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People living in urban areas

Healthy city living essential

Lack of space in cities

Use vertical surtaces

SUSTAINABILITY & FIRE SAFETY

Living walls guidance and fire testing is
“inconsistent and inappropriate” says
leading fire engineering academic

FIRE SAFETY CONCERN OVER GREEN WALLS

SHARE

AUTHOR

PUBLISHED

23 August 2021 < B

While outdoor 30 called Tiving walls™ can improve air quality and public wellbeing, Professor Ed Galea, Fire Safety
Engineering Group Director af the University of Greenwich, says (hal the current guidance is inconsistent and not fit
for purpose.

To define living walis — alsc known a5 green walls of vertical gardens — these are structures covered in living plants that can
be Installed omto bullding walls.

Speaking at 1he Tall Bulldings Conference held alongside FIREX in May, Galea said that aithough extemal Iving walls
undoubtedly provide improve public heakh and and i i 1o our cities, their fire safety implications
st be ignored.

reporting body CROSS-UK published a report earlier this month highlighting the fire risks from poarly
maintained green walls, as changes to fire safety law mean that the external walls will become part of fire risk
assessments.

(FPA, 2021)

Green walls and the question
of fire compliance

MARCH 17, 2021 ANDREW BARNETT

The instaliation of vertical green systems, also known as green walls, is o growing trend in
medem construction and fit-out [i]. In Sydney, the prominent building that comes to mind
is Lendlaase's One Central Park in Chippendale (constructed circo 2014) which supperts

over 1120 m2 of vertical garden arrangements absorbed into its clean glazed facodes.

One Central Park, Chippendale NSW

(Barnett, 2021)

Fire safety concerns

Vertical greenery systems
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| Research objective g

e develop design-oriented decision-making framework

@—B—-@@

Input: design idea Output: fire risk analysis
and design advice




{ Research question g

“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 ?”
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Literature research
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Risk analysis Research by design




Literature research

e V@GS classification
e Fire safety relevant for VGS
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{ Vertical greenery systems (VGS)
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y Classification of VGS




*{ Vertical greenery systems (VGS)
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Not dependent
on irrigation
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Rooted in potting soil or artificial substrate




Vertical greenery systems (VGS)
y)____i - ____________________________4

Small amount of material use
and low maintenance

Green Facades

Direct Indirect Direct Indirect Hanging
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Rooted into the ground Rooted in potting soil or artificial substrate




'{ Vertical greenery systems (VGS) D
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Much more material use, complex
systems and high maintenance

(Biotecture, n.d.)
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Root Rooted in potting soil or artificial substrate




- -b:q g,

Vertical greenery systems (VGS) R

Much more material use, complex
systems and high maintenance

Can be built up with
incombustible materials
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[ Vertical greenery systems (VGS)

e

Creates air cavity between system
and facade

Vertical greenery system (VGS)

Green Fagades Wall vegetation Vertical forest

Direct Indirect Direct Indirect Hanging Natural Artificial Terrace Balcony
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7 vertical greenery systems (VGS) Q)
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Complex systems and J

high maintenance
ﬁ_lr ;

: Vertical forest

Terrace Balcony

|
Rooted in potting soil or artificial substrate
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Vegetation and configuration
most influential

|
Rooted in potting soil or artificial substrate
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{ Vertical greenery systems (VGS)

Differences between systems

Low risk Medium risk High risk Low risk Complex
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Dry vegetation moisture content =7 % Wet vegetation moisture content =278 & 312 %

(Holzbau und Baukonstruktion, 2023b) (Holzbau und Baukonstruktion, 2023a)










climbing aids in front of facade

(EFB, 2022)

Vegetation
free zone

Fire break

Distance
from facade

But! Precise dimensions are
not clear. More explorative
fire testing needed
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Example case-study scenarios )

> ‘What-if’ analysis on 18 case-studies with multiple scenarios

Questions:

— * What could potential ignition sources be?

e |f ignited how would the flames spread?

Would the flames threaten the possibility of escaping?

LWS on blind facade Indirect GF on balconies




1 Parameter overview

Relevant parameters used for decision-making framework

1| 1 Whatisthe building function of use? 2
1‘.20 2 What s the building height? i a 1 What s the building function of use?
5 3 What is the location of the escape routes? £ 2 What is the building height?
E - What is the amount of facades that need to be assessed? g
@
: 4 What is the facade typology?
?:: 5 Whatis the double skin facade typology? 3 Is the rear facade incombustable without open seams?
J:i 6 Is the facade situated in front of multiple fire compartments? T 4 |s the VGS applied near openings?
g’: 7 Is the facade load-bearing? ¥ 5 Is the facade situated in front of multiple fire compartments?
l“; 8 Are there interruptions alnn.g the facade? ;> 6 What type of VGS is used?
‘;‘ § Areihete Sansparent parts I the sacadet = 7 Does the VGS threaten all possible escape routes in case of fire?
ok 10 Is the facade accassible by firefighters? . B e Bt seraseibla by Tieetighicn?

11 Is the orientation of the facade in the prevailing wind direction?

S What materials are used for the support structure and substrate?
() 12 What type of VGS is used?

| > 13 How does the system cover the facade? SI m p I e t O 0 |

14 Is the system above a transparent part in the facade?

15 Is the system below a transparent part in the facade?

16 Is the system besides a transparent part in the facade?

17 How on the fagade is the system applied?

18 Is there a clear fire trajectory from the VGS to an escape route?

19 Is the system applied above an escape route?

20 Is the system easily accessible?

e scale VGS

=

e

(R SPAPSP R o

[ Product scale VGS ] [ Product scale Fagade ] lﬂi

21 What materials are used as insulation in the facade?
22 What materials are used for the cladding?

23 Are there seams in the facade?

24 What materials are used for the cladding connection?

25 What materials are used for the support structure and substrate?
26 Is there an automatic irrigation system present?

27 What type of vegetation is used?

28 Is there lighting?

Detailed tool




Risk factors coupled to the parameter options

Low risk
Medium risk
High risk

Higher number = higher risk

type 1ai1c

PoTR T —

EETE"

w.ga.w' G mt

(Nieman & DGMR, 2022)

Basis from existing tools of Nieman and DGMR

Thresholds for risk level

12} Opague fagadewith air cavity
(1) No double skin fagade

(4] Yes, vertically

{1)Na

g
:

anﬂmng&-

{2) Yes, but other escape route
(2} Yes
2] Yes

Facnde overdew

12) Combustible; class B
(4) Combustible: class C-F
{1} No

(1} Steel or aluminium

Facath ownaaw

Eb—ﬂuhw IMNM»—!.—-HHHM

1 [1)Incombustable materials
1.25 [1.25)Yes, everyrow of modules

i (1} Evergresns

1  (1)No

Facade overdew

Facade 1

(1) At a distance from the fagade 0.5

(2) Opague fagade with sir cavity
(1) No double skin fagade

(4) Yes, vertically

(1) No

(@ihe

(2} Yes

(1) Yes

(1) No

(2) System 8: LWSMW

1) Patches

(2) Yes, <imdistance

(2) Yes, <1.5m distance
()No

(1.5) Ontop of the fagade
(I)No

(1) No

(1) No

Hﬂhﬂ;ﬂ””ﬂu

Fir sl eovisriies

4 (4) Combustible; closs C-F
1 (1) Incombustible; class Al-A2

= Hfﬂﬂm

(21 Opaque fagadzwith air cavity
(1) No double skin fagade

4] Yes, vertically

(1] No

12) Ne

(2} Yes

(1) ¥Yes

12] Yes

2 (2)System 9:LWSFE
3 (3)Wholetagade

2 (2)Yes, <imdistance

2 2) '!'aa,-:]_ﬁ_m distance
15 (15)Yes.<0.4m distance
2 (2)Integrated in the fagade
1 (1)Ne

1 (4No

1 (1]No

Facade cvwnmew

4 {4) Combustible; ciass C-F
2 [2VGSisthecladding

125 (1.25)Yes, < half thickness spouwbli  1.25  (1.25) Yes, < half thickness spouwbk

1 (1) Steel or sluminium

Facade cwndew

1 {1)Incombustable materisls
1.25 [1.25)Yes, sveryrow of modules

1 [1)Evergreens

1 (1)No

Focode overdew

1 (1) Steelor aluminium

Focatle overien

4  (4)Combustible; class C-F
2  (2VGSisthecladding

125 (1.25)Yes,< half thickness spouwbl
1 (1)Steelor aluminium

Facnds overaen

Facade 3

2

(2) Opaque tacade with air cavity

10  (1)Nodouble skinfagade

4

10

2

2
1
2

2
15
2
2
15
15
1
1
1

P
{1)Na
(2)Yes
(1) Yes
(2) Yes

Facade omvien

(2] System B: LWSMW
(1.5) Horizontal strips
(2} ¥es, <1.5m distance
(1.5) On top of the fagade
(13N

(1Mo

{1}Na

(2] Combustible: class B

[2) Combustibie; class B

(2) Yes. > half thickness spouwblad
{1} Steel or aluminium

Fist e cvrveany

{2) Combustible; class B

{2} Combustible: clas= B

{2) Yes, > half thickness spouwblad
(1) Steelor aluminium

Facode cverasm

Facede 4

Consult fire safety expert or change design

NO-GO, change the design

NO-GO, change the design

Further determined with 18 case-studies

Low risk
Medium risk
High risk
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| Facade averviaw |
——————————————————————

| Facmda ovenmew | Facade cuerasw |
2 (2)Opaquefacadewithaircavity 2 {2)Curtainwall 2 (2)Opaquefagadewith aircavity 2 (2)Opaque facade with air cavity
1.0  (1)Nodoubleskin faade 10  (1)Nodouble skin facade 10  (1)Nodouble skin facade 10  (1)Nodouble skin facade

1 (1N 1 (INe 2 (2)Yes, horizontally 4 (4)Yes,vertically

10 (1}No 10 (1}No 0.1 {3} 8e

20 (2INo 20 (2No (2)No 20 (2No

2 (2)Yes 2 (2)Yes ) 2 (2)Yes

1 (A)Yes 1 (1)Yes 1) e 4 @

1 (1)No 2 (2)Yes,it's perpendicular 2 (2)Yes.it's perpendicular

(2)9. LWS with Felt Pockets
(3) Whole facade
(2) Yes, <1.5m nce

2
3
el I «
2
(1)¥Yes, >Lmdistance 15 (15) <D
2
1
1
2

(@)¥es,<15m
(1)Ataditanceromihe fagode 0 2 (2)ntegated nthefocode (2)ntegrated
(1)No {1)No L (2)Ne
(1N (1o

(1IN (2)Yes

(2)Integrated i thefacacie
o,
(2) Yes

2

3

2

2

150
2

1

2

2 (2)¥es

In-n-.-n-b-n-n-nn-s

(2) Combustible; class B

{4) Combustible; class C-F

2
125
1
1
250

{2) Combustible; class B
{2VGSisthecladding
(1) No

(1) Steel or aluminium

[Nl % S

(2) Incombustible and combustible r

{1.25) Yes, every row of modules
(1) Evergreens
(1) No

1
2
15
300

{2) Combustible; class B
(2) Combustible;class B
{1)No

(1) Steel or aluminium

{1) Only incombustable materials
(1) Yes, every row of plants

(2) Perennials

(1.5) Yes, not in the system

4
125
1
1
=

{2VGSisthe cladding
{1)No
(1) Steel or aluminium

(4) Mostly combustible materials
(1.25) Yes, every row of modules
(1) Evergreens

(1) No

{2VGSisthecladding
(2) Yes, = half thickness spouwblad
(1) Steel or aluminium

(4) Mostly combustible materials
(1.25) Yes, every row of modules
(1) Evergreens

(1) No

Consult fire safety expert or change design

\ Facade overview

NO-GO, change the design

| Facade overiew
| —————

Evaluated with 4 (other) case-studies
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Architect, facade designer, sustainability consultant, manufacturer

Early design phase

‘Who Architect, fagade designer, sustainability consultant, manufacturer
. Development during design

\_Why Check if still on track for desired level Designers

Fire safety consultant

When consulted

‘ ' Authorised supervision
When design is judged against legislation

Why Supports in determining if design is safe enough

Plan assessors
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1 Decision-making framework in design process

Ve

The goal is to empower individuals to:

e identify easy safe designs

e gain knowledge to make informed decisions
e gain knowledge for arguments in discussions
during the design process @?)
® recognize when to consult fire safety engineer

e identify no-go situations

e 2 architects Found that tool can help
* 1 landscape architect — in raising awareness and

1 project developer improve understanding
1 manufacturer

Good tool for risk mitigation
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Three steps:
™ e Infographic
I~ e Simple tool
% e Detailed tool

Decision-making framework in design process

.
&5

Knowledge
gained for
design process
discussions

Use infographic for

main guidelines

Make design

O

Use simple tool

Good to go

I More in |
a8

formation necessary

Use detailed tool

No-go, change design

b

"

05

Good to go

Y

Consult fire safety
expert

No-go, change design
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( Infographic

> Quick overview of design

Most relevant

» considerations and options

design options

Extra measures

Infographic should encourage
to get these results

3 R — A T

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

* Use automatic irrigation system ! Q
= Have a maintenance contract in place
* Use incombustible materials in the system  §§ —
* Keep adistance from windows ﬁ
* Facade accesssible to fire fighters —
Building Material choice  Location on  Connection to * Shy away from escape routes _—
characteristics  of system facade facade * Use ‘patches’ in riskier situations
* Use low fuel load on balconies
* Keep adistance to the fagade
\
* Fire breaks at borders of fire compartments
* Fire breaks around windows .
: Apply at blind fagade
: ::(;g;ttz:)t:;n free zones Best practice of incombustible
g system of VGS material
design examples
Don’t breach fire

Use vegetation

compartments =——w_o_

Visualisation of
design options

General sk
{reinthiely)

fon neral ahice Ogt for Fropmr sepertion Fant cisaicr
hrermikaistibie setuieteny syt i and enefiguration Nn aCcess fﬂr
matnriali Faardn) edative to fgads ignit
on

Keep distance
from windows

Keep distance from
fagade

* Green facades: low risk because low amount of material
Is used, so low fuel load. Ground based not dependent on
extra irrigation.

* WS creates air cavity and uses a lot of material. Alr 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.

* Wall vegetation has low fuei log low risk.

* Vertical forests are complex andwpecially when using trees

Don't cut back on maintenance
Don't use plastic on combusgtible fagade or near windows
Don't breach borders of firk partments

introduces high fuel loads on thefbuilding. Don't threaten all possible efcape routes

Differences between VGS
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1 Detailed tool

g
Y

Mineral wool LWS on timber frame construction

30 60 3812

1:5 detail

140

12

Fagade build-up inside to outside
+ Plasterboard 12 mm

= VVapor barrier

+ Insulation 140 mm Mineral wool
« Timber beams 38 X 140 mm

+ Chipboard 12 mm

* VVapour-open water barrier

* Ventilated air cavity 38 mm

+ Aluminium Omega profiles

« Living Wall System

Aluminium drainage and edge
PE drip irrigation system

Mineral wool

Textile

Plants

Steel sil




Detailed tool




Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.










Fagade build-up inside to outside
« Plasterboard 12 mm

= VVapor barrier

« Insulation 140 mm Mineral wool
« Timber beams 38 X 140 mm

» Cement fibre board 9 mm

* VVapour-open water barrier

* Ventilated air cavity 38 mm

+ Aluminium Omega profiles

« Living Wall System:

Aluminium drainage and edge
PE drip irrigation system

Mineral wool

Textile

Vegetation

Steel fire break with cement fibre core

s — i

30 60 389 140 12

1:5 detail







Create videos with https://clipchamp.com/en/video-editor - free online video editor, video compressor, video converter.
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1 Summary
)

o,

“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?”

Can empower individuals to Helps design process
analyse designs on risk by:

Input: design idea Output: fire risk analysis
and design advice
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5. Irrigation does not guarantee protection from fire. Molisture siows down the nire, but aoes not prevent.

on the risk the VGS delivers. Place on blind facade of
incombustible material

6. Location on the facade has si

7. Maintenance contracts for LWS should be demanded by Best practice
design examples

A risk analysis tool can be helpful for designers to

Use vegetation

Don’t breach fire
free zones

compartments T ——

9. Concerns about fire safety of VGS are valid

but there are plenty situations and
Low fuel

load on
balconies

design options which minimise the risks.

Protrusions
around windows

Patches
to
prevent
fire
spread

Accessible for
fire fighters

Use fire
breaks

@s\l\void fire

escape

No access
for ignition )
Keep distance

Keep distance from facade
from windows S ¢




1 Discussion and limitations
¥

Future development tools

e User friendlier interface

e More interconnection between parameters

e Combine with sustainibility and costs

e Integrade in modeling programm, such as Rhino and Grasshoper




Thank you! )
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