 voln
13
14 |Roof kN/m? Formule B
15 |Permanent (incl. finishings) 07 g
16 |variable -
17 Eg 6.10a 0,85 B11*B15
18 Eqg 6.10b 0,84 B12*B15
19
20 |3rd floor kn/m?
21 | Permanent (incl. finishings) 1 g
22 |variable 0,4
23 Residential load 135
24 Mon-str. walls 05
25 Eq 6.10a 2,70 (B11*B21)+(C11*C22*(B23+B24))
26 Eq 6.10b 2,55 (B12*B21)+{C12*C22*(B23+B24))
27
23 | 2nd floor (Full loaded) kN/m’
29 |Permanent {Incl. finishings) 1 g
30 |variable 0,4
B3l Residential load 1,75
32 Mon-str. walls 0,5
EE] Eq 6.10a 2,70 (B11*B20)+{C11*C30%(B31+832))
34 Eq 6.10b 413 (B12*B20)+{C12*B31)+(C127C307B32)
35
36 | st floor (Full loaded) kN/m*
37 |Permanent {Incl. finishings) 1 g
38 |Variable 0,4
39 Residential load 1,75
40 Mon-str. walls 0,5
1 Eq 6.10a 2,70 (B11*B37)+{C11¥C38%(B39+840))
2 Eq 6.10b 413 (B12*B37)+{C12*B39)+(C127C38%B40)
43
44 | Housing seperation walls
45 |Columns
46 Width 38 mm
a7 Height 140 mm
48 Spacing 400 mm
49 Density 420 kg/m’
50 Sides 2-

Figure X.214: Weight calculation HSB top-up (3-storey) (1)_Excel
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: A E C D E F G H | J K L M N Q
51 Weight 011 kl‘d,.-'n‘l2 wall |(B46/1000)*(B47/1000)* 1000/848)*B50*B49*10/1000
52

53 |Plywood

34 Thickness 18 mm

55 Sides 2 -

56 Density 550 ke/m’

57 Weight 0,20 kN/m® wall |(B54/1000)*B55*B56%10,/1000
58

59 |Fire safety board 0,14 kh/m’

&0 Weigth 0,28 kl‘d,.-'n‘l2 wall |B59*B55

&1

62 Total weight per m2 wall 0,59 kl*.l,.-'m2 wall |B51+B57+B60

63 Total length sep. Wall 2171 m

64 Total wall area 182,36 m’ BE3*BE*B5

65 Weight seperation walls wall 107,54 kN BE2¥BE4

66 ‘Weight per m2 flat area 0,55 kN/m? BG5/(B3*B4)

&7 Eq 6.10a 0,74 kl‘d,.-'n‘l2 BE6*B11

&8 Eq 6.10b 0,66 kn/m’ BEG*B12

69

70 |Inner walls

71 |Columns

72 ‘Width 38 mm

[£] Height 184 mm

74 Spacing 400 mm

75 Density 420 kg/m’

76 Weight 0,07 kN/m® wall |(B72/1000)*{B73/1000)*1000/874)*B75*10/1000
77

78 |Plywood

79 Thickness 18 mm

80 Sides 2-

81 Density 550 ke/m’

82 Weight 0,20 kn/m® wall |(B79/1000)*BE0*BE1*10/1000
83

84 | Fire safety board 014 kN/m’

85 Weigth 0,28 kN/m® wall |BEa*BSO0

86

a7 Total weight per m2 wall 0,55 kN/m’ wall |B76+BE2+BE5

88 Total length sep. Wall 2895 m

89 Total wall area 24318 m’ BB8*B5*B6

%0 ‘Weight seperation walls wall 134,09 kN B37*B89

a1 ‘Weight per m2 flat area 0,69 kNym? B9O/(B3*B4)

92 Eg 6.10a 0,93 kl“.l,."'m2 B91¥B11

a3 Eq 6.10b 0,82 kN/m® BO1*B12

94

93 | Columns gallery

96 Width 95 mm

a7 Height 95 mm

98 Amount 6 -

99 Density 420 kg/m®

100 Weight total 1,51 kN (B96,/1000)*(B97,/1000) *B98*B5*B6*B99*10/1000
10 ‘Weight per m2 flat area 0,01 kNym? B100/(B3*B4)

102 Eq6.10a 0,01 kN/m® B101*B11

103 Eq 6.10b 0,01 kN/m?® B101*B12

104

105 | Beams gallery floor

106 Height 295 mm

107 Width 95 mm

108 Length 1200 mm

109 Density 420 kg/m®

110 Amount 6 -

11 Weigth total 2,54 kN (B106/1000)*(B107/1000)*(B108/1000)*B110*85*B109*10/1000
112 ‘Weight per m2 flat area 0,01 khifm® B111/(B3*B4)

113 Eq 6.10a 0,02 kN,.-'mz B112¥B11

114 Eqg 6.10b 0,02 kl‘d,.-'n‘l2 B112*B12

115

116 |Beams gallery roof

n7 Height 245 mm

118 Width 70 mm

119 Length 1200 mm

120 Density 420 kg/m®

121 Amount 6 -

122 Weigth total 0,52 kN (B117/1000)*(B118/1000} * (B119/1000) * B121* (B120*10/1000)
123 Weight per m2 flat area 0,003 kNfm? B122/(B3*B4)

124 Eq 6.10a 0,004 khfm® B123*B11

125 Eqg 6.10b 0,003 kl‘d,.-'n‘l2 B123*B12

Figure X.215: Weight calculation HSB top-up (3-storey) (2)_Excel




126
127
128
129
130
131
132
133
134
135
136
137
138
139

Frond and back facade

Weigth 0,5 kN/m? facade
Area frond + back facade 3024 m’ facade
Total weight 1512 kN
‘Weight per m2 flat area 0,77 kh/m?
Eq 6.10a 1,05 kN/m®
Eq 6.10b 0,93 kh/m’
Total weight 3 stories
Eq6.10a 11,79 kN/m?
Eq 6.10b 14,08 kN/m®

Normative weight
5% exceeding

14,08 kN/m?
13,4 kN/m®

X. Calculation sheets|407

BA*B5*B6%2
B129%B128
B130/(B3*B4)
B131*B11
B131%B12

B17+B25+8334B414B67+802+4B1024B1134B12448132
B18+B26+834+8474868+803+81034B114+4B125+8133
MAX(B136:8137)

B138%0,95

Figure X.216: Weight calculation HSB top-up (3-storey) (3)_Excel
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X.11.8 Environmental impact HSB top-up

X.11.8.1 No

additional room
B

c
1 Type of porch flat

2 [Variant Excludes an additional room
3 |Unit width 18 m

4 |Depth building 10,85 m

5 |Number of stories 2-

6 |storey height 28 m

7 |Total new floor area 390,6 m’
8 |Floor span 3946 m
9

10 | Wall lengths

11 [ gty 12m
12 | Ly 465 m
13 | Lnairiseningie 543 m
14 | Lot 423 m
15 [ Lasatiiry e 241 m
16

7

12 Material usage

13 Floors

20 |1. Beams [Sawn wood)

21 Boeam 70 mm
2 Hoeam 270 mm
23 Spacing 400 mm
24 Volume 473602 m® fm® floor
25 Volume total 1,856401 m®
26

27 Steel beams (eventual)

28 Area 0 mm*
29 Amount of beams 5-

30 Volume 0,008400 m” fm” floor
31 Volume total 0,00E+00 m*
32

33 |2. Plywood

34 Thickness 18 mm
35 Volume 1,80E-02 m’ fm*floor
B Volume total 7,03E:00 m’
37

38

) Roof

40 [1. Beams (sawn wood)

41 B 70 mm
a2 Hoeam 170 mm
43 Spacing 500 mm
44 Volume 2,38E-02 m’ /m’ flat
45 Volume total 4656400 m®
46

47 |2. Plywood

8 Thickness 18 mm
49 Volume 1,80E-02 m’ fm*flat
50 Volume total 3,52E400 m’
51

52

53 Gallery beams (Sawn wood)

54 (1. Floors

55 Bueam 70 mm
56 Hieam 270 mm
57 Lieam 12 m
58 Number of beams 6-

59 Volume 6,976-04 m® fm” floor
60 Volume total 272601 m®
61

62 2. Roof

63 Bucam 70 mm
64 Hieam 170 mm
65 [ 12 m
66 Number of beams 6 -

67 Volume 4,39E-04 m® fm° floor
62 Volume total 857602 m®
69

70

7 Housing wall

72 1. Columns (Sawn wood)

73 Beatun 38 mm
74 Heotimn 120 mm
75 Spacing 600 mm
6 Rows 2-
77 Total wall length (includes stories) 4342 m
78 Volume total 1,856400 m®
79

20 2. Beams (Sawn wood)

81 Amount per wall 4-

82 Total length 173,68 m
8 Volume total 792601 m’
84

85 |3. Plywood

6 Thickness plywood 18 mm
87 Total length panel 86,84 m
a8 Volume total 438400 m’
89

90 4. Gypsum board

91 Thickness 18 mm
92 Total length 86,84 m
93 Volume total 4,38E400 m’
94

95

9% Inner wall

97 1. Columns {sawn wood)

93 Begtumn 38 mm
%9 Heotumn 140 mm

D E F G
Formule B

B3*B4*B5

84-811
B84/2
B12-B13

(821/1000)*(B22/1000)*{1000/823) * 1
B24*B3*B4*BS

8287104-67B297B3/(B47B3)
B307B37B47BS

(834/1000%1%1)
B35°B3*B4"B5

(B41/1000)7(B42/1000)*({1000/843)
B44*B3%84

(B48/1000)
B49*B37B4

B21
B22
Bl1

((BS5/1000)*(B56/1000)*8577858)/(B3784)
B597B37B47BS5

B41
Ba2
Bl1

({B63/1000)*{B64/1000)*865*866)/(B3*84)
B67*B3*84

((B12*2/2}4(B14*1)+813+815)*B5
(873/1000)*(B74/1000)*{1000/875)*B76*87786

B77°B81
(B73/1000)%(B74/1000)*B82

((B12*2)+({B14*2+(B13*2)+{B15*2)}*85
(886/1000)*B87°86

887
(891/1000)7892786

Figure X.217: Environmental impact HSB top-up (No additional room) (1)_Excel
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12
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19
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Formule D/E

(B25+B60)*1000/(C129*8130)

B3671000/(C1297B130)
B3171000/(C12397B130)
SOM(D134:£136)

(B45+868)*1000/(C129*8130)

B50+1000/(C129*B130)
SOM(D140:E141)

(B78+8103+B1251B83+B108)"1000/(81297B13 (B78+B103+8125+883+B108)*1000/(C12978130)
(888+B113)*1000/(C129°8130)
(B93+B118)*1000/(C129°8130)

A B C D E F G
Spacing 400 mm
Rows 1-
Total wall length (includes stories) 47,05 m ((B12=2)4B14)*85
Volume total  1,75E+00 m’ (898/1000)*(B99/1000)*{1000/B100)°B101°8102°86
2. Beams [sawn wood)
Amount per wall 2-
Total length 941 m 8102*B106
Volume total 501601 m? (898/1000)*(BSS/1000)*8107
3. Plywood
Thickness plywood 18 mm
Total length panel 91 m 810272
Volume total  4,74E+00 m’ B1127(5111/1000)*86
4. Gypsum board
Thickness 18 mm
Total length 941 m B112
Volume total __4,74E400 m’ B117*(B116/1000)*86
Columns gallery
B o5 mm
- 95 mm
Amount 6-
Volume total 303£01 m’ (B122/1000)*(B123/1000)78124785%B6
Total material use
RSLrange 23 az ¥ Formule B
New floor area 3906 m B83*B4*B5
Element RSL=23y RSL=42y Formule B/C
Floors. 104-3 m® Jy/ m* new floor area 103 m* fy/ m* new floor area
Sawn wood 2,08E:00 1,14E:00 (B25+860]*1000/(B122%8130)
Plywood 7,836:01 429801 8361000/(812978130)
Steel 0,00E+00 0,00E+00 B31%1000/(B1297B130)
Total 2,87E+00 | 157E+00 [SOM(B134:C136)
Roof
sawn wood 5,27E-01 2,89E-01 (B45+868]*1000/(B129*8130)
Plywood 3,91E-01 2,14E-01 850*1000/(8129*8130)
Total 9,18E-01 | 503601 som(B140:C141)
Walls
Sawn wood 5,78E-01 3,17E:01
Plywood 1,02E+00 5,56E-01 (888+B113)*1000/(B129°8130)
Gypsum board 1,02E+00 5,56E-01 (893+8118)*1000/(B129°8130)
Total 2,61E:00 1,436:00 som(B145:C147)
Total of all elements
sawn wood 3,19E+00 1,75E+00 B1344B140+8145
Plywood 2,19E+00 1,206+00 81354B14148146
Gypsum board 1,02E:00 5,56E-01 B147
Steel 0,00E:00 0,00E+00 8136
Total &,39E:00 3,50E:00 som(B151:C154)
impact
RSLrange 23 az ¥
New floor area 3906 m’
Impact of materials Unit kg COz-eq / unit
Sawn wood 1m -1a60
Plywood im 738
Gypsum board 1m? 3,11
Steel 1000 kg 719
Element RSL =23y RSL =42y
Floors Amount Unit 10%-1 kg COy-eq/y/m2 new floor area  |0+-1 kg COz-eq/y/m2 new floor arei
Sawnwood  1,87E401 m® -3,04E401 -1,67E401
Plywood 7,036400 m* -3,15E400
Steel  0,00E:00 kg 0,00E+00
Total - -3,62E401 -1,98E+01
Roof
sawnwood  4,73E+00 m’ -7,69E+00 -4,21E400
Plywood  3,52E+00 m’ ,B7E+00 -1,57E+00
Total - -1,06E401 -5,79E+00
Walls
Sawnwood 5206400 m’ -8,44E400 -4,62E400
Plywood  9,126+400 m? -7 45E+00 -4,0BE400
Gypsum board 506,63 m’ 1,75E+00 9,60E-01
Total - -1,41E401 -7,74E400
Total of all elements
Sawnwood  2,87E401 m’® -4,66E401 -2,55E401
Plywood  1,976+01 m’ 61E+01 -8,80E400
Gypsum board 506,63 m’ 1,75E+00 9,60E-01
Steel  0,00E:00 kg 0,00E:00 0,00E+00
Total -6,00E401 -3,33E401

Figure X.218: Environmental impact HSB top-up (No additional room) (2)_Excel

SOM(D145:£147)

D134+D140+D145
D135+D141+D146
D147

D136
SOM(D151:£154)

Formule B Formule C
8129 c1z9
83*B4*BS

Formule D/E

(B1717D163/8163710)/(B15978160)
(B1727D164/8164710)/(B15978160)
8173710°D166/B166 / (B15978160)
SOM(D171:E173)

(B177*D163/8163°10)/(B159°B160)
(B178°D164/8164°10)/(B159°8160)
SOM(D177:E178)

(B182*D163/81653*10)/(B155*8160)
(B183*D164/8164*10)/(B155*8160)
B184*D165*10/8165/(B159°B160)
sOm(D182:E184)

D171+D177+D182
D172+D178+D183

som(D188:E191)

Formule F/G

(8171*D163/B163710)/(C159*B160)
(8172*D164/B164*10)/(C159*B160)
B1737107D166/B166 / (C1597B160)
SOMI(F171:6173)

(8177°D163/B16310)/(C159*B160)
(8178°D164/B16410)/(C159*B160)
SOM(F177:G178)

(8182*D163/B163*10)/(C159*B160)
(8183*D164/B164*10)/(C159*B160)
B184*D165*10/B165/(C159°8160)
SOM(F182:G184)

F1714F177+F182
F1724F1784F183

SOM(F188:6191)



X.11.8.2 Additional room

A B C
1 Type of porch flat
2 |Variant Includes an additional room
3 |unit width 18 m
4 |Depth building 10,85 m
5 |Mumber of stories 2-
6 |Storey height 28 m
7 |Total new floor area 390,6 m*
8 |Floor span 3946 m
9
10 'wall lengths
1 [Lostery 12m
12 |Lu 9,65 m
13 | Lnatricaieningie 543 m
L 423 m
15 | Ly 241 m
16
17
18 Material usage
19 Floors
20 |1.Beams (sawn wood)
21 Bueam 70 mm
22 Hoeam 270 mm
23 Spacing 400 mm
24 Volume 4,736:02 m’ fm’ floor
25 Volume total 1,856401 m’
26
27 Steel beams (eventual)
28 Area 0 mm*
29 Amount of beams 5 -
30 Volume  0,00£400 m’ /m’floor
Ell Volume total 0,00E400 m*
32
33 2. Plywood
4 Thickness 18 mm
35 volume  1,B0E-02 m’/m’floor
36 Volume total _ 7,03E+00 m’
7
38
39 Roof
40 [1. Beams (sawn wood)
41 Bheam 70 mm
42 Hyeam 170 mm
43 Spacing 500 mm
44 Volume 2,386-02 m’ /m’ flat
45 Volume total 4656400 m®
456
47 |2. Plywood
a8 Thickness 18 mm
49 Volume 1,80E-02 m’ fm’ flat
50 Volume total 3,526400 m®
51
52
53 Gallery beams (Sawn wood)
34 1.Floors
55 Boeam 70 mm
56 Hyeam 270 mm
57 Lveam 12m
58 Number of beams 6 -
59 Volume 6,976-04 m® fm° floor
60 Volume total 2,726-01 m®
61
62 |2. Roof
63 Boeam 70 mm
64 Hycam 170 mm
65 Loasm 12m
66 Number of beams 6-
67 Volume 4,39E-04 m® fm® floor
(5] Volume total 8,57E-02 m®
69
70
il Housing wall
72 |1. Columns (Sawn wood)
73 Bootumn 38 mm
74 Heoumn 120 mm
75 Spacing 600 mm
76 Rows 2-
77 Total wall length {includes stories) 43,42 m
78 Volume total 1,85E400 m’
79
20 |2. Beams (Sawn wood)
81 Amount per wall 4-
82 Total length 173,68 m
83 Volume total 7,826-01 m®
4
95 |3. Plywood
%6 Thickness plywood 18 mm
87 Total length panel 86,84 m
88 Volume total 4,38E+00 m’
89
0 |4. Gypsum board
91 Thickness 18 mm
92 Total length 86,84 m
23 Volume total 4386400 m’
)
95
96 Inner wall
97 [1. Columns (Sawn wood)
) Beoiumn 38 mm
% Heoimn 140 mm
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D E F
Formule B

B3*B4*BS

B4-B11
84/2
B12-B13

(821/1000)*(B22/1000)*{1000/823) * 1
B24*B3°B4*BS

B287104-678297B3/(B47B3)
B30*B3*B4*BS

(B34/1000%1%1)
B35*B3*B4*BS

(841/1000)*(B42/1000)*{1000/843)
B44*B3*B4

(848/1000)
B49'B3*84

B21
B22
Bl1

({B55/1000)*{B56/1000)*857+858)/(B3*84)
B59*B3*B4*BS

B41
Ba2
Bl1

((B63/1000)*{B64/1000)*865*B66)/(B3*B4)
B67*B3*B4

((B12*2/2}4(B14*1)+813+815)*B5
(873/1000)*(B74/1000)*{1000/875)*B76*877°86

8777881
(B73/1000)7(B74/1000)7882

((B12*2)+(B14*2+(B13*2)+{815%2)|*85
(B86/1000)°837°86

887
(891/1000)*892786

Figure X.219: Environmental impact HSB top-up (Additional room) (1)_Excel
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138
139
140

163
164
165
166
167
168
169
170
17
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
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Formule D/E

(B25+B60)*1000/(C129*8130)

B36*1000/(C129*B130)
B31*1000/(C129*B130)
SOM(D134:£136)

(B45+B68)*1000/(C129*B130)

B50°1000/(C129°B130)
SOM(D140:E141)

(B78+B83+B103+8108+8125)*1000/(8129*613 (B78+8108+B103+883+5125)*1000/(C129*8150)
(888+B113)*1000/(C129¥8130)
(B93+B118)*1000/(C12978130)

SOM(D145:£147)

D134+D140+D145
D135+D141+D146
D147

D136
SOM(D151:£154)

A 8 c D E F G
Spacing 400 mm
Rows 1-
Total wall length (includes stories) 57,90 m ((B12%2)4B144B13)*B5
Volume total  2,16E400 m’ (B98/1000)*(B22/1000)*{1000/B100)*B101*8102*86
2. Beams (Sawn wood)
Amount per wall 2-
Total length 1158 m B8102*B106
Volume total 6,16E-01 m’ (898/1000)*(B99/1000)°B107
3. Plywood
Thickness plywood 18 mm
Total length panel 1158 m B102*2
Volume total  5,84E400 m’ B112*(B111/1000)*86
4. Gypsum board
Thickness 18 mm
Total length 1158 m B112
Volume total __5,84E+00 m’ B117*(B116/1000)*86
Columns gallery
Besturn 5 mm
Heoumn 95 mm
Amount 6-
Volume total 303601 m’ (B122/1000)#(B123/1000}*8124*85*B6
Total material use
RSLrange 23 42 v Formule B
New floor area 390,6 m’ B3*B4%B5
Element RSL=23y RSL=42y Formule B/C
Floors 1043 m® /y/ m? new floor area 10%3 m’ fy/ m® new floor area
Sawn wood 2,08E+00 1,14E+00 (B25+860)*1000/(B129°8130)
Plywood 7.836:01 4,298:01 836*1000/(8129*8130)
Steel 0,00E+00 0,00E+00 831*1000/(8129*8130)
Total 2,87E+00 | 1,57E+00 sOM(B134:C136)
Roof
Sawn wood 5,27E-01 2,89E-01 (B45+868)*1000/(B129%5130)
Plywood 3.91E-01 2,14E01 B850°1000/(8129°6130)
Total 9,18E-01 | 5,03E-01 soM(B140:C141)
walls
Sawn wood 6,36E-01 3,48E-01
Plywood 1,14E:00 6,236-01 (B88+48113)*1000/(B129+8130)
Gypsum board 1,14E:00 6,236:01 (B9348118)¥1000/(B12978130)
Total 2,91E:00 1,59E+00 som(B145:C147)
Total of all elements
sawn wood 3,256+00 1,78E+00 B1344B140+8145
Plywood 2,31E+00 1,27E+00 81354B14148146
Gypsum board 1,14E:00 6,236-01 B147
Steel 0,00E+00 0,00E+00 8136
Total &,70E:00 3,67E:00 som(B151:C154)
Environmental impact
RSL range 23 az ¥
New floor area 3906 m’
Impact of materials Unit kg COz-eq / unit
Sawn wood 1m’ -1460
Plywood im 738
Gypsum board 1m? 3,11
Steel 1000 kg 719
Element RSL =23y RSL=42y
Floors Amount Unit 10%-1 kg COy-eq/y/m2 new floor area  |0+-1 kg COz-eq/y/m2 new floor arei
Sawnwood  1,87E401 m® -3,04E401 -1,67E401
Plywood 7,036400 m’ -3,15E400
Steel  0,00E:00 kg 0,00E+00
Total - -3,62E401 -1,98E+01
Roof
sawnwood  4,73E+00 m’ -7,69E+00 -4,21E400
Plywood  3,52E+00 m’ ,B7E+00 -1,57E+00
Total - -1,06E401 -5,79E+00
Walls
Sawnwood  5,72E400 m’ -8,29E+00 -5,09E+00
Plywood  1,026401 m? -8,34E+00 -4,57E+00
Gypsum board 567,39 m’ 1,96E+00 1,08E+00
Total - -1,57E401 -8,5BE+00
Total of all elements
Sawnwood  2,92E401 m’® -4,74E401 -2,60E+01
Plywood  2,08£401 m’ -1,70E401 -3,29E400
Gypsum board 567,39 m’ 1,96E+00 1,08E+00
Steel  0,00E:00 kg 0,00E:00 0,00E+00
Total -6,24E401 -3,42E401

Formule B Formule C
8129 c1z9
83*B4*BS

Formule D/fE

(B1717D163/8163710)/(B15978160)
(B1727D164/8164710)/(B15978160)
8173710°D166/B166 / (B15978160)
SOM(D171:E173)

(B177*D163/8163°10)/(B159°B160)
(B178°D164/8164°10)/(B159°8160)
SOM(D177:E178)

(B182*D163/81653*10)/(B155*8160)
(B183*D164/8164*10)/(B155*8160)
B184*D165*10/8165/(B159°B160)
sOm(D182:E184)

D171+D177+D182
D172+D178+D183
D184
D173
SOM({D1388:

Figure X.220: Environmental impact HSB top-up (Additional room) (2)_Excel

Formule F/G

(8171*D163/B163710)/(C159*B160)
(8172*D164/B164*10)/(C159*B160)
B1737107D166/B166 / (C1597B160)
SOMI(F171:6173)

(8177°D163/B16310)/(C159*B160)
(8178°D164/B16410)/(C159*B160)
SOM(F177:G178)

(8182*D163/B163*10)/(C159*B160)
(8183*D164/B164*10)/(C159*B160)
B184*D165*10/B165/(C159°8160)
SOM(F182:G184)

F1714F177+F182
F1724F178+F183
F184
F173
SOM(F188:6191)
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X.11.8.3 Hand validation
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Figure X.221: Validation environmental impact (1)
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Figure X.222: Validation environmental impact (2)
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Figure X.223: Validation environmental impact (3)




