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Abstract

Vertical Greenery Systems (VGS) show numerous advantages in terms of sustainability and a healthy living
environment. Unfortunately it is found that current knowledge on the fire safety of these systems is lacking
and can pose as a barrier forimplementing the systems or can cause situations in which they are implemented
which are unsafe. The current research aims to put a step forward into filling this knowledge gap. By literature
research, interviews with different parties and a risk analysis on case-studies relevant parameters influencing
the fire safety of VGS have been identified. A tool was developed which can analyse a fagade design with
VGS on its fire safety risks. The tool was tested on case-studies and evaluated by interviewees. The tool is to
guide designers and raise awareness and understanding of what parameters in a design influence the risk. By
raising the understanding on the topic of fire safety of designers, better informed and safer decisions can be
made. During the research numerous mitigating measures have been found which can be used in a design to
minimize the risk of using VGS. It was found that the type and amount of materials used in the system are of
great influence of its fire safety performance, more so than the vegetation used. Furthermore the location
of where on the facade the system is applied is of great impact on the risk the VGS causes. Concerns about
fire safety of VGS are valid but there are plenty solutions and design considerations identified which help
minimize the risks. A risk analysis tool can be helpful for designers to determine the fire risks of a design,
increasing the understanding and awareness on the topic which empowers designers to make safe designs
with VGS, thus enabling the safely greening of the building envelope.

Abbreviations

VGS Vertical Greenery Systems

LWS Living Wall Systems

GFs Green fagades

FMS Fire Management Systems

UHI Urban Heat Island

Bbl The Environment Buildings Decree (‘Besluit bouwwerken leefomgeving’)
NEN Dutch Norm (‘NEderlandse Norm’)

EN European Standard (from German Europdische Norm)

NPR Dutch Practice Guideline (‘Nederlandse Praktijk Richtlijn’)
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1.1 Introduction

More than half of the world’s population already live in towns or cities and it is predicted that urbanization
will continue over the next decades (UNFPA, 2016). The need for healthy living in urbanised areas is thus
increasingly important. The dense demographic of cities and lack of open green spaces cause many problems,
including excessive heat, flash floods due to heavy rains, air pollution, noise hindrance, biodiversity loss
and mental health issues. With the ever growing population of earth’s cities, the need for healthy living in
urbanised areas is incredibly important.

With the growing need to make the build environment sustainable, architects and engineers are looking for
innovative solutions to create a future proof building landscape. Since space in cities is scarce, it is important
to make smart use of the space that is available. Therefore making use of the vertical surfaces in cities,
which are abundant, provides huge opportunities. An increasing development is the use of vertical greenery
systems (hereinafter often referred to as VGS; Gunawardena & Steemers, 2020).

Even though vertical green is not something new in history, where people have been growing vines on fagades
for centuries (Ottelé, 2011), recent developments show an increase in different and much more complex
systems. With the growing use and development of different systems, there is a wide spread range of systems
currently available for use and most likely even more will be available in the future.

There is a lot of research discussing the positive effects vertical greenery systems can provide in terms of
environment and health (Bustami et al., 2018). Positive aspects among others are mitigation of the heat island
effect, stormwater management, providing shade to the building, having insulating properties, providing
noise reduction, increase urban biodiversity and improving air quality. There is also much evidence that the
presence of living green provides significant health benefits (Maast et al, 2006).

Still these systems are not common practice yet, because they also have downsides or insecurities in
knowledge. One of these insecurities is the fire safety of vertical greenery systems (Alalouff, 2023; Dahanayake
& Chow, 2018; Kotzen et al, 2023). The ‘Netherlands Fire Service’ and ‘Association of Insurers’ (Brandweer
Nederland en Verbond van Verzekeraars) even released a ‘position paper’ where they voiced their concerns
on the fire safety aspects of recent sustainability developments. They state that the recent developments are
so rapid that the amount of manufacturers and systems is readily increasing, but regulations and legislation
is falling behind (Brandweer Nederland en Verbond van Verzekeraars, 2021). The conclusion of a research
done by The Dutch Institute for Public Safety (NIPV) is similar to these findings. They state that even though
new sustainable developments have to comply with the Dutch Building Decree (‘Bouwbesluit’; replaced as
of January 1st 2024 by the Environment Buildings Decree (‘Besluit Bouwwerken Leefomgeving’ (Bbl))), the
use of these systems do not always guarantee a save building. This is because the tests performed are not
always appropriete for these systems and in general there is not much knowledge on the behaviour of fire in
regards to VGS (van Liempd et al., 2022). The lack of knowledge and research into the fire safety of vertical
greenery systems could work as a barrier for architects or building plan assessors to make use or approve
of the systems (Kotzen et al, 2023). Which can cause city dwellers to miss out on the benefits that vertical
greenery systems can provide in the urban landscape.

The current research focusses on identifying relevant fire safety risks when using vertical greenery systems
in a design. Parameters which influence the fire safety risks are mapped out and a decision-making frame-
work is developed which helps designers in their design process in making informed decisions to make sure
vertical greenery systems can be implemented in the built environment in a responsible and safe manner in
terms of fire safety.

1.2 Problem statement

As found in literature and news articles, there is a lot of doubt revolving around the fire safety of vertical
greenery systems (Alalouff, 2023; Dahanayake & Chow, 2018). The lack of knowledge and wide spread
research on this topic could pose as a barrier for the use of these systems in practice (Kotzen et al, 2023).
Which would be a huge loss, as the systems can provide numerous environmental and health benefits to the
urban landscape where horizontal space is scarce (Bustami et al., 2018). Designers could be discouraged to
make use of vertical greenery systems as it would be easier to opt for more conventional facade systems with
clearer standards and approved methods of use in terms of fire safety, but might not have the benefits vertical
green can provide. Furthermore, building plan assessors, such as the fire department and the municipality,
might not approve of plans with vertical greenery systems due to lack of knowledge and guidelines on the
fire safety aspects of these systems.

Another problem arising from lack of knowledge and awareness on the fire risks of vertical greenery systems
is that it could be that systems are being used which are not actually providing the necessary safety-level.
Since the testing methods and regulations are found to not be properly assessed in their appropriateness
for vertical greenery systems, it could be that systems are applied which comply to the according to the
standards, but might not be performing according to what is desired and expected.

With an ever urbanizing world where space is scarce, the implementation of vertical greenery can provide
health and environmental benefits other facade systems cannot. It is important that these systems can
be implemented in a responsible and safe manner. Therefore it is necessary that a systematic approach is
developed which takes the fire risks into account and provides adequate solutions in different safety levels
(Kotzen et al, 2023). A clear design guide for designers could make the use of vertical greenery systems easier
to implement and create safer situations.

1.3 Research Objective

The overarching research goal of this thesis is to create awareness and a better understanding of the fire
safety aspects of vertical greenery systems and provide insight in what aspects and design parameters are
of influence on the fire safety of these systems. This is to help designers gain a better understanding of how
choices made during the design process influence the fire safety risk of a design.

To achieve this goal, the research begins with a comprehensive overview of fire safety aspects relevant to
vertical greenery systems. The thesis explains the process of risk analysis to identify the key design parameters
and their impact on fire safety. It is then explored how these parameters can be used as design solutions to
mitigate risk and how additional measures can be implemented to further reduce the risk.

This information is translated into a decision-making framework, to help designers in making informed
decisions when designing with vertical greenery systems. Advice is given on how to implement these systems
with minimal risk, but also when it is necessary to pay extra attention.

With a better understanding of the relation between design options and their influence on fire safety, more
informed and argumented decisions can be made, which ultimately lead to better and safer designs. With a
better understanding of the fire safety aspects of vertical greenery systems it is anticipated that the use of
these systems will be encouraged while ensuring the safety and well-being of occupants and communities.



1.4 Research question and sub-questions

The main research question the current thesis aims to answer is:
“How can a decision-making framework help guide the design process for outdoor vertical greenery systems

which provides responsible fire risk management relevant to a building’s characteristics?”

To be able to answer the main question, several sub-questions need to be answered. The sub-questions are
organized by theme. The chapter in which the question will be discussed is mentioned after the question in
the brackets.
The following sub-questions are to be answered to be able to answer the main research question:
Vertical greenery systems
“What are the different vertical greenery systems currently in use and how do they differ in configuration
and materials?” (2.1)

“What are the advantages and disadvantages of vertical greenery systems?” (2.1)
Fire safety

“What are the current legislation and regulations on fire safety in buildings?” (2.2)

“What fire safety aspects are relevant to vertical greenery systems?” (2.3)
“What is the current approach of fire safety of vertical greenery systems in practice?” (2.3)
Risk assessment
“How can the fire risks of vertical greenery systems be assessed?” (3)
“What are the relevant and credible scenarios in terms of fire in vertical greenery systems?” (3)

“Which parameters influence the fire risk of using vertical greenery systems?” (3)

Design solutions

“Which design solutions can be utilised regarding the found risk scenarios?” (4)

“How can a decision-making framework be developed regarding the found parameters?” (5)

1.5 Methodology

The following methods are used during the research. A short description for each method is provided. The
research framework is also visualized in Figure 1.1.

Literature research

To start the graduation research an extensive literature review is necessary to become familiar with the
topic and find out what the current knowledge and lack of knowledge is. The literature review is used to
gain knowledge about vertical greenery systems, fire safety in general, current knowledge on fire safety in
VGS and the processes of risk assessment and decision-making frameworks. The knowledge gained from the
literature research is used to ask appropriate questions in the interviews.

Interviews

Interviews are conducted with different parties involved with the fire safety of VGS, such as manufacturers,
fire safety experts and insurance companies. Interviews are held early on in the research process to gain
information about VGS and fire safety and what experience the different parties have herewith. The interviews
can help with identifying risks and give first directions in possible design solutions. Later on in the research
process, interviews are held to validate the found results with experts.

Risk analysis

With the knowledge gained in the literature review and the interviews, a risk analysis is conducted to get
a clear overview of where the problems occur and what parameters have influence on the fire safety of a
design. Also case-studies are used in a “What-if’ risk analysis to develop scenarios to help define the relevant
parameters. When developing the solutions and design options, these are also evaluated on their influence
on the fire safety risks. The risk analysis and the design research is an intertwined and iterative process.

Case-studies

Fuelling the ‘What-if’ scenarios, case-studies are used. Design assignments are developed for different cases,
ranging from simple to complex. During these assignments, problems are encountered. These problems help
with creating the ‘What-if’ scenarios. The ‘What-if’ scenarios help with defining the relevant parameters
which influence the fire risk of a design.

Case-studies are aslo used to evaluate and test the decision-making framework. The case-studies serve as a
practical application of the framework and an evaluation of the outcomes of the framework.

Research by design

As mentioned before, case-studies are used to define the relevant parameters. By trying out different designs
in different cases, information and knowledge is gained on what problems might occur in terms of fire safety
in different designs. Also by evaluating the design options for the solutions a research by design aproach is
used.

Evaluation
During the research process, steps need to be evaluated to check if the outcomes are in line with the preceded
information. As mentioned earlier, case-studies and interviews with experts are used as evaluation methods.
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Figure 1.1: Research framework (own work)

1.6 Boundery conditions

Research by design

To frame the research, certain boundary conditions are set. One boundary condition is that the focus in
regulations and legislations will be the Dutch and European ones, since this thesis is written in the Netherlands.
Legislation differs per country and it is outside of the scope of this thesis to map out all the differences. The
focus of this thesis is providing a better understanding for safe implementation of vertical greenery systems,
the exact legislation of different countries should not make a huge difference, as all legislation aims to provide
safe situations. Mentions of practices in other countries will be made, as literature found was in most cases
not from the Netherlands.

Furthermore the focus of the current thesis will be on outdoor vertical greenery systems which are organic.
Vertical greenery systems can also be applied indoors, but that will not be the focus of this thesis. There are
also ‘green fagades’ with artificial plants, but these will also not be taken into account for the current thesis.

As vertical greenery systems can have the greatest impact in hardened areas and are most relevant to use in
dense demographics with scarce ground space, the focus of the thesis will be an urban setting. Furthermore
shall the focus be on buildings were people reside, so for example not on warehouses. Regardless, the found
solutions and mitigating measures in this thesis can also work in fire management in those situations as well.
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1.7 Thesis structure and workflow

The structure of the thesis roughly follows how the research process went.
Since research is an iterative and not a linear process, steps back and forth
were made during the research, but generally the information from the early
chapters was used to work on the steps made in the later chapters. Every
chapter starts with an introduction where an explanation of the function of
the chapter is given. At the end of every chapter a short overview of the key
aspects found in the chapter is given.

Chapter 2 discusses the literature research, where the relevant information
necessary for the research is gathered. In part 2.1, an overview is shown of
the different vertical greenery systems that are currently used and what the
differences are in their build-up and materiality. Here also the advantages and
disadvantages of the systems are explained. In part 2.2 an overview is presented
on fire safety in general and how fire is treated in legislation and management.
In part 2.3 the focus is on fire safety of vertical greenery system. An overview of
which aspects are important according to literature and interviews and found
VGS fire cases is made.

Chapter 3 shows the process of a fire risk assessment. First a brief overview of
different risk assessment methods is discussed and why the chosen method
was chosen. Then the used method and developed scenarios using case-studies
are explained. The found parameters are discussed and their impact explained.
Different design options per parameter are given. Lastly it is explained how the
weight of the different parameters is developed.

In chapter 4 the developed decision-making framework is explained. First the
goal of the framework and tool and how they can be used in a design process
is explained. Thereafter it is shown how quick wins can be identified and an
example of a design in a relative complex setting is given.

In chapter 5 the research is discussed and recommendations are made
for future research. An overview of the found conclusions is given and it is
explained what the relevance of the research is. Lastly a reflection is described
on the process of the research.

In the appendix supporting information for understanding the research is set
out. Here a summary of the interviews held is documented and an overview of
the case-studies used is shown. Images from the tools and the infographic are
also shown here.

Chapter 1
Research framework

__________________________

1 \

Introduction

Research objective

Research methodology

__________________________

__________________________

Vertical greenery
systems

Fire safety of buildings

Current literature on
fire safety of VGS

__________________________

Chapter 3
Risk assessment

__________________________

’ \

Scenarios with
case-studies

:

1

:

:

. Overview of parameter
: influence
1

:

:

:

Design options of
parameters
Chapter 4

Decision-making framework

__________________________

’ \

Explanation risk tools

Design examples

__________________________

Chapter 5
Conclusions

__________________________

Discussion and
conclusion

Reflection

__________________________

Figure 1.2: Thesis structure (own work)
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Chapter 02

Literature study

2.1 Vertical greenery systems (VGS)

This chapter gives on overview of existing vertical greenery system and their classification. An overview of
the differences between systems in their materiality and build-up is discussed. Futermore the advantages
and the disadvantages of using these systems is presented.

2.1.1 Introduction of vertical greenery systems (VGS)

Vertical greenery has been used by humans for centuries. The first archaeological evidence dating back to the
Roman empire, where climbing plants would grow on colonnades, walls and trellis screens to provide shade
in the hot Mediterranean sun (Bowe, 2004, p. 46). During the Renaissance period fruit walls were extremely
popular, and from the 17th century North American growing plants were introduced in Europe and used to
be grown on facades (Ottelé, 2011).

These first mentions of greening vertical surfaces mainly involved the growth of climbing plants on the
surfaces. Stanley Hart White, professor and landscape architect, was the first to propose a different method
of greening vertical surfaces. In 1938 he patented his invention the ‘botanical brick’, which is seen as the
first living wall system (Pritchard & Pritchard, 2023). Unfortunately his invention didn’t take much root in his
own time. It took 50 years before another visionary took a step further into the world of living wall systems.
In 1988 Patric Blanc created a system which could be placed on top of a load-bearing wall. It existed of a
metal frame holding PVC panels on which fabric was stapled. The irrigation system made use of a hydroponic
system (Kotzen et al, 2023). In the past few decades the interest and application of vertical greenery has
notably increased. With this increase in popularity, the development of different systems and manufacturers
has taken a flight.

This can also be seen in research. According to a research by Bustami et al. the amount of research on VGS
has significantly increased in the last years (Bustami et al., 2018). This is visualised in Figure 2.1.

NN W WA N
S LS L S W

umber of articles

N
o w o »

Green facade Green infrastructure Living wall VGS

Figure 2.1: Number of VGS papers published by year (Bustami et al., 2018)

2.1.2 Classification of different systems

Both in academic literature and in practice of manufacturers, terminology is not used in a very systematic
way. Terms as green fagades, green walls, living walls and vertical gardens are used interchangeably in some
cases (Radic et al, 2019). To prevent misconceptions in this research the terminology and classification as
shown in Figure 2.2 will be used throughout the current thesis. The overarching term used for all systems is
Vertical Greenery System (VGS).



Vertical greenery system (VGS)
— ———— Green facades (GF)
— — — , Green facades are fagades where climbing plants are rooted at the base of the facade and grow along the
Green Fagades Living Wall Systems (LWS) Wall vegetation Vertical forest facade. The most basic systems are rooted into the ground soil (system 1-2) and therefore do not need an
7 irrigation and nutrient system. There is a distinction between direct and indirect systems. With direct green
facades the plants grow directly onto the main fagade without an extra supporting structure (system 1). With

Direct Indirect Direct Indirect Hanging Planter box Foams Mineral wool Felt Natural Artificial Terrace Balcon L .
EE ¥ indirect green facades the plants grow on a supporting structure attached to the facade (system 2).

I PR - PR PR | £ 4
\# ¥ 4 As mentioned before, in literature climbing plants which are potted at the base of the wall (system 3-4), or
\ - = - : L hanging from a roof or balcony (system 5), are also considered green facades instead of living wall systems.
é by : : i ) ° Because these systems are not rooted into the ground, they will need additional irrigation and nutrient
. :: i » i : 13 supply.
= o \ﬁ- = Y )&— < <
A . : :* - 1 The materials involved in green fagades are the support structure (in the indirect systems 2 & 4), the growing
A 3 ) % i 3 By w media (in the systems not rooted into the ground 3-5) and the vegetation. The systems not rooted into the
] & al - - ol « I ground can be implemented with an automatic irrigation and drainage system.
3 = ' @
it 2 3 4 5 6 7 ) 8 9 1Q 11 ”/
Rooted into the ground Rooted in potting soil or artificial substrate

Figure 2.2: Classification of vertical greenery systems (own work)

A definition given by Ottelé is as follows (Ottelé, 2011):

“Vertical green is the result of greening surfaces with plants, either rooted into the ground, in the wall
material itself or in planter boxes attached to the wall in order to cover buildings in vegetation.”

In accordance with this definition, in literature most differentiations are made based on growing method
and supporting structure. A main distinction can be made between vertical green rooted into the ground
(systems 1-2) and vertical green rooted in potting soil or artificial substrates (not rooted into the ground;

systems 3-13). Figure 2.3: Direct green facade Figure 2.4: Indirect green facade
rooted into ground soil (system 1) rooted into ground soil (system 2)
(Zioandsons, 2015) (Own work)

A definition given by Radic et al for living wall systems is (Radic et al, 2019):

“Livings walls are self-sufficient living walls that are attached to the exterior or interior of a building. They
differ from green fagades (e.g., ivy walls) in that the plants root in a structural support which is fastened to
the wall itself. The plants receive water and nutrients from within the vertical support instead of from the
ground.”

Even though according to these definitions, one would assume system 3-5 to be considered LWS, as they
are not rooted into the ground or the wall itself, in literature these systems are mostly referred to as green
facades. To be consistent with existing literature, the same will be done in the current thesis.

Furthermore there are 5 main components of VGS: vegetation, growing media (substrate), support structure,
irrigation system and drainage (Manso & Castro-Gomes, 2015). The systems which are not rooted into the
ground will need anirrigation and drainage system. This can be done manually, in which case no extra materials
are used in the VGS itself. This can also be done automatically, in which case an irrigation installation needs to

be added in the VGS, which uses additional materialseee and adds complexity to the system. . & -. Y S < T o
Figure 2.5: Indirect green facade rooted into concrete Figure 2.6: Indirect green facade rooted into  Figure 2.7: Hanging green
planter boxes at base of fagade using a plastic trellis aluminium planter boxes at several heights facade rooted into pots (system
support structure (system 4) (Geoplast, 2019) of the facade using a steal trellis support 5) (Paison, 2022)

structure (system 4) (Mobilane, n.d.b)
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Living wall systems (LWS)

As mentioned before, living wall systems are systems where the plants are not rooted into the ground but in
structural supports which are connected to the facade. Because the vegetation can be rooted all along the
facade, a wider range of plants can be used than in green fagades, as the vegetation does not necessarily
need to be climbing plants. Due to how the systems are build up and connected to the fagade, LWS are always
indirect systems. Four main systems can be identified:

e LWS based on planter boxes, trays, vessels, modular boxes/holders (system 6);
e LWS based on foams (system 7);

e LWS based on mineral wool (system 8).

e LWS based on layers of felt sheets (system 9);

The main distinction between these systems is between the typology and the used materials for the support
structure and the growing media. All these systems need an irrigation and drainage system, mostly found to
be automatic. It is also possible to use automatic monitoring systems which monitor the moisture content of

Figure 2.8: LWS based on planter boxes, trays, vessels, Figure 2.9: LWS based on foams (system 7)
modular boxes/holders (system 6) (Biotecture, n.d.a) (Carpenter, n.d.)

the substrate with sensors.

Wall vegetation

Another form of vertical green is wall vegetation. With wall vegetation the plants are rooted directly into the
wall itself. The plants can grow naturally without human intervention (system 10) or artificial where plant
growth is stimulated (system 11). An example of artifical wall vegetation is Delft Quay Wall Garden (Utanner,
2023) as shown in Figure 2.13. The materials involved in wall vegetation are the wall itself and the vegetation.
These two systems will not be further discussed in the current thesis as they are vastly different in terms of
application and use from the other systems.

Figure 2.12: Natural wall vegetation (system 10) (VIDOK, 2019) Figure 2.13: Artificial wall vegetation (system 11) (Own work)

Vertical forests

Lastly there are systems which can create vertical forests, allowing for trees and other vegetation to grow
along the facade of a building. This can be achieved by using terraces (system 12) and balconies (system 13)
as big planter boxes. In this system the vertical green is not part of the facade system itself, as can be seen
in Figure 2.14, but are placed in large protrusions (balconies) or on stepped facades (terraces) in front of the
facade, and thus still creating vertical green along the height of a building. In these systems often a wide
variety of trees, bushes and plants is used, where the trees can even stretch along multiple floors, as can
be seen in Figure 2.15. It is not necessary to use trees in these systems, but to be consistent with existing
literature the overarching term for these systems used is Vertical Forests. An irrigation and drainage system
can be added or the system can work with water retention.

Figure 2.10: LWS based on layers of felt sheets (system

Figure 2.11: LWS based on mineral wool
8) (Notcot, 2011) (system 9) (Lawn & Garden, n.d.)
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Figure 2.14: Green balcony from eye level. Can be seen it is not Figure 2.15: Green balconies along the facade of a high rise
part of the facade itself (van Onna, n.d.) building (COIMA, 2020)
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Positioning in facade

Another distinction which can be made is in which way the system is part of the facade. This is mostly
relevant for systems 1-9. The VGS system can be used as the cladding of the facade, be against a facade or be
placed at a certain distance from the facade working as a second skin. For the facade integrated position, the
LWS are most suitable, as the Green Facades do not have a proper water retaining layer. Al systems work by
placing it against the facade. Green Fagades are most suitable for placing at a distance from the fagade, due
to functionality, as this way of placing is mostly done when there is a walkable area between the VGS and
the facade. The LWS would block most of the sunlight to the space behind it, which would not be desirable.
When in front of a closed facade without windows or walkable space behind it, this would not be much of a
problem. Green Facades allow for daylight to penetrate through the system, creating a pleasant and natural
environment behind the system.

# # #

* * # =0.5m
- i = L - @ _ L
Facade integrated Against facade At a distance from the facade

Figure 2.16: Three ways of attaching to the building (Own work)

For system 12 and 13, the distance from the facade at which the trees, bushes and plants grow is mostly
relevant.

2.1.3 Main components of VGS

As mentioned before, there are 5 main components of VGS: vegetation, growing media (substrate), support
structure, irrigation system and drainage (Manso & Castro-Gomes, 2015).

Vegetation

The vegetation consists of the types of plant species which are suitable for the different systems. These can
be climbing plants, hanging plants, succulents, shrubs, grasses, perennials and more. It differs per climate,
orientation, amount of shade and type of system which plants are suitable for a project. Furthermore some
plants change with the seasons. Perennials or deciduous plants go into dormancy during winter. These plants
therefore have different influence on fire behaviour in different seasons. Evergreens keep their leaves all year
round and are therefore more consistent throughout the seasons in their influence on fire behaviour.

Growing media (substrate)

The growing media (or substrate) can either be soil based or hydroponic based with (in)organic substrates.
The function of the growing media is to provide water, nutrients and oxygen to the roots and work as an
anchor point for the roots to hold on to (Jiffy group, n.d.). Organic substrates include sphagnum peat moss,
bark, coconut coir and rice hulls (PT Horticulture, 2016). Inorganic substrates include sand, gravel, perlite,
vermiculite, mineral wool, clay pebbles and expanded polystyrene balls or flakes (Oak Leaf Gardening, n.d.).
Also a microfibre cloth, foam or mineral wool can be used for the growing media.

Support structure

The support structure is the structure that assists in holding up the vegetation. There are several different
parts in the support structure as shown in Figure 2.17. Firstly there is the support for climbing plants which
help guide the plants to grow along. These can be metal, wooden or plastic. Secondly there are the elements
which hold the place where the plants are rooted into, these can be filled with a growing media if necessary.
These are usually plastic, metal or made of fabric. In some cases they can also be stony or wooden. Thirdly
there is usually a framework connected to the wall of the fagade to connect the VGS to the building. This is
often done with aluminum or steel profiles. Lastly in some systems a waterproof layer is placed at the back
ofithe system to protect the rear facade from water damage (Kotzen et al, 2023).

1. Support structure to = &~ 3. Support structure
guide the growing of the— | \& which attaches the rest
plants \ﬂ/ of the system to the
- \&| facade
\&}
2. Support structure to \&
hold the growingmedia O @~
in which the plant roots &
A 4. Waterproofing layer to
- \,}E—_
G protect rear structure

Figure 2.17: Support structure different parts (Own work)

Irrigation

The irrigation is the system which provides the water supply for the plants. This can be done manually, in
which case no additional material is added in the VGS itself. But in many cases the irrigation is implemented
within the system. In incorporated irrigation systems PVC, EVA or PE pipe lines are placed throughout the VGS
which provide the necessary hydration. Connectors of the pipes also include rubber and silicone. Common
systems used are drip or sprinkler systems (Manso & Castro-Gomes, 2015).

The lines can differ in density per system as shown in Figure 2.18. They can run only on the top of the wall, or
on top of every module or on top of every row of plants. Density influences the proper distribution of water
but can also be necessary if different plants in the system have different needs in terms of water supply.
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Figure 2.18: Density differences of irrigation. From left to right, low to high density. (Own work)

Furthermore the use of capillary action is sometimes used. With this a microfibre textile is placed verticaly
at the back of the system. With the capillary action, water that is brought to the system is then distributed
along the textile.

Drainage

The drainage consists of the elements needed for getting rid of the excess water. Drainage takes place by
gravity. The excess water can either simply be collected at the bottom through holes in the container elements
or be guided per module towards a rear drainage layer that guides the excess water to the bottom. The water
can then either be flown into the underneath ground or the sewer, or it can be collected and reused in the
system. 15



2.1.4 Materiality of the different systems
In the following section the present components per system and the materials used for the different
components is discussed.

System 1. Direct GF rooted into the ground soil
In this system the vegetation is the only component used, since the plants are rooted into the ground soil and
there is no support structure other than the external wall of the building.

The vegetation used for this system consists of self-clinging climbing plants, either with areal roots or suckers
(Ottelé, 2011).

System 2. Indirect GF rooted into the ground soil
The second system uses an additional support structure for the plants that are rooted into the ground soil to
grow along. So the components used in this system are vegetation and support structure.

Since a support structure is present, a wider variety of climbing plants can be used for this system such as
twining climbers or tendril climbers (Ottelé, 2011). For the support structure several materials can be used
either in cable, rope, trellis or mesh form. Materials used are steel, aluminium, HDPE (or other plastics) and
wood .

System 3. Direct GF not rooted into the ground soil

The third system consists of climbing plants that are rooted into a planter box which grow along the external
wall of the building without additional support for the plants to grown onto. The components used in these
systems include thus the vegetation, growing medium and the support structure of where the plants root into
the growing medium. Since the plants are not rooted into the ground, an additional irrigation and drainage
system is needed.

The vegetation used in this system includes the same type of plants as in system 1, self-clinging climbers
(Ottelé, 2011). The growing media can be either organic or inorganic. The support structure consists of the
planter boxes or pots which hold the growing media where the plants are rooted into. These planter boxes
or pots can be made of different materials. When they are placed on the ground they can be made of more
heavy material, such as ceramics or concrete, as shown in Figure 2.5. When attached to the wall they are
made of lighter material, such as wood, HDPE (or other plastics), aluminium sheets or steel sheets (Manso
& Castro-Gomes, 2015). The irrigation system can be manual or automatic. In case of a manual system,
no additional materials are added to the system. In case of an automatic system, pipes bring water to the
growing medium in the support structure. At the bottom, a drainage system will be necessary to prevent the
overflow of the planter boxes. This can be done through holes or with a hose system. With a hose system the
water can be reused.

System 4. Indirect GF not rooted into the ground soil

The fourth system consists of vegetation that is rooted into planter boxes and is guided to grow along a
support structure in front of the external fagade of the building. The components used in these systems are
vegetation, growing media, support structure, an irrigation system and a drainage system.

The same type of plants as system 2 can be used for this system and the same type of growing medium,
irrigation system and drainage system as system 3 can be used. For the support structure, the same type
of planter boxes as system 3 can be used. Additionally the support structure of system 2 is also used. This
system is basically a combination of system 2 and system 3.

System 5. Hanging GF

In the hanging system vegetation, growing media, support structure, irrigation and drainage is used, because
the hanging system consists of hanging plants grown somewhere at a height of the fagade and flow down
the facade.
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The vegetation used for system 5 are trailing plants. These are plants that cascade along the ground or out
of pots but do not root at nodes along the stem. Which gives them the ability to ‘dangle’ from a balcony or
pot along the facade. For the growing media either organic or inorganic substrate can be used. The support
structure consists of a planter box which can sit on top or in of a balcony, at a protruding part of the facade or
at the roof or be hung onto the facade with an additional support structure to attach it to the facade. Since
the plants are not rooted into the ground soil, an irrigation and drainage system will be needed.

System 6. LWS based on planter boxes, trays, vessels, modular boxes/holders

In this system vegetation is rooted into a growing medium which is hold up by a support structure along the
facade. The system is often attached to the facade with an additional support structure. Since the vegetation
is not rooted into the ground an irrigation and drainage system is necessary.

Since the vegetation used in this system does not need to be able to climb, a wider variety of species can
be used than in systems 1-5. Types of vegetation found in the system often consists of shrubs, succulents,
grasses and perannials. The support structure can be made up of a lot of different materials and in different
shapes and sizes. Most used materials are HDPE, EPP, aluminium and steel. The additional support structure is
usually made of aluminium or steel. The growing media can be either organic or inorganic. It is also found that
support of microfibre cloth with capillary function, to provide even distribution of the water and nutrients.
For the irrigation tubes can be placed in different densities in the system. Drainage works with gravity and the
water is collected at the bottom of the system.

System 7. LWS based on foams

This system is based on vegetation rooting into foam. The foam works both as the support structure and
the growing medium. The foam can absorb the water necesarry for the plants to grow. So in this system the
materials used are usually kept moist. Irrigation and drainage is necessary for this system.

The vegetation used needs to be able to root into the foam. The foam used is ‘Oasis’. The foam works both
as the growing media and the support structure. An additional support structure is necessary for attaching to
the facade. A water retention layer can be placed between the foam and the rear facade. Irrigation is done
through piping and making use of the capillary ability of the foam. Drainage works with gravity and the water
is collected at the bottom of the system.

—— Extension module
without tank
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for a good air circulation

—— Better air quality
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Figure 2.19: Example of a VGS with modular plant holders Figure 2.20: Example of a VGS based on foam (System 7)
made of EPP and a steel additional support structure (System  (Carpenter, n.d.)
6) (Mobilane, n.d.a)
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System 8. LWS based on mineral wool

In this system the vegetation is placed in mineral wool which is the growing media. The mineral wool is usualy
held in place by a support structure and it needs to be attached to the facade with an additional support
structure. To prevent the rear facade from moisture a waterproofing layer needs to be placed behind the
mineral wool. The system needs irrigation and drainage.

The vegetation used in this system is the same as in system 5. The growing media is the mineral wool. The
mineral wool is held in place with a plastic box or felt and attached to the facade with an aluminium or steel
support structure. The waterproofing layer can be made of a cementbased panel. The system will need an
irrigation system which can be implemented in different densities. Drainage can work with a rear drainage
layer made of geotextile guiding the water down where the water is collected at the bottom of the system.

System 9. LWS based on layers of felt sheets

In this system the vegatation is placed inside pockets of fabric which are stapled on a support structure. In the
pockets a growing media can be placed which can either be a substrate or mineral wool or geotextile is used
as a hydroponic system. There needs to be a waterproofing layer at the back of the system to protect the
rear facade. The system is hung on the facade with an additonals support structure. Irrigation and drainage
is necessary for this system.

The vegetation used in this system is the same as in system 5. The growing media can be of (in)organic
substrate or mineral wool or geotextiles. The support structure consists of layers of fabric stapled on a support
structure. The fabric can be made of (recycled) plastic. Instead of staples, a metal mesh can be used to hold
the fabric against the backboard. The backboard can be made of various types of plastic, aluminium, cement
fibre and more. The system will need an irrigation system which can be implemented in different densities.
Drainage can work with a rear drainage layer made of geotextile guiding the water down where the water is
collected at the bottom of the system.
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Figure 2.21: Example of a VGS with mineral wool and a PP Figure 2.22: Example of a VGS with felt support
support structure and aluminium additional support structure structure and a plastic backboard (System 9)
(System 8) (Biotecture, n.d.b) (Florafelt, 2015)
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System 12. Vertical forest in terraces

In this system plants grow in large areas on parts of the building where the geometry of the building jumps
back, leaving spaces which can be utilised. This system can be implemented as an intensive green roof system
with growing media and support structure. The system will need irrigation and drainage.

Since the plants in this system have access to a rather large amount of growing medium, a wide variety of
plants can be used. Even shrubs and trees can be used in this system. The growing medium is usually soil. The
support structure consists of the roof of the building on which the waterproofing layer, root barrier layer and
the drainage are placed. Irrigation is done with piping or water retention is used.

System 13. Vertical forest in balconies

In this system plants grow in large protruding parts of the fagcade. The balconies function as large planter
boxes. This system can be implemented as an intensive green roof system with growing media and support
structure. The system will need irrigation and drainage.

Since the plants in this system have access to a rather large amount of growin media, a wide variety of plants
can be used. Even shrubs and trees can be used in this system. The growing medium is usually soil. The
support structure consists of the balcony protruding from the building structure in which the waterproofing
layer, root barrier layer and the drainage are placed. Irrigation is done with piping or water retention is used. .

Figure 2.23: Example of a vertical Figure 2.24: Example of a vertical
forest using terraces (System 12) (Vero forest using balconies (System 13)
Digital, n.d.) (Vero Digital, n.d.)

In both system 12 and 13 the support structure is very robust to be able to hold such a heavy system Usually
thick non-combustible materials are used such as concrete. The other materials used for the greenery system
are covered with a very thick layer of soil or substrate, so it is assumed that these materials will not have great
influence on the fire performance. In these two systems the plant choice, the configuration of the plants with
respect to the facade and the build-up of the facade are the most relevant aspects in terms of fire safety.

y i\ ' o . # = - — |
Figure 2.25: Vegetation relatively close to the Figure 2.26: Vegetation relatively far from the
facade (van Onna, n.d.) facade (van Onna, n.d.) 19




Overview materials per system

In table 2.1 an overview of the different aspects, including the materiality of the different components of
the different systems is shown. These aspects will be taken into account in the fire risks analysis and design
solutions. The information filled in the table is based on an analysis of information found in the different
research papers and information found from different manufacturers. The filled in information is what was
found to be the most common and most generally found situations. Since there are many different products
on the market for every different system, there could be products found which use different or additional
materials not listed in the table. It is always important when looking at the risks of a design to critically look at
the build-up of the specific product used or considered in a design. Especially the materials chosen and their
fire behaviour is important to take into account. The most influential materials on negative fire performance

are shaded red.

Table 2.1: Overview of VGS and their characteristics (Own work)

Since system 12 and 13 are rather different from the other systems, a different approach is needed for these
systems. The build-up and materials used are not as influential in these systems, as they will be covered by
a thick layer of soil. The design of the support structure is rather robust to be able to hold the heavy soil
and plants. Here the choice of plants themselves and their configuration with respect to the fagade is more
influential in terms of fire safety than the materials used in the support structure.

The prices mentioned are taken from several sources. These are rough indications, as per system and specific
material used and type of irrigation system the costs can vary. These costs do not include the maintenance,
it is solely about the installation cost. For the vertical forests there is no number stated, since these systems
are part of a balcony or roof system it is not easily quantifiably how much these systems cost. Since a very

robust structure is needed which are generally rather costly, the cost is stated as ‘high’.
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Name rooted into the fagade rooted into ) . fagade rooted into . LWS based on felt
rooted into potting . facade planter boxes foams mineral wool terrace and balcony
ground the ground potting
Needs irrigation
Air cavity -
- - Shrubs, grasses, Shrubs, grasses, Shrubs, grasses, Shrubs, grasses,
. Self clinging . Self clinging . . . . . .
Vegetation . Climber plants ) Climber plants Hanging plants perennials, perennials, perennials, perennials,
climbers climbers
succulents succulents succulents succulents
Soil based Soil based Soil based Soil based
Growing media Ground soil Ground soil Mineral wool Soil
Inorganic substrate | Inorganic substrate | Inorganic substrate | Inorganic substrate
Steel Steel Wooden
) Aluminium Aluminium plantsupport
Plant guide i i i Steel cable for wind
support
()
=}
5 | holds growing
S| mediaand - - Green roof system
(%]
g plants Metal
g Ceramic Fiberglass
a h Steel or aluminium | Steel or aluminium | Steel or aluminium | Steel or aluminium | Steel or aluminium | Steel or aluminium | Steel or aluminium
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acade
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Plastic or Plastic or Plastic or Plastic or Plastic or Plastic or Plastic or Plastic or aluminium
Drainage - - aluminium drainage | aluminium drainage | aluminium drainage [ aluminium drainage | aluminium drainage | aluminium drainage | aluminium drainage drainage pipe or
pipe or gutter pipe or gutter pipe or gutter pipe or gutter pipe or gutter pipe or gutter pipe or gutter gutter
Plant life Differs between
expectation (years) >0 >0 >0 >0 >0 10 35 35 35 plant, bush and tree
Maintenance Low Low Low Low low | Wigh | wigh | wign [  Wgh |  wgn |
Installation cost (€/ 30-45 40-75 200 100-800 200 400-600 750-1200 500-750 350-750 *High
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2.1.5 Advantages of VGS

The reason to make use of VGS is because it has several benefits regarding sustainability. There are many
researches performed on the advantages of VGS, but the benefits and disadvantages are not always clearly
laid out per different system in literature. When tests are performed, it is often not clearly mentioned what
the exact system build-up and used plants were and in which climate it was performed. Therefore it is hard
to compare different studies and state clear conclusions from these studies (Ascione et al., 2020; Radic et al,
2019). Since the focus of the current research is providing a guide into the safe use of the different systems, the
advantages will be briefly explained but will not be discussed in extreme depth, because that is not the focus
of this study. Previous studies are used for understanding how the different systems score on the different
advantages, as shown in Figure 2.27. Very generally speaking, the LWS score better on the advantages than
the green fagades. Unfortunately vertical forests were not taken into account in these studies.

Vertical green type Rooted into the ground Rooted in artificial substrates and potting soil mixtures
type Green facade Living wall system Wall vegetation
directorindirect direct indirect indirect |direct indirect indirect Jindirect indirect indirect indirect  |direct direct
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Figure 2.27: Advantages of different Vertical Greenery Systems (Wagemans, 2016)

The advantages can be effective on an urban scale or on a building scale or both. Especially the advantages on
urban scale are very hard to quantify according to literature (Ottelé et al., 2011). Even though the advantages
on urban scale are the once that make it the most interesting to make use of these systems in a dense and
hardened habitat. Following is an overview of the found advantages:

Urban advantages

Mitigation of urban heat island (UHI) effect

One of the main advantages of greening vertical hardened surfaces is the cooling effect it provides. There are
many studies stating that VGS can help mitigate the urban heatisland (UHI) effect (Radic et al, 2019), whichisan
increasing problem in cities due to climate change and the heating of the earth. The covering of the hardened
surfaces prevents them from heating up and holding the warmth in the city and the evapotranspiration also
helps cooling the surrounding air. Since the covering of a single wall, will not have a great effect on the UHI
effect in a city, is the quantifying of this advantage rather hard. But it is very plausible and safe to assume that
when covering many of the hardened surfaces in a city, the UHI effect can be reduced. And thus providing a
healthier living environment.
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Contribution to urban biodiversity

In cities space is scarce and valuable. Many surfaces are hardened and where there is greenery, it is often
monotonous. Itis hard for different species of animals to thrive in these conditions. By greening more surfaces
in the city, especially with many different native species, a more animal friendly habitat can be created in the
city (Ottelé, 2011). This will help insects, birds and small mammals to survive in the city.

Reduction of air pollution

There are studies that show that plants can absorb pollutants and fine dust particles by filtering the air
(Ottelé, 2011). These particles are unhealthy for humans. So by providing more greenery in the city, the air in
the city becomes more healthy for its residents.

Storm water management/Positive effects on hydrology

There is an increase of heavy rains due to climate change. This increases the risk of the cities flooding, due
the hardened surfaces preventing the water to enter the ground and the sewage systems not able to guide
the water away. VGS can have a positive effect on the water management in a city. The systems can collect
and hold rainwater to relieve the sewage partly (Radic et al, 2019). Due to evapotranspiration of the water in
the plants, the runoff will not only be delayed, but also less (Roehr & Laurenz, 2008).

Improvement of human health and psychological wellbeing
There has been quite some research in the effect of greenery on human health. For example it is shown that
people in hospitals recover more quickly when they have a view over greenery as opposed to when they
have not (Ulrich, 1984). Also it is shown in a study that people living in neighbourhoods with abundant green
spaces experience better overall health. (Maast et al, 2006).

Building advantages

Thermal performance on building

The VGS works as an insulation layer, thus keeping the building warm in winter and keeping the building cool
in summer. It is shown in studies that the cooling effect is more prominent than the heating effect (Ottelé et
al., 2011). This is also due to the fact that the VGS shades the facade of the building and thus preventing the
facade from heating up and storing the heat.

Reduction of noise
It is shown in several studies that the insulation layer the VGS provides also works in noise reduction. This is
spefically noticable in narrow city canons where a lot of hard surfaces are present (Radic et al, 2019).

Economical benefits

The implementation of a VGS on a building can improve the real estate value or rent and thus be economically
attractive (Perini & Rosasco, 2013). Furthermore the VGS protects the rear facade structure of weather
condtions such as UV, rain and wind exposure and thus protecting that facade from damage (Ottelé et al.,
2011).

2.1.6 Disadvantages of VGS

In literature several disadvantages of vertical greenery systems are mentioned. The main problems mentioned
include cost, maintenance, material use, insects, damage to facade and, ofcourse, fire hazards.

Cost

The use of vertical greenery systems can be rather costly. The green facades are found to be the cheaper
systems. Depending on the materials used these can be relatively cheap, where the choise of stainless steel
is useally the most expansive one. The living wall systems vary greatly in their cost depending on material
choice and irrigation system chosen. Those costs are mostly related to the installation cost, but on top of
that there are also great costs related to the maintenance. The more maintenance is needed, the costlier the
system (Perini & Rosasco, 2013).
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Maintenance

As mentioned before, depending on the system chosen, certain maintenance is necessary for vertical greenery
systems to flourish. Green facades need relatively little maintenance, of which most the most important one
is pruning. In case manual irrigation is used, this is also part of the maintenance. When automatic irrigation is
used, the irrigation system will need maintenance from time to time. In living wall systems the maintenance
alsoincludes the replacement of species. As the lifespan of species used in these systems is much shorter than
the once used in GF the plants need te be replaced every few years. Usually the amount of plants replaced
lies between 5-10% of the plants per year (Perini & Rosasco, 2013). Furthermore it should be recognized that
if a building were to be vacated, a VGS should be kept healthy. So even in empty buildings, the maintenance
and irrigation should not be neglected.

Material use

Depending on the choise of material, the system can have a big impact as environmental burden. The used
material influences the embodied carbon footprint of the system and the recyclability of the system. Since
these systems are often implemented with a goal to be sustainable, the influence on the burden of material
choice should not be taken lightly. It was found that especially in the living wall systems, the materials can have
a great burden, where the system based on felt layers scored the worst (Ottelé et al., 2011). Unfortunately, it
is found that in general the more environmentally friendly materials are also the more combustible materials.

Damage to fagade

In green facades the vegetation can reach the rear facade and might cause damage to it. In living wall systems
a proper water retention layers is necessary or change of water damage on the facade is possible. Also failure
or damage to the irrigation system can cause water problems or leakage to the facade and the building.

Fire hazard
Lastly the introduction of combustible materials on the fagade can pose as a fire hazard. In later parts of the
thesis this topic will be discussed in more depth.

2.1.7 Key aspects

Vertical greenery systems can be devided into several different systems. These different systems have a
different set up of their components and are made up of different materials. System choice and material
choice greatly influences the environmental burden of the system but also its reaction to fire. The differences
in options of material choice and amount of materials used in the different systems are important parameters
to take into account when evaluating the fire safety risks of the different systems.

In general it can be concluded that the Green Facade systems (1-5) are relatively safe in terms of materiality.
Most found materials used are incombustible (steel cables) and even if combustible materials are used, it
is not a lot of material. Much less than in the Living Wall Systems. The Living Wall System based on planter
boxes (system 6) and based on mineral wool (system 8) can be made with (mostly) incombustible materials.
But they can also be made with plastics or wood. The more plastic or wood which is involved, the more
combustible the system. The felt system (system 9) always includes combustible materials. Especially systems
which are placed on plastic backboards can have high risk due to the combination with the air cavity behind
the system. The foam system also uses combustible materials.

In case of system 12 and 13 the materials used in the system itself is not the most influential, but more the

configuration and choice of the plants is of more influence in these systems. Specifically when using trees or
woody vegetation, the fuel load can become relatively high.
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Furthermore there are several advantages and disadvantages found and the different systems score differently
on these. It is important when looking further for fire safety issues, to not forget the advantages. There
should be a balance between the accaptable risk and the sustainability gains of the system’s design. One only
takes a risk if there is something to gain from it. As most incombustible materials do have a higher carbon
footprint than combustible ‘sustainable’ materials, during the design, a balance between these two aspects
needs to be found.
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Figure 2.28: General findings on materiality of different systems and the fire safety influence (Own work)
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2.2 Fire safety

This chapter provides a basic overview of how fire safety is treated in the Netherlands. First an overview of
fire behaviour is given. Then an overview of relevant regulation and legislation is explained. Furthermore the
way testing is currently performed and how testing methods are developed is explained.

2.2.1 Introduction of fire safety

Fire safety is the protection of humans and structures against the consequences of fire. Fire safety measures
include those that prevent the occurrence of fire (prevention) and those that reduce the spread and impact
of fire once ignited (mitigation).

Legislation focuses on the safety of the people and prevention of fire-spread to other buildings. Damage
control to buildings or inventory is a matter for the owner and users of the building and are not taken into
account in legislation (van der Veek & Janse, 2005a, p. 10-12). Insurance companies can also ask a higher
performance in terms of fire safety than the law, since insurance companies look at the risk of financial
damage.

2.2.2 Fire development

Fire is a state, process, or instance of combustion in which a material is ignited and combined with oxygen,
giving off light, heat, and flames (Dictionary, n.d.). There are four conditions necessary for a fire to ignite and
stay active (Vorenkamp et al., 2005):

- Presence of fuel;

- Sufficient air supply for presence of required oxygen;

- Ignition temperature;

- Environmental conditions allowing combustion to be maintained, as a progressive chain reaction.

If one of these four conditions is missing, the fire will not occur or progress. Fire prevention and firefighting
is based on this principle (Vorenkamp et al., 2005).

A fire can be divided into five phases, namely (van der Linden et al., 2018, p. 215):

- The smouldering phase (before the fire turns in to actual open flames);

- The creation of the fire (at time t=0);

- The development phase of the fire until the moment of flash-over at the location of the fire (flash
over does not always occur);

- The completely developed fire created after the flash-over;

- The dying down phase which occurs after time has elapsed as a result of fuel deficiency or active
withdrawing of fire capacity (extinguishing).
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Figure 2.29: Fire curve (OFS, n.d.)

The spread of a fire

Once afire is ignited it can spread through a building or to other buildings in two different ways. As treated in
NEN 6068 a fire can spread through the structure (fire penetration) or through the outside air (fire spread) (van
der Linden et al., 2018, p. 216-217). In Dutch this is called ‘branddoorslag’ and ‘brandoverslag’ respectively
and is shown in Figure 2.30. The way ‘brandoverslag’ can occur can be by radiation, spreading flames or flying
fire, as shown in Figure 2.31. For the radiation it is assumed in the Netherlands that when the receiving space
is subjected to 15 kW/m? heat flux or more the fire is spread (this assumed value differs per country, e.g. in
the UK the value of 12 kW/m?is used). Fire spread can occur at facade openings. In terms or fire safety facade
openings are not per se the parts of the facade where one can see through. Facade openings relevant for fire
safety, as defined by NEN 6068, are those parts of a facade which have a low fire resistance, which is set at
30 minutes or less. (van der Veek & Janse, 20053, p. 60-61). ______
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Figure 2.30: ‘Branddoorslag’ and ‘brandoverslag’ (Own work Figure 2.31: ‘Brandoverslag’ (Own work based on
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In a construction the resistance to fire penetration and fire spread between two spaces or rooms under
normal circumstances can be determined. This is called WBDBO (‘Weerstand tegen BrandDoorslag en
BrandOverslag’) as stated in NEN 6068. In determining the WBDBO between two rooms, the quickest path is
decisive (van der Veek & Janse, 20053, p. 65). In Figure 2.32 an example of determining the WBDBO between
two rooms is shown, where can be seen that the quickest path is not always the shortest path. Special
care needs to be taken into account to holes and openings in the walls, since fire can spread through small
openings.
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Figure 2.32: WBDBO between room A en D (Own work)

Usually the WBDBO needs to be a certain amount between fire compartments, fire sub compartments and/
or (extra) protected escape routes. A fire compartment is a part of one or more buildings wherein a fire
is allowed to spread and needs to be contained for a certain amount of time. During this time people can
escape the building and the fire department can take measures to prevent further expansion of the fire. A fire
compartment is at maximum 1000 m? and rooms or spaces which pose as fire hazard need to be their own
fire compartment (van der Veek & Janse, 2005a, p. 67).
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For determining the ‘Brandoverslag’ to buildings on an adjacent plot, mirror symmetry (‘spiegelsymmetrie’)
is used, as explained in NEN 6068 (KNNI, 2020). With this method the source building is projected onto
the other plot using the plot boundary as a the mirror axis, as shown in Figure 2.33 and Figure 2.34. The
requirements are based on the projected building and not on a possibly existing building on the other plot.

Another important aspect in a fire is the development and spread of smoke. The WRD (‘Weerstand tegen
RookDoorgang’) is the resistance to smoke passage. In a fire most casualties occur not directly from the fire
but because of suffocation due to the expulsion of oxygen by smoke (van der Linden et al., 2018, p. 219).
Furthermore smoke hinders the visual capability of people to find their way out.
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Figure 2.34: Mirror symmetry in plan view (Own work based
on van der Veek & Janse, 2005c, p. 32)

Figure 2.33: Mirror symmetry in cross section (Own work)

2.2.3 Legislation and regulations

Introduction

As mentioned in the boundary conditions (1.7) rules and regulations differ from one country to another and
in the current thesis the focus will be on the Dutch legislation. As of the 1st of January 2024 The Environment
and Planning Act (‘Omgevingswet’ (Ow)) came into effect in the Netherlands. This single law, replaces 26
existing laws, where The Environment Buildings Decree (‘Besluit Bouwwerken Leefomgeving’ (Bbl)) replaces
the Building Decree (‘Bouwbesluit’), which was the previous relevant document which states rules for the
fire safety qualities of buildings (Business gov, n.a.). With this change in laws the new main document has
become the Bbl, which is freely accessible at: https://www.bouwbesluitonline.nl/docs/wet/bbl.

The basis for the legislation is that in case of a fire there should be no casualties and no damage to neighbors.
Legislation does not focus on saving the building itself in case of a fire. The following subjects are relevant for
the required level of fire safety for buildings (Rijksoverheid, 2024):

- Constructive safety in the event of fire;

- Limiting the occurrence of a fire hazard situation;
- Limiting the development of fire and smoke;

- Limiting the spread of fire;

- Further limiting the spread of fire and limiting the spread of smoke;
- Escape routes course;

- Escape routes design and capacity;

- Fire assistance;

- High and underground buildings;

- Fire and explosion regulations areas;

- Use of buildings.

28

Distinction new built, existing and renovations

The Bbl is performance-oriented and requires certain fire safety levels of different types of buildings. The
document makes a distinction between existing buildings, new buildings, and renovation, where existing
buildings require the lowest acceptable level and the new builds require the most strict levels. For renovation
the required level is often somewhere in between the levels for new buildings and existing buildings or
requires the legally required level (‘rechtens verkregen niveau’) of the existing situation, which is explained
in article 5.5 of the Bbl. This means that the level of the new situation cannot be lower than the level of the
old situation, with exception if the old situation exceeds the level for new buildings. In that case the new
situation has to be at least of the level of new buildings. This legally required level always has to be at least
the level of the required level for existing buildings (Rijksoverheid, 2024).

Equivalence (‘gelijkwaardigheid’)

A relevant term important in the legislation in the Netherlands is equivalence (‘gelijkwaardigheid’). The
principle of equivalence (‘gelijkwaardigheidsbeginsel’), as stated in article 4.7 of the The Environment and
Planning Act (‘Omgevingswet’), offers the opportunity to comply with the rules by using a different method
than stated in the Bbl. The importance here is that the required performance levels are still met using this
different method (IFV, 2017).

Building functions

Another main distinction in the Bbl is the function of the building. 12 main building functions are distinguished
as shown in Table 2.2 Different requirements are demandend for different building functions as some
functions pose greater risks in terms of consequences (e.g. when children are present) or when there is
a greater chance of ignition (e.g. in industry). Sometimes special requirements are necessary for specific
subfunctions of a building function (Rijksoverheid, 2024). The relevant subfunctions in terms of fire safety
are also shown in Table 2.2.

Table 2.2: Building functions (Rijksoverheid, 2024)

Building function  Explanation

Special subfunctions relevant for

fire safety

1 | Residential Building function destined for dwelling *in a residential building
*living wagon
*for care

2 | Assembly Building function for the gathering of people for art, culture, religion, communication, | *for childcare with sleep area

*for childcare for kids younger
than 4 years old

childcare, providing refreshments for on-site use or watching sports

3 | Detention Building function for forced stay of people
4 | Healthcare Building function for medical research, nursing, care or treatment *with sleep area
5 | Industrial Building function for commercial processing or storage of materials and goods or for | *light industry function for

commercial animal husbandry
*other light industry

commercial agricultural purposes

6 | Office Building function for administration
7 | Accomodation Building function for providing recreational accommodation or temporary shelter | *in an accomodation building
to people
8 | Educational Building function for providing education *primary education
9 | Sports Building function for the practice of sports
10 | Retail Building function for the trading of materials, goods or services
11 | Other Building function for activities where the residence of persons plays a subordinate | *for passenger transport
role *for parking motor vehicles
12 | Structure not Structure or part of it as far as it is not a building or part of it *tunnel or tunnel-shaped structure
being a building for traffic

*road tunnel with a tunnel length
of more than 250 m
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Fire classification

The Bbl demands certain classifications of construction products and building elements. These classifications
are determined according to EN 13501-1, which is a European norm. In the norm the classifications and
how they are determined is explained (KNNI, 2019). In Table 2.3 the classification system is shown. The
classification consists of 3 parts. The first part is based on the contribution of the material or product to a fire
on heat capacity, heat content, ignitability and contribution to flame spread (van der Veek & Janse, 2005d,
p. 17). The second part is based on smoke production of the material or product once ignited. The last part
is based on whether or not there are flaming droplets or particles coming from the material or product once
ignited. The most fire safe materials are Al and the least fire safe materials are F. This classification and the
tests performed to determine the classification of a products is performed the same way in Europe, so that

The Bbl requires a certain WBDBO between fire compartments, sub compartments and (extra) protected
escape routes. The requirement is dependent on whether the building is a new building, existing building or
is being renovated, as shown in Table 2.5. There are quite a few exemptions noted in the Bbl, so the table only
shows the most generic situations.

Table 2.5: Minimum required WBDBO between spaces in and between buildings (Rijksoverheid, 2024)

products can be traded between countries.

Table 2.3: Euro classification according to EN 13501-1 (KNNI, 2019)

Euroclassification

Behaviour of the material

Smoke production

Flaming droplets/particles

Al Non-flammable No contribution to fire sl Little or no smoke do None
A2 Almost non-flammable | No significant contribution to fire | s2 Limited smoke production dl Some
B Limited flammability Very limited contribution to fire | s3 Substantial smoke production | d2 Quite a lot
C Flammable Limited contribution to fire
D Highly flammable Large contribution to fire
E Very highly flammable | Very large contribution to fire
F Extremely flammable | Extreme fire behaviour; or
product not tested

Situation Existing Renovation New building
Fire compartment to other fire compartment or to a confined space | 20 min. 30 min. or the legally | 60 min.
through which an extra protected escape route leads required level if that is
higher
Fire compartment to a confined space through which a protected | 20 min. 30 min. 30 min.
escape route leads
Sub compartment to other room in same fire compartment 20. min 30 min. 30 min.

2.2.4 Tests

Current methods

Facade products need to be classified according to EN 13501-1. In the norm the tests necessary for
determining the classification off a product are explained. Depending on the classification a product applies
for, certain tests are necessary, as shown in Table 2.6. The next characteristics of a product are determined
by the different tests (KNNI, 2019):

e Ignitability;

e Flame spread,;

¢ Heat release;

e Smoke production;
e Flaming droplets.

For facade products the demanded classification depends on the height of the building, the function of the
building, how high on the building the specific product isimplemented and whether or not itis a door, window
or other part which is an exception. In Table 2.4 the demanded classifications which are required under
different circumstances is shown. It has to be noted that the two A2 classifications are not yet implemented
but will most likely be implemented somewhere in the near future. Also the note for the exemption rule
is not yet implemented but there are plans to make this a rule as well (Personal communication with Paul
Hoondert).

Independent companies perform the tests and hand out the classification and test report for the tested
products. In the respective norms explaining the different tests (mentioned in the brackets in Table 2.6), it is
also explained what should be mentioned in the test report.

Table 2.6: Tests used for classifying building products according to EN 13501-1 (KNNI, 2019)

Test name

Non-combustibility test (EN I1SO 1182)

Explenation

This test identifies products that will not, or not significantly,

Relevant for the classes

Al, A2

Table 2.4: Requirements euroclassification outside part of facade for new buildings (Rijksoverheid, 2024)

Location on the facade

Euroclassification

Notes

Protected escape route
Deviation for escape routes detention function

Facade >13 m B
Facade < 2.5 m, when highest floor >5 m B
Facade between two fire compartments if fire spread is | B
possible
Facade next to escape route

Extra protected escape route C

C (sleep function), D (other)
B

Facade > 30 m (sleep function for non self-relient people)

A2, or larger scale test*

*Probably as of January 1, 2026 (Hoondert & van
Mierlo, 2024)

Facade > 50 m (sleep function)

A2; or larger scale test*

*Probably as of January 1, 2026 (Hoondert & van
Mierlo, 2024)

Fagade other

D

Deviation: doors, windows, etc.

Exemption (no requirement): for 5% of outer surface

*But should not comprise the qualitiy of the 100%
(not in legislation but advice)
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contribute to a fire, regardless of their end use.

Heat of combustion test (EN ISO 1716) | This test determines the potential maximum total heat release of a | A1, A2

product when completely burned, regardless of its end use.

It allows the determination of both the gross heat of combustion
(PCS) and the net heat of combustion (PCl).

Single burning item test (EN 13823)

This test evaluates the potential contribution of a product to the | A2, B, C, D
development of a fire, under a fire situation simulating a single

burning item in a room corner near to that product. Under specific conditons also: Al

Ignitability test (EN ISO 11925-2)

This test evaluates the ignitability of a product under exposuretoa | B,C, D, E, F
small flame.

Figure 2.35: Ignitability test at Efectis (Own work) Figure 2.36: Cone Calorimeter test at Efectis (Own work) 31




The main test currently used in determinging facade products is the Single Burning Item test (SBI). In this test
a corner setup of 1000x1500 mm and 500x1500 mm of a product are subjected to a 30 kW gas burner. The
burner simulates a trash fire. The following aspects are measured in this test (Tromp & Mierlo, 2014, p. 176):

¢ FIGRA; Fire Growth Rate;

¢ THR: Total Heat Release;

¢ SMOGRA: Smoke Growth Rate;

e TSP: Total Smoke Production;

e LFS: Lateral Flame Spread;

e Production of flaming droplets/particles (this is not measured but observed).
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Figure 2.37: A schematic picture of the SBI test aparatus (Hakkarainen, 2002)

It is important to test a product the way it is applied in practice. So if a cladding system in its end use
application is applied with an air cavity, the testing should also be performed with a cavity. The achieved
classification is then also only valid when used as the tested end use application (KNNI, 2022b). Because it is
economically not possible to test every single unique way of application, certain standard applications which
represent the majority of end use conditions are valid enough (KNNI, 2010).

Also the test specimens need to be conditioned according to EN 13238 (KNNI, 2022b). Test specimens shall
be conditioned at a temperature of (23 + 2) °C and a relative humidity of (50 + 5) % and test specimens shall
be conditioned either until constant mass is achieved or for a fixed period.

Developments in test methods

The SBI test was developed like this because it had to be repeatable, be able to be performed quick (many in
a day) and not cost too much for manufactureres to perform. ‘The Room Corner Rest’ for example is much
more costly and can only perform one test a day, wich is not ideal (Wegrzynski, 2024).

There is presently an ongoing discussion whether this test is suitable enough for facade products, since it
was not originally designed for testing facade products. There is a development of a new testing method in
Europe. This new test will be of a larger scale than the SBI test. The already existing bigger facade tests in
England (BS 8414) and Germany (DIN 4102-20) will be the basis for this new European test (Efectis, n.d.).
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This development of new European rules goes very slow, so in the Netherlands an initiative has therefore
been started to make use of an interim solution with which the actual fire behaviour of a facade can be better
determined. This will be in the form of a Dutch Practice Guideline (‘Nederlandse Praktijk Richtlijn” (NPR)),
using an Intermediate Scale test according to ISO 13785-1. This method also uses a corner installation, but
in these tests the dimensions are 1200 x 2400 and 600x2400 and the fire load is 100 kW which is placed
underneath the test specimen (Efectis, n.d.). So this test is significantly bigger than the SBI test, where only a
30 kW gas burner is used which is also not placed underneath the specimen, but in front.

2.2.5 Key aspects

To determine the fire risk, it is important to understand how fire behaves. A fire’s behaviour is dependent on
ignition possibility and the possibility to spread. So for the rest of the studies it is important to keep in mind
how a fire can be ignited and how a fire can develop and spread through the different parts of a building.

Relevant to take into account for the rest of the studie are the requirements determained by the Bbl. For
this certain parameters are substantial in determaining the required safety measures. Important aspects
are building function and building height. Because the current thesis is about vertical green on fagades, the
Eurocassification for facade products comes into play, which will be discussed in chapter 2.3.

Current method of testing is being reviewed in Europe. The new tests which are being developed could prove
useful in beter determaining the actual fire behaviour of vertical greenery systems.
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2.3 Fire safety of vertical greenery systems

2.3.1 Introduction

In the previous chapter fire safety in general was discussed. In this chapter fire safety in regards to VGS is
discussed, to show which aspects of fire safety are the most relevant for VGS. First three cases of reported
fires in VGS are discussed. Then an overview of the existing research on fire safety in VGS is shown. Current
regulations and testing methods are explained and an overview of the influence of materiality in the different
components is discussed. In this chapter also the main findings from interviews with experts is given. Existing
measures from literature is given. The chapter finalises with an overview of all the found relevant parameters
for the next steps.

2.3.2 Fire incidents involving VGS

Even though there are concerns about the fire safety of VGS, there are not many reports of fire incidents
in literature. It is not clear if this is due to the fact that there are relatively few of these systems in place,
whether the case of such fires is a rare event or because the fires that do occur are of insufficient severity or
perceived significance to be reported (Kotzen et al, 2023). Three cases of fire in VGS have been found.

Beer garden, Sydney Australia 2012

One reported fire happened in a semi-enclosed beer garden in Sydney, Australia in 2012. The plants had
caught aflame when a patron wanted to light a cigerate with a candle. The fire had spread across the whole
wall in mere seconds (Kotzen et al, 2023). It was mentioned that the system did not have an automatic
irrigation system, but what irrigated manually and that there were artificial plants included in the wall as well
(Dahanayake & Chow, 2018). The literature does not mention if there was any more damage other than the
plants which had caught fire.

So the problems found from this case is that there is a risk when people can reach the plants, since the fire
was caused by an inandvertent customer. Furthermor the wall did not have an automatic irrigation system,
which could’ve caused the wall to not be properly moist.

Mandarin Oriental Hotel, London UK, 2018

In late spring in 2018 a large VGS in the courtyard of the newly renovated Mandarin Oriental Hotel in London
caught fire, see Figure 2.38. It is believed that the felt lining of the VGS had caught aflame due to byproducts
from arc welding activities on the roof. The fire was able to spread along the VGS and also reached inside of
the building damaging several floors (Kotzen et al, 2023). It is not mentioned whether or not the VGS had an
automatic irrigation system or not, but since the wall was only newly placed during the recent renovation, it
is assumed that the wall and the vegetation was most likely healthy and alive.

Again in this case the fire was caused by unintended carelessness of human activity, where the VGS was set
aflame by an external source of flying fire. The fire was able to spread along a large portion of the facade and
was even able to entere the building.

Block of Flats, Ealing, London, UK 2018

This fire happened in a residential building in London. The fire is believed to have been caused by a thrown
away cigarette or match. The fire spread across the VGS even crossing over the part of the facade where no
VGS was installed and was also able to enter the building, damaging corridors on two floors (Kotzen et al,
2023). As can be seen in Figure 2.39, the plants in the systems seemed to have been dry (either in dormancy
or dead) when the fire occured.
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Figure 2.38: Fire at Mandarin Oriental (Ma, 2018)

Figure 2.39: Green wall fire in London in
2018 (Kotzen et al, 2023)

This fire was again started by human carelessness, enabling a fire source to fall onto the VGS. The VGS
was probably not moist and the plants seemed the have been dry when the fire started as observed from
the footage. The fire was able to spread along the facade and also entered and damaged the inside of the
building.

Key findings from case-studies

From these three reported VGS fires a few aspects stand out. All fires were started by human activity, setting
the walls on fire with external fire sources. It is thus important to take into account the possibility of people
being able to accidentally or purposely setting a VGS aflame. Furthermore in two of the cases it is quite clear
the VGS were most likely not in the wet and healthy state one would expect and want from a VGS. The drying
out of the system and dying of the plants clearly poses a risk in setting aflame the system and spreading
the fire along the system. Even though one would assume people would want their walls to be in a proper
condition, these two examples show that there is always a chance of failing of the systems. Lastly in two of
the cases the fires were able to enter the building and damaging the inside. It is thus important to take into
account how and where on a building a VGS is placed and if in case of a fire there is an opportunity for the
fire to enter the building through facade openings.

2.3.3 Fire safety of VGS in research literature

Even though there has been a lot of research into VGS, there is not much research into the fire safety of VGS.
Fire safety is sometimes briefly mentioned in research literature but in total only a few papers had been
found which really focused on the topic of fire safety of vertical greenery systems, namely:

e Moisture content, ignitability, and fire risk of vegetation in vertical greenery systems (Dahanayake &
Chow, 2018);

e Study on the fire growth in underground green corridors (Dahanayake et al., 2020);

e Green facades from a fire protection perspective (Engel & Noder, 2020);

e Fire spread along vertical greenery systems from window ejected flame: A study based on a fire dynamic
simulator model (Karunaratne & Chow, 2022);

e Fire safety risks of external living walls and implications for regulatory guidance in England (Kotzen et al,
2023);

e An exploratory investigation into moisture content and wind impact on the fire behaviour of modular
living walls (Bielawski et al., 2024).

e Fire Safety for Green Facades: Part 1: Basics, State-of-the-Art Research and Experimental Investigation of
Plant Flammability (Engel & Werther, 2024).

Furthermore another master thesis was found exploring the fire safety of vertical greenery. This thesis focused

on mapping the risks and gave a checklist of aspects to take into account when designing a VGS (Calvo, 2021).
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Also some public videos of several tests performed on VGS by Thomas Engel were found, where climbing
plants on metal support structures in wet and moist conditions were compared (Engel, 2023).

Moisture content

The found researches explore the influences on fire risks of vertical greenery systems. It is found that the
moisture content of the systems is of great influence in the fire behaviour of the systems. The dryer the
system, the easier it ignites and the quicker the flames spread (Bielawski et al., 2024; Karunaratne & Chow,
2022). So moist has a positive effect on the fire resistancy of a system. But when exposed to thermal radiation
for a longer period, even a moist wall can dry out and be set aflame (Bielawski et al., 2024).

During tests on a fire retarded polypropylene potting LWS it was observed that there would be peaks at
several moments, which corrolated with the seperate ignition of the plants and the plastic potting support
structure (Bielawski et al., 2024). It was also observed that a dry wall would ignite easy and the flame spread
was quick, but once the dry plants are burned away the fire died down, as the flames did not ignite the
support structure. Only after a longer exposior during the test did the support structure ignite (Bielawski
et al., 2024). This could mean that if the fuel load of the plants is not strong enough, the fire spread to
surrounding structures would not be an issue.

It can be useful to make use of plants that have better resilience to dry conditions, because these species
could behave better in maintaining their moisture content. But further research specific to this characteristic
of different plants would be necessary (Bielawski et al., 2024).

It was also found that the spread of the fire is most significant in vertical direction and the fire spread in
horizontal direction is relatively slow (Dahanayake et al., 2020; Karunaratne & Chow, 2022). In the FDS models
performed by Karunaratne & Chow it was found that higher moisture contents slowed down the upward
flame spread (UFS) and decreased the heat release rate (HRR) over time and also the total heat release rate
(THR; Karunaratne & Chow, 2022). These models show that the main direction the flame spread is upwards,
which can also be observed the in tests performed by Thomas Engel (Engel, 2023).
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Figure 2.40: Variation in HRR with time in the four

scenarios with VGS MC 10%, 30%, 50% and 80%

(Karunaratne & Chow, 2022)
In a found case-study, the consequences were determined for an indoor VGS in dry conditions. It was found
that the consequences would be catastrophic. But it was determined that the chance of that occuring due to
failure of all systems was so small that this was still found acceptable (Calvo, 2021).

Plant density

It was also observed that the packing ratio was shown to have influence on the flammability of the vegetation.
A denser package reduces the fire spread, but a denser package also add to the fuel load and thus to the total
heat release rate (Karunaratne & Chow, 2022). From this it can be concluded that a dense and healthy VGS
system is of great importance in minimising its fire spread abilities.
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Air cavity

Itis also relevent if there is an air cavity between the system and the rear facade, as this provides the posibility
of the chimney effect which can cause rapid fire spread (Bielawski et al., 2024). Due to the way these sytems
are connected to facades the LWS usually have an air cavity behind them. Specifically if the material facing
the air cavity is plastic, fire can spread very rapidly if a fire were to get into the air cavity.

EEEEEEREERE G

Figure 2.41: Chimney effect in air cavity in fagade Figure 2.42: Chimney effect in air cavity behind VGS
(Own work) (Own work)

2.3.4 Regulations and testing of VGS

Vertical greenery systems which are implemented as exterior facade elements and are part of the building
permit need to comply with the legislation for fagcades as discussed in the previous chapter. Therefore VGS
are to aqcuire a Euroclassification according to EN 13501-1.

Testing method for VGS

VGS are tested according to EN 13501-1 and there are plenty of systems found on the market that advertise
their achieved classification. However, currently it is under discussion whether or not the testing method is
valid for vertical greenery systems. As mentioned in the previous chapter, products tested in the SBI test need
to be tested in their end use application and the samples need to be conditioned. This proves to be not so
simple in the case of VGS.

The systems are generally tested in a wet condition, which is the end use application. But there are those that
say that this is ‘cheating’ the test, as you are protecting the materials with water (FPA, 2022). Also there is a
chance of the system drying out during its use on a facade (e.g. due to failure of the irrigation system) and
then the end use application is not in accordance anymore with the tested situation. Significant differences
in results were found when using the tests. This shows that only testing the most optimal condition is not
reliable to be the sole indication for the fire properties of a VGS. (Bielawski et al., 2024). Another way of
testing would be without plants and without moisture, only testing the support structure and growing media
(FPA, 2022). This is the way Sempergreen tested their Flexipanel A2 and reached a Euroclassifcation of A2-
s2-d0 (Sempergreen, n.d.a). But on the other hand, this is not the end use of application, as it is applied with
vegetation and irrigation system.

Furthermore the vegetation cannot be ‘conditioned’ in the way that non living products would be conditioned

according to EN 13238. Therefore when testing VGS, the support structure is conditioned but the vegetation
is not.
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From the interviews conducted for this research, several opinions on the testing methods were found.
Hereafter is a brief overview of the different findings of the different parties interviewed.

One party stated that the test needs to be performed in the worst case state possible, or the worst case
state the systems is ever present in a forseeable situation. For example, if a system is automatically irrigated
the system is at a certain moisture content. When the irrigation fails, the system will start to dry out. How
long does it take for the irrigation system to be fixed? How low does the moisture content drop in that time
period? Test under those conditions (personal correspondance with ARUP).

Another party stated that the current testing method is not the biggest issue, but that the focus could be
in improving regulations in terms of inspections of proper installation and working of the irrigation system
(personal correspondance with Efectis).

Another party also stated that it could be enough with an examination of proper implementation. This
is for example already possible for solar power installations, using SCIOS Scope 12. Which includes a first
special inspection and periodic inspections. This is not currently obligated other than for cattle sheds, but
it can be enforced by insurence companies. A similar inspection system could be used for VGS (personal
correspondance with Univé).

It is clear the current way of testing and implementation is not very representative or informative on the
actual fire behavior of the VGS. Improvements should be made in the testing method. Tests should not be
performed in the most optimal condition, but in a condition to be expected to be relevant for a fire scenario.
Thus with lower moisture content and a certain amount of dead voilage. Furthermore these exact conditions
should be part of the test report. It can be included in the respective norm of the test, that it is demanded
that this information needs to be included in the test report.

Furthermore it can be demanded by authorities when applying for a permit, that a maintenance contract has
to be in place. This way it can be ensured that the conditions of the VGS will not drop below the conditions
in which the tests were performed.

2.3.5 Materiality of the components and their influence

As described in part 2.1 VGS consist of different typologies which uses different components. These
components can be made up of different materials. The materials used and the typologies have a very strong
influence on the behaviour of the VGS in case of a fire.

Vegetation

The choice of vegetation needs to be made thoroughly. Different plants respond different to fire. It is best
to avoid woody plants and plants with volaitle oils and resins as these will increase the fuel load. But most
importantly is to pick plants appropriate for the climatic conditions of the place of the wall. When using
plants which are suitable for the specific climatic conditions such as temperature and shade the chance of
the plants dying is smaller. As the greatest risks occur when the plants die. Furthermore the type of plant
influences it’s seasonal behaviour. If the plant changes with the seasons and goes into dormancy during
winter, it’s influence is different in the winter from it’s influence in the summer.

Growing media (substrate)

The growing media (or substrate) can either be soil based or hydroponic based with (in)organic substrates.
Growing media in tests non flammable (Fire Performace of Green Roofs and Walls). The less organic mater in
the growing media, the less flamable it is (Al-Kodmany, 2023).

Support structure
The support structures can be made of many different materials. It is found that in case of LWS the choice of
the material for the support structure is the most relevant in terms of fire safety, more than the plant choice.
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Figure 2.43: Euroclassification of materials accrording to NEN-EN 13501-1 (Nieman & DGMR, 2022)

Different materials behave differently in case of a fire and score differently in the classification according to
EN 13501-1, as shown in Figure 2.43.

Irrigation

The materials of the irrigation systems are found not to be of significant influence for the fire behaviour as it
is of relative little volume and are usually filled with water. The denisity of the irrigation system has influence
on how well the wall is kept moist. Less denisity has higher chance of dry spots on the wall. A denser system
also allows for more specific conditions appropriate for the different types of plants used in the wall. Not
every plant needs the same amount of water and nutrients. With a more appropriate care system per plant,
lowers the chance of the plants dying.

Drainage
The drainage consist mostly of the same materials as the irrigation system. It was also found that these do
not significantly influence the fire behaviour of the system as a whole.

2.3.6 Placement on fagade

As also mentioned in the previous chapter, the building characteristics also influence the fire risk. So the
placement of how the VGS is to be installed on the facade needs to be considered thoroughly. If the system is
placed on top of a facade, and the rear facade is fire class Al or A2, the risks are significantly less from if the
rear facade is fire class B or lower. If the rear material is insulation (possibly with reflective coating), the fire
spread behaviour of the material of the VGS is increased.
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Figure 2.46: Three ways of attaching to the building (Own work)

Furthermore if the system is placed at a distance from the facade, for example stretching from protrusion to
protrusion or placed on the balustrade of a balcony or gallery changes the way it can effect fire spread to and
from the inside of a building.

With this also the way system 12 and 13 are treated is of great significance. The distance at which the
vegetation grows from the actual facade, influences the fire spread possibility from and to the fagade.

2.3.7 Existing measures

In literature and in practice several existing measures were found which influence the fire safety of a design
with VGS. The use of fire breaks has been mentioned. This can be in the form of a non-combustible material
as in Figure 2.44 or by keeping vegetation free zones between parts of the VGS is done in Figure 2.45. Using
these fire breaks can help prevent or slow down the upward fire spread in case of a fire. Fire breaks can also
be implemented in a vertical direction.
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Figure 2.45: Fire breaks as non-continuing VGS
(Sempergreen and Mastop Totaaltechniek BV, n.d.)

Figure 2.44: Fire breaks at every floor in a VGS
on a hotel (Sempergreen, n.d.b)

There are several sources which mention the use of fire breaks and vegetation free zones (Bachmeier, 2020;
EFB, 2022; FuHH, 2022; Martin, 2021). But it is found that there is not a constistent mention of the distances
necesssary to be effective and most of these mentions were not based on physical testing. The mentions of
the protrusion of the fire break, mostly state it has to protrude past the vegetation. It would be useful if more
explorative testing, as is shown in Figure 2.49, would be performed to get a clearer understanding of how
far the fire break should protrude. The same goes for the distances of how wide the vegetation free zones
should be to be effective.

It is also mentioned that the system can be placed with enough distance from the facade as to not be able to

be ignited in case of a fagade fire. Again for this more explorative testing would be advised to get a clearer
understanding of what distance is needed to be effective.
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Furthermore a mention of a ‘fire mode’ of the irrigation system has been mentioned. When a fire is detected
in the system the irrigation system switches to ‘fire mode’ providing an extra amount of water, and thus
effectively working as a sprinkler system (Calvo, 2021).
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Figure 2.47: Metal (not aluminium)
fire break seperating parts of the VGS
(Martin, 2021)

Figure 2.48: Fire break around facade opening parts of the VGS (FuHH, 2022)
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Figure 2.49: Several set-ups of explorative tests performed on VGS (EFB, 2022) 41



2.3.8 Key aspects

Several relevant parameters have been found in legislation, existing research and through the interviews,
which will help in developing the “What-if” scenarios in the risk assessment. These parameters and the
found measures and design options will be used to give guidance in the decision-making framework. The
following aspects have been found to be of importance:

Ignition sources:

¢ Human behaviour, accidental or arson;

e Hot works;

e Lighting & heating systems in proximity;

e Window-ejected fire plume;

e Adjacent building on fire;

e Lightning strikes. (this source is found to not be of significant importance in the Netherlands, so will not
be taken into further account. In differenct climates, this might be of more significance.)

Parameters that influence ignition and fire spread:
e Materiality and vegetation choice;

e Configuration and location of system;

e Materiality and structure of rear fagade;

e Breaks in the system/fire compartmentation;

e Moisture content;

e Plant density;

e Wind;

e Openings in the facade;

e Accessibility fire brigade.

Parameters that influence the probability of the vertical greenery system failing:
* No proper vegetation choice for climate conditions;

e |Irrigation failure;

e No proper maintenance;

e Presence of monitoring system.

Parameters that influence the lifesafety:

e Building function;

e Building height;

e The abililty of “fire spread”;

e Proximity to escape routes;

e The presence of multiple escape routes.

Furthermore it was found that the current method of classifying VGS is not very reliable in determining
the actual fire behavior in practice and thus assessing the risks involved. Therefore in the research the
classification of VGS is not taken into account, but the systems are assessed by the materials used.

It was found that healthy plants and moisture are of great influence on the fire behaviour of the VGS. In
literature it is often mentioned that as long as the system is wet, there is no fire risk. But even wet systems
can catch fire and irrigation systems can fail. So solely trusting on this is not enough, but having a good
working irrigation system does improve the fire safety. Also maintenance is of great importance for a working
VGS. When applying for a permit it could and should be demanded by the authorised supervision that a
maintenance contract has to be in place.

Lastly some interesting design measures were found using vegetation free zones, fire breaks and distance from
the fagade. But further physical testing should be performed to determine what dimensions are necessary
Zc}be effective.

Chapter 03

Risk assessment
and design research



3.1 Introduction

In this chapter a risk analysis is performed to identify the relevant parameters which influence the fire safety
of designs with VGS. First an overview of different existing risk assessments is given. Then the used method
for the current thesis is explained. The performed risk analysis is described using the found parameters in
chapter 2 and using case-studies to develop scenarios to identify all the relevant parameters. After this an
overview of all the found parameters and their influence is shown. These parameters were used for the
development of the decision-making tool (see chapter 5), which was developed in collaboration with Bo
Valkenburg. Lastly it is explained how the weighting of the different risk factors was determined.

3.2 Risk assessments overview

A risk assessment is a procedure in which hazards and their possible consequences in a certain situation are
being identified and evaluated. In these assessments answers to the following questions are sought after:
‘What could happen? How bad would it be if it happens? How likely is it to happen?’. It is important to note
the difference between hazard and risk. A hazard is the potential of something causing harm. Risk is the
likelihood of this hazard occurring and the negative consequences the occurrence has (Watts & Hall, 2016).
This is often visualised in a risk matrix, where the risk value is determined as the product of the consequences
and the probability.

In terms of fire risk assessment the hazard is the fire. When performing a building fire risk analysis, there
needs to be an understanding of the fire hazards which can occur in a building, what the consequences of
such a fire would be and the likelihood of such a fire and the negative consequences occurring. A fire hazard
assessment aims to identify the possible fire ignition sources, without taking into account the likelihood and
the consequences (Meacham et al., 2016).

It is important to know that risk can never be completely eliminated. There will always be a certain amount
of risk. Therefore it is important to determine an acceptable risk. An acceptable level of risk is dependent on
several factors, including the problem context and the people judging the acceptability level (Watts & Hall,
2016).

There are numerous risk analysis methods, such as Preliminary Hazard Analysis (PrHA), Checklist, What-If
(W1), What-If Checklist (WIC), Hazard and Operability (HAZOP) Study, Fault Tree Analysis (FTA), Event Tree
Analysis (ETA) and Bow-Tie Analysis (BTA; Primatech Inc., n.d.). They often involve the use of several experts
on the topic brainstorming about the risks.

For the current thesis a ‘What-If” analysis is sufficient, as the goal of the research is to show an approach in
solution seeking. A ‘What-If’ analsyis can be performed relatively simple and quick as compared to the other
analysis methods and for the goal of the research is precise enough in determining the risks. The approach
can be further developed in the future with a more precise risk analysis and with more input from experts in
the field.

A What-If analysis is a structured risk assessment in which ‘What-If’ questions are asked for a certain scenario
to determine likely sources of errors and failures. The answers to the ‘What-If’ questions are then evaluated
on their potential consequences and the likelihood of it occuring, which determines the risk level. According
to the found answers, recommendations are made to prevent or mitigate the found risks (OSA, 2021).
Questions can be related to several aspects such as potential of human error and the potential of equipment
failure (ACS Institute, n.d.).

44

3.3 Used method for risk analysis

For the current thesis a ‘What-If’ analysis is used. Using the information from the literature research and
by analysing case-studies, scenarios were developed. These scenarios were used to determine the relevant
parameters which influence the risk level of different design options.

A proper ‘What-If” analysis works best in a defined case. Since in the current research looks at many possible
situations, the ‘What-If’ analysis cannot be as comprehensive as it would be for a defined case. It is assumed
that by looking at many different case-studies with an ‘What-if’ approach and way of thinking, the most of
the relevant parameters can be identified.

The information from the literature research and common sense are used to go over a numerous amount of
cases to identify the possible sources of ignition, possible flame spread routes, obstacles in fire control and
possible risks related to safe escaping of the people in the different situations. By looking at as many different
types of scenarios it is assumed the most relevant and important risks can be identified this way. However
there is also an awareness that it is possible certain aspects have been overlooked by this method. For the
current thesis this method is sufficient enough, but for future research a more intensive risk analysis could
be performed, which could identify more relevant parameters.

3.4 Performance of risk analysis

3.4.1 Developed scenarios based on literature research and case-studies

Keeping in mind the infomation found in chapter 2 and the key aspects found, scenarios were developed for
the different case-studies. The overview of all the looked at case-studies is shown in Appendix B. The way
the case-studies were chosen was by determining certain differentiations based on the found key aspects in
chapter 2, and collecting case-studies which would cover all the differentiations of these aspects. The main
distinctions used for choosing the case-studies were:

e Building function;
e Building height;
e Facade typology and configuration.

Furthermore certain cases (mainly the residential buildings) were chosen due to the fact that they are
frequently found in the Dutch built environment and are thus representative for large amount of buildings.

During the analysis several questions were raised to identify possible relevant parameters. With relevance of
the parameters it was kept in mind what the likelyhood and the consequences would be. The consequences
can be split into possibility of fire spread and loss. The questions included:

e What could potential ignition sources be?;

¢ Ifignited how would the flames spread?

e Can the flames reach into the building?;

e Would the flame spread actually impact the users of the building?
e Would the flames reach an area where people reside?

¢ Would the flames threaten the possibility of escaping?
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3.4.2 Examples of performed risk analysis on case-studies

Residential single-family home
If a VGS were to be placed on the blind brickstone facade, a fire would not easily spread inside the building.
This would also not impact the possibility to escape. In this case, any type of VGS would be fine.

When placing a VGS on the light panel facade, there is a risk of a fire spreading into the building. Escape
possibilities are quite positive and the fire department can easily access the system, so there is still not much
risk. It would be advisable to use ground based systems or an automatic irrigation system and have the
support structure made of incombustible material.

Also take into account what the situation at the neighbours could be. If the neighbours would also have a
VGS, the fire could spread to the other building. Still no massive risk, as escape possibilities are fine. Would
be more prefered to make use of systems without combustible materials.

Figure 3.1: Single-family house case-study

Residential appartment building
If a VGS were to be placed on the blind brickstone facade of the building. The facade can be ignited by a
passersby, either accidental or on purpose. If this were to ignite the system, the flames would not easiliy
spread into the building and threaten the residents or their escape. To even lower the risk of the system
being set aflame, it could be chosen to start the system at a height of 2.5 meters. This would not be possible
for ground based Green Facades.

Figure 3.2: 4 floors gallery appartments

A VGS can also be placed on the balcony balustrades. It can be ignited by neglect of the residents and
threaten other fire compartments by spreading over the balconies. Depending on what people have on their
balconies, the flames could spread towards the fagade and reach the inside of the building. The balconies
are no escape routes, so the possibility to esacpe timely is not threatened. A positive thing in this case is that
the balconies themselves work as a fire break between the appartments. But adding VGS on the balustrade
increases the chance of flashover from one appartment to another. In this case it would be advisable to use
systems without combustible materials and use automatic irrigation.
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When using a Green Facade with incombustible material configurated like in the right situion, there is also
not so much risk, as the fuel load of the plants is very little.

Figure 3.3: Balcony cases

When the VGS is placed on the facade itself or as the facade itself, there is a possibility of fire spread into the
building, but chance of flashover in vertical direction is limited due to the fire break working of the balconies.
The fire still has the posibility to spread horizontally if the system is applied continuous.
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Figure 3.4: Balcony cases Figure 3.5: Brickstone ground level

Placing a VGS on the brickstone facade of the storage level, has limited risk. A fire could spread into the
storage area through the windows, but this would not threaten the residents. The gallery works as a fire
break to prevent spread to the upper floors.

When applying a VGS on the galleries, the escape possibility is threatened. If a system is set afflame and
it spreads horizontally, it could block off all posibile escape routes for the residents. When placing VGS in
a patern, the fire could not spread easily along the escape routes, which would prevent the blocking of all
possible escape routes.

Figure 3.6: Gallery cases (escape route)
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Residential building
Large residential building with one escape route. Placing the green next to these escape routes is a very high
risk, as a fire would block all possible ways of escaping.

If the VGS is placed on the fagade next to the appartments, there is a chance of flashover to vertical fire
compartments. Especially the higher fagade parts pose great risk due to inaccessibility of fire fighters. Better
possibility is only applying on the lower floors.

When applying a VGS on the blind side wall of the building there is no no easy fire spread to the inside of the
building when set aflame. It also doesn threaten the escape route. Could still be useful to leave the bottom
2.5 meter vegetation free, to prevent easy ignition at ground area. To further prevent possibilty of leaping
around the corners or onto the balconies at the back, a vegetation free stroke can be kept a the side of the
wall. Due to higher wind speeds higher up the building, this vegetation free zone can be bigger the higher on
the building the system is applied.

Secondary School

Low risk for function and height building. Due to stroke of water there is no easy access, so ignition is only
likely due to a window-ejected fire plume. Left situation can cause flashover to above floors, but if these are
in the same fire compartment that is not a big issue. The right situation has a lower risk of flash over. There
is easy access for firefighters.

48 Figure 3.8: Education building next to
water (Own work) §

University building

Low risk functionality but very high building. The fagade consists of a curtain wall. The VGS can be placed at a
bit of a distance from the fagade, which would decrease the ease of fire spread. In the left situation, vertical
fire spread is possible. This can be prevented by using a patern. The vertical strips can also be interrupted by
fire breaks.

The blind fagade has a lower chance of spreading into the building in case of a fire. It can still be useful not to
place the system on the first 2.5 meters and not above 20 meters so fire fighters have proper access.

Figure 3.10: High rise curtain wall university building (Own work)

Residential building

High rise residential building, relatively risky. Escape routes are in the core, so are not threatened by the
greenery. The greenery stretches over several facades and especially the trees can have significant fuel load.
The greenery also stretches all the way up the 77 meter high building, where fire fighers have no easy access
to fight the a potential fire. Potential ignition sources are the residents which have balconies next to the
green balconies or window ejected flame plumes.

Figure 3.11: Trudo Toren Eindhoven with system 13 (van Onna, n.d.)
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3.5 Parameter overview and design options

3.5.1 Overview of parameters used in tool

Using the scenarios and the information found in chapter 2, the following relevant parameters were found
and are used in the tool. The parameters are categorized by scale (building scale, facade scale and product
scale) and per parameter a short description is given what different design options can be considered and
how they influence the fire risk. The parameters were used to develop the decision-making tool (see chapter
4), which was developed in collaboration with Bo Valkenburg. The choices of which parameters were used
and why had been made partly together. Furthermore some parameters and their options were inspired by
two developed tools by DGMR and Nieman: ‘Borgingsprotocol’ (Nieman & DGMR, 2022) and ‘Handreiking
beoordeling veilige gevels’ (DGMR, 2019).

Building scale

Building function

Certain building function have a greater risk in their consequences in case of a fire. This has mainly to do
with if people are able to detect a fire in time (consciousness) and if they are able to evacuate in time by
themselves (self- reliance), which both pose as a greater risk due to slowing down the possibility of evacuating.
As mentioned in section 2.2.3, The Environment Buildings Decree (‘Besluit Bouwwerken Leefomgeving’
(Bbl), makes a distinction in 12 building functions and several subfunctions, which influence the required
performance in the regulations. For the tool the distinction is made between functions where people reside
that sleep and/or have reduced self-reliance.

Building height

The height of the building has significant influence on the risk consequences in case of a fire. This has mainly
to do with the difficulty of evacuating people from the building. In a high building the traveling distance is
longer than in a low building and there are more vertical descents (see Figure 3.12). Especially the vertical
descents can pose a problem when there are people present that are not self-reliant or have a difficulty
walking.

Furthermore the height has influence on the access for the fire fighters. Higher buildings are harder for the
fire fighters to extinguish as standard fire fighting equipment cannot reach the higher parts of the building.
In buildings where distance of the highest staying area and the measurement level is 20 meters or more dry
extinguisher pipelines and fireman’s elevator are obligated. See also ‘Firefighter accessibility’.

Lastly, wind speeds are usually greater at a higher height, as shown in Figure 3.13. Thus a fire in tall buildings
is more influenced by the wind at the higher parts of the building, which can increase the fire spread
significantly.

Wind
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Figure 3.12: Heightinfluencesescapedistance (ownwork) Figure 3.13: Height influences wind speed (own work)
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Multiple functions

It is not uncommon for buildings to house multiple functions. If the building has more than one function, the
most critical function is leading. This is however also influeneced by how high in the building the function
is situated. The combination of the risk in how high the different functions are situated determines which
function is the critical function. When designing a building with multiple functions, it could be considered to
place the higher risk function lower in the building and the lower risk functions higher in the building.

Office Sleeping

Sleeping Office

Figure 3.14: Multiple functions in a building. The left situation poses lower risks than the right situation. (own work)

Location of escape routes

Safe escape is one of the main drivers for fire safety. The location of the escape routes has great influence on
whether people are able to evacuate safely and in time. If there is only one staircase, and the fire is threatening
this escape route, there are no alternative routes, which is a huge risk. If there are two or more stairs,
there is still an available escape route when one staircase is threatened by a fire. The distance between the
staircases is of importance because if two staircases are close to each other, the chance of a fire threatening
both staircases becomes higher. Furthermore a staircase not bordering the fagade will not be threatened by
a facade fire, which functions as a lower risk. If in a design there is a risk of people being blocked from all
possible escape routes due to a single fire, it can be considered to change the location of the fire escapes.

ey
e .

)
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Right side building, just Top floor just one

= - one escape route ' - escape route
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Figure 3.15: Escape routes locations. (own work)

Facade scale

Facade typology

The type of the facade to which the VGS is applied has significant influence on the risk. There are quite a few
different ways to categorize different facades. The following categorization was used for the current thesis,
because it was determined these are the relevant differences on this scale (materiality is covered in product
scale). The following distinctions were chosen for the current thesis: whether the facade is of an opaque
material with or without an air cavity or is made up as a curtain wall and whether or not a double-skin facade
is applied in front of the facade. If an air cavity is present in the facade, there is a risk of chimney effect
happening in the facade. Furthermore a curtain wall is a very different system than standard opaque systems,
as these systems consists mostly of glass and frames. Lastly the presence of a second skin can have influence

on the fire spread, again due to the possibility of chimney effect.
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Figure 3.16: Fagade typologies (own work)

If the facade has an air cavity, it can be considered to use fire breaks in the air cavity to prevent the chimney
effect to occur in case of a fire.

Double-skin typology

There are four types of double-skin facades. For chimney effect to be able to happen in the double-skin
facade, there needs to be an open trajectory over a height. This is a risk in the shaft-box fagcade and multi-
storey facade. The box facade and corridor facade separate the double-skin area, which helps in preventing
fire spread. If the double-skin facade stretches over several floors, choose to seperate them to lower the
risks. This is mostly relevant when the floors are in different fire compartments.

Box Fagade Corridar Fagads Shaft-Box Fagace Multi-Storey Facade
Figure 3.17: Double-skin typologies (Lim & Ismail, 2022)

Fire compartmentation

When the fagade stretches over several fire compartments it has to be prevented that a fire can spread
from one fire compartment to the other through the fagade. Since fire has a quicker spread upward than
sideways, vertically situated fire compartments are at more risk of being crossed by a fire than horizontally
situated fire compartments. When choosing where to apply VGS on a building, it is important to take the fire
compartmentation into account. It would be a saver design if the VGS does not stretches over multiple fire
compartments or threatens to provide fire spread from one compartment to another.

Load-bearing facade

If the fagade is load-bearing it can threaten the collapse of the main supporting structure if subjected to
damage from a fire. This causes risk for people trying to escape and for fire fighters needing to enter and
search the building. If the facade is not load-bearing, its collapse does not risk the collapse of the main
supporting structure. The building decree does have regulations on the requirements for the main support
structure to prevent collapse in case of a fire. But there is always the chance that there are construction errors.
Then the risks for a load-bearing fagade are greater than for a non-load-bearing fagade. It can be considered
to over dimension the structure to make sure the structure stays structurally sound when attacked by a fire.

Interruptions along the facade

If there are protrusions along the fagcade, either vertical or horizontal, the fire spread can be slowed down
or even prevented. These interruptions can be there for another purpose such as balconies or galleries or
shading. For these to work as a hindrance for the fire spread, the protrusions should be off incombustible
material (not aluminium, as it melts away). Otherwise the protrusions can add to the fuel load and increase
the fire spread. This is a useful design feature which can be used to mitigate the fire spread possibility. Also

fire breaks can be used as protrusions to prevent or mitigate fire spread.
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Figure 3.19: Protrusions on the fagade mitigate upward
fire spread (Own work)

Figure 3.18: Protrusions on the fagade mitigate fire spread
from one house to another (Own work)

Transparent parts

Windows contain a glass surface. When glass is subjected to fire, or more specific, heat differences, it breaks.
Once the glass is broken there is a hole in the facade through which fire can spread freely. So a wall with
transparent parts/windows pose a bigger fire spread risk than a closed facade. This works both ways, the
facade can spread the fire to the inside of the building, but the facade can also be set aflame by a window-
ejected flame plume. When designing with VGS it can be considered to focus on greening parts of the facade
which are not near transparent parts.

Firefighter accessibility

In case of a fire it is very important the fire brigade has access to it to get the fire under control and prevent
further fire spread. If the facade is not accessible, either by barriers on the ground or because the facade is
too high, than a potential fire has more chance of spreading uncontrollably.

In NEN 6068 the following definition is stated (KNNI, 2020): ‘Accessible to the fire brigade’ in the case of
facade parts under 20 m, unless those facade parts border on wide water or inaccessible terrain or terrain
that cannot be entered without danger to emergency services.

In NEN 6069 the following definition is stated (KNNI, 2022a): In any case, ‘not being safely accessible with fire
extinguishing water by the fire brigade’ includes the closed facade parts and closed parts of roofs required
according to NEN 6068:

— which are higher than 20 m above the measuring level; or
— at > 60 m distance from the public road or from the position of a fire brigade vehicle; or
— that are not accessible from the public road or public water.

NOTE 1 Examples of closed facade parts and closed parts of roofs that are
not accessible are wide water and inaccessible terrain.

Figure 3.20: Courtyards which are not accessible by fire Figure 3.21: Fagade surrounded by water, not easily
trucks (Google et al., n.d.) accessible for fire fighters (Own woglg)



Wind exposure

Wind amplifies the fire spread along a facade. So a facade subjected to strong winds is at more risk of fast
fire spread than a facade that lies on the leeward side. For this it is important to know what the prevailing
wind of the location is and if the facade is subjected to this wind. If this is the case, extra care needs to be
taken as fire spread can be encouraged during strong winds. This is specifically an interesting point to take
into consideration during a design, since fire tests for the Euro classification are performed without wind. In
the Netherlands the prevailing wind is from the South-West. So facades exposed to strong wind are under
higher risk of fire spread. It can be considered to only place the VGS on facades that are not exposed to the
prevailing wind. Still it needs to be taken into account that wind can always come from a different direction,
so even when the location is not exposed to the prevailing wind, the influence of wind should not be ignored.

VGS on fagade
Choice of VGS
The choice of the type of vertical greenery system to be used on the facade influences the potential of fire
spread. The different systems use different types and different amounts of materials. In general, the green
facade systems use less materials than the LWS and therefore have lower risk as they contain much less fuel
load. Of course the material choice is of great influence on the fuel load as well (see ‘Materials used in VGS').

Ground based systems are not dependent on an irrigation system to stay healthy as they can use the
groundwater. Therefore there is less risks of the system failing, which would pose a greater risk due to lower
moisture content and increased dead and dry plants. Furthermore the LWS create an air cavity where the
chinmey effect can happen, which is less of an issue with the green facades. Depending on the needs and the
budget of a project a certain VGS can be demanded.

Lastly the vertical forests are a rather different type of system and need special attention when used.

How does the system cover the facade?

It is very important how the systems cover the facades. If there are vegetation free zones, fire spread can be
prevented or mitigated. A completely covered facade has the potential for more fire spread than when strips
or patterns are used. More research into what the exact working distances are needs to be done, but still,
keeping a certain distance, will always help slow down the fire spread as opposed to a continuous application.

Patches Horizontal Vertical Whole

Figure 3.22: Different ways of covering the facade with VGS (own work)

Above transparent part

When the system is applied above a facade opening, there is a risk that a window-ejected fire plume sets the
system aflame. Effectively spreading an inside fire onto the facade with risk of the fire traveling upwards on
the building. If there is sufficient distance from the system to the opening, there is significantly less risk of this
happening. Sources state that staying at least 1m above an opening, prevents flashover from the window to
the system (Bachmeier, 2020; EFB, 2022; Martin, 2021).

Below transparent part

If the system is placed below a transparant part, there is a chance that if the system is aflame, the flames
can spread into the building. It depends on the fuel load of the system and the plants how strong the flames
are in if they are sufficient to break the glass. More testing needs to be done to determine how far below
a window the system needs to be applied to prevent this from happening in different systems and with

different plants. But keeping a distance will always help in decreasing the fire spread.
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Beside transparent part

Having the system to the side of transparent parts also provides a risk. Since flames mostly spread upward, the
distance can be closer than in vertical directions. There is not a consensus in literature what a proper distance
is. One source had a drawing where 20 cm was enough (Bachmeier, 2020), another stated 40 cm (Martin,
2021) and again another stated 50 cm (EFB, 2022). Further testing is desired to get a better understanding
thereof. Again even though the exact distance is not clear, keeping a distance always helps in decreasing the
possibility of fire spread.

] ] ]

Figure 3.23: VGS next to transparent parts (own work)

Other than keeping a distance from transparent parts, using protrusions around transparent parts can also
mitigate the possibility of fire spread.

Figure 3.24: Example of VGS in
patches (EFB, 2022)

Figure 3.25: Protrusions  around
transparent parts (Own work)

How applied to the facade

If the system is placed on top of a facade, the facade can work as a barrier from the rear structure from the
system. If the system is integrated in the facade and effectively works as the cladding, it is situated directly on
top of the insulation material. This together with the air cavity can pose as a risk for fire spread through the
facade. When the system is applied at a distance from the facade, for example on a balustrade of a balcony
or gallery, there is less chance of the system and the facade igniting eachother in case of a fire. With enough
distance, the chimney effect will be less severe as well.

HE 3 #

* * K >0.5m

Insulation next to air cavity and VGS ‘ )
If rear facade is incombustible x => 0.5m, facade and VGS cannot easily

material, works as barrier ignite one another

Figure 3.26: Integration in facade has influence on fire risk properties (own work)
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both escape routes are

Is there a clear fire trajectory to escape route

If the VGS is located in such a way that if set aflame it has a clear trajectory to an escape route, this poses as
a high risk. With this it needs to be specifically taken into account if it would cause people to be ‘locked off’.
If an escape route is threatened but people can still escape in a different direction, the risk is much less then
when this is not the case. It can also be considered to place a barrier between the system and the escape
route to prevent flames from attacking fleeing people.

) If patch is aflame, still
possible escape to the
other side

If stroke is aflame,

threatened.

Figure 3.27: Different effects on the posibility of escape in case of fire (own work)

Applied above escape route

When the system is applied above an escape route there is a risk of parts of the system and materials falling on
evacuating people if the system is attacked by a fire. Especially if the support structure is made of aluminium,
there is a risk of the system falling. A protrusion or roof above the escape route can work as a barrier to
protect escaping people from falling debris or it can be considered the systems is not applied directly above
an escape route.

Protrusion protects
escape route

Debris falling

<-t-- <-t--

Figure 3.29: Consider not placing the VGS above an
escape route (own work)

Figure 3.28: System above an escape route can drop burning debris
on fleeying people (own work)

Easily accessible

If the system is easily accessible by people, there is a risk of being set aflame either by accident or on purpose.
Human behaviour is a very common source of ignition for fires. This includes facade that are next to public
streets, where there is also the risk of people setting something on fire next to the facade, such as ‘sharing
scooters’ or garbage bins. Therefore it is often advised that garbage bins are not stored where public has
access to it or when they threaten a facade if they are set aflame. It can also be considered to leave the first
floor of the facade VGS free, to prevent easy ignition. Furthermore if the VGS is placed on or next a balcony
or gallery people have easy access to it as well.

Product scale of fagade

Material of cladding

The cladding is the outer most layer of the facade and has significant impact on fire spread, as this material is
not covered or protected by anything else. Material choice determines whether or not the part of the facade
helps in the fire spread. As mentioned in chapter 2.2, there is legislation in the Bbl which require a certain
fire class of the materials used at certain heights of a building. When using incombustible material (class A1)
there is much less risk of fire spread and ignition than when combustible materials are used.
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Material of insulation

The insulation in a facade is often bordering the air cavity or placed directly behind the cladding material. In
case of a fire penetration through the cladding, the insulation is the material that has significant impact on
the fire spread possibilities. Specially if the insulation borders the air cavity, it has significant impact on the
possibility of the chimney effect occurring, which causes rapid fire spread and enormous heat.

Seams

If there are seams in the cladding, the fire can spread more easily to the parts behind the cladding. If there
are no seams, the cladding protects the rear materials. If the seams are smaller it is harder for the flames to
spread through.

Figure 3.30: Ceramic tiles with seams, fire can spread
behind the tiles through the seams (own work)

Connections

How the fagade is connected is of importance for its integrity. Especially when aluminium connectors are
used, these can melt in case of a strong fire due to the temperature, which would cause the cladding to fall
off. Wooden connectors add to the fuel load of the system. It can be considered to use fire retardent wood,
to prevent easy ignition.

Product scale of VGS
Materials used in VGS
The materials used in the VGS have great influence on the fire performance of the VGS. Here also the amount
of material is of importance. Green Fagades use less materials than LWS, so when using combustible materials,
LWS have more fuel load. When using incombustible materials, there is much less risk of the VGS spreading
a fire in a severe way.

Vegetation used

Different types of plants have different influence on the behaviour of a fire. Most importantly is to have
a proper selection of plants for the climatic conditions of the specific location the plants are used, as this
assures the plants to be healthy. Secondly certain attributes to plants influence the fuel load of a plant. It
is best to avoid plants with oils or resins and woody plants. Also there is a difference between evergreens
and perennials as the later changes with the seasons, and therefor influences the fire safety differently in
different seasons.

Automatic irrigation and density

If the VGS is not ground based, but the plants are rooted in a substrate, the system needs to be irrigated.
An automatic system is much more reliable than when the plants are watered manually. It is very important
to keep the systems at a proper moisture content, both for plant health and fire retention properties. If the
system is wet, the moist works as a heat sink, slowing down possible ignition and fire spread. With small fire
sources it can even prevent ignition all together. A denser system ensures a better water distribution throug
the system with a smaller chance of small patches occuring. Also when using different plants the conditions
can be specifically tailored to the different plants in a dense setting, which would be harder to control in a

less dense setting. -



Additional equipment

Lighting can be placed in the system, which is usually applied to make the system more visible. Adding lighting
in or near a VGS can cause short circuit fire due to the irrigation necessary. Also the heat from lighting can dry
out the plants. If the lighting is relatively far from the system, it has minimal risk, since it will not contribute
in drying out the plants and will not set the VGS on fire in case of a short circuit. If the lights are close to the
system, it has the potential of drying out the facade. If the lights are in the system, it can easily set aflame the
system in case of a short circuit, so this is highly unrecommended.

3.5.2 Overview of parameters that have influence but are not used in the tool

Since in fire safety there are an incredibly large amount of aspects that have influence on the risk, there are
also parameters found that do have influence but are not incorporated in the tool. This was done to keep the
tool relatively simple and clear. When designing these parameters should still be considered when making
decisions.

Climate

Since the current thesis focusses on the Netherlands, only this climateis taken into account in the development
of the tool. But in different climates the problems associated with VGS are different. In a more tropical, humid
climate, where the vegetation is usually flourishing year round, risks of the plants dying is less likely to occur
(Personal communication; Emily Pearson). So when designing, the local climate should be taken into account.

Distance to fire station
How quick fire fighters can be present at the scene is of great importance to make sure the fire can be under
control. Therefore the distance to the fire station, has influence on the consequences in case of a fire.

Equipment available at the fire station

The specific equipment of the fire station that serves the area the building is located in, has influence on how
well the fire brigade can extinguish and control the fire. For example if the fire station has access to fire boats,
buildings located next to bodies of water (which are accessible by these boats) pose less risk than if the fire
brigade does not have fire boats. Here it is also good to check what fire trucks are available and how high
they can reach. If the fire station has (multiple) trucks which can reach greater heights than standard, than
the risks for higher buildings becomes lower.

Proximity of surrounding buildings and other fagades

Inamore dense demographic, the chance of fire spread is higher. Also if there is greenery or other combustible
objects surrounding the building, this influences the chance of fire spread and ignition of the system. Since
there are many different situations possible for this, it is not taken into account in the tool. The exact situation
of the building does influence the risk. Where a free standing building has much lower risk of fire spread than
a building situated closely with other buildings in a compact matter.

If the building is a heritage building

In case of a heritage building, there is a bigger loss in case of a fire than in a building that is not a heritage
building. For the tool this is not taken into account, as it is expected that when architects deal with a heritage
building, extra care for fire safety will be taken regardless. The current thesis would advise to always consult
with fire safety experts in case of a heritage building. The same holds up for buildings which houses priceless
objects, such as museums.

Function directly behind the facade

The function directly behind the facade where the VGS is located influences its risks when the fire spreads to
the inside. If for example the building is a residential building but the facade is located in front of a storage
area, than the risks are significantly less than if the facade is in front of a sleeping area.
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Openable windows

The parameter that is taken into account is whether or not the system is applied next to a transparent part in
the facade. There is no distinction made between openable and permanently closed transparent parts in the
facade. Openable windows do have more risk, since the glass will always protect a little bit, but an opanble
window, when open, is literally a hole in the wall through wich a fire can spread freely.

Structure of the building

The building structure of the building influences its resistance against collapse during a fire. Concrete
buildings are stronger than light wooden buildings or buildings of steel (steel can lose it’s strength in case of
high temperatures).

Complexity of building map
A straightforward building shape is easier for people to make their way through. Complex building layouts
can cause disorientation and can prevent quick escape of the users in case of a fire.

If people present are familiar with the building

When people are unfamiliar with a building, the escape can be slower or more chaotic. It is also known that
people tend to take the route they used to get into the building, regardless of whether this is the quickest
escape. If the building function makes that there are more people in a building which can be unfamiliar with
the routing, this can pose as a higher risk. This is usually the case in large public buildings such as hospitals,
museums or conference buildings.

If people present are in a way inebriated

If alcohol is served people can be less focused and have a reduced self-reliance. For example in clubs the
chance of many people present which are in a way inebriated is higher, and the risks for casualties during a
fire is higher.

3.5.3 Overview of additional safety measures which are not used in the tool

On top of the decisions which can be made with the design parameters, additional measures can be taken.
These are not taken into account into the tool because they are either not directly related to the facade
design or are measures on management and use scale. The following list is nog exhaustive:

Smoke detectors inside the building: Installing smoke detectors throughout the building can provide early
detection of fires, enabling prompt evacuation and intervention. Since VGS would be outside of the building,
this would only work once the fire is already inside the building.

Sprinkler system inside the building: A sprinkler system can suppress fires effectively, preventing the fire from
spreading and reducing the intensity of flames. A sprinkler system inside the building will not have immidiate
effect on a fire in the VGS on the fagade, but it will help with the posibility of people escaping if the fire
reaches inside the building.

Fire mode in irrigation system: Implementing a fire mode in the irrigation system triggers extra water release
upon detecting flames, helping to suppress the fire effectively.

Protecting the escape route with additional covering: Strengthening escape routes with additional covering
can safeguard them from fire damage, ensuring safe evacuation.

Using fire protective glazing for openings: Incorporating fire protective glazing in openings can prevent
flashover and limit the spread of fire through these areas.

Inspection of proper installation: Mandating proper installation inspections, which can be required in permits
or by insurers, ensures that the VGS is installed correctly and complies with safety standards.
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Active monitoring of the system: Regular monitoring of the VGS ensures early detection of any issues or
potential fire hazards, allowing for timely intervention. Monitoring can focus on whether the irrigation
system is working properly or measures the moisture content of the substrate. It can also be expanded that
the sensors can also detect if there is a fire and be connected to the Fire Management Systems (FMS) of a
building.

Maintenance contract in place: Establishing a maintenance contract, which can be required by insurers
and permits, ensures that the VGS is regularly maintained and functioning optimally to mitigate fire risks
effectively.

Further considerations in regulations:

If in future, people can be prohibitid from watering their gardens during dry periods, which is for example
already the case in parts of Spain. VGS systems need to have an exhemption for this, as they would poze
a fire hazard if not watered properly. It should be made aware with the autorities, that VGS should get an
exhemption if such rules were ever to be installed in the Netherlands.

3.6 Weighing of the parameters

3.6.1 Development of risk factors and thresholds

Inthe previous chapter the relevant parameters are explained. Not every parameter is of the same significance
as another. For use in the decision-making framework, risk factors were assigned to the different parameters
and their design options. These factors were partly based on two tools developed by DGMR and Nieman:

e Guidelines for assessing safe facades. (‘Handreiking beoordeling veilige gevels’; DGMR, 2019)
e Assurance protocol. (‘Borgingsprotocol’; Nieman & DGMR, 2022)

Using the scenarios from the ‘What-if’ methodology and the input from the previously mentioned tools,
the risk factors were determined for the relevant parameters which influence the risk level in terms of fire
safety. Also the thresholds for which values would come out as ‘green’, ‘orange’ or ‘red’ risk levels (where
green is low risk and red is high risk) were determined this way. This was party done in collaboration with Bo
Valkenburg, with whom many decisions were made together.

The overall result of the comprehensive tool was determined by the results on the different scales. The
resutls of the different scales woul be either Green, Orange or Red. Where Green has a value of 0, Orange of
1 and Red of 2. The total result was based on the outcome of the addition of these values.

A fine tuning of the risk factors and thresholds was done by filling in the case-studies mentioned in chapter
3.4 and in appendix B. Certain, relative clear, situations were pre-determined to be ‘green’, ‘orange’ or ‘red’.
So when filled into the tool, the respective results should be given. If that was not the case, the risk factors
were analysed and it was determined what needed to be changed. Some of the filled in case-studies in the
tool can be found in appendix C.

Lastly the tool was evaluated by using a set of different cases, not used in the development of the tool. These
cases are existing designs with vertical greenery systems. For these cases it was determined beforehand what
the expected outcome would be, by analysing the design on the relevant design aspects. Then the cases were

filled into the tool and the results were compared with the expectations to see if the tool worked as intended.
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3.6.2 Evaluation of risk factors and thresholds

4 cases were used for the evaluation. These cases were chosen due to the differentiation in the building
function, building height and type of VGS used.

e Row house Delft with Sempergreen LWS (green; but side note, what if neighbouring dwelling does the
same? then orange)

e University building Echo Delft (green, easy go)

e Eneco Rotterdam (orange)

e Stadskantoor Venlo (red).

Row house Delft

LWS based on mineral wool. Sempergreen. Used as cladding system. System has evergreens and automatic
irrigation and monitoring system . Surrounds transparent parts, but does not transpass multiple fire
compartments. Low building, easy accessible by fire fighters. But side note, what if neighbouring dwelling
does the same. If using mirror symmetry here, the facade does stretch over multiple fire compartments with
openening. So then a fire break should be added to keep it safe. Expected outcome in tool: green. Echo;

Figure 3.31: Row house. Sempergreen wall. Photos taken 23rd of January. Evergreens (Own work)

University building Echo Delft

Indirect green facade on steel cables. In front of transparent parts, but enough distance and little fuel load.
Cannot eassily spread to the inside. Also not accessible by people, but accessible by fire fighters. Does not
threaten escape. Expected outcome in tool: green.

Figure 3.32: Education building. Indirect GF. Photos taken 17th Figure 3.33: Education building. Indirect GF. Photo taken

January. No evergreens. (Own work) 29th April. No evergreens. (Own work)



Facade 1

Facade2 Facade 3 Facade4
" . - 5’

Eneco Rotterdam

Felt pocket system on high rise office building, but only up to 15 meters is covered with VGS, so easily
accessible for fire fighters. System is integrated in the facade with combustible material and stretches over
multiple fire compartments and surrounds windows. The windows are surrounded by deep window sills.

1se? 1 (1) Other building functions 1 (1)Otherbuilding functions 1 (1)Otherbuilding functions
. . P . [(Moreinfo_] St {1} Building height <15m 4 (4] Building height 40m-100m 2 (2) Building height 15m-40m
There is a blockade above the escape route so protects from falling debris in case of fire. Expected outcome o b e . e .
in t00|: orange. atneed to be assessed? - (-)Fourfacades - ()Fourfacades - ()Fourfagades
Thresholds <5 516 >16 T 4 P

Risklevel Low  Medium [ EENEN

2 (2) Opagque fagade with air cavity 2 (2} Opague fagade with air cavity 2 (2) Opagque fagade with air cavity 2 (2) Opagque facade with air cavity
pology? 1.0 (1) Nodoubleskin facade 1.0 (1}Nodouble skin facade 1.0 (1) Nodoubleskin fagade 1.0  (1)Nodouble skinfagade
nultiple fire compartments? 1 (1)Ne 1 (1)Ne 2 (2)Yes, horizontally 4 (4] Yes,vertically

10 (1Mo 10 (1)Ne 10 (1Mo 10 (1)Ne
fagade? 20 (2)No 2 (2)No 2 (2INo 2 (2)No
fagade? 2 (2)Ves 2 (2)Yes 2 (2)Yes 2 (2)Yes
hters? (Moo ] 1 (1) Ves 1 (1)¥es 1 (L)Yes 4 Il

. the prevailing wind direction?® 1; _[1] Mo 2 (2) Yes 2 (2) Yes 2 (2) Yes
Only ﬁrSt 15 meter VGS Thresholds <25 2585 =88 8 Facade overview 16 Facade oveniew 32 Facade overview - Facade overview
Whole facade and e
surroundin g trans pare nt 2 (2)System 6: LWSPB 1 (1)System4:IGFP 2 (2)System3: LWSFE 2 (2)System 8:LWSMW
. igade? [ Moreinfo ] 3 (3) Wholefacade 7 (2) Vertical strips 3 (3) Wholefacade 3 (3) Whole facade
Barrier above €scape parts tpartinthefacade? 2 (2)Yes,<1mdistance 1 (1)Ne 2 (2)Yes,<Imdistance 2 (2)Yes, <1mdistance
route tpartin the fagade? 2 (2)Yes,<1.5mdistance 1 (1)No 2 (2)Yes,<1.5mdistance 2 (2)Yes,<1.5mdistance
ntpartin the fagade? 2 {1.5)Yes, <0.4mdistance 1 (1o 15  (1.5)Yes, <0.4mdistance 15  (1.5)Yes,<0.4m distance
applied? 2 (2] Integrated in the fagade 1 (1) Atadistance fromthe fagade 0.8 2 (2) Integrated in the facade 2 (2] Integrated in the fagade
(the VGS ta an escape route? 1 (1)No 1 (1)Ne 1 (1jNo 1 (1)Ne
cape route? 2 (2)Yes 1 (1)No 1 (1)No 2 (2)Yes
2 (2)Yes 1 (1)Ne 2 (2)Yes 2 (2] Yes
. . . . . Thresholds <20 20-100 >100 - Facade overview 2 Facade overview 144 Facade overview - Facade overview
Figure 3.34: Eneco office building in Rottermda Risklevel Low Meciur T
(Eneco, n.d.) ation inthe fagade? 2 (2)Combustible; class B 2 (2)Combustible; class B 2 (2)Combustible; class B 4 (4)Combustible; class C-F
ladding? 2 (2VGSisthecladding 2 (2)Combustible: class B 2 (2VGSisthecladding 2 (2VGSisthecladding

1 (LiNo 1 (1Ho 1 (1}Ne 2 {2)Yes,> half thickness spouwblad

ladding connection? 1 (1) Steelor aluminium il (1) Steel or aluminium B (1) Steel or aluminium il (1) Steel oraluminium
Threshalds <3 9 =9 | 4 Facade overview 4 Facade ouerview 4 Facade overview Facade overview
Risk level Low medium I
Stadskantoor Venlo - -
Plastlc pla nter bOXeS on com bustlble facade W|th alr Cav|ty on medlum r|Se ofﬁce bu||d|ng. Stretches over upport structure and substrate? 2 (2)Incombustible supportstructure 1 (1) Incombustable materials 4 (4)Most materialis combustible 4 (4) Most material is combustible
. . . . jstem present? 125 (1.25)Yes,everyrow of modules i (1) Yes, everyrow of plants 125 (1.25)Yes,everyrow of modules 1.25 (1.25)Yes,everyrow of modules
whole facade, below 2.5 meter and above 20 meter and stretches over multiple fire compartments. Aluminium 1 (1)Evergrens 2 (2)Perennials 1 (1)Evergreens TG e
. . . . . 1 (1Mo 15  (1.5)Yes, notinthe system 1 (1jNe 1 (1)Ne
cavity bariers, which melt away in case of fire. Excpected outcome: red s 50 % 250 e 200 e, 5 o 5 S
Risklevel Low  Medium [N
Facade 1 Facade2 Facade3 Facade4
Building characteristics 1 1 4
Above 20 meters Facade charateristics fagade scale | 80 160 Tn
WGS charateristics facadescale_ o 144
& [ Facade charateristics product scale 4 4 4
Al .. t % T 7 VGS charateristics product scale | 25 3 5
uminium cavity R 3 ( ) ( | ( |
ba rrier = 5 Thresholds <3 34 =4 Total result = 0 3
Risklevel Low  Medium [EEEEN
Goodtogo Goodtogo Consult fire safety expert or change design NO-GO, change the design
Below 2.5 meters Figure 3.37: Screenshot of the validation case-studies filled in the tool (Own work)
Result
Plastic pots next to air As shown in the screenshot from the tool, the expected outcomes were achieved. This concludes that the

cavity with combustibel tool works acceptably and the risk factors and thresholds are determined properly.

Y

insulation 2
Al
& 3.7 Key aspects
Figure 3.35: Stadskantoor Venlo (Mostert De Winter bv, n.d.) Figure 3.36: Detail drawing facade Stadskantoor Venlo In this chapter the relevant parameters which influence the fire safety of a design with VGS are identified.
(Kraaijvanger Architects, 2018) This was done using a ‘What-If’ risk analysis and using a number of case-studies. It was shown that looking at
the case-studies helped in determining which aspects have influence on the fire safety of a building design.
Some solutions for Stadskantoor Venlo which would make the design saver: These parameters were used in the development of the decision-making framework and tools. It is important
e Use steel for cavity barrierot aluminium but steel; when designing with VGS to understand all the parameters and their influence on the fire safety of a design.
e Place gypsum board or cement fibre board between plastic and isovlas and air cavity; Using the case-studies the risk factors and thresholds were determined and this was evaluated to be valued
e Use mineral wool instead of isovlas; properly.
e Do not cover the whole fagade: use some vegetation free zones or proper fire breaks;
Do not use plastic pots; It is found that there are many relatively simple design options which can be used to design safe designs with
¢ Do not place the LWS above 20 meters and below 2.5 meters. vertical greenery systems. These findings will be used in the decision-making framework and will be advised

to designers to make use of when designing with VGS.



Chapter 04

Decision-making framework

4.1 Introduction to framework

To communicate the found parameters and design options, a decision-making framework is developed. For
this the following definition is followed:

“Decision-making models are frameworks designed to help you analyse possible solutions to a problem so
that you can make the best possible decision.” (Range, n.d.)

The goal the developed framework is that users are able to analyse the different design options in terms of
the fire safety performance and use this information to make informed decisions in the design process.

As a part of the decision-making framework a tool is developed in excel. In the tool relevant information is
provided on fire safety of vertical greenery systems. The relevant parameters are shown and explained. As it
was found that for designers, a simple and quick tool would be most useful, two versions were developed:
a comprehensive tool and a quick and simple tool. Furthermore an infographic was designed to give a quick
overview of best practices to achieve fire safe VGS designs.

o | [ o8

— —
Inf hic f ich . . :
" (?grap e qu|c.< Simple tool for quick Comprehensive tool for
overview of best practices analysis detailed analysis

and do’s and don’ts Y Y
Encourages designs

according to best Quick scan of risk level of Detailed analysis of risk

practices to avoid design aspects of the design

unnecessary risks

. . *Not al
Figure 4.1: Components of the framework and their output (Own work) ot always necessary

In Figure 4.2 it is shown how the framework with the infographic and the risk tools works. The infographic
gives a quick overview which can help guide the initial decisions in a design and helps in showing which
aspects to think about in terms of fire safety of VGS. The simple tool can be filled in to get a quick response
about the risk level of a design, specifically useful for identifying easy go or no-go situations. When necessary
the comprehensive tool needs to be consulted, because more in depth questions on the design would be
necessary to determine the risk level. The outcome of the comprehensive tool can still be a clear go or no-go,
but it can also be determined that the design is necessary to be evaluated by a fire safety expert to determine
if it is acceptable.

The way these tools help in the decision-making process is that it helps in understanding the influence of
choosing different options in a design. By comparing several design solutions and the way they influence the
fire safety level, an informed decision can be made. The information found in the tool can also be used in
guiding a discussion between different parties during a design process. The knowledge gained from the tool
can be used as arguments to convince other parties involved of the importance of certain decisions due to
the fire safety. The tools and infographic can also be used by plan assessors to check if a proposed design is
safe. If the authorised supervision needs to assess if a design is acceptable, they can use the information from
the infographic and the tools to determine if the design is safe or not. 65



4.2 Infographic

The first step for the decision-making is to get a basic understanding of the fire safety aspects of VGS. For this
an infographic is made, to give a quick overview for designers. The infographic includes best practice advise,
5 Use infographic for do’s and don’ts and some application suggestions. Also the main aspects to consider per VGS are noted, since
@) et relefines the different systems have different aspects which are most relevant to focus on in terms of fire safety. The

goal is that by following the suggestions in the infographic, simple and safe designs can be developed. By
following the advise and suggestions from the infographic, designs will fall in the ‘Good to go’ category of the
LA risk tools If a designer would want to do something more complex, that is still possible, but then they should

i be aware that a fire safety consultant will be necessary to assess the specific design.

Use knowledge
gained for arguments - )

in design process .

Hearssione Infographic should encourage
Make design to get these results ! f
N main guidelines
y
a N

Make design

Use simple tool

o ( N o 1 ) -
[ More information necessary ]
Good to go E |No-go, change design
0 Figure 4.3: Infographic to encourage designs that result in “Good to go” situations (Own work)
Use comprehensive
tool . .
- : How to read the infographic
f Figure 4.4 shows the infographic and explains what can be found on the infographic. First a small introduction
to the infographic is given which explains what the infographic is for. The relevant design choices are listed,
a N a Y a N . . . . . . . .
& so designers get a quick overview of which most important aspects will have influence on the fire safety of a
o design. Some extra measures are suggested which can be used to lower the risk of a design. An overview of
@ ’_) do’s and don’ts is listed.

Furthermore a quick overview is shown of what the differences between different VGS are in terms of fire
No-go, change design safety. This way it can be determined early on whether or not a designer wants to make use of a certain
.

system or not.

Consult fire safety
Good to go L expert

The infographic can be found in appendix D.

/éigure 4.2: Decision-making framework with infographic, a simple tool and a comprehensive tool (Own work)
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4.3 How to use the tool(s) in design process

Introduction to
the infograhpic ( Do’s )

Who the tool is for

The target group of the tool are architects, facade designers, sustainability experts and manufacturers. The
designers and decision-makers involved in designing the facade of a building. Specifically people that would
make decisions regarding the use of vertical green in the facade but that are not very familiar with fire safety

Best Pyactice Guidelines for Fire Safe engineering. The goal is to empower these individuals to identify low-risk design options, make informed
ﬁ'ﬁ@@i'} @ﬁ@@m@” SVStE/MS . decisions during the design process, recognize situations where consultation with a fire safety engineer is

necessary and understand when a design is a no-go.

With the increasing interest and use'of vertical greenery systems (VGS), it is important to keep up with these irfovations in terms

of fire safety. The current infographic is developed to give a quick overview of best practices to make sure desggns with VGS are
Most relevant designed in fire safe ways. When to use the tool
design options The tool has a different function in different phases of the design. It will have most significant effect when
t < Key design considerations Do's &7 consulted in the early stages of the design process. In later stages it works more as an evaluation or control

Use automatic irrigation system ¢ tOOI-
Have a maintenance contract in place

Use incombustible materials in the system  §
Keep a distance from windows
Facade accesssible to fire fighters

e Beginning of Design: The infographic provides insight into the factors influencing fire safety, aiding in the
development of holistic designs that prioritize fire safety from the outset.

E2Y7 pndnl immnmi
—_— —

Building Material choice Location on  Connection to

Shy away from escape routes
chorcteriie | otoeten fede e e patches n fieider situsons /%« e Sketch Design Phase: Design options can be filled in and compared, assisting in making informed decisions
Keep a distance to the facade and identifying possible problems.
Extra measures 4 . . . .
e Later Design Phases: The tool can be used to evaluate if design changes have affected the risk level and
Extra measures Fire breaks at borders of fire compartments . . . .
( B breaks around windows rosly ot bl facade ensure that the desired level of safety is maintained.
WNTe" Vegetation free zones < ; .
t e Monitoring system of VGS Best practice of |n;c;r:ek>r:1;hble
design examples
1, Architect, sustainability consultant, manufacturer y
Don't breach fire *%@ Use vegetation — .
‘ SIMPERITIENS free zones for When Ea rIy d85|gn phase
compartmentisation
ofisyster Wh Early identification of possible problems
LY Visualisation of i A
O = q 3
L 1IN T e . . deSIgn optlons Who Architect, sustainability consultant, manufacturer y
a windows O‘{i\('e es/'d@/? .
-\; Accessible O} é g retches (When) Later design phase )
Diff t syst diff t risk fire fighters to
WISIENESystems pese arierent s Y /prfi‘r’:”t ‘ Why ' Check if still on track for desired level
enet i L[ Mdlm H‘ih Llw (urrip\e 20m UUU spread
o " R e UUU ” (who ) Fire safety consultant J
reaks S,
~— UU /708% \\ .
I < When Later design phase )
UUU 3 Shy away
i1 1 L from fire Why Check if personal judgement is in line
P ., . .. S N 2.5m ™ @3\ escape J
/L‘J‘jﬁL‘J / < Authorised supervision J
o e e ) ate e No access for
ignition q 0 g . . "
e Green fagades: low risk because low amount of material Keep diStance Keep distance from When When dESIgn ° JUdged agamSt IegISIahon )
is used, so low fuel load. Ground based not dependent on from windows fagade
extra irrigation. Why Supports in determining if design is safe y
* LWS creates air cavity and uses a lot ofgeria\, Air cavity
is especially in combiation with plastic high risk. Proper Don’ts x
protection from a fire reaching the air caity necessary, F,'gure 45 Users Of the tOO/ (OWI‘I Work)
for example with fibre cement board. Mke use of ) .
incombustible materials when possible. ¢ Don’t cut back on maintenance
o Wall vegetation has low fuel load so lowfisk. . e Don't use plastic on coml?ustible facade or near windows
e Vertical forests are complex and especiafly when using trees :.¥ * Don’t breach borders of fige compartments The outp ut Of the tool
introduces high fuel loads on the buildinf. e Don’t threaten all possi scape routes . . . . . . . . . . . .
/ The tool aims to raise awareness of fire safety risks associated with designing buildings with VGS. It provides

insightintofactorsinfluencing fire safety risks, highlights decisions with significantimpacts onrisk, and suggests

measures to lower risks. The tool’s output can facilitate discussions during the design process and ensure

- that decisions consider fire safety implications. Multiple design options can be compared simultaneously.

Differences ( i s ) This can help in comparing what the influence is of different decisions in the design and can help in deciding
between VGS what the best solution would be for the proposed situation.

/éitgyure 4.4: How to read the inforgrapic (Own work) 69



The tool’s output can be used to facilitate discussions among project stakeholders, including architects,
designers, engineers, and clients. Tool provides leverage to bring to the discussion during a design process.
With the information from the tool, others can be convinced of the importance and how with relative ease
fire safety can be implemented in the design, and not be treated as the constricting, often subsequently
addressed, problem it is viewed as.

Things not included in the tool

The tool does not value the risks against any gains which can be made. One only takes a risk because there is
some advantage to be gained. When the gains are higher, one might accept a higher risk level. When making
decisions in the design process, the advantages which are desired from the VGS should also be taken into
account.

Disclaimer: The tool does not guarantees a ‘fire safe’ solution and one should not follow it’s outcomes blindly.
Fire safety always needs to be assessed in its unique situation. Always discuss with professionals and look
critically at the specific situation.

Evaluation tool with multi-stake holder analysis

The tools has been tested by several parties, namely:
e Two architects;

e A LWS manufacturer;

e Alandscape architect;

e A project developer.

It was found that the tools were rather informative for the different parties and they found that the tools
could help in getting a better understanding and raising awareness on the topic. The tool seemed mostly
of use for the architects and the manufacturer and they stated they would use such a tool in practice. The
landscape architect still found it a interesting tool but had difficulty in filling in all the different questions,
which would make the result of the tool less reliable. Also the project developer stated such a tool would not
be relevant for them.

Unfortunately thetool could not be tested with authorised supervision. Itis believed, also from correspondence
with the different parties, that the authorised supervision could also benefit from using the tool when
assessing building plans for permits. This could be checked in future research by testing the tool on this party
as well.

Overall, the Excel tool serves as a practical and accessible resource for architects, designers, and other

stakeholders involved in the design process. It empowers them to proactively address fire safety concerns,
make informed decisions, and create designs that prioritize fire safety.
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1 Whatis the building function of use? [Moeino JT 1 [(3)0Other.
2 Whatis the building height? [ Moreinfo ] 1 (1)Building height <15m

4.4 Tool guide

After learning the information from the infographic, a design with VGS can be made. When a first sketch or
idea for a design with VGS is made, the simple tool can be used to determine if the direction of the design
is going the right way in terms of fire safety. With the simple tool, the ease situations which are safe can be
identified. Also when a proposal for a design is really not a good idea, this can already be identified. It can
also be determined that more information is necessary, then the comprehensive tool can be addressed.

Simple tool

The first page of the excel tool is an introduction page which is

shown in Figure 4.7. Here an explanation of who tool is for, when %% %
to use the tool, what the output of the tool is and what is not
included in the tool is given. It is also explained how to fill in and
read the tool.

Simple supportive decision-making tool &

for fire safe designs of VGS ﬁ
o il o P
frese P i by il V55,

Intro | RiskCompare F F2 F3 FHM 1 2 3 4
(Tool )  ( Extrainformation per parameter )

Figure 4.6: Pages in the tool. From left to right: Introduction page, fill in page,
extra information pages for the different parameters (Own work)

The second page, called ‘Risk Compare’, is where the analysis
can be filled in. Here a short description of the project can be
given and an image showing the analysed design can be placed,
as shown in Figure 4.8.

On the left the questions related to the parameters relevant to
the fire risk are stated which can be answered with the drop
down menus, as shown in Figure 4.9. The options for an answer
are organised by risk factor, with the lowest risk always as the
top option and the highest risk the bottom option. Within the
brackets the risk factor is stated. The higher the number, the
higher the risk. This is also visualised with color and a graph on Figure 4.7: Introduction page of the simple tool
the right side. (Own work)

the project designs to be analysed

(2)No. 2 (2)Ne
(2)Yes 2 (2Yes
(1)Ne 15 [L5)Yes, horizontally 20 (2)Yes,vertically

(1) 4 Indirect Green Facadenotroote. 2 (2)9. LWS with Felt Pockets (2)8.LWS with Planiter Boxes 2 W
(1)No. 1 (1N (1)No 15 /
2)No

(1) Yes 1 ([DYes -
(1)Cnly 15 il ials and c (2) Mostly combustible materials

( Give small description of )( Show image of facade/

Risk factor comparison
(2}No

(2N
(2)Yes

o

(2) Yes
0 (1)Ne

(2) 8. LWS with Mineral Woo
(1)Ne
(1)Yes
(15) andco

3 4 5 & 7 8 _9
Facadel  Facade? WFacsded - Fagade

B e e e

Final Result Needs more infomatian -> fillin Not much risk-> design should not Needs mare infomation > filin MMM This s not a safe design > chanze
detailed tool give big fire related problems detailed tool the risky aspects

€ J ! ) J

Figure 4.8: Simple tool fill in page explanation; 1 (Own work) 71



relevant to the fire safety
aspects of a design to be

Questions which are /" Perfagade questionscanbe

answered. Drop down menu with !

|
design options. In brackets the risk :
|

(1) No

"Please select”

factor is given. The higher the number = (1) No

answered

~
i
[

A

the higher the risk. The safest option is ) (2) Yes, harizontally
\_ _alway at the top of the menu.  / I (&) Yes. vertically J

Facade 1 Facade 2 Facaded Facade 4
T 1 = v =

|

=

1 (1)Otherbuilding functions

Whatis the building height? 1 (1)Building height <15m

Risk factor comparison
3 Is the rear fagadeincombustable without open seams? P

4 Is the VGS applied near openings?
5l infront of

6 What type of VGS is used?

7 Dex
8 s the fagade accessible by firefighters?
forthesupport

2 (2)No 2 2N 2 (2)No 2 (2)No
2 (@2)Ves 2 (2)Yes 2 (2¥es 2 (2)¥es
10

0 (No 10 (LNo 15  (1.5)Yes, horizontally 20 (2)Yes,vertically J—
2 (2)8.LWSwith Mineral Wool 1 (1)4.Indirect Green Fagadenotroote 2 (2) 9. LWS with Felt Pockets 2 {2)6.LWSwith Planter Boxes = 7
1 (DNe 1 (UNe 1 (UNe 1 (1No 1

1 (LYes (1) Yes 1 (1)Yes 2 (2No
15 (1.5 and co 11)Only 15 (1.5) andeo 2 (2) y 3

Final Result Needs more infemation - fill in Not much risk -+ design should not Needs more infomation -> fillin This is not a safe design > change
detailed tool give big fire related problems detailed tool the risky aspects

[ ] ( ) € ] € ]

More information
about the respective
parameter

Risk factor coupled to
the filled in design option.

Product of risk factors
of design, with resulting

the input. *Note* this
cannot be reversed once

Low risk
Medium risk risk level according to the
High risk
e thresholds.
Figure 4.9: Simple tool fill in page explanation; 2 (Own work)
Reset buttons for Chart which

visualises the risk factors.
The longer the beam, the

performed. higher the risk.

N
i
U

1 Whatis the building function of use?
2 Whatis the building height?

1 {1)Otherbuilding functions
1 (1)Building height <15m

Risk factor comparison

3 Isthe rear fagade 2 (2)No 2 2N 2 (2N 2 (2o
2 Is the VGS applied nea 2 (Vs 2 (2)Yes 2 (2)¥es 2 (3)Yes
5 i 10 (1N 10 (1No 15 [15)Yes, horizontally 20 (2)Yes, vertically =
6 What type of VGS is used? 2 (2)8.LWSwith Mineral Wool 1 ()4.Indirect GreenFacadenotroote 2 (2} 8. LWSwith Felt Pockets 2 (2)6.LWSwith Planter Boxes 28 L
7 Do all possil incase of fire? (1)No 1 (UNe 1 (1o 1 (I)No 15 /
8 Isthe fagadle accessible by firefighters? (1)Yes 1 (UYes 1 (2)Yes 2 (2N i
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*

risk levels according to
thresholds dependent on

Final result of risk level determined
according to specific answers of discriminating
guestions and overall scoring.

Legends for the

building score.

Figure 4.10: Simple tool fill in page explanation; 3 (Own work)
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(4] Yes, vertically -

( ,Rewm button ) Additional information to help
determine what to fill in

ito overview

5 Whatto fillin Supporting images

-

ALNo
B (2) Yes, horizontally 2
C (4) Yes, vertically o 4

Fillinwhether the facade stretches over more than one fire
compartments and how the fire compartments are situated
relative to one another. In case both horizontal and vertical is
relevant, fillin vertically.

Extra explanation per option

= L 2t ’ Horizontally Vertically
B: With horizontally it is meant that two or more fire

compartments are adjacent to eachother in a horizontal way.

C: With vertically it is meant that two or more fire ﬁ
compartments are adjacent to eachother in a vertical way. ] ., . 5 !

Relation to fire risk

‘When the facade stretches over several fire compartments it
) has to be prevented that a fire can spread from one fire

compartment to the other through the facade. One can locate
fire breaks on the facade where it crosses over a border of two
fire compartments and thus effectively extending the fire
compartment barrier over to the facade.

Since fire has a quicker spread upward than sideways,
vertically situated fire compartments are at more risk of being
crossed by the fire than horizontally situated fire

compartments. I

Explanation how the parameter relates
to fire risk with supporting images

Overview of design option for the
parameter with the risk factors

Figure 4.11: More information page explanation (Own work)

If more information about a specific parameter is desired, the button with ‘More info’ can be clicked. This
will take the user to a new tab, where the relevant information on that topic can be found, as shown in
Figure 5.10. Every information page is build-up in the same way. On the left a table with the question and the
different design options are shown. Here the risk factors related to the different options can be found. On the
right additional information is provided. First an explanation on what to fill in is given and in some cases extra
information is provided for specific design options, as not all options are always very straight forward. Here
also the relation to fire safety is explained which is supported by visualisations. Lastly, in the top left corner,
a return button to the ‘Risk Compare’ tab can be found.

The result filling in the tool is a conclusion on the risk level of the design. This can be that the design is
considered safe, Green, and is good to go. If no significant changes are made to the design, there shouldn’t
be any fire safety issues later on in the process. It can also be that the design is considered a no-go, Red. In
this case the design should be changed as it is not a good idea to use the VGS in that design. It can be that
the no-go occurs due to a combination of risky choices or because the overall risk is too high. It can also be
that the result is indefinite, Orange. In this case more information is needed to determine the safety level.
The comprehensive tool should be addressed to determine the risk level.

Furthermore the output of the tool is that the user gets insight in which aspects are critical in the design
and may need to be changed if the desired risk level is not achieved. The tool communicates the relevant
parameters to take into consideration when designing VGS in a fire safe way.

Detailed tool

The comprehensive detailed tool is a much more extensive tool than the simple tool. Instead of just 9
parameter questions, 28 questions are to be answered. This way a much more detailed analysis of the design
can be performed. Most parts of the tool are still the same apart from being more extensive. The introduction
page is still where an explanation of how the tool functions can be found. The ‘More information’ tabs of
the different parameters are build-up the same way as in the Simple tool. The ‘Risk Compare’ tab still works
the same in terms of answering the parameter questions, there is still a button for more info and there are

buttons to reset the input. 23
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Figure 4.12: Differences comprehensive tool and simple tool ‘Risk Overview’ tab (Own work)

The questions are categorised by scale and also a risk level per scale can be found, so it can be identified
where exactly in the design a problem occurs. Several fagades can be filled in so that they can be compared.
When clicking the ‘Fagade overview’ button, the user is taken to a tab which goes into more depth on the
respective fagade that is filled in on the ‘Risk Compare’ tab. Here an extra explanation on the relation to fire
safety and, when relevant, design advices are given depending on the filled in options. The tabs are called
F1-F4, to the respective number of the facade filled in and analysed.
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The result of the risk levels of the different categories can be compared. It must be noted that a red result,
does not automatically makes the whole design red. It is the combination of the results that is important.
But it does help identify where improvements can be made in the design. The overall score is the sum of the
results of the different scales. Where green scores 0, orange a 1 and red a 2.

Facade 1 Facade 2 Facade 3 Facade 4

Building characteristics 8 8 8 8
VGS charateristics fagade scale 72 24 6 12 Scoring total result

Fagade charateristics pmuuctscate_ 3 6 6

VGS charateristics product scale 3.75 375 3.75 1.875
( ) ( ) ( ) ( )
Totatresurt | 2 2 3
NO-GO, change the design Good to go Consult fire safety expert or change design Consult fire safety expert or change design

Facade overview acads oveniew Facade ovenview Facade oveniew

Figure 4.14: Different results from the tool (Own work)

The result of filling in this tool is a conclusion on the risk level of the design. This can be that the design is
considered safe, Green, and is good to go. If no significant changes are made to the design, there shouldn’t
be any fire safety issues later on in the process. It can also be that the design is considered a no-go, Red. In
this case the design should be changed as it is not a good idea to use the VGS in that design. It can also be that
the result is in between, Orange. In this case the design is not considered easily safe or unsafe. In this case a
fire safety expert should be consulted. They can then determine with a more precise analysis is the design is
acceptable or how an acceptable design can be achieved.

Furthermore the output of the tool is that the user gets insight in which aspects are critical in the design
and may need to be changed if the desired risk level is not achieved. The tool communicates the relevant
parameters to take into consideration when designing VGS in a fire safe way.
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4.5 Quick wins

When developing the tool and looking at the parameters and their risk influence, certain ‘easy’ situations
were identified. When ending up in the ‘green’ zone in the simple tool, their is a very small risk and the
greenery can most likely be implemented in a safe manner. To showcase how effective it is to go for the
simple solutions (a.k.a the low hanging fruit) some parts of Delft and The Hague were taken and all the simple
situations identified.

The areas are 150 by 150 m and represent different type of neighbourhoods. They were chosen because they
showed great potential of ‘easy’ greening. The following three areas where studied:

* Row houses in a suburb of Delft;
e Medium high appartment flats in a suburb in Delft;
e Office high rise in The Hague.

The amount of m2 easily greenable in the area is identified. This is then compared to the amount of footprint Footprint buildings SESEs
these buildings take up and compared to the total amount of vertical surfaces of these buildings. It would . 2
. . . . Vertical surfaces 8272 m
have been prefered for the vertical surfaces to only take into account the opaque parts, since placing green : 5
in front of doors and windows is not always wanted, but this proved to be too difficult to perform in the time Blind facades 822 m
frame. % of vertical surfaces 10%
% of footprint 22%
Row houses in a suburb of Delft Easy greenable 1805 m?>
The blind brickstone fagades in row houses can be easily greened with any type of VGS with minimal risk. ;
. o o % of vertical surfaces 22%
Even if such a system would be set aflame, the spread would not get easily into the buildings and would not .
% of footprint 499

threaten any residents. In this case 15% of all vertical surfaces can be greened with minimal risk.

Furthermore the closed parts of the facades where transparent parts are also present could be used for
greening. Here the system should be build up of incombustible materials, as to not add too much fuel load to
the facade. In case of a fire the fire would not easily reach into the building if the fuel load is kept low. Even
then the escape possibilities are easy in this situation. In this case 38% of all vertical surfaces can be greened
with minimal risk.

Medium high appartment flats in a suburb in Delft

Appartmentblocks which have a gallery access. They have a brickwork blind fagade at the ends of the
buildings, which can be easily greened without much problem. Also the balconies can be easily greened
when using indirect GF with steel cables. Because of the low fuel load, this green would not be able to have
the fire reach the inside of the building.

Any type of VGS Low fuel load

Figure 4.16: Quick wins in appartment buildings in Delft (Own work; Greenroofs, n.d.)

Office high rise in The Hague

High rise office buildings. Low risk function. If the VGS stays below 20 meters and doesn’t start at street
level, the following configurations are safe implementations of VGS. Some buildings have curtain walls, here
indirect green facades at a distance from the facade in strips are quite safe. Other facades have brickwork
with windows, here incombustible LWS with fire breaks around the windows are deemed safe.

Indirect green fagade at
distance from facade

Use incombustible
material and fire breaks

Footprint buildings
Vertical surfaces 8068 m”
Blind facades 1230 m”
. = % of vertical surfaces 15% Footprint buildings 11490 m”
Any type ofVGS % of footprint 22% Vertical surfaces 51200 m*
. - Alleasygreenable 3034 m” Easy greenable 5885 m”
Use incombustible ]
materials % of vertical surfaces 38% % of vertical surfaces 129
% of footprint H3% 9% of footprint 51%
/;igure 4.15: Quick wins in row houses in Delft (Own work; Greenroofs, n.d.; Vertical Meadow, n.d.) Figure 4.17: Quick wins at high rise offices in The Hague (Own work; FuHH, 2022) 27



4.6 More complex design

The tool can guide in making a complex design safer. When the tool returns a high risk analysis of a design,
the advice and information from the tool can be used to alter the design and reduce the risks. Here two
examples of a design detail for using VGS in a relatively complex situation is given.

4.6.1 Indirect green fagade

High risk design

A timber frame construction for a medium high residential building. The facade stretches in front of multiple
fire compartments and consists of combustible materials (wood). The cladding will have to be class B, so the
wooden cladding has to be fire treated. Still introducing vegetation with an indirect green facade in front
of the facade effects the behaviour in case of a fire. When filled into the tool, this situation turns out red.
Improvements can and should be made.
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Figure 4.18: Higher risk fagade view and sections with indirect green fagade. NGO, change the desian
Drawn 1:20 scaled to 1:100 (Own work)
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Figure 4.19: Higher risk facade detail with indirect green
78 fagade. Drawn 1:5 scaled to 1:15 (Own work)

Improved design
When placing the system at a distance from the facade the vegetation cannot easily contribute to fire spread
into the building. Also protect the timber frame construction with a cement fibre board.

The orange result does not mean that it is not a safe design. But because it is a rather specific design (timber
frame construction in a medium rise residential building) it would be adviced to check the design wiht a fire
safety expert. But with the improvements made, the risks are already highly reduced compared to the initual
situation.
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4.6.2 LWS based on mineral wool

High risk design

Completely covering the facade with a LWS without any form of compartmentation is a high risk. In case of
failure of the irrigation, a fire can easily spread over the facade and breach fire compartments. Also by using
perennials, the facade would pose a fire risk during autumn and winter.

Figure 4.22: Higher risk facade view and sections with LWS.

Drawn 1:20 scaled to 1:100 (Own work)
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Figure 4.23: Higher risk facade detail with LWS.
Drawn 1:5 scaled to 1:15 (Own work)
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Improved design

By using strips or patches instead of covering the whole facade, a fire would spread less easily to different
compartmentsin case of a fire. The wood used as cladding has to be treated and the timber frame construction
can be protected with a cement fibre board. Also by introducing protruding fire breaks above and below the
transparent parts or at the floor levels, flames can be kept contained.

Since the situation is rather complex (timber frame construction in a medium rise residential building) it
would still be adviced to check the design wiht a fire safety expert. Therefore the orange result. But with the
improvements made, the risks are already highly reduced compared to the initual situation.

Figure 4.24: Lower risk facade view and sections with LWS 1.

Drawn 1:20 scaled to 1:100 (Own work)

Figure 4.26: Lower risk fagade view and sections with LWS 2.

Drawn 1:20 scaled to 1:100 (Own work)

Figure 4.25: Lower risk facade detail with LWS.
Drawn 1:5 scaled to 1:15 (Own work)

Mineral wool

Figure 4.27: Lower risk facade view and sections with LWS 3

Drawn 1:20 scaled to 1:100 (Own work)
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4.7 Future development tool

If the tools would be developed further there are some things which can be considered in expanding the tool.

The tool is now divided into two parts: a simple tool and an comprehensive tool. Ideally these two would be
combined. So automatically the necessary more in-depth questions would appear when filling in the ‘basic’
guestions. This way the tool would be more user friendly.

Also the risk of the parameters is dependent on other parameters. In future development of the tool, this
intertwining of the parameters and their influence on each other can be further expanded. It could be that
Al can help with this, since it is such a complex web of connectivity.

Furthermore the current tool only focusses on fire safety. Ideally the tool would also take into account the
sustainability aspects. So measuring the fire safety aspects directly against the sustainability gains of a design.
This way a more comprehensive decision can be made. This can be further expanded with also implementing
a cost aspect into the tool.

Laslty the tools could be transformed into design tools. It could be developed as a plug-in for drawing
programms such as Rhino or Revit. The tool could be used as a plug-in where a drawn design could be
analysed with the plug-in, so the designer would not have to manually answer the questions. It could also be
that the designer would answer the questions manually and that the tool automatically generates a design
based on the filled in questions. By incorporating the tool into a drawin programm, the use of the tools could
bcome more integrated in the design process.

4.8 Key aspects

The development of the decision-making framework helped in identifying the relevant parameters. It was
found that communicating the findings properly with designers is key. Therefore a three step framework
was developed. The infographic is a quick overview with the most relevant findings which gives advise for
designing with VGS. It was found that such an infograhpic is useful for many different parties involved in the
design process.

The tools can be used to check if a design is of an acceptablerisk level. The tool also helps in identifying
the most critical aspects of a design, where improvements could be made. It was found that architects and
manufacturers would make use of such a tool in practice to check if their design ideas are safe in terms of
fire safety. Specifically in more unsure situations such a tool would be benificial for designers to check their
designs. It was also found that the use of such a tool increases the understanding of designes of what aspects
are relevant in terms of fire safety of a design with VGS.

Furthermore some examples of safe designs were shown, which can be identified with the tools. It was also
shown how the tool can help in improving a high risk design.
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5.1 Discussion and limitations

Current research is performed with a basic understanding of fire safety. Given the complexity of fire
safety, typically addressed by experts with years of experience, it is important to recognize that the results
presented in this study represent an initial step towards understanding rather the fire safety aspects involved
in Vertical Greenery Systems (VGS) than definitive solutions. It is important to state that the outcomes of this
research may be further refined by researchers with different or more specialized backgrounds in fire safety
engineering.

The primary goal of this research is not to provide prescriptive solutions for designing fire-safe buildings
with VGS, but rather to foster a mindset of critical thinking and awareness. By exploring various aspects
of fire safety and conducting risk analyses, this study aims to contribute to a broader understanding of the
challenges and considerations involved in integrating greenery into vertical structures.

Within the time-frame and with the resources available, no physical fire tests could be performed. The
research was dependent on analysing existing knowledge and data. A main method during the research was
contacting relevant parties and gathering information from them. It must be acknowledged that this part
of the research is hard to objectify. The interviewees gave their answers in a certain role, which was also
why they were contacted, to try and get the view of different parties involved together. Not every party that
was tried to get in contact with responded, so certain views have not been able to be taken into account in
the current research. Also it was tried to state the information given by the different parties in an objective
manner, but this must always be looked at critically and answers or information could have been biased.

Furthermore it was the goal to take the sustainability and costs aspect more heavily into account in balancing
the risk against them. It would be beneficial if those aspects would be linked to the fire risk analysis, so that
a more comprehensive understanding of a proposed design can be developed and even better informed
decisions can be made in the design process. Unfortunately it was found that in the time-frame of the research,
it was too hard to be able to take this into account as well. For future research is would be interesting if a
better link between the aspects of fire safety, sustainability and costs could be explored and explained.

The infographic and tools aimed to provide clear advise to design safer VGS. Certain general advises were
given and the tools provide a risk level for a filled in design. An initial approach was made where parameters
were analyzed and a risk factor was linked to design solutions. Yet, since different design choices are
interconnected, and the risk of one choice depends not only on that choice but also on the context of other
choices, a more comprehensive analysis is necessary. With the current knowledge and understanding, it was
challenging to develop the tool in a way that encompasses all these underlying connections, so this can be
developed further. In future research or further development of such tools, Al could be utilised to navigate
the complex web of relevant links among the different aspects that influence each other. This would allow for
a more sophisticated and nuanced analysis of fire safety risks in VGS designs.

During the research, certain interesting fire safety measures and suggestions were found. This included the
use of fire breaks and positioning the VGS with certain distances between green patches and from openings
in the facade. In terms of design, these are interesting and relative simple parameters to work with when
designing with VGS. There were some numerical distances found in the literature, but they seemed to be
inconsistent and most were not based on physical testing. For more precise advise in how to make us of fire
breaks and vegetation free zones, it would be desirable more explorative testing would be done with these
aspects to gain a better understanding of the fire behaviour in such situations. If more precise information
of numerical distances can be identified, more precise advise can be given in terms of designing with these
parameters. The following tests exploring different parameters are proposed to be of use to be tested in
future research with physical fire tests:
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e Fire break: Test making use of metal or concrete fire breaks protruding from the facade dividing the
VGS in different patches. This should be both tested in vertical and horizontal direction. Questions to
be answered: How far does the material need to protrude from the wall/VGS to effectively prevent fire
propagation?

e Vegetation free zones: Tests with vegetation free zones between patches of VGS and to facade openings.
This should be both tested in vertical and horizontal direction. Questions to be answered: How much
distance is necessary to prevent fire propagation from a patch of VGS to another? How much distance
is necessary to prevent fire propagation from VGS to openings in the facade? How much distance is
necessary to prevent fire propagation from window ejecected flame plume to VGS?

e Distance to fagade. Test with regards to distance of the system to a combustible fagade or curtain wall.
With the different systems and thus different fuel loads and heat release in case of fire. Also to determine
the influence of rear facade on direct application and on air cavity. Questions to be answered: When
could a fire in the VGS be able to ignite the facade behind it or cause the glass in a curtain wall to fail?
What distance would prevent this from happening? What distance would prevent a fire in the facade
prevent the ignition of the VGS in front of it?

e Plant conditions. Tests of different species of plants and different seasonal conditions of the plants to
be able to create a database with this information. Specifically more for vegetation used in LWS, since
these are not thorougly tested, whereas there is some testing done on climbing plants. Questions to
be answered: How do different vegetation types behave in fire? How do the plants behave in different

seasons?
Fire breaks Vegetation free zones
?
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Figure 5.1: Parameters to be tested further in explorative fire testing (Own work)

Lastly the current research focused on legislation and the current climatic situation in the Netherlands. Many
of the findings would still be relevant for different countries and for different climates. But when designing
with VGS in different conditions, it should be acknowledged that not all the conclusions or advises in the
current thesis are of the same relevance in those different situations. Also climate change can result in more
extreme weather in the reverenced climate, such as longer periods of drought. This can influence the risk
level of VGS, since the moisture content has great influence on the fire behaviour. This shows again the
importance of robust and properly maintained irrigation systems to be used in the systems.

In conclusion, while this thesis lays the groundwork for exploring fire safety in vertical greenery systemes, it is
important to recognize its limitations and the potential for future research to build upon these findings. By
fostering awareness and promoting a thoughtful approach to design, this research contributes to the ongoing

dialogue surrounding fire safety of Vertical Greenery Systems.
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5.2 Conclusion

This research examined the fire safety of Vertical Greenery Systems (VGS). The main conclusions found are
listed below:

e Tests performed to classify VGS are inconsistent and are not representative for the in practice
application;

e Further explorative testing is desired to determine when fire breaks or vegetation free zones work
effectively;

e The materials used in the systems are of greater impact on the fire behavior than the vegetation;

e Green fagades show significantly lower risks than Living Wall Systems (LWS);

e Irrigation does not guarantee protection from fire. Moisture slows down the fire, but does not prevent;

e Location on the facade has significant influence on the risk that occurs by applying the VGS;

e Maintenance contracts for LWS should be demanded by authorities when applying for a permit;

e Arisk analysis tool can be helpful for designers to determine the risk level of a design without needing
to consult a fire safety expert in the early design stages;

e Concerns about fire safety of VGS are valid but there are also plenty situations identified which pose
minimal risk, as shown in Figure 5.2.
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Figure 5.2: Minimal risk design situations (Own work)

The following research question was the main driver for the research:

“How can a decision-making framework help guide the design process for outdoor vertical greenery systems
which provides responsible fire risk management relevant to a building’s characteristics ?”

To be able to answer this main question, several sub-questions were researched. These subquestions will first
be answered, after which the main question will be answered. The subquestions are categorised by topic.
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Vertical greenery systems
“What are the different vertical greenery systems currently in use and how do they differ in configuration
and materials?”

There are 13 main different systems identified. These systems differ in terms of type of growing method,
support structure and how it is integrated in the building. Main distinctions can be made between green
facades, living wall systems, wall vegetation and vertical forests. The different systems score differently

in terms of fire safety which is caused by type and amount of material used, whether or not irrigation is
necessary and how it can be configured on the building. It was found that in general the green facades pose
the least amount of risk. This is because these systems use less material than the LWS. Since it was found
that not the plants but the materials used in the systems are of great influence on the fire performance of a
system, it was found that LWS pose a greater risk, because more materials are used and in a more complex
configuration. Ground based systems pose the least risk, because these are not dependent on irrigation, so
irrigation failure cannot occur. Lastly vertical forests are complex and especially when using tress introduces
high fuel loads on the building. Here the plant choice and configuration to the facade is of more significance
that the system itself.
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material building design
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Figure 5.3: Overview of VGS and the general relevance (Own work)

“What are the advantages and disadvantages of vertical greenery systems?”

VGS were found to have a great variety of advantages. These can have influence on an urban scale but also on
a building scale. Advantages found on urban scale were: mitigation of urban heat island effect, contribution
to urban biodiversity, reduction of air pollution, storm water management, improvement of human health
and psychological wellbeing. Advantages on building scale were: positive influence on thermal performance,
reduction of noise and economical benefits. These advantages have a positive impact on the liveability of
urban areas and show why these systems are increasing in popularity. VGS also show some disadvantages.
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These were found to be the cost, maintenance, material use, damage to facade and fire hazards. In general
it was found that the LWS score better on the advantages than the green facades. But they also score higher
on the disadvantages. Which shows that there is a balance between the advantages and the disadvantages
and not one system can be determined as ‘the best’.

Fire safety
“What are current legislation and regulations on fire safety in buildings?”

Current legislation in the Netherlands relating to fire safety of buildings is organised in The Environment
Buildings Decree (‘Besluit Bouwwerken Leefomgeving’ (Bbl). Here requirements are set out to which
buildings need to comply. The focus of the legislation is to ensure safe escape in case of a fire and prevent
the possibility of a fire to spread to other buildings. To be able to ensure this the legislation demands
requirements in terms of preventing the possibility of a fire occurring, preventing the possibility of rapid
fire spread and ensuring safe escape routes are present. This is done by compartmentation and demanding
certain classifications to which the materials used need to comply.

Requirements can be more strict depending on the building characteristics. This is dependent on the
function of use and on the height of the building. Buildings were people reside that sleep or have reduced
self-reliance, need to comply to stricter requirements. The same goes for higher buildings. The higher the
building, the stricter the requirements. There are certain rules that are necessary from certain heights.
These increases in requirements in relation to hide are set at different heights so as not to make a large
step in the requirements package at one height, which can encourage the design of a building just below a
certain height.

To fulfil the requirements, a design needs to comply with the performance demanded in the Bbl or
equivalence (‘gelijkwaardigheid’) needs to be demonstrated. If the same level of safety can be achieved by
another means than what the Bbl demands and this can be demonstrated to the authorised supervision, a
design can still approved even though it does not directly follow the Bbl.

“What fire safety aspects are relevant to vertical greenery systems?”

Vertical greenery systems are part of the facade and therefore need to comply with the legislation
regarding the facade. This means that VGS need to adhere to the Euro classifications. It was found that
there is a discussion going on about this. Since the Euro classification is determined using an SBI test, where
the product needs to be conditioned and tested in the situation it is applied in practice, it is questioned if
this is an appropriate way of determining the classification for VGS. VGS are dynamic systems, where the
plants are not always in the same condition. Furthermore the systems usually have an irrigation system,
which makes the system wet. But if the irrigation fails, the system becomes dry, and then the testing
performed is not in accordance anymore with the applied situation in practice.

For the classification and tests performed on the VGS to be relevant, it should be more consistently performed.
It is not very useful to be testing soaking wet walls. It should be determined what the worst acceptable
condition in practice would be and test in that condition. These conditions then need to be thoroughly
documented in the test report. So mention the moisture content and state and health of the plants used.
This way the test is performed in a condition which would be the expected condition the wall would perform
in the worst case. It would be advised to take this up in the norms describing the tests and what needs to be
reported in the test reports.

Furthermore, it is advised that when applying for a permit with VGS, a maintenance contract is demanded
as part of this permit. Since the health of the plants and the proper functioning of the irrigation system
is of great impact on the fire safety of the VGS, it can be demanded by authorised supervision that the a
maintenance contract has to be concluded as part of the fire safety management of the building.
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Furthermore it was found that one of the main ignition sources of VGS are human behaviour or ignition by
a nearby fire. The systems are not easily self-igniting, unless there is a monitoring system or lighting in the
system. Monitoring system are usually low voltage systems, and do not pose a high risk of causing ignition
of the system. Lighting in the systems can cause the system to dry out on top of being an ignition source. So
when using lighting in the system, careful considerations are needed.

“What is the current approach of fire safety of vertical greenery systems in practice?” (2.3)

Since VGS are part of the facade, they should comply with legislation for facades and facade products.
It was found that a number of systems, mainly LWS, have been tested and classified according to the
European fire classification. But there is a discussion on how reliable these tests performed on VGS are.

It was also found that in terms of fire safety the reliance is often laid on the irrigation system. It is often
stated that ‘as long as the system is wet, there is no risk’, but it was found that that is not true. First of all,
an irrigation system can fail and dry out, so then there is a risk. And furthermore, with big enough fires, the
flames can dry out the system as well, still setting aflame the system. Proper irrigation is very important
for the health of the plans and of course moisture in the system slows down a fire, but it is not enough to
prevent it completely. Solely trusting on ‘the system being wet’ as a fire safety measure is not enough.

It has been found that measures are sometimes taken in the form of vegetation free zones or fire stops
in the system or around transparent parts in the facade. There was also a mention of a ‘fire mode’ in the
irrigation system to provide additional water when flames would be detected in the system.

Risk assessment
“How can the fire risks of vertical greenery systems be assessed?”

There are numerous risk analysis methods in existence which analyse the risks of a certain situation. Most
of them require the involvement of experts or work best when assessing a very specific case. Since for
the current research a more holistic analysis of different VGS in different settings were to be assessed, a
more general aproach in risk analysis was necessary. For this a qualitative ‘What-If’ anlaysis performed

on multiple case-studies proved to be of value in assessing the fire risks of vertical greenery systems and
identifying the relevant parameters and their design options which influence the risks.

Then this information was translated into a tool, which can automatically assess a VGS design. The design
options of the different parameters were coupled to risk factors and the tool gives feedback on the filled in
information on the different parameters. Effectively the tool can perform a ‘What-If’ analysis for a design,
determining the overall risk of the combination of the risk factors and giving back information on how the
filled in design options effect the fire safety of the design.

“What are relevant and credible scenarios in terms of fire in vertical greenery systems?”
Relevant scenarios involved those where it would be logical to make use of these systems. To look at the
many different scenarios, differentiation in the case studies was made between building functions, building
height and facade build-up. Not every situation would be relevant for every type of system. Mainly LWS are
relevant on closed facade parts, whereas green fagades could also stretch in front of transparent parts of a
building.

“Which parameters influence the fire risk of using vertical greenery systems?”

After performing the risk analyses on the case-studies, a comprehensive list of 28 relevant parameters was
found. These parameters mainly revolved around the following aspects:
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e What type of building is it?

e Where on the facade is the system applied?

e What is the material built-up of the system?

e How is the system integrated in the building structure?
e How is the irrigation carried out?

It was found that placement on the facade is of great significance in the fire risk. If the system is next to
facade openings, chance of fire spread becomes very relevant. If the system covers the whole facade, fire
spread is more easily. If the system is placed where it can threaten escape routes, there is greater risk. If the
system is placed where the fire fighters have no easy access, a fire can become incontrollable.

Furthermore the material choice was found to be of great influence on the fire performance, even more so
than the plant choice. When using plastics in the system a VGS can create a big fire, even when the system
started out wet. Opting for incombustible materials seems to greatly lower the risks.

In literature and practice, it is often stated, that as long as the system is wet, there is no fire risk. But it was
found that this is not true. Moisture content does have a great influence on the fire behaviour, but it merely
slows down the fire propagation or lowers chance of ignition, it does not completely rule out the possibility
of a fire occurring and spreading. Relying solely on the idea of ‘as long as the system is wet, the facade is
safe’ is therefore a naive and potentially dangerous way of treating VGS.

Design solutions
“Which design solutions can be utilised regarding the found risk scenarios?”

Several relatively simply to implenent design solutions were identified and explained. This mainly included
how to implement the system on the building. By avoiding high risk situations, such as near escape routes or
near facade openings, easy safe situations can be designed.

Also some measures for in the system were identified which could help with the fire performance of a VGS
design. For this further testing would be recommended to get a better understanding of when these measures
acutally work. It is found that design solutions could be using fire breaks in the systems. This can be done with
adding incombustible barriers or by leaving vegetation free zones. Further testing should be done in how
much distance is needed for such fire breaks to work effectively with different VGS. Since different VGS have
different fuel loads, it could well be that the same distance would not work for the different systems. To gain
a better understanding of this it is advised further explorative testing to be done on these topics.

“How can a decision-making framework be developed regarding the found parameters?”

When working on the risk analysis it was found that this analysis can be used as part of the decision-making
framework. A rather comprehensive tool was developed to analyse designs and show how different design
choices influence the risk level of a design. By linking the found parameters to a risk factor, an assessment of
the design can be made and visualised for the user. By using colour coding and graphs it can be visualised for
the user where the critical risks are present and where potential improvements can be made.

It was found after talking with experts, that a quick and simple overview of the main considerations would
be more approachable and usable in practice than the comprehensive tool on its own. So a simple tool was
developed which provides a quick analysis of a design. Also an infographic was designed to show in one
overview what the

Further development of the tool can include more crosslinked parameters. Including the mitigating measures.
Weighing against the sustainability gains. Provinding a cost overview.
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Main research question

“How can a decision-making framework help guide the design process for outdoor vertical greenery systems
which provides responsible fire risk management relevant to a building’s characteristics ?”

The developed framework works threefold. First an infographic can be used by designers to get a quick

overview of best practices when designing with VGS. By following these guidelines, risky situations can

be easily avoided. The design can then be quickly checked in the simple tool, which can provide a quick
analysis in the risk level of the design. When necessary the comprehensive tool can be consulted to get
a more in depth analysis on the design. The tool and infographic most importantly provide information

and communicate knowledge with designers, which they can use in discussions in the design process to
convince other parties why certain design options are important in terms of fire safety.

By testing the tools with and showing the infographic to several parties involved in the design process of a
building, it was found that such products can be helpful in designing saver designs with VGS. It was found
that the tools can help architects and other designers in the early stages of the design process in making
informed design decisions related to fire risks. It was found that the tool can help identify where problems
may occur and can help in raising awareness and understanding on the topic, which ultimately leads to
safer decisions. Specifically in more dubious situations, the tool can guide in understanding the relevant
risks involved in a design and advises in how to mitigate them.
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Figure 4.28: Decision-making framework with infographic, a simple tool and a comprehensive tool (Own work)



5.3 Future recommendations

Current research is performed with a basic understanding of fire safety. Given the complexity of fire
safety, typically addressed by experts with years of experience, it is important to recognize that the results
presented in this study represent an initial step towards understanding rather the fire safety aspects involved
in Vertical Greenery Systems (VGS) than definitive solutions. It is important to state that the outcomes of this
research may be further refined by researchers with different or more specialized backgrounds in fire safety
engineering.

The primary goal of this research is not to provide prescriptive solutions for designing fire-safe buildings
with VGS, but rather to foster a mindset of critical thinking and awareness. By exploring various aspects
of fire safety and conducting risk analyses, this study aims to contribute to a broader understanding of the
challenges and considerations involved in integrating greenery into vertical structures.

Within the time-frame and with the resources available, no physical fire tests could be performed. The
research was dependent on analysing existing knowledge and data. A main method during the research was
contacting relevant parties and gathering information from them. It must be acknowledged that this part
of the research is hard to objectify. The interviewees gave their answers in a certain role, which was also
why they were contacted, to try and get the view of different parties involved together. Not every party that
was tried to get in contact with responded, so certain views have not been able to be taken into account in
the current research. Also it was tried to state the information given by the different parties in an objective
manner, but this must always be looked at critically and answers or information could have been biased.

Furthermore it was the goal to take the sustainability and costs aspect more heavily into account in balancing
the risk against them. It would be beneficial if those aspects would be linked to the fire risk analysis, so that
a more comprehensive understanding of a proposed design can be developed and even better informed
decisions can be made in the design process. Unfortunately it was found that in the time-frame of the research,
it was too hard to be able to take this into account as well. For future research is would be interesting if a
better link between the aspects of fire safety, sustainability and costs could be explored and explained.

The infographic and tools aimed to provide clear advise to design safer VGS. Certain general advises were
given and the tools provide a risk level for a filled in design. An initial approach was made where parameters
were analyzed and a risk factor was linked to design solutions. Yet, since different design choices are
interconnected, and the risk of one choice depends not only on that choice but also on the context of other
choices, a more comprehensive analysis is necessary. With the current knowledge and understanding, it was
challenging to develop the tool in a way that encompasses all these underlying connections, so this can be
developed further. In future research or further development of such tools, Al could be utilised to navigate
the complex web of relevant links among the different aspects that influence each other. This would allow for
a more sophisticated and nuanced analysis of fire safety risks in VGS designs.

During the research, certain interesting fire safety measures and suggestions were found. This included the
use of fire breaks and positioning the VGS with certain distances between green patches and from openings
in the facade. In terms of design, these are interesting and relative simple parameters to work with when
designing with VGS. There were some numerical distances found in the literature, but they seemed to be
inconsistent and most were not based on physical testing. For more precise advise in how to make us of fire
breaks and vegetation free zones, it would be desirable more explorative testing would be done with these
aspects to gain a better understanding of the fire behaviour in such situations. If more precise information
of numerical distances can be identified, more precise advise can be given in terms of designing with these
parameters. The following tests exploring different parameters are proposed to be of use to be tested in
future research with physical fire tests:
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5.4 Relevance

With the growing emphasis on sustainability in the built environment, new and less understood challenges
are emerging in our cities. While sustainable innovations are on the rise, it is crucial that our understanding
of fire safety keeps up with these innovations. Buildings need to be sustainable, but they also need to be fire
safe. Therefore, ongoing research into these aspects is essential to ensure that our buildings remain both
environmentally friendly and safe.

The current research is therefore of great relevance due to the increasing use of Vertical Greenery Systems
(VGS) in the built environment and the expressed concerns in lack of knowledge of the fire safety aspects of
these systems. This research collected the current knowledge on the topic and introduced and overview of
relevant aspects. Advises were proposed and a means to communicate this knowledge to people not focused
on fire safety engineering was developed. By raising awareness and spreading knowledge on this topic, the
aim is to prevent fire safety from falling behind in the innovations of the built environment.

Neglecting fire safety in design impacts the sustainability. A burned-down building is not very sustainable,
and the need to dismantle systems, as seen with aluminum sandwich panels in England, is also rather
unsustainable. To prevent such operations to be necessary in the future, fire safety should be taken seriously
into account from the beginning of these new developments. Designs with VGS should be designed fire safe
now, to prevent the necessity of having to take down these systems in the future because they would be
found to be unsafe then.

Designers and engineers have a responsibility to the society to create safe and healthy living spaces. This
research was performed to contribute to the fulfilment of this responsibility.

5.5 Reflection

Methodology

The literature research fueled the process, but it was important to stay critical in the things read. It was noted
that sometimes the way people talk about fire safety aspects of vertical greenery involves personal opinions
or other interests. When reading always think ‘why would a person think or say this?’, is it subjective or
objective?, what would be the reasoning of someone saying a certain thing?

Interviews were a tremendous resource. It was a little difficult sometimes to get in contact with people and it
sometimes took quite a while before people would respond or would be able to make an appointment. | was
glad | started to get into contact with different parties early on in the process. If | would’ve waited too long, it
would maybe have been too late or | would’ve been stuck, as the interviews helped me in taking next steps.

Unfortunately not all the parties that wanted to be spoken to, were reached. The method of taking interviews,
does make it that you are dependent on other parties for the success of your research, which can be tricky.
Overall it is my opinion that with the parties that were reached, a comprehensive understanding was gained
on the topic, and relevant information was gathered which would not have been able to be collected by
merely looking at literature available. If | could start over with the research, | would probably try and contact
more parties. | found it rather scary to do this, and often felt like | was bothering people. But the people
that responded were all very enthusiastic and interested in the project. This showed me that | shouldn’t be
worried about contacting parties and later on in the process this became easier.
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Furthermore it was found rather difficult to get the appropriate information sometimes from the interviewees.
It can be really hard to phrase your questions in such a way that you get the information you are looking for.
| found that | struggled with this sometimes. To try and overcome this it was important to keep in mind
what ‘my problem’ was. What was the information | am lacking to overcome the problem. It was therefore
found that conversations generally worked better for the interviews than sending out a survey with questions
(written interview). To be able to hold a dialogue and be able to elaborate on questions or ask follow up
guestions guided the interviews in the right direction.

Looking at case-studies helped a lot in developing scenarios and understanding that in different situations,
different aspects come forward. Something | had trouble with during the research was setting this step into
looking at cases and just try to green building and see what problems | encountered. | realised | kept gathering
information and had difficulty translating that into design situations. My mentors reminded me that this step
was important to take. The case-studies helped very well in determining scenarios.

Furthermore it was hard to determine the proper cases. Since there are so many different types of buildings,
| struggled with making decisions in this regard.

The “What-If” analysis approach helped in thinking about the topic, but is wasn’t the most effective way
in systematically analysing the risks. A “What-If’ analysis works best in a properly defined case. Since this
research was looking at many different cases, it would’ve been nearly impossible to perform a complete and
thorough “What-If” analysis for all the cases. It was found that the way of thinking for a “What-If” analysis
did help in looking at the cases.

First it was expected that a risk analysis would be performed after which a design process would be performed.
But duringthe research it was found that these two go hand in hand, and the risk analysis became incorporated
into the design guide. Even when the tool became more of an end product of the research, the development
of the tool was also a great driver of the research itself. By designing the tool, | learned much better what
the influence of the different parameters on the risk was and how these parameters are interconnected. The
development of the tool worked as research by design, where the tool was the design.

On thing that was found difficult in the risk analysis was determining the proper weight on the different
parameters and also providing the proper thresholds for the risk levels. Normally in determining fire safety
experienced experts would have a look at it and can make an informed decision due to expertise and
experience. Since | am still relatively novel in the field and only just started to get acquainted with all the
aspects involved in fire safety, my judgement is limited. My judgement is still based on sources and help from
experts, but it is not achievable for me to reach a perfect result, | can only strive to approach proper results
as best as possible.

When working with the case-studies, research by design was a helpful way of assessing the different design
options. By trying out all sorts of different design options on different cases and in different contexts, a broad
understanding of the relevant parameters which can be used in a design process were identified. | think that
the result of the advise on design options can be very helpful for designers with minimal knowledge on fire
safety to use simple strategies to prevent unnecessary fire risks.

Lastly, documentation was not per se considered a method. But it is now found that proper documenting
from the beginning actually helps in guiding the next steps and organizing the information in one’s head.
It was found difficult to properly document and categorise all the information found and evaluate what
information was more important than others. By putting in more effort in to properly documenting the
information found, a better understanding of the whole research approach would’ve been developed more
early on in the process. Now | sometimes worked without really knowing what the goal was, working in
vagueness, which prevented me from making decisions and make progress. A tremendous help in this were
my mentors. They helped me in taking steps and making sure | kept clear goals throughout the process.
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The chosen methods were made due to time limitations and limitations in access to data and testing. Of
course it would’ve been super informative if real life tests could’ve been performed on different set-ups of
vertical greenery systems and/or vegetation. But | realised early on in the process, that this would be very
difficult to set up. So the focus was made to make use of information of other experts in the field to fuel my
research. The chosen methods have proven to be useful and for the purpose of the research are found to be
sufficient.

Relevant support

First of all, my mentors had proper knowledge on the topic of vertical greenery systems, which helped a lot
to be able to ask certain questions when in doubt from the literature research. It was found that support in
expertise of fire safety was needed. Unfortunately in the beginning of the process, this support was lost, so
in the beginning it was found that there was a lack in support on this field and | was mostly dependent on
literature research. | would’ve been helpful if in this stage, | could’ve talked more with a fire safety expert,
which could’ve helped speed up the process in the beginning. Luckily by talking to other experts later on,
this gap was filled rather sufficiently. Later on in the process a connection was made with fire experts from
DGMR, which helped tremendously and it is found that without their guidance, the current research would
not have reached all the conclusions and findings it did now.

My mentors helped me in staying focused on the topic and trying to frame the research properly. Since
the topic of fire safety is so broad, it is easy to lose oneself, and my mentors helped me stay on track. They
especially helped in trying to stay focused on what | was working toward. What is the result you want to
show? Also my mentors and DGMR asked critical questions on my work, which helped me to think about
what | was doing and why. Making sure | was working argumentative and wrote down why | made certain
decisions. Lastly my mentors pushed me in documenting my research, which | found very difficult. Without
their persistence | would’ve probably postponed proper documentation too long, which would’ve slowed
down the whole research process and would’ve made me lose track of the final product.

Personal growth

At the beginning of this research | had minimal knowledge on Vertical Greenery Systems and Fire safety
regulations and design considerations. | knew it would be a challenge to teach myself in these topics in such
a short amount of time, but | am glad | did. | learned so much during this research and | would not have
been able to gain this knowledge in another way. Furthermore | learned about risk analysis, which was a
rather complex field, but interesting to touch upon. This learned about scenario thinking and to identify risks
and relevant parameters in different situations. | now look with a completely different view at the buildings
around me. Lastly | pushed myself into contacting different parties and having conversations with them.
This is a great skill to have, since communication is, in my opinion, a key factor in design satisfying building
designs. Overall | am satisfied with my achievements of the research and | am grateful | was able to learn so
much about such an overlooked topic.
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Apendix A: interviews

In this apendix a short summary of the most important information gained from the different interviews is
shown. For every interview the date when the correspondence occured, how it occured and with whom is
mentioned. The interviews are grouped by expertice of the interviewee. As these interviews are all personal
communication, they are therfor not incorporated in the reference list.

Risk experts
/" Genserik Reniers. Risk expert TU Delft. 21/12/23 Physical talk. N

Speeking with the risk expert helped in getting an understanding of how risk analyses are performed.
They recomended that for the current research a “What-if” analysis was sufficient. They also
explained how scenario thinking worked. Differentiation between prevention and mitigation.

\_ /
/~ Philip Potasse. Manager insurance company Univé. 29/01/24 Physical talk. N\

As an insurance company you look at potential damage. Insuring against fire risk -> chance of fire
and damage. Normally we look at data, but for new developments that data is not there. If you then
make an estimate, it can sometimes be wrong.

Look at:

- use of flammable materials

- use of electricity

- nature of business activity

May require compartments. )

Fire safety experts
/~ Bauke Knottnerus. Project leader reaction to fire at Efectis. 11/01/24 Physical talk. N

(]
A lot of information on legislation and how and why tests are performed the way they are. Focus
p e I l I X may be more on inspections of the proper implementation of systems. Already mentioned that

there are developments towards larger-scale testing. You should test a product as it is applied, as
\stated in the standard. /

/" Emily Pearson. Graduate Fire Engineer at ARUP. 15/03/24 Video call. N\

Important aspects they look at when determining fire risks: evacuation strategy; If there is a fire, is
it a problem?; Access for fire brigade; Minimize ignition sources, then look that when ignited what is
the possible spread and damage?.

Easy go’s: story 2-5 super chill. Short buildings and bottom of buildings.

Testing: test in the worst case state that is ever present in a forseeable situation. For example, if an
irrigation system fails, how long does it take to fix it and how dry becomes the wall in such a situation?
Test in this situation. Or if the plants are subject to seasonal changes, test in worst condition. But
this is rather complex and is hard to quentivy/make repeatable. Same for when determining how
much distance in fire break gaps is needed to work. Depends on plant species, density and moisture

content.
N /
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Fire safety experts
Rudolf van Mierlo. Fire expert DGMR. 18/03/24 physical talk.

Information on testing methods. How developed and why. What is looked at when determining fire
risks of facade systems and products.

LWS manufacturers

/" Max de Vos. Research and Development Sempergreen. 12/12/23 & 22/02/24 email. 07/06/24 ™\
physical talk.

Helped in understanding how their fire classifications were achieved and how the systems were
tested. Mentioned that design details are not their responsibility but that of the client. Tested the
developed tool and gave relevant feedback on how such a tool could help them as manufacturers in
providing better advisc when selling their products to clients. A better understanding on the topic
with such a tool can be a benefit for the sector as a whole. )

/" Reinald van Ommeren. Director Virtoria. Loohorst. 23/02/24 email. N

Infromation on their product and how they treat fire safety. Their product is being prepared for

testing and classification according to the European classification. J

GF manufacturers

Foamglas. Eric Linnenbank. Manager Techincal Service. 27/02/24 email.

Information on how they treat fire safety in their company. Tests with foam glass alone are performed
but not with the vegation.

Palentis. Leon Heesen. Director. 07/03/24 phone call.

Often ground-based system with metal climbing aid. Does not receive any questions from customers
about fire safety, but they have looked into it themselves. Take plant choice into account. Expect the
architect to take fire compartmentalization into account.

Designers
Jesse Plas. Specialist in Sustainability and Health. 02/04/23 & 22/02/24 physical talk.

Designers can benefit from a simple tool to quickly determine if a design is on the safe side in terms
of fire safety without needing to consult a fire safety expert. This way it can be prevented that later
on in the design, changes are necessary to comply with the fire safety requirements.

Eva Stache. Architect with experience in VGS. 17/04/24 video call. 05/06/24 physical talk.

Designers usually avoid fire safety. It is not a topic happily embraced in the design process. It can
help designers to have a quick overview of design options that can be used to make sure designs
with VGS are fire safe. Tested the developed tool. Found it clear to fill in and that it provides relevant
information for a designer. Such a tool can be helpful in the design process.

/~ Juan Carlos. Architect. 04/06/24 physical talk. N\

Tested the developed tool. Would use the tool as a reference to check design on fire safety aspects.
Would prefer a more visual representation of a design, when filling in the tool. Thinks would help
in mitigating risks in designs. Tool provides the situation where people can learn from their design.

\_ /

/~ Ramona. Landscape architect at Felixx. 11/06/24 video call. N

Tested the developed tools. Found the information interesting and relevant. Tool was relatively hard
to fill in. In her roll as landscape architect could not answer all the fagade related questions properly.

Tool more relevant for facade designer or architect.

\_ /

Project developers
Maud en Sebastiaan. Project Developers. 02/04/23 & 22/02/24 video call.

Designers can benefit from a simple tool to quickly determine if a design is on the safe side in terms
of fire safety without needing to consult a fire safety expert. This way it can be prevented that later,
on in the design, changes are necessary to comply with the fire safety requirements.
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Apendix B: case-studies risk analysis

Residential

In this apendix an overview of the looked at buildings for the risk analysis is shown. The cases are grouped
according to the functions found in The Environment Buildings Decree (‘Besluit Bouwwerken Leefomgeving’
(Bbl)). For every case the specific location for the greening of the facade which was looked at is shown.
Furthermore the most relevant characteristics which influences the fire behaviour per case are stated.

‘Portiekwoning’. Single escape route for upper floors. Vertical fire compartments. Brickwork facade with
transparent parts.

The green facade images used are from (Green Guide, n.d.) and the hanging green are from (Greenarea, n.d.).

Residential

Terraced house. No vertical fire compartments. Brickwork fagade without transparent parts and light wooden
facade with transparent parts.

Gallery apartments. Vertical fire compartments. Brickwork fagade without transparent parts. Light wooden
facade with transparent parts and concrete protrusions (balconies).

Row house. Incombustibe blind fagade. Simple escape situation.
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Residential Assembly

Hospitality. Wooden cladding. Steel frame construction. Underground area.
Residential. High rise. Appartments have single escape route (one staircase). Blind icombustible facade.

Transparent parts but incombustible cladding.

Residential. High rise. Multiple escape routes. Transparent parts and combustible cladding. Childcare. Curtain wall facade. Low rise.
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Offices Healthcare

Office. Low rise. Multistory double-skin fagade. Healthcare building with several functions including sleeping area for people with reduced self reliance.
Brickwork and transparent parts.

Office. High rise (above 20 meters). Curtain wall. Not easy accessible. Hospital. Medium rise. Protrusions along the facade between the floors. Cladding unkown. Transparent parts.
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Detention Educational

Penitentiaire Inrichting Rotterdam (Pl Rotterdam) locatie De Schie. Medium rise building. Transparent parts. Secondry school. Not easily accessible.
Not easily accessible.

(Dijkstra, 2021) (DJI, n.d.)

Sports University building. High rise. Curtain wall.

Sports building. Curtain wall.
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Retail

Multiple retail functions. Low rise. Wooden fagade.

Retail. Low rise. Curtain wall. Easy accessible.
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Apendix C: weighting with case-studies

Here a few examples of the used case-studies for weighting the detailed tool are shown.

2 (2) Dpaque fagade with air cavity

10 (1)Nodouble skinfagade

1 (1N
10 (1Mo
. 20 (2)No
Low risk 2 (2)Ves
Medium risk Lol s
o 1 (1N
High risk 8 R

Colour coding per parameter factor

Low risk
Medium risk Thresholds <25

_ High risk Risk level Low

25-55 >55
Medium

Colour coding per category level based on thresholds

al (1) Other building functions 4 (4) Residentialin a residential building, accomodation in an accomodation building
1 (1) Building height <15m 1 (1) Building height <15m
1 (1) Onestaircase in residential or ac 1 (1) Two staircases on distance =H/2
- (-) Fourfacades - (-) Fourfagades
1 4
7 (2) Opaque facade with air cavity 2 [2) Opaque facade with air cavity 2 (2) Opaque facade with air cavity 2 (2) Curtain wall
1.0 (1) Nodoubleskinfagade 1.0 (1)Nodoubleskinfagade 1.0 (1)Nodoubleskin fagade 1.0 (1)Nodoubleskinfagade
. . 1 (1) No 1 (4) Yes, vertically 4 (4) Yes, vertically 4 (4) Yes, vertically
Crossmg fire b R 15 (1.5)Yes 1.0 (1)No 1.0 (1)No
compa rtments 20 (2)No 2 (2)No 1 (1) Yes, horizontal protrusion =0.5m o (2) No
not an issue on 2 (2)Yes 1 (1) No 2 (2)Yes 2 {(2)Yes
. ) X 1 (1) Yes 1 (1) Yes 1 (1) Yes 1 (1) Yes
incombustible blind 5 (5)ves 2 (2)Yes 2 (2)Yes 2 (2)Yes
fa (;a d e 16 Facade oversiew 12 Facade overview 32 Facade overview - Facade overview
2 (2) System6:LWSFPB 2 (2)System 9: LWSFE 1 (1) System 4: IGFP 1 (1) System 4: IGFP
1.5 (1.5)Horizontal strips 3 (3)Wholefacade 2 (2)Verticalstrips 2 (2)Vertical strips
2 (2) Yes, <1mdistance 1 (1) No 1 (1) No i (1) No
2 (2) Yes, =1.5mdistance 1 (1) No 1 (1) No 1 (1) No
1! (1) Yes, > imdistance 1 (1)} No 1 (1) Yes, > 1mdistance 125 [1.25)Yes,0.4dm=<x<1mdistance
2 (2) Integrated in the fagade 1.5 (1.5)Ontop ofthefagade 1 (1) At adistance from the fagade »0.2 1 (1) At adistance from the fagade >0.5
1 (1) No 1 (1)No 1 (1)No 1 (1) No
2 (2)Yes 1 (1) No 1 (1)No 1 (1) No
1 (1) No 2 (2)Yes 2 (2)Yes 1 (1) No
A3 Facade oversiew 18 Facade overview Al Facade overview 250 Facade overview
2 (2) Combustible; class B 4 (4) Combustible; class C-F s (2) Combustible; class B i (1) Incombustible; class A1-A2
2 (2VGSisthe cladding 1 (1) Incombustible; class A1-A2 4 (4) Combustible; class C-F i (1) Incombustible; class A1-A2
1 (1) No 1 (1} No 1 (1) Ne 1 (1) No
15 (1.5)Wood 1 (1) Steel or aluminium 1 (1) Steel or aluminium 1 (1) Steel or aluminium
6 Facade overdiew 4 Facade overview a Facade overview 5 [ Facade overview
An orange or il (1) Incombustable materials 4 (4) Most materialis combustible i (1) Incombustable materials 1 (1} Incombustable materials
red Category not 1.25 (1.25)Yes, every row of modules 125 (1.25)Yes, everyrow of modules 1 (1) Yes, every row of plants 1.25 (1.25)Yes, every row of modules
necessar unsafe 2 (2) Perennials 2 (2) Perennials 2 (2) Perennials 2 (2) Perennials
Y 1 (1) No 4 (4) Yes, in the system 1 (1) No ! i (1) No
S It u ati on Zﬂ) Facade overview Facade overview 2 Facade overview 5 Facade overview
Facade 1 Facade 2 Facade 3 Facade 4
4 4 4
120 320 S e
18 4 25
6 4 8 1
25 e 2 25
( ] ( ] ( ) ( ]
2 2 2 2
Goodtogo Goodtogo Goodtogo Goodtogo
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System with less
fuel load

Change material
choice of system
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(4) Residentialin a residential buildin
(1) Building height <15m

{1) Two staircases on distance >H/2
(-) Fourfacades

(4) Residentialin a residential buildi

(2) Building height 15m-40m
(8) One staircase
(-) Fourfagades

ng.

(2) Opaque facade with air cavity 2 (2) Opague fagade with air cavity 2 (2) Opaque facade with air cavity 2 (2) Opague facade with air cavity
(1) Mo double skin fagade 1.0  (1)Nodoubleskin fagade 1.0 (1)Nodoubleskinfagade 1.0 (1)Nodoubleskinfagade
(4) Yes, vertically 4 (4) Yes, vertically 4 (4) Yes, vertically 4 (4) Yes, vertically
(1) No 1.0 (1)No 1.0 (1)No 1.0 (1)No
(1) Yes, horizontal protrusion >0.5m 2 (2} No 2 (2) No 2 (1.5) Yes, horizontal protrusion <0.5m
(2) Yes 2 [2) Yes 2 (2] Yes 2 [2) Yes
(1) Yes 1 (1) Yes 1 (1) Yes 1 (1) Yes
(2) Yes 1 (1) No 2 {2)Yes 2 (2) Yes
Facade overview az2 Facade overiew - Facade overview A8
(2) System 6: LWSPB 2 (2) System 8: LWSMW 2 (2)System 9:LWSFE 1 (1) System 5: HGF
(1) Patches 1 (1) Patches 1 (1) Patches 1.5 (1.5)Horizontal strips
(1) Mo e (2) Yes, <1mdistance 2 (2) Yes, <1mdi 2 (2) Yes, <lmdistance
(1) Mo s (2) Yes, =1.5m distance 2 <1.5mdistance 7 (2) Yes, =1.5mdistance
(1) Yes, >1mdistance 1 (1) No (1) No 1.5  [(1.5)Yes, <0.4mdistance
(1) Atadistancefromthe fagade =0.5 1.5 (1.5)Ontopofthefa 2 (2] Integrated in the fagade 15 (1.5)0Ontop of the fagade
(2) Yes, but other escape route (1) No 1 (1) No 1 (1) No
(2] Yes 1 (1) No 1 (1) No
(2] Yes (1) No ! (1) No 1 (1jNo
Facade oveniew 16 Facade oveniew 1350
(2) Combustible; class B 4 (4) Combustible; class C-F 4 (4) Combustible; class C-F 2 (2) Combustible; class B
(4) Combustible; class C-F il (1) Incombustible; class A1-A2 2 (2VGSis the cladding 2 (2) Combustible; class B
(1) Mo 125 (1.25) Yes, < halfthickness spouwbl: 1.25 (1.25)Yes, < halfthicknessspouwbl: 2 (2) Yes, = half thickness spouwblad
(1) Steel or aluminium 1 (1) Steel or aluminium 1 (1) Steel or aluminium 1 (1) Steel or aluminium
Facade overview 5 Facade overview Facade overview a Facade overview
(1) Incombustable materials 1 (1) Incombustable materials 1 (1) Incombustable materials 1 (1} Incombustable materials
(1.25) Yes, every row of modules 1.25 (1.25)Yes, every row of modules 125 ® 1.25 [1.25)Yes, every row of modules
(1) Evergreens 1 (1) Evergreens 3 (1.5) A mixture of evergreens and pere 2 (2) Perennials
(1) No 15 _[1.5]Yes.n0tinthesystem ! 1 _[1]Nu
1_2_5 Facade overview 2..8125 Facade overview i 25 Facade overview
Facade 1 Facade 2 Facade 3 Facade4
4 1 16
320 320 - s 430
16 12 16 135
3 5 [ T 8
125 1.25 28125 25
] ( ] ( ] ( ]
2 4 4 3

Consult fire safety expert or change design

Consult fire safety expert or change design

Consult fire safety expert or change design

e

1.0
4
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125

5.00

(4) Residentialin a residential buildir 4 (4) Residential in a residential building, 8
(1) Building height <15m 2 (2)Building height 15m-40m &
(1) Two staircases on distance =H/2 8 (8) Onestaircase 1
(-) Fourfagades - (-) Fourfacades =
[6a ] 16
(2) Opaque fagade with air cavity P (2) Dpaque fagade with air cavity 2 (2) Opaque fagade with air cavity 2
(1) No double skin fagade 1.0 (1)Nodoubleskinfagade 1.0 (1)Nodoubleskinfagade 1.0
(4) Yes, vertically 4 (4] Yes, vertically 4 (4) Yes, vertically 4
(1) No 1.0 (1)No 1.0 (1)No 1.0
(1) Yes, horizontal protrusion =0.5m 2 (2) No 2 (2) No #d
(2) Yes 2 (2] Yes 2 (2) Yes 2
(1) Yes 4 (4)No 1 (1) Yes 1
(2) Yes 1 (1) No 2 (2)Yes 2
Facade overview - Facade overview - Facade overview A8
(2) System 6: LWSPB 2 (2)System 8: LWSMW 2 (2)System9: LWSFE 2
(1.5) Horizontal strips 1 (1) Patches 3 (3) Whole fagade 1.5
(1) No 2 (2] Yes, <Imdistance s [2) Yes, <Imdistance 2
(1) No P (2) Yes, =1.5m distance 2 (2) Yes, <1.5mdistance 2
(1) Yes, » Imdistance 1 (1} No 15 (1.5)Yes,<0.4mdistance 15
(1) Atadistancefromthefagade=0.f 1.5 (1.5)Ontop of thefagade 2 {2) Integrated in the fagade 15
(=) Yes, no other escape route 1 (1) No 1 (1) No il
(2) Yes 1 (1) No 1 (1) No 1
(2] Yes 1 (1) No 1 (1} No 1
Facade overview 12 Facade overview T Facade overview 27.00
(2) Combustible; class B 4 (4) Combustible; class C-F 4 (4) Combustible; class C-F 2
(4) Combustible; class C-F 1 (1) Incombustible; class A1-A2 #d (2VGSis the cladding 2
(1} No 125 (1.25)Yes, < halfthickness spouwbl: 1.25 (1.25)Yes, < half thickness spouwbl: 2
(1) Steel or aluminium 1 (1) Steelor aluminium 1 (1) Steel or aluminium 1
Facade overview Facade overview Facade overview a2
(4) Most material is combustible 4 (4) Most material is combustible 2 {2) Incombustible support structure 2
(1.25) Yes, every row of modules 1.25 (1.25)Yes, every row of modules 1.25 [1.25)Yes, everyrow of modules 125
(1) Evergreens 1 (1) Evergreens 1.5  (1.5)Amixture of evergreens and pere 2
(1) No 1 (1) No 1.5 (1.5)Yes,notinthe system 1
Facade overview 5.00 Facade overview 5625 Facade overview 5
Facade 1 Facade 2 Facade3
4 1
220 e
12 72
8 5 [ T
5 5 5.625

(

(8) Healthcare with sleeping area, he
(2) Building height 15m-40m

(1) Two staircases on distance >H/2
(-) Fourfagades

(2) Opaque fagade with air cavity

(1) No double skin fagade

(4) Yes, vertically

(1) No

(1.5) Yes, horizontal protrusion <0.5m
(2) Yes

(1) Yes

(2) Yes

Facade overview

(2) System 8: LWSMW
(1.5) Horizontal strips

(2) Yes, <Iimdistance

(2) Yes, <1.5mdistance
(1.5) Yes, <0.4mdistance
(1.5) On top of the fagade
(1) No

(1) No

(1) No

Facade overview

(2) Combustible; class B

(2) Combustible; class B

(2) Yes, » half thickness spouwblad
(1) Steel or aluminium

Facade overview

(2) Incombustible support structure b
(1.25) Yes, every row of modules

(2) Perennials

(1) No

Facade overview

Facade4
16
48.0
27
8
5

] ( ]

( ] (

]

NO-GO, change the design

NO-GO, change the design

NO-GO, change the design

NO-GO, change the design



Apendix D: infographic

With the increasing interest and use of vertical greenery systems (VGS), it is important to keep up with these inovations in terms
of fire safety. The current infographic is developed to give a quick overview of best practices to make sure designs with VGS are
designed in fire safe ways.

e Use automatic irrigation system ¢
e Have a maintenance contract in place

e Use incombustible materials in the system
e Keep a distance from windows
e Facade accesssible to fire fighters
Building Material choice Location on  Connection to e Shy away from escape routes
characteristics of system fagade fagade e Use ‘patches’ in riskier situations
e Use low fuel load on balconies
e Keep a distance to the fagade

i

Fire breaks at borders of fire compartments
Fire breaks around windows

Vegetation free zones

Monitoring system of VGS

TN Apply at blind fagade
Best practice of incombustible
design examples material

Don’t breach fire
compartments ~—w—

44/;,,0 B |
© ‘ Use vegetation
free zones for
compartmentisation
of system

3

EX2S

Low fuel
load on
balconies

@
|

Protrusions around

RN A

A windows _
Accessible for I . |- Patches
fire fighters : to
/7 _ prevent
i : fire

Gener.al risk Low Medium High Low Complex

(relatively) | | | | spread
r 1r 1T 1r 1r 1 Use fire

N S S— 7‘ A = — Gasi

€ ‘4? f

| i 3 5.
i1 ® Shy away
3 % p 2 3 ’ ~ from fire

e e e e e e e e e Y, 25m | escape
w e ‘
General advice Opt for Proper ;eperation Plant choice
incombustible between system and and configuration No access for
materials fagade relative to fagade L.
ignition
. . Keep distance i
¢ Green fagades: low risk because low amount of material P . Keep distance from
is used, so low fuel load. Ground based not dependent on from windows fagade

extra irrigation.

e LWS creates air cavity and uses a lot of material. Air cavity
is especially in combiation with plastic high risk. Proper
protection from a fire reaching the air cavity necessary,
for example with fibre cement board. Make use of
incombustible materials when possible.

e Wall vegetation has low fuel load so low risk.

e Vertical forests are complex and especially when using trees
introduces high fuel loads on the building.

Don’t cut back on maintenance

Don’t use plastic on combustible fagade or near windows
JQF Don’t breach borders of fire compartments

Don’t threaten all possible escape routes
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