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Fire resistance and separation of walls and floors
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Fire behaviour of small sections /Na3{4RYBH X 4ERE
Fire behaviour of connections with steel elements
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Fire propagation on combustible wooden surfaces X KR{E R WARZFRERVERE
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Project: ,,Fire safety and timber structures
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Research projects at ETH Zurich in the field of fire safety timber engineering

(1995-2022)
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Research project

Testing type

Duration of fire tests

Natural Fire Exposure of Structural Timber

> 80 tests 1n a custom made setup

(FANCT)

20min

Natural Fire Exposure of Structural Timber

Medium-scale fire compartment tests

20 minutes to burn-out

Glueline Integriy in Fire (GLIF)

Natural fire and standard fire exposure

up to 120 minutes

FirenWood project

Natural fire and standard fire exposure

30 to 120 minutes

Fire Dynamics in Timber Structures (TimFix)

No testing

Fire resistance of bonded structural timber elements

Element tests under ISO-fire exposure

20 to 70 minutes

Fire resistance of different timber members (slabs
and walls)

Element tests under ISO-fire exposure

30 to 105 minutes

Fire resistance of timber connections

Element tests under 1SO-fire exposure

30 to 80 minutes

Fire performance of wooden hotel modules

Full scale tests under natural fire condi-
tions

40 minutes to burn-out
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After Failure: Disassembling of the speamen
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Fire design of timber structures RZTFRIPH NI LT

Novel calculation models for fire resistance of timber
structures were developed based on extensive element

and full scale testing
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Fire safety
in timber buildings

Technical guideline

.
rwaizic
S1a e, SN sia s SN
SIA 265:2012_Bauwssan 05 265 518265002 Bauwesen EN 1995-1-2:2004
et o o 200
Stucn
Eurocode 5: Bemessung und Konstruktion von
HHHHHHH Holzl b uten - Teil 1-2: Allgemeine Regeln -
Tragwerksbemessung fiir den Brandfall
Die Eu 1995 122008 hat

Swiss Code
I ERE

.......

Eurocode 5
RHRLSES

[E—
Sciwazanscher Ingeriour- und
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Revision
Eurocode

1' VTRRERIALSE,

Response to Mandate M/515

CEN/TC 2

‘Towards a second generation of EN Eurocodes’

CEN/TC 250 - N 993

B3 CENELEC |
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S5GHEE

New Swiss fire regulations (2005) -
Fire requirements for structural safety concept P /K Bk

~2005h% B ‘K FE Y

until 2004

since 1.1.2005

F 30bb

REI30

REIGO0
Cavity insulation:
non combustible

TS AR

REI60/EI30(nbb)
Cavity insulation:
non combustible

TS AR
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Swiss Fire Safety Regulations (2005)%i 12005k B ‘K #

New Swiss fire regulations recognised that the fire
safety objective adopted for medium-rise
buildings can be achieved with the given

requirements despite the combustibility of the
structural material used
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Further education £35S

Bildungzkonzept Brandsicherheit und Holzbau

Brandsicherheit und Helzbau
Bildungsangsbot 20711

Die VKF Brandschutzvarschriften 2003 sind seit 2005 in Kraft. Sie
fihrien sinerseits zu siner erheblichen Erweiterung der Anwendungs-
méglichketen von Holz im Hochbauw. Andsrerseits sind auch dis Anfor-
derungen an Planer und Ausfihrends stark gestiegen. Im Rahmen des
Forschungsprojekts «Brandsioherheit im Holzbaus unter der Leitung
der Lignum wurde wvisl Grundwizszen erarbeitet. Dank diszen Grundla-
gen konnts for alle relevanten Bersich des Hochbaus (in Holz) Lignum-
BErandzchutz-Dokumentationen erarbeitet werden. Dieze Dokuments
wurden von der VKF als Stand der Technik ansrkannt und sind somit
verbindlioh. Fir die Holzbranche entstand dadurch ein grosser Weiter-
bildungsbedarf (Wizsens- und Technologistransfar).

Ausbildung Brandschutzfachmann/Brandschutzfachfrau

Seit 2007 bistet dis Berner Fachhochschule Architzkiur, Holz und
Bau (BFH-AHEB), Bisl zusarmmen mit der Schweizerischen Bauschulg,
Aarau die Ausbildung zum Brandschutzfachmann/Brandschutzfach-
frau Holzbau an (Dauer insgssamt 15 Tags). Dis Ausbildung wird von
der Lignum und dem Verband Holzbau Schweiz unterstitzt und bis
arthin von oa. 100 Personen abschiert.

Weiterbildungskurse Brandschutz

Um die Weterbildungsbedlirfnisse breitersr Kreise abzudecken, wur-
den 2010 Modulkurse (insgesamt 5 Tage) aufgebaut, anhand derer
versohizdene Themen des Brandschutzes detaillerter behandslt wer-
den. Diese Kurse konnen einzeln oder gesamthaft besucht werden.

Ab 2011 1=t zusatzlich das Modul 8 im Angebot, welches zusammen
mit der Hoheren Fachschule Burgenstook durchgefihrt wird.

Grundlagen 186

& Erfwickhing und Orgarisation des 9%
Brandschutzes in dar Schweiz

+  Forsehung und Enbeickiung im
Brandschulz

*  Brardschutmpeiiung und Jukssung

Hormen und Richtlinien

& Brardschulzrarmen und
-richfinian

*  Fanungshillan

*  Siand dar Technik-Papians

Planung und Ausfihrung

|

Badsilan, Verbindungsn und er-
birdungsmitieln im Lasifall rand

Haustechnik

. i i 4
*  LuSischrische Ariagen

= Saniliee Anlagen

+  Beltrolechnischs Anlagan
Technischer Brandschutz

Batriab und aul der Bausiale
Prajektarbeit
*  Dumcharbeilsn sines anspruchs-

volen Chjsktas uniar Berlcksich-

tigung aller brandschutriechni-
Pritfung 172 Tag
Brandschutzfachmann VEF

Durchgellhn von der \areinigung
Karonaler Feusrversichenungsn (WVKF)
itk

Vertiefung dul 1: B

- “ﬂ k r
*  Brandschulzriordaningan
*  Brandschulzkonzepls
*  BrandschulzpiinePlanungshillan
*  Cunltilssichaung
Ver 1l 2: B mit
orand ungen
*  Gagchossdacken/Trenmwdinde
*  Delpiligungan
= verwendung brermbaner Bausiolfe
Ver 1l X B mit
B d bt 1 ungen =
Gebiudshille
+  Ausseriiings
= verwendung brermbaner Bausiolfe
*  Ausgsecraandbekledungssysiens
*  Brandmasem
*  Brandmauen REl S0
Vertief dul 4 Haustechnik —

llation und Sbscholt

= Installationsoneepba

& \Wirmalechnischs, luMlechnischa,
wanitdrs und elakirische Anlagan
ihen

=  Durcharingungan urd Abschol-
1ungan

Verticfungsmedul 5: Feuerwider-

g won

teilen

+  GrundagenEinwikungan

*  Bemessungshoreest

=  Linegre und Miichipe Baubeils

o ersindngen urd Vicbindungsritel

Vertiefung 8

- Brermbanes

- Ferster und Toren

= Fluchivege und Instalationstanben,
Schriitke

Ausbildung Brandechutzfachmann Weiterbildungskurse Brandschutz

1Tag

1Tig

1Tig

1Tig

1Tag

1Tag
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Bauen
Konstruktion und Qualititssicherung
Bekleidungen und Brandschutz

AER - RE
I SEEX

mit Holz -

SIA MFPA
SIA Lignum SIA ETH Empa Lignum BFH AHB VSH Lignum

SIA Holzbau Schweiz Lignum
SSM VGQ

Abschliis: <+ Haustechnik
Tiir- und Konstruktion REI 90 Installation nd
Trennwandsystem Abschottung

(-

VSSM Lignum SIA Empa FFF Lignum SIA Lignum SIA BFHAHE Lignum
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Quality of construction 12 [GE=

= Fire safety plan with all fire safety measures

" BEFTEHEBR SRR SN 0

= Careful planning and detailing “‘?

- EELEIRARTIR = o

= Professionally implementation of fire safe ;//T
measures during the execution

= TIPS R R S fa i : -\L-

= Periodic controls and maintenance
= EEREHIROLER

= The intensity of maintenance and controls must be set depending of
the type of structures and the type and importance of the building

= AEPHIES AR E O RIE S RSB RS BN E R SR RE




Fire safety plan jBffZZ 2%
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Solarlum
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- Feuerwiderstand RGN
El60{nbb) / REIGO(nbb)
E Faugrwiderstand AEIG0/EI30(nkb)

— Z Bauteil bestehend

; olnzh)
_ Faugrwiderstand E/30{ndb),

bestehand
l:l Konstruktion nicht brennbar (nbb) /
Obarligche (nbb)

:D Inngnwinde iransparent (nbd)

:l:l Konstruktion shne Feuerwlderstand

D Tire bestehend; Nachrllstung
gemdiss Vorgabe GVL

‘ o Tre £I30, brandfallgestevert
. === Tlre E|20 mif Thrschllesser
. omwn T0re / Tor E30, brandiallgestevert
Aufzugioren E30(nbk)
o Fuchiichiing
l:l Fluchttreppenhaus
l:l Fluchtkarridor
@ Sprinklerschutz
= Brandmeldedberwachung
L] Handtaster Brandmeldeaniage
JAY:

« Hauptzugang Feuerwenr

lEl Schlisseloox (Einbavort)

Wasserltischposten, Schlauchlings|
In Meter / HFL Schaum

Handlgugrldscher Schaum ABC

Maklol + Wlederkehr KONSTRUKTION

il Holzbau-Ingenleure HTL/SISH HAtAE

BRANDSCHUTZ

IN HOLZBAU

Mnelimady Wellness Hatel Alsll L e
Saasirassa 52, 6352 Weggls skas 88, 4981 Megels | HEVLOTASTE

(= —

o] Grundrlss 1, Obergeschoss
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Careful planning and detailing\éﬁﬂﬁﬂfm IFNAS581 T
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\¥D5mmung (BKZ 6q.3, SP>1000%)
= % ~—Kerto-Q-Trager
59139 M5 ~—Flumroc-ECCO (E1 30 Verkl.)
—Fermacell 15mm
Schnitt horizontal Schnitt horizontal
2 18

N

Formboard 18m

— N

Makiol + Wiederkehr KOUSTRUKT IO

Dipl. Holzbau-Ingenleure HTL/SISH BERATUNG

Industriectrases 9 Tel. 082/78515 35 BRANDSCHUT!

‘GH-5712 Beinwil am Se0 Fax 082/765 15 20 IM HOLZBAU
Onjoct Baunerr Projaktrummer

MFH Stichmatt, Sisseln Koufnann Holz & Bou AG STI-060130

DH-4 Plonmunmer PLambezelchmung

————Detail Decke-AW (Balkon)
Detai Ls-Hol zbau
02.02.2007 ol Saarbal tung EIVIETRT et
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Careful execution and period controls

ETH:zurich

(in factory and at construction site)
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Steinhausen: the first 6-storey timber building in CH
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Fire stop barrier on timber facade AR&|IYMERIBG KIS
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6 residential buildings, 2010 7<tRE{EER, 2010F = =
3 x5 storeys, 54 apartments =78, =H5E, 544‘{&% ‘
gcl;i;gﬂoor crete; other floors: timber) 5—EAiRRLTEE, BhER
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167 apartments ﬁEﬂEEIZ,
e S









Zurich, Residential Area Freilager

3 buildings, 100 m long, 6 storeys,

187 apartments
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Winterthur, Residential Area Giesserei
EAFEIR, FEXGiesserei

Winterthur,

Residential Area Sued&til

TREE/R, FEXSuedtil
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Drivers of development AZBHIIEENEZ=
Building systems (prefabrication) ZIESF (Faklt)

Holzrahmenbau Massivholzbau
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Drivers of development ZEHIIEEIEZE

Material efficiency ##}33=

Aussenwand mit Holzrahmen Aussenwand aus Stahlbeton

— Stahlbeton 200 mm
— OSB-3-Platte 18 mm - Ddmmung 220 mm
— Tragkonstruktion Tanne/Dammung 200 mm Y Y Y Y Y Y Y Y Y Y Y Y
— Holzfaserplatte 60 mm

Aussen

U-Wert = 0,15 W/m?K Innen U-Wert = 0,15 W/m?K Innen

REISTHEG
KRERF4HER _ Stahlbeton 200 mm

- Dammung 130 mm

— OSB-3-Platte 18 mm
— Tragkonstruktion Tanne/Dammung 160 mm

Aussen D b Y )
"_:.;l’“‘ql’ ‘.;:f e R N A A U Y \\\:
L s N A S A A S A N Y,

AL NANERE R AR RN R R AR R N RN A N N N R A NSNS

U-Wert = 0,25 W/m?K Innen



Drivers of development ZEHIIEEIEZE
Grey energy R EEEE

Konventionelle Bauweise

Holzbauweise

Zusatzliche Emissionen:

* Transport

* Herstellung Material

* Energie bei Entsorgung
* Armierungen

CO,-Emissionen

910kg

Substitution

CO,-Emissionen (graue Energie)
Senke, Riickgewinnung
nachhaltiger Energie

bei Entsorgung

300kg

700kg
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Drivers of development ZEBHIIEEIEZE
Glued laminated timber REtRA
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SALDOME 2, Riburg, 2012 —— = | :
. Diameter==120m; Height =31m ’ g P —

20k, BE-S1K 2
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Agro exhibition buildings in Chengdu (CN),
Spans well over 115 meters and structural height of over 40 meters

MTPERENARIERSE, BEBII115K, FHEEET40K,
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active in China
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Evolution of Swiss fire regulations HrtiEphiZE
AYESE

Until 2004 Since 2005 Since 2015
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Swiss Fire Safety Regulations (2015)

¥ 12015k B kIR TE

New Swiss fire regulations recognised that the
fire safety objective adopted for all buildings can
be achieved with the given requirements despite
the combustibility of the structural material used
Im EHRIB KA RN, RERTERNEARER
At (BAMEERIMIENEhZEBIRA

LB 25 ERYE KR SETN,




Swiss Fire Safety Regulations 2015
I L2015 JREAKAE

Folder A (statutory)

- 1 Fire safety standard
- 19 Fire safety guidelines

Folder B

- 10 Explanation of fire
safety
- 3 Fire safety tools

XA  (GZ7E)
‘ www.Vvkf.ch ot A s L Pty A A
I;}:zrﬁitu[::rr;al of the Association of Cantonal 1 //\/‘Eﬂﬁ-ﬁ'éﬁj\_/ﬁ:/ 19%%%?@;5@

‘ www.praever.ch X118
s o nanes, 10 PNEITREHIERE, 3TNElZET
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Swiss Fire Safety Regulations 2015#% 72015 AR H5E

The Swiss fire safety regulations VKF are prescriptive, but allow performance
based concepts (“objekt-bezogene Konzepte”)

I ER KA EREMIERR, BREATFET RIS

Fire safety concepts EFZLAE

v \ 4

v

Constructional | Technical (sprinkier)

e RN N (BHERS)

Exception
SHIE

(Art. 11)

_ Construc-
Constructional tional

Construc-
tional

Standard concepts of fire safety JHPFZEIRET S

v 4

Specially applied concept of fire

safety iﬁﬁﬁ?%ﬁ@%zﬂﬂ'ﬂfiﬁ

Building fullfills the fire safety concept ERBEEPREEHTE




Swiss Fire Safety Regulations 2015
I 2015 R HIGE

Building categories with respect to height

R B 23 B 2R

Low buildings Medium-rise Tall buildings

Up toll m total height Up to 30 m total height More than 30 m total height
Usual 1 — 3 stories Usual 4 - 8 stories Usual 9 and more stories
(KEER FEER SRR
EREERTIIK EINEEKT30K EINEEST30K

—p%1Z13E —hRAZ8E —RZ9ELL



Swiss Fire Safety Regulations 2015
I 2015 4R RIGE

Fire resistance & compartmentation

MRS K A%

Building divided in
compartments

ke 2E£ K . N, o
LRSS STV 5 B T 7T

Fire resistant structure



Swiss Fire Safety Regulations 2015
I 2015 4RI HLE

Constructional concept FERFZE Uptom(,m
Up to 30m
Upto11m
until 2004 since 1.1.2015
F 30bb REI30 REI6G0 REI90




Swiss Fire Safety Regulations 2015

5712015 \RB KR
Sprinkler concept BEMIZHET 2

Upto1im

Up to 30m

Up to 100m

until 2004

F 30bb

since 1.1 2015

Design for normal
temperature

IERRE FRIRT

R30

R60




Swiss Fire Safety Regulations 2015
I 2015 JRBKHE

Fire resistance and fire behaviour

iR K A %K‘Eh

Fire resistance Fire behaviour
E it K j E Bl K 4 g j

S S 9
| swewmmonme | | swwsowmmomse |
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn offen
safety guideline safety guideline
15-15 14-15



Swiss Fire Safety Regulations 2015
T 12015 JREEAKAIGE

Fire behaviour requirements (safety guideline 14-15)
Bl Kk PEREEESR (224D

- RF1 Low and medium rise buildings Tall buildings
RF2
[IRF3 o c S o c <
. - Q@ )
Keine Anwendung £ % 53 5 = _g 53 5
; 2 ; 2
[ - | Keine Anforderung cBlcgl |25 2lc8cg |22 =
. » o 3|lo > =} Slo S|o > =] ft
cr = Baustoffe mit kritischem N5 NGl 2 2 BINGING £ 2 fox @
Verhalten* sind anwendbar 2822 9|8 s|28|228 ¢|=8 s}
Nolvol5|lo-|e|§ S|P 2P 2 5(a| 2| & =
252522552 | 82525 22552 |8
Se|ls50| 5lallLElsS s|l5al58 5|l &S o
o he} O R~ S| | 2 o] he] o O x G| el 2 O
SElSE[G|82|al € a5 E[GElG|82| | € o
¥ 8l ¥ 8 o] A0 Gl 0| ol|x Blx 8l a2l80 T| ol o
228 2= ol 8|3 o €19 282z ol 8| Z o €
(DGJ(DCDNU”_‘QJ(D'QZ(D(DCDGJNU"'@@-(U:
D_‘EOTQ\CE’-—QE i C‘,‘EDQ\:?-—DE }
- - ] 3. N al - - T 3. NlE| &l &
¢ SO 3 Tl S el e|o 3o 2 Tl GlE| 9
2525 E|2e| 2|5 &| 2|22 E|Re 2|5 &l
53|53 5|52 &8 3| B|S3|E5| 5|52 8|8 B8
Su|=d|0|Swe|¥|a|la|F|SL|Ed|a|lse|X|a|d|F
. Bauliches
Vertical Konzept [1 [3]
@ escape "
b P Léschanlagen- nERORI!
E routes konzept
z -
(8] . Bauliches [1]
5| Horizontal Konzept (6] [11 |11 4 4
L escape ,
P Léschanlagen- n ,
routes konzept [4]
Bauliches 5] . 11 =
Hospital Konzept
ospitals r
Qo Léschanlagen-
5 konzept [4] ] cr [] 151 [ [41 | cr
£y "
= Bauliches
é Room  \Konzept il i cr
i= with high Léschanlagen- 51 | 14
| occupancy |konzept [4] cr [51 (31| 41 cr
A= -
Bauliches
Qo
] chgr Konzept cr [5] [4] | cr
building Léschanlagen
uses konzept ‘ cr [7] [6] ‘ cr




Swiss Fire Safety Regulations 2015
I 2015 R KHIGE

Fire behaviour typologiesBj k8842

RF1 (no contribution to fire) X -k % J& 51k

RF2 (small contribution to fire) S /K 5 i) 51 ik /)

RF3 (acceptable contribution to fire) Xk ‘K i or ik Ak T 1]

70

+

RF4 (unacceptable contribution to fire) X} ‘K 9% ] oa gk Ak T

e LA

g

Note: Materials with critical behaviour (cr)

e.g. due to smoke and fire development

may lead to unacceptable fire consequences.

e ERBEACEIAE, B, B K E R R R RE
FA AT RS2 B KR JE 2R



Swiss Fire Safety Regulations 2015
T 12015 )REEA A

Building elements: encapsulation

BRI % (RE! 30 or 60

(R)EI 30-RF1

Or (R)EI 60-RF1
=>Encapsulation K30-RF1
>R

=>» Cavities filled with RF1
> FERIEFRRFL

(R)EI 90-RF1

=2 Encapsulation K60-RF1
>

=> Cavities filled with RF1

> SEAIEFERFL (R)EI'90




Swiss Fire Safety Regulations 2015
i1 2015 SRS KA

Quality assurance (safety guideline 11-15) & &£




Swiss Fire Safety Regulations 2015

12015 R AE

Quality assurance (safety guideline 11-15)F BRI

Building type and use ##

Dwellings 1T /5%

Office/p A=

School®:#%

Parkingfs 4%

Industrial buildings T\l &5
Farm buildings £ M 2 51

YRS 2
IS

Low-rise
buildings{kE

Medium-rise
buildingsHZ

Tall
buildingsBE

HotelsiH 5

High occupancy (> 300 people) & A fE
= (&ET3000)

RetailsF Ml 2 51

Industrial buildings (g > 1000 MJ/m2)
Tk g5

Hospitals % 5
Unknown use ./t




Suurstoffi BF1,
Risch Rotkreuz

15 storeys, 60m, 2019
in 15 weeks!

152, 60K5, 20194,
IR [EJHA 15/

The current highest tall hybrid

timber building in Switzerland
HRllin CEESEEANEETER
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Fire safety concept
- Technical (sprmkler)

- Structure REI 60

. Timber columns a
beams unexposee™
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T
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Tilia Tower
85 m, 2024




Duplex Architekten D(

Wm waltgalmarini

Tower Pi, Zug &%
80 m, 2025
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© Duplex Archite ippo Bolognese © Duplex Architekten AG, Visualisierung: Filippo Bolognese
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Fire safety is not primarily a question of
building material but of concept
(education, quality assurance, careful
design and execution, maintenance)
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