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Foreword
This book of abstracts marks the beginning of our work towards a common understanding about fire
safe use of bio‐based building products and a more harmonized and stronger market for these
products. Although this is just the first Working Group meeting of COST Action FP1404, more than 25
participating countries contributed with 50 abstracts covering their national ambitions and
challenges. This demonstrates the interest in the subject as well as the motivation of national
research institutes, universities and industries to improve existing building techniques, materials,
design approaches and regulations, moving towards more sustainable buildings that use extensively
bio‐based products and are as safe in fire conditions as the current buildings with non‐combustible
materials.
Joachim Schmid, chair of FP1404
Massimo Fragiacomo, vice‐chair of FP1404
María Pilar Giraldo, host of the first WG meeting
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Contributions to the National
State of the Art

Fire safety in regulations, research and future challenge in
Austria
Martin Teibinger1, Irmgard Matzinger1
1

Holzforschung Austria, Austria, m.teibinger@holzforschung.at

Keywords: fire safety regulations, high rise buildings, planning guidelines

Regulations
General requirements
In OIB Directive 2, in conjunction with Directives 2.1, 2.2, and 2.3, the Austrian Institute for
Structural Engineering (OIB) has elaborated requirements for fire protection as a basis for
harmonisation [1]. Currently, the Provinces of Burgenland, Carinthia, Lower Austria, Upper
Austria, Styria, Tyrol, Vorarlberg and Vienna have included the requirements into their respective
provincial building laws. In principle, the OIB Directive enables timber structures with up to four
storeys. In that, in general, a fire resistance of the components of 60 minutes is required. Fire
compartment‐forming components must have a fire resistance of 90 minutes, and the
components of the topmost storey must have a fire resistance of 30 minutes.
Fire compartments
For the effective restriction of fire and smoke within structures, OIB Directive 2 defines maximum
fire compartment areas in above‐ground storeys of 1,200 m² (for residential use) and 1,600 m²
(for office use) at a maximum longitudinal expansion of 60 m. The fire compartments must not
extend over more than four storeys. Up to building class 4 (maximum escape level 11 m;
maximum four above‐ground storeys), the fire compartment‐forming components can be made
of timber with a fire resistance of 90 minutes.
Openings in exterior walls, which connect to fire compartment‐forming walls, must be at least
0.5 m away from their centre. Roof openings, as, e.g., pitched roof windows or dormers, must, if
no equal measures for restriction of fire transmission are taken, be at least 1 m, measured
horizontally, away from the centre of the fire compartment‐forming wall.
Fire compartment‐forming walls must have a fire resistance of 90 minutes and must protrude at
least 15 cm above the roof, if no other measures restrict fire propagation.
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For fire compartment‐forming ceilings, either a cross‐ceiling exterior wall strip with a height of at
least 1.2 m with fire resistance class EI 90 must be executed or the fire compartment‐forming
ceiling must be extended with a component, which protrudes horizontally by at least 0.8 m and
has the same fire resistance.
Deviations
There may be deviations from the requirements of the OIB Directive stated, if it is verified with a
fire protection concept, which must be prepared according to the OIB Guideline, that the
protection targets are complied with at the same level as with fulfilment of the requirements of
the directive. It is recommended to clarify the compensation measures with the competent
construction authority in advance. Fire protection concepts must only be prepared by experts
with fire protection training and experience. Compensation measures may include reductions of
the fire compartments, structural measures, as, e.g., encapsulation of the timber structures, as
well as plant‐related measures, as, e.g., fire detection systems or extinguishing facilities.
Outlook
During the last 6 months a revised draft of the directives has been worked out. The new directives
will be published early April 2015. The goals of this draft are the reduction of the building costs for
residential buildings and the discrimination of building materials. That´s why it is planned to allow
timber construction for buildings with a height up to six storeys and to increase the size of the fire
compartments for residential buildings.

Research
The Austrian research projects concerning fire safety of the last few years have investigated the
fire safety of high rise timber buildings, technical solutions for hybrid constructions, facades,
penetrations, feasibility studies and demonstration buildings. Technical results of the latest
Austrian research projects are summarised in two technical guidelines, which are published by
Holzforschung Austria [2, 3].
In Vienna some developers plan high rise timber buildings for apartments. One of them with 24
storeys and a maximum height of 84 m is also designed as a hybrid (timber – reinforced concrete‐
structure) and should be realised until 2018 [4].
References
[1] OIB directive 2. 2011.www.oib.or.at
[2] Teibinger M., Matzinger I., Dolezal F. 2014. Timber Frame Construction in Multi‐Storey Buildings –
Focus on Building Physics. Planning Guide. Vienna: Holzforschung Austria.
[3] Teibinger M., Matzinger I., Dolezal F. 2013. Construction with Cross‐Laminated Timber in Multi‐Storey
Buildings – Focus on Building Physics. Planning Guide. Vienna: Holzforschung Austria.
[4] www.hoho‐wien.at;http://www.theguardian.com/cities/2015/mar/01/vienna‐plans‐worlds‐tallest‐
wooden‐skyscraper
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Fire regulations, research and challenges for fire safe use of
bio-based building products – State of the art for Belgium
Yves Martin1 with contribution of University of Ghent, University of Mons,
University of Liège, CTIB, Ministry of Interior, and ISSEP
1

Division Roofs, Facades and Carpentry, Direction Research & Innovation, Belgian

Building Research Institute, Rue du Lombard 42, B-1000 Brussels, Belgium,
yves.martin@bbri.be
Keywords: fire regulations, timber, research, state of the art
The Royal Decree “Fire Safety” (Normes de prevention de base) of 7th July 1994 and modifications
gives the minimal requirements regarding to fire safety for the conception and construction of all
new buildings in Belgium. This law is completed by federal or regional decrees for the
constructions and conception of specific buildings such as hotels, hospitals, elderly, etc.
Guidelines (Note d’informations techniques) for the good design and execution are edited by the
Belgian Building Research Institute in collaboration with the sector (Universities, architects,
contractors, authorities …). These guidelines are used by architects and contractors to fulfil the
requirements (fire safety and other requirements).
The building regulations for fire safety make a distinction between the heights of the buildings:
low buildings (h ≤ 10 m), middle high buildings (h ≤ 25m) and high buildings (h > 25m). For the
industrial buildings, the distinction is not based on the height but on the characteristic fire load.
Following the present regulations, the structure of the buildings can be in timber if the fire
resistance requirements of the structural elements are fulfilled. The load‐bearing capacity of the
structural elements has generally to fulfil the performance R 60, with some exceptions (for
example no requirement for single houses, R 30 for buildings with no story, R 120 for high
buildings). However, there is some reticence from the fire brigades to allow timber structure in
case of (middle) high buildings. Sometimes extra requirements, such as sprinklers, are required.
Combustible insulations are allowed if the reactions to fire performances of the wall, plafond and
floor coverings (end‐use‐applications) are fulfilled. The fire reaction requirements depend on the
facility for the occupants to evacuate the building, the presence of a fire detection installation and
the type of local. The façades have to present a reaction to fire performance of D‐s3, d1 for low
buildings and B‐s3, d1 for middle high and high buildings. Belgium doesn’t have a large scale test
to evaluate the fire performance of façade. However, in view of the recent façade fires in high rise
buildings, the present requirements will probably become more stringent for high rise buildings in
the near future (revision of the Royal Decree is ongoing). Large scale façade testing (for example
based on the “Large Scale Fire Performance Testing of External Wall Cladding Systems” – draft
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report EOTA – 2013) in that case can be used to demonstrate that the fire behaviour of a façade
product that doesn’t correspond to the strict prescriptive requirements, is yet acceptable.
Fire safety engineering can be used for certain buildings or when deviating from the prescriptive
regulations requirements. The study has to be present for approval to the Commission of
Derogation of the Ministry of Interior.
In the past, the required performances for buildings were mostly limited to the stability, the
waterproof and the durability (the contractor had to give 10 years guarantee on the construction).
Nowadays the buildings evolve to high complexity and a lot of performance: acoustic, thermal,
ventilation, air tightness, esthetical, burglar resistance, fire safety, accessibility, environment,
rapidity of executions, etc. The challenge today is how to reach all the required performances,
especially at the junctions. BBRI (Belgian Building Research Institute), CTIB (Belgian Institute for
Wood Technology) and other partners are busy with a scientific research project to optimize the
performances of timber constructions. The project deals with the main performance such as
acoustic, hygrothermical behaviour, durability, stability and fire safety. Regarding the fire safety,
special attention is actually given to the following points: reaction to fire performance of wooden
claddings (CWFT usually not usable in practice – tests are made with cellulose and wooden panels
as supports), external fire performance of roofs with wooden coverings (classification BROOF(t1)),
fire resistance of timber façades (according to EN 1364‐4 – see Fig. 1) and fire stops.

Figure 1. Fire resistance test on timber façade according to EN 1364‐4

Other research projects (ongoing or just finalized) dealt with bio‐based loss‐fill thermal insulation
(smouldering fire, reaction to fire performance, protection), the long‐term, low temperature
ignition of wood or the durability of FR wood which remains questionable. Ghent University, with
WFRGent NV, make research on the fires flame spread of wood products. The experimental part
(SBI tests, enclosure tests and cone tests on wood products) is completed with numerical studies
(footage analysis via software, temperature measurements analysis and CFD modelling).
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Fire safety regulations and research in the Czech Republic

Petr Kuklík
Czech Technical University in Prague, Thákurova 7/2077, 166 29, Prague 6, Czech
Republic, kuklik@fsv.cvut.cz
Keywords: fire regulations, fire resistance.
This contribution is focused mainly on the fire regulations and fire resistance of timber framed
buildings in the Czech Republic.

Fire resistance of combustible structural systems
The fire resistance in the Czech Republic is depending on the type of structure and building. Fire
separation and load‐bearing building elements in buildings with 3 and more floors above ground
level shall be designed with fire resistance of at least 30 minutes. Fire height of combustible
structural systems is limited. Limit of fire height h ≤ 12 m. For construction with height of
9 < h ≤ 12 m should be an escape route designed.
In Czech Republic there are three types of construction:



DP1 (A), PD2 (B), DP3 (C)
Based on reaction to fire. Timber structures and wood based
structures are sorted in groups DP2 and DP3

Danger zone around the object
Definition of fire danger zone in terms of heat radiation from the perimeter wall on the
determination of distances d [m] from fire open area (window) ‐ plan and section:

Degree of fire safety of fire compartments for combustible construction system
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Ongoing research
Load bearing wall or floor assemblies, new materials of claddings, multi‐storey wood buildings:
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On the use of Bio-based Building Products in Denmark –
Fire safety regulations, research and future challenges
Grunde Jomaas1, Anders Dragsted2, Peder Fynholm3, Frank Markert4
1

Technical University of Denmark, Department of Civil Engineering, Brovej, 2800

Kgs. Lyngby, Denmark, grujo@byg.dtu.dk
2

Danish Fire and Safety Institute, Jernholmen 12, 2650 Hvidovre, Denmark

3

Danish Technological Institute, Gregersensvej 1, 2630 Taastrup, Denmark

4

Technical University of Denmark, Department of Management Engineering,

Produktionstorvet, 2800 Kgs. Lyngby, Denmark
Keywords: Fire Safety, Timber, Bio‐based materials
The Danish building tradition includes the use of bio‐based materials, and timber‐framed
buildings with thatched roofs can be found throughout the country. However, devastating city
fires in the 18th century led to prescriptive regulations that demanded the use of stone walls
towards streets, yards and neighbours in cities [1]. In addition, strict distance requirements were
implemented for houses with thatched roofs and timber frames. These historically rooted
requirements are still influencing the current building style, and although the current
performance‐based building regulations in Denmark technically allow for timber buildings of any
height [2], there are no tall timber buildings in the country. This strongly suggests that there is a
significant need to improved knowledge and dissemination of this knowledge in order to convince
the authorities having jurisdiction that timber buildings can be meet the performance‐based fire
safety requirements.
Despite the generally small contribution of forestry and manufacturing of wood and wood articles
to Denmark’s Gross Value Added (GVA) [3], there is an increased interest in the use of timber for
construction in Denmark, as exemplified by the Innobyg Spire project focusing on enabling
densification of the built environment with lightweight materials [4]. Furthermore, a PhD project
with collaboration between several industrial partners, including The Danish Institute for Fire and
Safety Technology, entitled “The tectonic potential of wooden constructions for implementation
in industrially manufactured building systems” is to commence in August, 2015.
Due to the relatively limited forest resources in Denmark, as compared to the rest of Europe, both
due to the low forest percentage and due to the small land area in general [5], the focus on bio‐
based materials for the built environment has been on demonstration projects for alternative
building materials such as concrete containing hemp, cellulose fibres, cork, thatched roofs and
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fibre boards with various bio‐based components. Figure 1 shows examples of such fibreboards
from a project at the Danish Technological Institute.

Figure 1: Different bio‐based building products created in a project at the Danish Technological Institute [6].
Top left: Eelgrass, Top Right: Seaweed waste, Bottom left: Tomato stems, Bottom right: Straw

The goal is that we in the future will be able move beyond the use of our own examples and
tradition and be willing to learn from others. Through the collaboration in COST FP1404, we aim
to obtain the knowledge needed to address current challenges, such as connections (fire
resistance), flammability (reaction to fire) and the approval process. In the end, the overall goal
will be to educate all stakeholders to a level that enables the decisions on using timber and bio‐
based products to be based on a cost‐benefit analysis that involves sustainability considerations,
rather than it being a decision rooted in historical fire incidents.
References
[1] Lars Schiøtt Sørensen, ”Fire‐Safety Engineering and Performance‐based Codes,” Polyteknisk Forlag,
Denmark, 2014.
[2] Danish Energy Agency (Energistyrelsen) (formerly Danish Enterprise and Construction Authority
(Erhvervs‐ og Byggestyrelsen)), ”Building Regulations,” 2010.
[3] Lundmark Jensen, “Forest and forestry in Denmark – Thousands of years of interaction between man
and nature,” Nordic Forest Research, http://www.nordicforestresearch.org/, 2012.
[4] http://www.innobyg.dk/spireprojekt‐fortaettet‐byggeri‐med‐lette‐materialer/fortaettet‐byggeri‐med‐
lette‐materialer.aspx
[5] Forest Europe Facts – European Forest Resources, http://www.foresteurope.org/
[6] http://www.dti.dk/services/wood‐and‐bio‐based‐materials/wood‐materials/31755,3
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Estonia– Fire safety regulations and research
Alar Just1, Raido Jalas2
1

Tallinn University of Technology, Estonia; alar.just@ttu.ee

2

Estonian Rescue Board

Keywords: Fire regulations, Fire safety, Fire resistance, Timber engineering,
This abstract intends to give a brief overview of the current state of art in Estonia with regard to
fire regulations and research.
Fire safety regulations
The existing fire safety regulations in Estonia are in force since 1stof January 2005.
Building process starts with issuing of the building permit by the local municipality. Building
project is necessary for receiving a building permit. Municipal authority can issue the building
permit only when local rescue service has approved the project of the building among the other
authorities.
Fire safety design is a sensitive question in Estonia because of large number of fires and also
deaths caused by fire. New regulations for fire safety in buildings stayed in force from January 1st,
2005 as degree of Government [...].
Adequacy of building parts for the essential requirements of fire safety is proved if building fulfil
requirements of the requirements of the decree; building fulfil requirements of the relevant code
or standard or fire safety is proved in analytical way (performance based design).
There are three fire safety classes of buildings from highest to lowest fire resistance: TP‐1, TP‐2,
TP‐3. Seven different modes of use of buildings are stated. Reaction to fire classification follows
the common system of Euroclasses.
Use of sprinklers leads to reduced requirements. Smoke detectors are made obligatory in private
houses by governmental regulation.
The use of wood in buildings
According to prescriptive rules, the use of wooden bearing structures is generally accepted at
buildings up to 2 storeys with high fire resistance class TP‐1, except hospitals and hotels
(requirement R60 to R120).
Residential buildings can be built up to 4 storeys in fire resistance class TP‐2 (R30 to R60). The
ground floor must be from non‐combustible materials.
TP‐3 states no requirements for fire resistance. The maximum area of fire compartment is
400 m2.
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Facades can be made of wooden products (class D‐s2, d2) up to 8 storeys if the fire spread is
effectively avoided. Wooden floors and linings are prohibited in industrial buildings, storages and
garages within fire compartments with high fire risk.
Research
Current research on fire resistance of timber structures is related to development and
improvement of the design models for Eurocode 5.
In the Tallinn University of Technology there is an ongoing research concerning protective effect
of different insulation materials to the timber structures in fire. The aim is to provide a method
for classifying the insulation materials in terms of properties in fire.
Protection effect of different claddings on timber structures in fire is researched. Effect of clay
plasters and different boards like gypsum plasterboards are included.
In the Estonian Academy of Security Sciences the statistical and social aspects concerning fires
and fire safety regulations for timber buildings are studied.
References
[1] Decree No.315. Fire safety of a building and a building part. Tallinn 2005.
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Fire safety in regulations, research and future challenges in
Finland
Tuula Hakkarainen1 and Esko Mikkola2
1

VTT Technical Research Centre of Finland Ltd, P.O. Box 1000, 02044 VTT,

Finland, tuula.hakkarainen@vtt.fi
2

KK-Fireconsult Ltd, Espoo, Finland, esko.mikkola@kk-palokonsultti.com

Keywords: Fire regulations, requirements, fire research
Fire regulations are based on the functional (essential) requirements of fire safety in respect of
load‐bearing elements, generation and spread of fire and smoke, and safety of occupants and
rescue teams. The requirements of the regulations are compulsory, and they cannot be
challenged without an approval by the local building authority.
There are two equally valid ways to verify the compliance with the requirements:
‐ The fire safety requirement is deemed to be satisfied if the building is designed and
constructed in accordance with the fire classes and numerical criteria specified by the
regulations and guidelines.
‐ The fire safety requirement is deemed to be satisfied also if the building is designed and
constructed in accordance with design fire scenarios, which must cover conditions likely to
occur in the relevant building. The satisfaction of this requirement is determined on a case‐
by‐case basis, taking into consideration the properties and use of the building.
The functional principles of the regulations do not limit the use of specific building materials,
including bio‐based materials. However, the performance‐based regulations concerning load‐
bearing capacity of structures state that when the design of load‐bearing structures is based on a
design fire concept, a building is considered sufficiently fire‐safe with respect to load‐bearing
structures if:
‐ a building of more than two storeys does not generally collapse during the fire or cooling
phase, or
‐ a building of not more than two storeys does not collapse during the period of time required
for securing evacuation, rescue operations and controlling the fire.
In the deemed‐to‐satisfy part of the regulations, these requirements correspond (for example) to
the following:
‐ Use of load‐bearing structures which are not at least class A2‐s1, d0is limited to a maximum of
eight storeys with sprinklers, and to a maximum of two stories without sprinklers.
As rough (deemed‐to‐satisfy) guidance, internal wall and ceiling surfaces made of products
meeting class D‐s2, d2 (such as wood based products) are acceptable e.g. in the following
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applications: Dwellings and offices (excluding exits), assembly and business premises with fire
load under 600 MJ/m2 and area ≤ 300 m2. Floorings meeting class DFL‐s1 (such as wood) are
accepted in almost all applications.
External surfaces made of products meeting class D‐s2, d2 are accepted (deemed to satisfy) in
residential and office buildings up to eight stories if sprinklers are installed, otherwise up to four
or two stories depending on the building class of concern.
The main stakeholders in fire research and development work in Finland are VTT Technical
Research Centre of Finland Ltd representing state‐owned non‐profit research organisations, Aalto
University and Tampere University of Technology representing universities, and KK‐Palokonsultti
Oy and Palotekninen Insinööritoimisto Markku Kauriala Oy representing private sector/practical
application of fire safety engineering.
Some examples of recent projects are Fire safety in timber buildings ‐ Technical guideline for
Europe [1], development of background for the revision of the Finnish fire regulations [2] and Fire
safety of wooden balconies, facades and eaves [3]. Guidance on performance based design of
multi‐storey wood framed buildings is under preparation.
Fire safety engineering is regularly used in the design of multi‐storey wood framed buildings,
mainly because at least some details differ from the prescribed rules or the concept goes beyond
the limits specified as fire classes and numerical criteria.
In Finland, wood is clearly the market leader in one and two storey buildings. In multi‐storey
(>2 floors) buildings, however, the market share of wood is reaching 5 % after the latest change of
fire regulations in 2011.Considering all new buildings, 50 % of facades and 42 % of load‐bearing
structures are currently made of wood.
The main future challenge for a wider use of wood and other bio‐based materials is their
acceptability also in other types of buildings than dwellings and offices according to the
prescribed rules. Wider applications are available for new products reaching reaction‐to‐fire class
higher than D‐s2, d2 and showing long term durability in outdoor conditions.

References
[1] Fire safety in timber buildings ‐ Technical guideline for Europe. Östman, Birgit; Mikkola, Esko; Stein,
René; Frangi, Andrea; König, Jürgen; Dhima,Dhionis; Hakkarainen, Tuula; Bregulla, Julie. 2010. SP
Technical Research Institute of Sweden. SP Report 2010: 19.
[2] Mikkola, Esko. 2012. Performance based background for revision of Finnish fire regulations concerning
timber framed buildings. Wood & Fire Safety, pp. 155‐162. 7th International Scientific Conference,
Strbske Pleso, Slovakia, May 13th – 16th 2012.
[3] Mikkola, Esko. 2013. Fire safety of wooden balconies, facades and eaves. MATEC Web of Conferences,
1st International Seminar for Fire Safety of Facades, Paris, France, November14‐15, 2013. EDP
Sciences. DOI: http://dx.doi.org/10.1051/matecconf/20130901004.
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Fire safe use of bio-based building products in Macedonia
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The combustibility of wood is one of the main reasons why most building codes strictly limit the
use of timber as a building material, in particular by limiting the number of storeys. In Macedonia
timber structures are limited to low‐rise buildings with 2 or less storeys, but the fire safety is not
the only precondition for the use of wood for multi‐storey timber buildings. Macedonia is active
seismic region and the seismic resistance of the structure is the main criterion for the material
choice. Timber structures have lower seismic resistance than reinforced concrete structures and
steel structures. Active seismic regions need a new seismic design philosophy that will provide the
necessary mechanisms to safely increase the height of wood‐frame structures. This philosophy is
based on the application of seismic damping systems for wooden buildings, such as strong metal
frames inside the wooden walls, bracings and dampers filled with viscous fluid. According to
Macedonian regulations, the design model for fire exposed timber structures takes into account
the loss in cross‐section due to charring of wood and the temperature‐dependent reductions of
strength and stiffness of the residual cross‐section. This model is in analogy with the “Reduced
Cross‐Section Method” according to EN 1995‐1‐2 commonly used for the fire design of timber
members.
Overview of the finalized research projects
In Macedonia there is no option for fire tests of elements or full scale fire tests and from that
reason only numerical investigations on fire resistance of structural elements are performed. For
that purpose the computer program FIRE [1] based on FEM is used. This program was originally
developed at the Faculty of Civil Engineering in Skopje. For timber elements only thermal analysis
were performed. One of the research projects was “Influence of high temperatures from
chimneys on flammability of wooden girders” [2]. Few types of mostly used chimneys and floor
structures were analyzed. The time dependent temperature distribution for one of the analyzed
girders is presented on Figure 2.
Researches of different types of wood‐based panels for use in construction were conducted
within scientific research projects, master thesis and doctoral dissertations at the Faculty of
design and technologies of furniture and interior‐Skopje, as well as at the Faculty of Forestry in

13

Skopje [3,4]. One of these research projects was the scientific project “Finding the most
favourable way of production of wood panels by combining wood, gypsum and cement”. The
main objective of the project was production of structural panels based on wood and mineral
binders (cement, gypsum and cement‐gypsum mixture) for application in construction. The
following properties of these panels were tested: water absorption and thickness swelling,
bending strength, in‐plane compressive strength and coefficient of thermal conductivity. The fire
resistance test of the panels was not performed due to the lack of equipment, but the future
planned investigations are in that direction.
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Figure 1. Cross section of the chimney and
the wooden girder
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Figure 2. Time dependent temperature distribution in the
cross section of the wooden girder (1‐chimney ceramic
element, 2‐plaster, 3‐wooden girder, 4‐trapped air in floor
structure)

Laws, Rulebooks and Standards applicable for bio‐based building products:
1.
2.
3.
4.

Law on construction products
Rulebook on protective measures for fires, explosions and hazardous substances
Rulebook on the essential requirements for fire protection of buildings
Standards: МКС EN 13501‐1; МКС EN 13501‐2; МКС EN ISO 1182; МКС EN
ISO 1716; МКС EN ISO 9239‐1; МКС EN ISO 11925‐2; MKS EN 1995‐1‐2.

Research Projects:
[1] Cvetkovska M. “Nonlinear stress strain behaviour of RC elements and RC frames exposed to fire”, Phd.
thesis, University St.Cyril and Methodius, Skopje, 2002.
[2] Cvetkovska M., Trombeva Gavriloska A. “Influence of high temperatures from chimneys on
flammability of wooden girders”, Research project funded by GTZ, 2006.
[3] Dimeski, J., Yosiffov, N., Nacevski, M., Iliev, B., Stancic, J.: Finding of the Most Favorable Way of
Production of Construction Wood Panels by Combining Wood, Gypsum and Cement. Scientific project
funded by the Ministry of science in R. of Macedonia, Skopje, 1999.
[4] IlievB., Jakimovska Popovska V., Characteristics of modified multilayer structural plywood”, National
scientific research project funded by the Ministry of education and science of the R. of Macedonia,
2012.
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The use of bio based materials, like timber, straw, sheep wool or reed has a long tradition in
Germany. These materials have been used as structural members, insulation or roofing in the
construction sector for centuries but were widely replaced by industrial produced and mineral
based materials in the last decades. Compared to Nordic European countries the use of bio based
building products in Germany is quite low nowadays. This becomes evident with the fact that, on
average, only 15 % of all residential buildings and 18 % of all commercial buildings are built in
timber. In southern Germany, this percentage exceeds 20 %.For multi storey‐buildings this portion
is below 1 %. These relatively small numbers can be led back to many existing prejudices and
concerns of building authorities accompanied with limitations in building regulations for the use
of bio based building products. Most of them are related to fire safety.
Germany is a federal county and consists of 16 states which retain limited sovereignty. For this
reason, building code regulations are the responsibility of the individual states and, therefore, not
uniform. To harmonize requirements a model building code is given by the conference of building
ministers in order to serve as a guiding document. Its implementation in the building regulation of
the individual states varies significantly.
The existing model building code (MBO) [1], which was introduced in 2002 considers five classes
of buildings with residential and office occupancy and buildings for special purpose (assembly
buildings, hospitals, hotels, industrial buildings and warehouses, …) and define fire safety
requirements in terms of these classes. These requirements are on prescriptive basis and
extended by information about the general fire safety requirements also to allow for advanced
engineering with performance base design. A summary of the German system and prescriptive
requirements for building elements and materials based on the model building code with focus on
the existing limitation in using bio‐based building products is presented in Table 1.
A more “timber” friendly building code was introduced recently in the state of Baden‐
Württemberg to allow timber structures and the use of bio based insulation materials up to the
high‐rise level. Further revisions with the same goal are underway, however with vague outcome.
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Table 1. German building classes and fire safety requirements

Building class /
Requirements

1

2

3

4

5

upper floor level height

≤7m

≤7m

≤7m

≤ 13 m

≤ 22 m

total area

≤ 400 m²

≤ 400 m²

‐

‐

‐

max. size of unit (NE)

‐

‐

‐

≤ 400 m²

‐

max. number of unit

≤2

≤2

‐

‐

‐

rescue equipment
fire service

scaling ladder

turntable ladder ‐ fire truck

Fire safety requirements, except basement level

load bearing elements

‐

R 30

R 30

R 60 / K260 a

R 90b

separating elements
(walls, floors)

‐

EI 30

EI 30

EI 60 / K260a,d

EI 90b

stairwell walls

‐

‐

EI 30

REI 60
M/K260 a

REI 90 M b

fire wall

‐

REI 60 /K260 a
or
REI90o→i/REI3
0i→o

REI 60 /K260 a
or
REI90 o→i
/REI30 i→o

REI 60
M/K260 a

REI 90 M b

exterior wall
(non‐loadbearing)

‐

‐

‐

non‐combustible materials
or
EI 30

facade

‐

‐

‐

difficult‐combustible materialc

escape route
a

EI 30 + non‐combustible linings
b

non‐combustible encasing cladding, non‐combustible material,c according to the classification of DIN 4102‐
1 and E DIN 4102‐20 (full scale façade test) , d non‐combustible cavity insulation according to [2]

As evident from Table 1 the use of structural timber elements as a bio‐based material is restricted
and only possible up to five storeys without special permissions of the construction supervision
agencies. Due to the non‐combustible encasing cladding (K260) in building class 4 these buildings
behave identically as mineral‐based structures within the time of protection. For buildings with
more than13 m upper floor level height (>five storeys) the supporting structure has to be of non‐
combustible construction materials.
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In addition, the descriptive regulations and guidelines for special purpose buildings contains
further restrictions for the application of bio‐based building products and elements.
However, in individual cases it is possible to obtain approval for buildings that deviate from the
prescriptive requirements through performance based design if the level of safety is reached by
other means, like the consideration of sprinklers or additional escape routes.
However it should be noted, that performance based design requires a high level of education
coupled with knowledge about the fire behaviour of bio based materials and structures, which is
not fully provided in Germany at the moment.
To bridge these gaps following research projects have been conducted or are in progress.
Optimization of constructions and manufacturing processes of building class 4
2010‐2013
timber frame elements
Suggestions for an optimized design of timber frame elements with REI60/K260classification are
given. In addition, the influence of fasteners to the risk of an early ignition of cladded structural
timber elements and the influence of mounting systems to the failure of the encasing cladding
was investigated.
Further information available at:
http://www.ibmb.tu‐braunschweig.de/docpool/reports.php?topic=17

Smouldering test apparatus / Smouldering combustion of insulation materials
2012‐2014
Test methods were assessed to distinguish materials in are producible, non‐material‐specific and
objective way according to their smouldering behaviour and to identify and define their reaction
to smouldering initiation.
Further information available at:
http://www.intersciencecomms.co.uk/html/publications/f&m13toc.pdf
http://www.hfm.tum.de/index.php?id=451&L=1

Fire behaviour of large scale wooden roof structures
2012‐2014
Elements, details and penetration systems for timber frame roof elements with bio‐based and
mineral insulation materials were developed, to avoid flame spread on roofing and glowing
combustion inside timber‐frame elements for industrial buildings. Natural fire tests, with wood
cribs according to DIN 18234 were conducted.
Further information available at:
http://www.hb.bgu.tum.de/index.php?id=18

Detail catalogue for multi‐storey timber buildings

2012‐2014

An element and detail catalogue was developed, containing legal and technical impeccable and
trouble‐free usable timber elements and related constructive details with a fire safety
classification REI60/K260. These solutions extend the existing model guideline for fire protective
requirements on multi‐story buildings made of timber.
Further information available at:
http://www.hb.bgu.tum.de/index.php?id=18
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Fire behaviour of primary beam‐ secondary beam connections in timber structures

2013‐2015

The fire behaviour and the load bearing capacity of connections with joist hangers respectively
pair wise crossed full thread screws under fire exposure of 30 and 60 minutes was assessed and
design recommendations in order to reach the fire safety classifications were derived.
Furthermore, general assessment methods for full thread screws as an extension within the
revision of EC5‐1‐2 are given.
Further information available at:
http://www.hb.bgu.tum.de/index.php?id=18

Fire safety of buildings with nail plate constructions

2013‐2015

A guideline for preventative and defensive fire protection measures for roof constructions with
nail plates were developed.
Further information available at:
http://www.hb.bgu.tum.de/index.php?id=18

Standardized fire safety concepts for multi‐storey timber buildings below high rise 2014‐2016
level
Primary goal is the development of alternative solutions and compensation methods to provide
acceptance and standardized solutions for fire safety concepts of multi‐storey timber buildings.
Further information available at:
http://www.hb.bgu.tum.de/index.php?id=18

fire safety capacity of bio‐based insulating materials for timber frame elements

2015‐2017

The aim of the project is the assessment of the fire protection capacity of bio‐based insulating
materials like wood‐ and cellulose fiber as well as claddings, to provide information for an
extension of the normative calculation method within EC 5‐1‐2 for the separation and load
bearing function of timber frame elements.
Further information available at:
http://www.hb.bgu.tum.de/index.php?id=18

References
[1] MBO 2002, Musterbauordnung ‐ (model building code) last update 2012, only in German.
[2] M‐HFHHolzR 2004, Muster Richtlinie über brandschutztechnische Anforderungen an
hochfeuerhemmende Bauteile in Holzbau weise (model guideline for fire protective requirements on
multi‐storey buildings made of timber), only in German.
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In Greece, there is a relatively limited use of timber in construction. Reinforced concrete is used in
the vast majority of existing and new buildings; in 2000, timber buildings represented roughly
0.5% of the overall Greek building stock (Figure 1, left) [1]. Timber buildings found in Greece are
mainly traditional/vernacular buildings, constructed before the 20th century (Figure 2); in these
buildings, timber is usually combined with stone or brick. The limited use of timber construction in
Greece may be attributed to a variety of reasons, such as concerns regarding its seismic and fire
behaviour or the perception of high initial and maintenance costs (construction timber in Greece
is mainly imported). There has been a recent renewal in the interest for timber construction,
mainly generated by the evident advantages in sustainability and time of construction (Figure 3);
the recently introduced legislation on building energy efficiency is expected to have an additional
positive effect. Contemporary timber construction in Greece is currently limited to country houses
and prefabricated houses. However, the construction sector in Greece has been considerably
affected by the recent financial crisis; the dramatic decrease in number of new buildings has
already had a visible negative impact on the wood industrial sector (Figure 1, right) [1].

Figure 1. Timber construction in the Greek building stock (left) and annual variation of the industry
production index of the Greek wood and furniture sectors (right) [1].
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Figure 2. Characteristic traditional timber construction buildings in Greece.

Figure 3. New buildings using timber construction in Greece.

In Greece, 2.8 fires per 1000 inhabitants have been reported in 2004; they are associated with
15.2 fatalities per million inhabitants. Building fire safety is currently addressed by the prescriptive
Greek building fire safety code, introduced in 1988; neither CPD nor Eurocode requirements are
currently taken into account.
Fire‐related research activities in Greece have been, thus far, highly fragmented and incomplete.
Research on the fire behaviour of bio‐based materials is mainly conducted at the National
Technical University of Athens. The majority of research activities is focused on the fire behaviour
of "live" wood (forest fires) [2]; currently, there are scarce Greek references focusing on the fire
behaviour of timber construction materials [3].
References
[1] Hellenic Statistical Authority (http://www.statistics.gr).
[2] LiodakisS., AgiovlasitisI.P., KakardakisT., TzamtzisN., VorisisD., LoisE. 2011. Determining hazard risk
indices for Mediterranean forest species based on particle flammability properties. Fire Safety Journal,
46: 116‐124
[3] Kolaitis D.I., Asimakopoulou E.K., Founti M.A. 2014. Fire Protection of Light and Massive Timber
Elements using Gypsum Plasterboards and Wood Based Panels: A Large‐Scale Compartment Fire Test.
Construction and Building Materials, 73: 163‐170
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Introduction
The author is a Senior Assistant Chief Fire Officer with Cork County Fire Service, responsible for
operations, fire Safety, and building control activities in the Northern Division. He also is a visiting
lecturer and research supervisor with Cork Institute of Technology’s Structural Engineering
Department. Cork County Council has a staff of 2,600, and Cork Institute of Technology has a staff
of 1,425.
Governance
The Irish Parliament sits in our Capital City – Dublin, and a number of Government Departments
report to the Parliament, the 2 key departments in this instance being the Department of
Environment, and the Department of Education. All fire safety aspects are co‐ordinated by the
National Fire Directorate, and other building construction related issues by the Building Standards
Section of the Department of the Environment. Each county has local authorities whose staffs
form the Fire and Building Control Department, and deal with fire safety and building control
issues.
Fire Safety Legislation
Ireland became a Republic in the 1920’s, and in 1940 the first fire act became law, and was
enhanced in 1981 by the Fire Services Act 1981, amended in 2003. This Act is used for older
buildings where the Building Control Act 1990 to 2014 cannot be used. It is also used to issue
closure notices on potentially dangerous buildings. The Building Control Act introduced “Fire
Safety Certification”, where the Fire Department certifies designs of all new buildings, with the
exception of single family dwellings. Technical Guidance Documents are issued by the Department
of the Environment, and cover all areas of building design, including Structure, Fire Safety, etc.
These are prescriptive standards, and the majority of designs certified would be prescriptive in
nature. Some larger more complex projects use fire engineering performance based design with
CFD analysis; however these would comprise less than 1% of projects certified. Irish regulations
prescribe that single stairways, separating walls, and floors to hotels and other related sleeping
risks should be non‐combustible. This presents a difficulty for timber frame manufacturers;
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however some have agreement certificates to allow combustible separating walls. A recent fire in
a 6 house terrace development built in 2006 (Figure 1) started at one end and spread through the
development, destroying all six houses.

Figure 1. Millfield Manor, Newbridge, County Kildare. [1]

Figure 2. Steel/Timber Composite Beams

3rd Level Colleges in Ireland
Structural design in timber is carried out in all of Ireland’s colleges, with testing of timber most
prevalent in University College Galway (UCG), Cork Institute of Technology (CIT) and Galway‐Mayo
Institute of Technology (GMIT). UCG has carried out timber research into bonded rods in timber,
long term creep, and delamination of cross laminated timber. CIT carries out research into timber
and also timber under fire conditions. CIT’s recent research includes; fire loading within
educational buildings, relationships between net calorific value and timber char rate, effect of
moisture content in nail and screw pullout from manmade boards, hardwood queen post truss
joint fixity investigation, tensile loaded manmade boards under elevated temperatures, protected
fixings in sitka spruce tensile loaded timber joints under fire conditions, and Irish Oak lined Sitka
Spruce beams under fire exposure.
Disproportionate collapse design requires tying elements in both horizontal and vertical directions
in larger buildings or else the carrying out a notional member removal design is required to limit
the zone of failure to the smallest of 15% of the floor area or 100m2, and can only affect the floors
adjacent to the accidental load occurrence. CIT is currently investigating the use of steel plates
bonded within a timber beam enclosure to provide this tying need in multi‐storey timber beam
and post construction (Figure 2).
Acknowledgements
[1] Mathew Whelton & James Lee – CIT ‐ Research on steel/timber composite beams
[2] Cillian Murphy – CIT – Research on hardwood faced sitka spruce beams
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New Italian Fire Safety Regulation
In Italy fire regulations are traditionally based on a prescriptive approach. The regulation
considers eighty activities, which are subjected to the direct control of the fire brigades in order to
limit the fire hazard. For each activity, three hazard categories A, B and C are considered
depending upon their complexity and the level of hazard, see for example Table 1.
Table 1. Example of activities subjected to fire safety control from the fire brigade authority

Activity#

Description

Hazard Category
A

B

C

66

Hotels, motels, tourist resorts, student
houses, youth hostels, bed & breakfasts,
summer residences with more than 25
beds, campings for more than 400
people.

Up to 50
beds

From 50 beds to
100 beds;
campings

Above
100 beds

67

Schools of any type, colleges, academies
with more than 100 people; nurseries
with more than 30 babies

Up to 150
people

From 150 to 300
people; nurseries

Above
300
people

In December 2014, a draft of the new “Fire Prevention Code” was submitted to the European
Commission. This a performance‐based code based on risk analysis. The new Italian Horizontal
Technical Regulation considers three objectives: (i) Rlife – life protection; (ii) Rcont – content
protection; and (iii) Renv – environment protection from the effects of fire.
Rlifeis attributed to each activity compartment, while Rcont and Renv refer to the whole activity.Rlife
depends upon δocc, properties of the occupants within the fire compartment (e.g. occupants used
to living in the building or, conversely, occupants in transit), and upon δα, characteristic rate of fire
increase with reference to the time tα in seconds necessary for the thermal power to reach the
value of 1000 kW.Rcont depends upon the historical value (e.g. building and/or content protected
by the Fine Art Authority) and the strategic character of the building (e.g. building used for
emergency management by the Department of Civil Protection). The risk of environmental
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damage due to fire Rfire has to be assessed by the designer for the activities listed in the
Regulation. The designer reduces the fire risk by applying a fire safety strategy based on fire
prevention, fire protection and fire management. The design for fire safety can be performed
using the (i) ordinary or (ii) advanced approach. In the former case, reference to codes of practice
or regulations is made, whereas in the second approach, fire safety engineering and experimental
tests agreed upon with the Fire Brigades are used.
The new Italian Horizontal Technical regulation provides a procedure to calculate the fire loads of
timber structures, which is carried out in accordance with the following: (i) determination of the
compartment class by ignoring the presence of the timber structures, assuming in any case a
minimum class of 15 minutes; (ii) calculation of the corresponding charring depth of the timber
members using the EC5‐1‐2 charring rate values; and (iii) increase of the compartment class to
consider the additional fire load corresponding to the charred wood.
Materials used in the egress systems and inside the different fire compartments are classified in
terms of reaction to fire depending on the performance level from GM0 (non combustible) to
GM4 (very combustible) – GM3/GM2/GM1 correspond respectively to the Performance Level
II/III/IV. Each performance level is attributed to a certain hazard class Rlife depending, for example,
on the properties of the occupants. In any case, the use of GM4 materials as cladding, flooring
and ceilings is permitted up to 5% of the total internal gross area (sum of the areas of the flooring,
ceilings and walls) of the egress system and compartment.
Facades must be constructed from materials such that the probability of ignition is reduced and
the spread of an external or internal fire is limited. Reaction to fire may also be required to other
elements (e.g. doors, skylights, photovoltaic panels) depending from the fire risk assessment (e.g.
egress system with many doors, interspaces with many electric cables, egress systems with many
skylights, combustible roofs underneath photovoltaic panels, etc.).
Research on fire resistance of Xlam walls and floors
Extensive experimental and numerical research into the fire resistance of protected [1] and
unprotected [2] cross‐laminated (Xlam) floor and wall [3] panels has been carried out in Italy. Full
scale fire tests were performed at CNR Ivalsa, and advanced FE simulations based on coupled
thermal and structural analyses were carried out at the University of Sassari using ABAQUS. The
FE model, validated on the experimental results of the fire tests, has been and is being used to
carry out a parametric study to investigate the influence of the load level on the fire resistance,
and the effect of differed types and thickness of insulating layers.
References
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cross‐laminated timber floor panels. Structural Engineering International, IABSE, 22, 4:523‐532.
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loaded cross‐laminated timber wall elements in fire conditions. Fire Technology – In press.
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Forest sector in Latvia
Forest sector is one of the most important sectors in the economics of Latvia. There is 52 % forest
coverage of total area ‐ 64 589 km2. Most of bio‐based materials are produced for export. Annual
harvesting per capita is about 5 m³ but annual consumption per capita is only 0,9 m³. Following
numbers describes forest sector significance in the economics of Latvia:
• share of GDP ~ 5% and weight in the processing industry ~ 24%;
• end‐product value of the sector >1,9 billion Euro;
• export of the sector > 1,7 billion Euro;
• share in total export ~ 20%.
Fire research in Latvia
Material science fire research is located in three institutions in Latvia. Forest and Wood Products
Research and Development Institute in close cooperation with Latvia University of Agriculture
dislocated in the city Jelgava and Latvian State Institute of Wood Chemistry dislocated in the
capital Riga. All activities are based on reaction to fire level. There are no fire resistance testing
and research facilities in Latvia.
Forest and Wood Products Research and Development Institute
Latvia University of Agriculture (LUA), JSC “Latvijasvalstsmeži” (Latvian State Forests) and Latvian
Forest Industries Federation by signing the contract of foundation established the company
“Forest and Wood Product Research and Development Institute” in December, 2004. Situated in
the buildings of LUA Forest Faculty Department of Wood Processing. Institute activities are
oriented in three main directions: 1) Research; 2) Testing; 3) Education.
Forest and Wood Product Scientific Research Centre:
•
•

•
•

is registered in the Register of Scientific Institutions of the Ministry of Education and
Science of Latvia;
organizes and carries out research projects in the field of forest and wood product
research and development providing significant support for improvement of
competitiveness of the forest sector;
is the member of European Network InnovaWood, participates in the activities of Forest‐
Based Technology Platform;
participates in the COST actions and ERA‐NET Wood Wisdom program.
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Testing laboratories:
•
•
•
•
•
•

services of wood material and product testing to individuals and legal entities in Latvia
and abroad according to national, European and international standards and guidelines;
accreditation in flexible scope (LVS EN ISO/IEC 17025:2005);
wood material and product, and furniture mechanical and physical testing, solid biofuel
physical testing;
construction product, wood material and product mechanical and physically chemical
testing;
notified body within the frame of The Construction Products Regulation (CPR 305/2011);
member of international organization EGOLF (European Group of Organisations for Fire
Testing, Inspection and Certification) and association LATLAB (Latvian Association of
Testing Laboratories).

Latvia – Building regulations for fire safety
In 2014 new Building law came into a force, which has impact on all building industry of Latvia.
The same time General building regulations (MK No. 500) came into a force. National building
codes (LBN) and Eurocodes are the basis for building engineering. The goal is to fully implement
Eurocode based design and replace national building codes where it’s possible.
Fire safety design should be done according national building regulation LBN 201:10 «Fire safety
of structures» (2011). But after new building law implemented, this building regulations is under
revision at the moment. Only prescriptive design is used in fire safety design at the moment.
Limited knowledge in field of fire safety engineering can be observed in Latvia. Knowledge in good
practice in use of wood in buildings is missing and the main obstacle for wood promotion in
building industry is fire safety.
Some examples from national building code:
Structures can be in timber and storeys limited to 4. Lot of obstacles exist in national building
regulation for timber usage in buildings.
Load‐bearing resistance (general): no limitations for single houses (U3), R30 up to 4 story (U2b).
Reaction to fire: no limitations for single houses (U3), limitations for all applications for multi story
residential and office buildings, (limitations to A2 and B reaction to fire materials).
Facades: not limited for U3 and U2b class buildings and A2 and B class facades for U1 and U2a
class buildings.
Ongoing projects (Forest and Wood Products Research and Development institute)
•
•

Research of wood materials with improved ecological value, project within Latvian Forest
Sector Wood Competence Centre, EU Structural funds program, 2011‐2015
Latvia State Research Program 2014‐2017, research in field of bio‐based products, some
activities in field of reaction to fire performance of bio based products.

Challenges:
•
•
•
•
•

insurance of timber buildings;
multistory timber buildings;
performance based design;
friendly national building code for bio‐based materials;
education.
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Norwegian building regulations
The latest version of the Norwegian Planning and Building Act was issued by the Ministry of Local
Government and Regional Development in 2010. The Technical Regulations according to the
Planning and Building Act are developed and maintained by the Norwegian Building Authorities
(DiBK). These technical regulations, named TEK10, are performance based and describe a level of
safety, but give specific requirements to a very limited degree. The Guidelines to the Technical
Regulations (named VTEK10) give a set of performances that will fulfil the requirements of the
Technical Regulations. Specific solutions that are considered to fulfil the requirements can be
found in several recognized sources, some of these are mentioned in the technical regulations. As
an example, SINTEF Building and Infrastructure issues a series of Building Research Design guides
which are recognized as one of the sources of the so called pre‐documented detail solutions.
Chapter 11 of the Technical Regulations covers safety in case of fire, and is – as in many other
countries ‐ one of the most comprehensive chapters of the regulations.
The fire safety design of a building may be documented in two ways; either by following the
Guidelines to the Technical Requirements or by analysis and fire safety engineering. For more
complex buildings the Guidelines are not applicable, and design based on analyses is required.
The Nordic countries have a long tradition for cooperation on fire safety building regulations.
Therefore the philosophy behind the regulations in the different Nordic countries is quite similar,
and details and regulations are in some cases identical, in other cases there may be differences.
Therefore a national technical approval fulfilling the requirements in one Nordic country may not
be valid for the other countries.
Norwegian Fire Safety Research
SP Fire Research AS (formerly SINTEF NBL – the Norwegian fire laboratory) in Trondheim is the
main fire research institution in Norway. It is owned 70 % of SP in Sweden, and 30 % by SINTEF in
Norway, and has per April 2015 35 employees. The main research activities are connected to fire
performance of materials, building components and extinguishing systems for a variety of
application areas on‐ and offshore, and to fire safety in different societal and industrial areas. The
research covers a wide range of different topics, from physics and mathematics to psychology and
economics. SP Fire Research AS is therefore often cooperating with partners from other
Norwegian institutions, like SINTEF, universities etc. Some examples of recent research projects
with relevance for FP1404 are
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• Fire safety of polymer building products (2011‐2014)
• Fire Safety Engineering for Innovative and Sustainable Building Solutions (Nordic project
led by SP Fire Research in Sweden, 2014‐2017)
• EMRIS (see below, 2015‐2017)
• Fire safety in energy efficient buildings and "green buildings" (2015)
The College of StordHaugesund (HSH) is educating fire safety engineers and is also performing fire
safety research to some extent. A project called EMRIS (Emerging Risks from Smouldering Fires)
was started in January 2015 and will last for 3 years. SP Fire Research AS is taken part in EMRIS
and the tests in connection with the work of an EMRIS‐PhD student will partly be performed in
our laboratory Research connected to fire safety may also be conducted by other Norwegian
institutions, e.g. Gexcon in Bergen that performs research and development connected to fire and
explosions mainly related to the petroleum industry, and PFI (Paper and Fibre Research Institute)
in Trondheim, that has performed some research on fire safety of cellulosic insulation materials.
SINTEF Building and Infrastructure conducts research on tomorrow's technologies in the fields of
materials use, fire safety design, architecture, construction physics, climate change adaptation,
energy efficiency and infrastructure. SINTEFfocus on communicating know‐how to the
construction industry and society as a whole, through publications in various journals and public
sources, and through the Building Research Design guides. The research has a clear focus on the
correct and safe practical use of the materials and products, and developing methods for design.
In addition, SINTEF issues technical approvals for products and construction systems, according to
Norwegian Building Regulations TEK10.Some examples of recent research projects with relevance
for FP1404 are:
•
SmartTES – Innovation in timber construction for the modernization of the building
envelope (2010‐2013). http://www.tesenergyfacade.com/index.php?id=10_news
•
SUSREF ‐ Sustainable refurbishment of exterior walls and building facades (2009‐2012).
http://cic.vtt.fi/susref/
Future challenges
Multi storey wooden buildings – How do we achieve sufficient fire safety for these buildings both
in suburban and urban areas? What are the correct criteria/requirements, and measures to
reduce risk of fire/fire spread?
Energy efficient buildings ‐ How will new materials and construction methods affect the fire
safety?
Combustible construction and insulation materials – Fire safe use and correct test methods with
appropriate test criteria. What is sufficient protection (cladding) of these materials?
Combustible surface materials – How do they affect the ignition and spread of fire? How is the fire
resistance affected?
Facades – How do different combustible cladding and wind barriers affect the spread of fire on
facades? Measures to prevent spread of fire.
Fire‐fighting– How does bio‐based building materials affect fire‐fighting compared to other
materials? And what methods/means are best suited?
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The National Laboratory of Civil Engineering (LNEC) has had in the last three years a major
involvement in the FP 7 research project Bio‐Build ‐ High Performance, Economical and
Sustainable Bio‐composite Building Materials, partly founded by the European Commission, with
the aim of proving the feasibility of using bio‐based composites materials (bio resins, flax and jute
reinforcing fabrics, cork core/insulation) in construction. One of the main targets of the project is
to attain a class B reaction to fire for different kits (ceilings, partitions, claddings and panels)
developed under the scope of the project. Different strategies are being proposed, studied, tested
and improved and the main concern is to conjugate acceptable fire protection with durability
under real (indoor) outdoor climate exposure. LNEC contributes at all levels of the products/kits
development, fire testing from small samples to full developed kits. Durability (under laboratory
and real weather conditions) of better performing fire protection solutions is the current area of
activity.
The challenge to wood based panel manufactures (particle board and wood fibre board) is to
achieve a B class reaction to fire and an s1 smoke production additional classification. The use of
fire retardants is their first option, but decorative paper/resin facings and natural wood veneered
panels offer an additional challenge. LNEC’s reaction to fire laboratory has regularly performed
development and certification testing on behalf of manufactures and Certification Bodies.
Cork construction industry covers a wide range of natural and composite products (thermal and
acoustical insulation, wall and floor coverings, underlays, innovative products). Here the challenge
is to find a compromise between keeping the product as natural as possible and presenting a
better reaction to fire performance. LNEC is contributing to the development, characterization
and research of different either natural or composite cork based products and is a partner in
proposed co‐funded research projects in this domain.
Old roof timber structures require rehabilitation including improvement of their reaction to fire
performance. A research study has been carried out (young researcher’s MSc thesis under
supervision of a LNEC´s senior researcher officer) under which old wood sections recovered from
pitched roof structures, either treated or untreated, were fire protected with different alternative
coatings. Experimental work was carried out at LNEC’s reaction to fire test laboratory.
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The same young researcher has developed a review and analysis of the main characteristics of
buildings and other structures, mainly wood based, that contributed to their vulnerability during
fires at the Wild land Urban Interface (WUI). This review is intended to be a contribution to a
wider approach and involvement is this field of research considered of importance for the
Mediterranean European area (Portugal, Spain, and Greece).
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The present situation and future challenges of fire safety design and research in Slovenia with an
emphasis on fire safety in timber buildings are presented. The corresponding Slovenian laws and
regulation are discussed first. Secondly, the Slovenian fire research and educational centres are
introduced.
The fire safety design is in Slovenia governed by four essential legal documents among which
'Pravilnik o požarnivarnosti v stavbah' (ang., The fire safety regulation‘) [1] and
‘TehničnasmernicaPožarnavarnost v stavbah' (eng. ‚Technical guidelines for fire safety in
buildings‘) [2] are the most important. In the former [1] the ‚building’s fire safety‘ requirement is
subcategorized to requirements on external and internal fire spread, evacuation routes, fire
detection, and fire suppression while the latter [2] provides guidelines on how these
requirements can be achieved in buildings of specific types. The technical guidelines are of a
conventional, i.e. 'prescriptive‐based' type only but (as stated in [1]) when pursuing these
requirements consistently, the fire safety of the building is to be judged as proven. Use of other
(e.g. foreign) fire design guidelines or ‚performance‐based procedures is also allowed [1]
(although rarely used in practice) if these are not in collision with the Slovenian guidelines and if a
comparable (or higher) level of safety is preserved. Moreover, wood as a construction material is
discussed explicitly and up to 3 above‐ground storeys are allowed for majority of types of timber
buildings (4‐5 storeys only for specific cases) if simultaneously the specific fire resistance
requirements (R) EI are met for the building structural system and borders of fire compartments
and when the defined class of reaction to fire is met for structural coverings. For some specific
cases, classification K2referring to smouldering of wood behind timber covering is also prescribed.
In addition, timber facades are allowed as well (up to 3 and 6 floors without sprinkler system or
with it, respectively) when the spread of a fire to upper storeys is suitably prevented.
Nevertheless, at the same time no solutions on how such prevention can be achieved or judged
are given.
In support of the development of Slovenian fire regulation laws and guidelines, the corresponding
research activity is of the utmost importance. The research activities in the field of fire response
of timber (and other types of) buildings in Slovenia are centralized in the capital city Ljubljana.
Here these are scattered primarily among two research institutions, i.e. the research institute ZAG
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(Slovenian National Building and Civil Engineering Institute) and the UL FGG (University of
Ljubljana, Faculty of Civil and Geodetic Engineering). ZAG is a non‐profit organization with the
main activities covering testing and attestation of conformity of construction products as well as
general‐interest and scientific research in all fields of buildings and construction. The research in
fire design and timber buildings is covered by two of the institute’s sections, i.e. The Section for
Metal, Timber and Polymeric Structures (performing research in response of timber buildings at
ambient temperature conditions, e.g. in normal building operation, seismic response etc.) and The
Fire Laboratory and Fire Engineering Section (research of materials and structures in fire
conditions). Both of the two sections are active in national as well as international research
projects, the most recent being the project exploring lime‐straw plasters often used as a covering
in timber buildings of Slovenian architectural heritage and an emphasis on the problem of
smouldering wood behind the plaster (Fig. 1a).
At UL FGG fire research is in the domain of the Chair of mechanics. During previous years various
numerical models have been developed for analysis of steel, concrete, composite and timber
structures in fires. Important part in fire analysis represents proper description of temperature
field in structure. Wood as such is non‐homogeneous porous and hygroscopic material and
therefore moisture effect has to be included in heat transfer. Recently new heat and moisture
transfer model was developed [3], which takes into account new sorption model for the
temperatures above the boiling point and in addition the model also predicts char formation as a
function of its temperature in timber (Fig. 1b).
While ZAG is currently not a regular part of the Slovenian educational system and since at UL FGG
the fire studies are a part of structural engineering studies and as such oriented primarily to
structural fire safety, other fire engineering issues remain only marginally covered by the
Slovenian educational system. Some of the latter (such as those connected to chemistry,
mechanical engineering or architectural design) are being in recent years partially taught at the
Faculty of Chemistry and Chemical Technology (also University of Ljubljana) as a part of the study
programme ‚Technical Safety‘. Nevertheless, with the knowledge being dispersed between
different institutions, the present level of fire safety education is not yet satisfactory and
enhancing it undoubtedly represents one of the important challenges for the Slovenian future.
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Figure 1.(a) Fire test of timber covering at the ZAG‐Fire Laboratory, (b) Numerical simulation of fire heat and
mass transfer of timber beam prepared at UL FGG.
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Fire Safety Concept of Building
The basic fire safety concept of building is processed according:
Act No. 314/2001 Coll. [1] about fire protection, Decree of the Ministry of the Interior (MI SR) No.
121/2002 Coll. [2] about fire prevention, Decree (MI SR) No. 94/2004 Coll. [3] laying down
technical requirements for fire safety and others, all as amended.
With conjunction of:
Building Act No. 50/1976 Coll. [4] about planning and building regulation, Decree (MI SR) No.
453/2000 Coll. [5] about implementing certain provision of the Building Act and others, all as
amended.

History of normalization in Slovakia
General binding of common technical norm series CSN 73 08XX valid until the split of
Czechoslovakia in 1993 was renamed to STN 73 08XX. Afterwards further development of these
norms stopped and creation of new series of Slovak Technical Norms STN 92 0201‐ X started.
Since the entry of Act. no 264/1999 Coll. [6] into the force, which deals with Technical
Requirements for Products and Conformity Assessment, STN ceased to be generally binding and
started to have only recommendatory character (if they are not of mandatory provision). Series of
STN 92 0201‐1_4 are mandatory by Degree no. 94/2004 Coll. [3]. Those four standards apply to all
non‐manufacturing buildings of all type of construction (non‐combustible, mixed or combustible).

Valid legislative restrictions of timber building in Slovakia
Maximum number of storeys is limited to two storey for living housing and nine meters of fire
height for non‐manufacturing building and manufacturing building is there different
methodology. But there is possible to find special terms as are fire storey and non‐fire storey of
building. Based on this regulation it is possible to place another non fire storey of building on the
top of fire storey and therefore to build up a timber building higher than actually allowed without
any other requirements.
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There are only two types of combustible construction. All timber buildings are involved in,
without any others specifically solutions, recommendations or requirements (for example:
requirements of limitation of fire spread along the surface (expect evacuation routes) or using of
cavities barriers etc.). This is the main reason of so strict limitation of timber building height.

Proposal for legislative change
Creation of new, respectively acceptance of “new prescription of fire resistance of timber
buildings” seems to be, the most important target of all institutions concerned in further days.
Proposal for change of Slovak regulation is under negotiation. One of the main tasks is allowing
higher timber construction with clearly defined conditions according for example European
guideline [7]. This role has taken by Ministry of Interior (department of Fire and Rescue) with
support of the Technical University of Žilina (UNIZA faculty of Security Engineering) and industry.
It is about technical and legislative preparation of recent rules and requirements for adoption of
technical solutions of fire protection of building at European level. It is necessary to adopt and
adjust good working legislative from other European countries and implement them in our
conditions. All in order to raise fire protection of timber buildings in Slovakia.
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Brief overview of the situation in Spain
The Spanish Technical Building Code (CTE) is the regulatory framework that specifies the basic
requirements of building quality. It consists of a series of prescriptive rules documents, among
which is the DB SI Safety in case of fire which establishes the minimum requirements about fire
behaviour of materials and construction elements, according to European standards EN 13501
and Eurocodes. The timber buildings must comply with the general provisions of SI document, like
any building of conventional materials. These do not consider the fire resistance qualities of
timber elements, so they are very conservative. The provisions for the use of wooden claddings
are not clear enough to encourage its use. According to the European harmonized classification,
requirement to the use of cladding materials is Class B‐s3, d2, while the wood‐based panels are
mostly classified as D‐s2, d0.
1. Ongoing research projects
2.1. Fire propagation in building facades with wooden cladding. In general, the provisions of the
Spanish CTE on external fire spread are perceived as insufficient to address the risks associated to
the fire spreading through the facades. In the case of the facades with combustible cladding
materials the risk increases. In the frame of a joined project by the Catalan Institute of Wood
(Incafust) and the Technical University of Catalonia (UPC), modelling techniques and computer
fire simulations have been used to evaluate the influence of facade configuration on fire
trajectory and the level of protection it can offer at the facade surfaces [1]. One of the purposes
of the study is to explore the ability of some elements, incorporated into the façade, to control
the vertical spread of fire in wooden claddings (Figure 1).
2.2. Behaviour of wooden elements and joints in a fire situation. Many studies have been done,
both experimental and numerically, focused on the mechanical properties of wood subjected to
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thermal loads. In a fire event, glued laminated timber (glulam) elements suffer a thermal
degradation that produces a decrease of bearing section. The Spanish CTE quantifies this
decreasing but does not propose a specific methodology for calculating carpenter joints. In order
to understand the behaviour of such joints, the Platform for Structural Timber Engineering
(PEMADE) of University of Santiago de Compostela, Institute of Science Construction Eduardo
Torroja and Technology Center Tecnalia conducted together a series of experimental tests on
glulam specimens assembled with carpenter unions [2]. Specimens were subjected to thermal
loads and the results compared with those obtained with finite element models (Figure 2).
2.3. New fire retardant technology to bio‐based materials. IMDEA (Madrid Institute for
Advanced Studies of Materials) is involved in several research projects regarding the design and
preparation of high performance fire retarding bio‐based polymeric materials and new fire
retardants to bio‐based materials. With this objective, an intumescent coating composed of a
nitrogen‐modified silane hybrid (SiN) and phytic acid (PA) was developed to be deposited on
cotton fabric through layer‐by‐layer assembly. SiN was synthesized via a sol–gel process. This
intumescent coating system significantly improved the char formation[3]. Results demonstrated
that the combination of layer‐by‐layer assembly and sol–gel method will provide an effective
alternative to current flame retardant treatments.

Figure 1. Fire spread in facades
with wooden cladding [1]

Figure 2. Fire behaviour of Joints
in wooden elements [2]

Figure 3. Intumescent coating for
flame retardant cotton fabrics [3]
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Start of the market in the 1990s
Multi‐storey buildings in timber were introduced in Sweden 1994 by a new national regulation
based on performance criteria. Until then, timber buildings above two storeys had been forbidden
during more than 100 years. This development was speeded up by the European Construction
Products Directive (CPD; today CPR, Construction Products Regulative) adopted in 1988. The
performance‐based requirements are especially pronounced for the fire regulations that
traditionally have been prescriptive.
Construction rules regarding combustible products were collected in a Swedish Handbook,
Brandsäkra Trähus which defined the quality standards for many building projects. Recently, a
version 3 was published. A European Guideline, Fire Safety in Timber buildings [1] based on the
European Project “Fire In Timber” has also been published.
New design possibilities
Several new possibilities for a more advanced fire design of timber buildings have been
developed. Models for load bearing and non‐load bearing structures are now available. The
importance of proper detailing has been stressed.
2012, new Swedish fire safety regulations came into effect with the most comprehensive changes
since the 1990s. The main objective was to create fire safety requirements with well‐defined
levels of performance and clear purposes [2].
Structure of building regulations
The structure of Swedish building regulations is created using three elements of different levels;
from top to down they are given by i) Parliament and Government (specifying functional
requirements; mandatory), ii) The National Board of Housing, Building and Planning (specifying
mandatory provisions and acceptable level of safety/performance level) and iii) design guidelines
released by third parties, e.g. [2]. Performance based design (PBD) must be applied whenever
deviations from the defined acceptable solutions are made. PBD can be done using two different
paths: A) Analytical design under prescriptive regulations or B) 100% analytical design. PBD should
include the following steps:
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Load bearing structures
Multi storey timber buildings have typical heights of up to 8 storeys. While single houses have to
achieve a fire resistance rating of R30, buildings up to 4 storeys have to achieve R60 and 5‐8
buildings R60/R90 for horizontal/vertical elements. Buildings higher than 16 storeys must be
designed analytically, which might include sprinklers. A Nordic Technical Specification on
verification of fire safety design has been published [3].
Detailing
Proper detailing is essential in order not to jeopardise the passive fire protection achieved for the
fire resistance of structural elements. Special attention must be paid to a) fire stops b) roof
ventilation (typically Swedish houses have vented attics) and c) fire separation in attics (not
compulsory <400m2). Most important is probably the use of fire stops to avoid creeping fires
inside the structures. Such fires have occurred in many older timber buildings, and recently in a
modern, module built multi storey timber frame house.
Wooden facades
In Sweden, as in most other countries, there are limitations in using wood as exterior facade
cladding mainly due to the risk of upward flame spread and a full‐scale test verification (SP Fire
105) is required. Fire retardant treated wood may pass the test and a complementary long‐time
performance test is required [4]. Multi storey houses with wooden facades, disregarding the
structure, with more than two storeys normally require sprinklers in the building to limit the risk
of vertical fire spread.
Combustible insulation materials and linings
Combustible insulation is becoming increasingly popular. However, the recently proposed
European wide restriction on inorganic ammonium salts to limit smouldering fires challenges the
future of these insulation products. In the Swedish building regulations, materials with Euroclass
lower than D‐s2, d0 should be protected to reach at least this class. An example of materials to be
protected is combustible insulation. Additionally, depending on the building class, linings should
fulfil the requirement K210/B‐s1. This means that untreated wooden surfaces have limited use in
higher and larger buildings, unless sprinklers are installed.
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Turkey, home to the largest and fastest‐growing construction market in Europe, wants to work
towards improving quality in order to reduce the frequency of construction defects and damage
in the country, and to increase the number of high‐quality suppliers.
Construction expenditures equalled $77 billion in 2014.459 $ million of Foreign Direct Investment
(FDI) went into real estate and construction in 2014. Turkish contractors obtained over $30 billion
of work abroad in 2013.Some $9.3 billion of building materials were imported into Turkey in 2014
[1].

Prompted by instances of flawed workmanship, and construction defects due to earthquakes, the
Turkish government is taking steps to improve quality surveillance and the certification of
construction products especially after the 1999 major Marmara earthquake. This report covers
information on per formed projects, partners, building with combustible materials, construction
markets and regional challenges of Turkey.
A‐Turkey ‐ “map of fire research” performed by University:
Istanbul University, Materials Combustion Test and Analysis Laboratory is engaged in
measurement of mass loss and convection speed occurring in wooden materials, combustion
tests, thermal analyses of wooden materials, Single‐flame source ignitability, (FT‐IR), anti‐fire
performances of wood, wood‐based products and non‐wood constructional materials. They have
collaborative studies and projects with Forest Products Laboratory (USA) and Yildiz Technical
University (in Turkey), on various boron products and on synthesis of boron products as a fire‐
retardant (FR) additive. Researched areas include: Effects of FRs on physical, mechanical, and fire
properties of flat‐pressed WPCs, fire performance of LVL panels treated with FR chemicals, decay
and termite resistance of plywood treated with various FRs, evaluation of surface roughness of
LVL made from beech veneers treated with various FRs.
Gazi University researchers focused on Impacts of impregnation chemicals on the flame source
combustion light intensity of the LVL, classification of fire resistance of building elements
according to European Union directives and comparison between Turkey and Europe.
Karabuk University, Wood Protection and Fire Laboratory (Karabuk ) researches about impacts of
some chemicals on combustion properties of impregnated LVL, combustion properties of LVLs
bonded with polyvinyl acetate and phenol formaldehyde adhesives and impregnated with some
chemicals.
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Bursa Technical University has published studies about the effect of adhesive ratio and boric
acid/borax addition on physical, mechanical, and combustion properties of wastepaper boards.
B‐Turkey ‐ “map of fire research” supported by Government and Private Sector:
The Turkish standardization and testing institute (TSE) EX Laboratory (in Izmir) performs fire tests
according to FIGRA (Fire Growth Rate), THR600 (Total Heat Release in the first 600 seconds),
SMOGRA (Smoke growth rate), TSP600 (Total Smoke Production in the first 600 seconds) etc. It
aims to bring about sustained improvements in product quality, design and technology, and in
standardization and research [2].
TSE and international institute ift Rosenheim signed a cooperation agreement, marking the start
of the collaboration between the two institutes. In TSE and ift Rosenheim partnership, Fire and
Acoustic Laboratory (located in Istanbul and Kayseri), performs combustion and ignition tests of
building products according to TS EN ISO 13501‐1‐2, TS EN ISO 11925‐2, TS13823:2010+A1:2014,
TS EN ISO 1716 EN 45545, BS 476‐22, ENV 13381‐3 etc.[2].
Efectis Era Avrasya located in Kocaelihas the knowledge to help building owners, product
manufacturers, and authorities choose the most appropriate building materials, measure their
performance in existing buildings or applications by means of a large range of tests and
classification systems, determine the representative fire development scenarios based on a
material’s behaviour. Also, it performs reaction to fire testing, fire resistance testing, fire
suppression testing, full scale and ad hoc testing, and smoke control testing [3].
The National Boron Research Institute (BOREN) in Ankara is an affiliate of the Turkish Ministry of
Energy and Natural Resources. Turkey is ranked top with its share of almost 73% in the global
boron reserve standing. BOREN offer researches in a range of fields collaborate with public and
private legal entities processing boron and its derivatives and exploring this field to conduct to
scientific researches with a view to ensuring that boron products and technologies are widely
employed in Turkey and around the globe [4].
C‐Market and Challenges:
Agricultural Boron‐Wood Boron and Cellulose Insulation (commercialized product), flame resistive
wooden panels, FR wood plastic composites are the examples of the products developed by
BOREN Institute. In major housing projects the consumption of timber as the structural element is
low when compared to concrete and steel building materials. However, especially after 1999
earthquake in Turkey, the importance of timber usage in the building structures gained
importance, but still in very low profile. Other prominent challenges are enforcement of building
code and inspections, education of related industries, investors, law makers, and end users about
the benefits of the wooden material as building component.
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This abstract intends to give a brief overview of the current state of art in Switzerland with regard
to fire regulations, research and future challenges.
Fire safety regulations
Since 1st of January 2015, we have new fire safety regulations in Switzerland. The new regulations
bring significant benefits in several areas. For example, it is now possible to use structural timber
for high‐rise buildings as well, following specific rules in their design. Further, the simplification of
the categories of buildings (low‐rise, medium‐rise and high‐rise buildings) and uses makes a clear
allocation of required fire safety requirements. The fire safety regulations intend to protect
persons and property from the dangers and effects of fire. They are aimed at owners and users of
buildings, equipment and facilities, and to all persons who are engaged in the planning,
construction, operation or maintenance.
Timber as a construction material can be used in all categories of buildings. With regard to
requirements of fire resistance, there is no difference between combustible structural elements
and non‐combustible structural elements. The use of structural elements in wood expands over a
fire resistance of 60 minutes. Residential, office and school buildings as well as industrial and
commercial buildings can be realised up to a total height of 30 m (low‐rise and medium‐rise
buildings) in a timber construction. For high‐rise buildings, the application of structural elements
in wood is now possible under certain conditions (encapsulation).
For the fire design of timber buildings, Lignum has published an extensive documentation that is
recognised by the fire authorise as state of the art. The Lignum documentation on fire safety of
timber buildings represents an important tool in planning, execution and implementation for
architects, engineers, fire authorities and contractors.
The fire design of structural timber elements can be done in particular as follows:
‐ Use of products or components given in the Swiss Fire Safety Register
‐ Use of standardized components, e.g. according to the Lignum documentation on fire safety,
publication 4.1 “components in wood – slabs, walls and claddings with fire resistance”
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‐ Verification by calculation using recognized calculation methods, e.g. according to Lignum
documentation on fire safety, publication 3.1 “fire design–structural elements and
connections”
The quality assurance level in fire safety is defined for each building in one of four quality levels,
which triggers corresponding demands and responsibilities on the people involved and processes.
Timber buildings assigned to the category of low‐rise buildings belong to the quality assurance
system 1 (QSS 1), medium‐rise timber buildings belong mainly to the QSS 2. Timber buildings of
QSS 2 require the involvement of an expert in the fire design, who is responsible for the quality
assurance in fire safety.
Research
The structural behaviour of timber structures in fire has mainly been studied in Switzerland at the
Institute of Structural Engineering (IBK) at ETH Zurich. Complete and ongoing research projects on
the fire behaviour of timber structures are listed in Table 1.
Table 1. Overview of some research projects on the fire behaviour of timber structures conducted at the
Institute of Structural Engineering of ETH Zurich.
Research project
Fire resistance of timber‐concrete composite
slabs
Fire resistance of timber slabs made of
hollow core elements
Fire resistance of light timber frame wall
assemblies
Fire resistance of timber
block walls
Fire resistance of cross‐laminated timber
panels
Fire resistance of multiple shear steel‐to‐
timber connections
Fire resistance of beam‐to‐column shear
connections
Fire resistance of bonded structural timber
elements
Fire performance of wooden
hotel modules

Testing type

Duration of fire tests

Reference

Large‐scale, ISO fire exposure

60 to 90 minutes

[1]

Large‐scale, ISO fire exposure

60 to 105 minutes

[2]

Large‐scale, ISO fire exposure

60 minutes

[3]

Large‐scale, ISO fire exposure

30 to 90 minutes

[4]

Large‐scale, ISO fire exposure

30 to 70 minutes

[5]

Large‐scale, ISO fire exposure

30 to 70 minutes

[6]

Large‐scale, ISO fire exposure

30 to 80 minutes

[7]

Large‐scale, ISO fire exposure

20 to 70 minutes

[8,9]

Full‐scale, Natural fire conditions

4 minutes to burn‐out

[10]

Based on fundamental experimental and numerical analysis new calculation models have been
developed for timber slabs, walls and connections. These studies allowed the revision of the Swiss
fire regulations in 2005 allowing residential timber buildings up to 6 storeys and resulting in a
marked increase of multi‐storey timber buildings. The Institute of Structural Engineering at ETH
Zurich has considerable experience in performing experimental campaigns comprising complex
fire tests of loaded structural members, components and connections. Fire tests on small,
medium and full‐scale sized timber members are usually performed at the Fire Laboratory at the
Swiss Federal Laboratories for Materials Science and Technology (Empa) in Dubendorf, which is
located close to Zurich. The fire lab contains three different furnaces: (1) A large horizontal
furnace with an opening of roughly 3 x 5 m2 (2) a model‐scale horizontal furnace
(opening 1 x 0.8 m2) and (3) a large vertical furnace (opening 3 x 3 m2).
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Future challenges
We see future challenges for the fire resistance of timber structures in Switzerland as indicated in
the report for the National Institute of Standards and Technology by Buchanan et al. [11].
Although improved knowledge has been gained in the last years on the structural behaviour of
timber elements, several knowledge gaps still exist, e.g. in the following areas:
‐ Data on actual fires: there is a lack of statistical information on the fire performance of real
timber buildings, mostly in all countries. In order to develop probabilistic design methods, it is
necessary to have data on the number and severity of fires, and the effectiveness of automatic
and manual fire suppression.
‐ Full‐scale experiments: more full‐scale tests are needed to provide information on fire severity.
Because of the trend to multi‐storey timber buildings, it is important to address the influence
of combustible materials on the fire severity carefully, in particular when no encapsulation or
sprinklers are provided.
‐ Small‐scale experiments: more small‐scale experiments are needed for the evaluation of
charring rates of different types of wood and wood‐based products under natural fire
conditions, for the evaluation of the self‐extinguishment properties of different types of wood
and wood‐based products after different levels of fire exposure, for the evaluation of the
performance of different types of fire stops, for the evaluation of the performance of different
types of connections, etc.
‐ Modelling: existing fire models need to be expanded to include changes in ventilation
conditions as the fire grows, and to include travelling fires in large spaces. For timber
structures, they also need to include the contribution of combustible building materials.
Simple thermal models can be used for the design of large timber structures provided that the
charring rate of wood is known under different thermal exposures. The charring rate is well
known under standard fire exposure but it is important to know the change in charring rate
under more realistic fire exposure. More research, including large‐scale experiments, is
required to provide the charring rates needed for simple calculation models to be applied to
realistic fires. Advanced thermal modelling can be done using the finite element method
(FEM). These advanced methods are important for the development of simple charring
models, but they are not normally required for design. For development of more advanced
thermal calculation models, the problem is obtaining accurate time‐dependent and
temperature‐dependent thermal properties of materials. Complete fire‐structure modelling
based on FEM requires coupled thermal and mechanical analysis, which is difficult because of
the large number of unknown input values. For standard ISO fire exposure tremendous
improvements have been achieved (e.g. [12]). However much needs to be done to provide
accurate input data before the performance of timber structures exposed to natural fires can
be predicted accurately.
‐ Performance‐based design: an international agreement is needed on the overall approach of
performance based design for fire safety (and fire resistance), consistent for all materials. It
should be based on design fires for different types and sizes of buildings and occupancies. This
needs to include the development of probabilistic or semi‐probabilistic design methods for fire
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safety, to encourage building designs that meet target failure probabilities specified in modern
building codes.
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Timber construction and the use of bio‐based building materials in the UK are currently
experiencing something of a renaissance. Spurred on by regulatory changes and results from
research projects funded by government and the Timber Industry – in addition to sustainability
and carbon reduction drivers, economic benefits, and a desire to promote offsite construction –
the use of both light frame and heavy timber construction for multi‐storey buildings in the UK has
accelerated in recent years.
Historical Context– The Great Fire of London in 1666 led to strict building regulations in the UK
that severely restricted the widespread use of timber as a construction material. The removal of
the ‘Building Act’ in the 1980s moved the UK towards functional regulations, in theory enabling
building with timber; however only low rise (e.g. 4 storeys).
Regulatory Changes– Contemporary changes in Building Regulations in the UK (e.g. [1]) combined
with high profile research projects around the turn of the millennium (e.g. [2]) led to relaxations,
which again supported the use of timber frame and heavy timber structural frames for multi‐
storey buildings in the UK. This led to two challenges, which are currently widely quoted in the UK
construction industry: (1) the increasing concentration of high rise residential buildings in urban
centres, and (2) the growing trend for timber frame, glulam, and CLT construction [3].
Building construction in England and Wales is governed by the Building Regulations; these are
supported by a suite of ‘Approved Documents’ that offer practical guidance on how to comply
with various functional requirements, and set out the minimum periods of fire resistance for
different parts of a building. They are meant to provide guidance for common building situations.
Guidance is also provided relating to the types of claddings and linings that might be adopted
depending upon the building use, height, etc. However, alternative means of achieving
compliance are permitted, and there is no explicit obligation to adopt any particular solution. This
encourages innovation in design and construction compared with more prescriptive systems.
Construction Site Fires and Resulting Additional Research/Guidance– Despite the thriving UK
timber construction sector, there is a view among some in the UK that the Approved Documents
are not keeping pace with innovation in the construction industry [3]. These views have been
influenced by a number of significant fires in timber frame and glulam buildings, both completed
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and under construction. These have resulted in considerable research efforts, including the
TF2000 project in the 1990s [2], and production of a range of guidance documents for both timber
frame and mass timber buildings under construction [4, 5].However, there remains considerable
disagreement within the UK construction and insurance industries regarding the risks and merits
of timber construction of various types, and more research is needed to support decision‐making.
Glulam, CLT, and Hybrid Buildings– CLT, sometimes in conjunction with glulam or hybrid steel or
concrete structural elements, is fast establishing itself in the UK as a quicker, greener alternative
to concrete or steel structural frames. The market has grown300% in the past two years [6], and
building heights of 9‐10 storeys are increasingly common; one example is shown in Figure 1. This
has led to a number of ongoing research projects on the fire performance of CLT systems, for
instance at the University of Edinburgh’s BRE Centre for Fire Safety Engineering.

Figure 1. ‘Wenlock Road’, a 10‐storey hybrid steel/CLT building in London, UK [6]

Other Issues– Other bio‐based building materials which are seeing increased use in the UK and for
which concerns have been expressed with regard to fire performance include: (1) structural
insulated panels (SIPS), (2) straw‐bale construction, (3) Brettstappel timber, (4) biopolymer
composite panels (e.g. for cladding applications), and (5) bio‐based insulation (e.g. wool).
Acknowledgments ‐ The authors would like to thank The University of Edinburgh, Arup, Trenton
Fire, and BRE for supporting their respective participation in COST Action FP1404.
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Our forests are a naturally renewable resource which has been used as a principal source of bio‐
energy and building materials for centuries. The growth of world population and affluence has
resulted in substantial increases in demand and in consumption for all raw materials. Resulting
increases in demand for wood and other bio‐based products provide a unique opportunity for
developing new generations of renewable, sustainable and efficient bio‐based composite
materials. Historical fires, particularly in dense urban centres, led to limitations in using
combustible materials in building parts. Performance‐based design (PBD) is a newer development
in fire protection engineering and many building regulations opened the market for bio‐based
building products since PBD became possible. By knowing the necessary fire behaviour of building
materials e.g. ignitability, flame spread and heat release rate, the performance‐based design can
be used to demonstrate similar fire safety level as by using non‐combustible or limited‐
combustible products. However, only limited information on the fire behaviour or fire
performance parameters of bio‐based building products are currently applicable for PBD. The
WG1 within the COST FP 1404 will help to investigate bio‐based materials concerning fire
behaviour and extend the knowledge about possibilities how to reach a higher reaction to fire
class for bio‐based building materials.
Use of bio‐based materials in buildings
Although there is no existing official definition, it is generally accepted that bio‐based materials
are materials issued from potentially renewable resources, i.e. from vegetal or animal origin.
There are over a hundred listed bio‐based materials for use in buildings. One can cite the
following: hemp, flax, cellulose, straw, cotton, cork, coconut, wood, jute, kenaf, grass, sisal or
henequen, ramie, bamboo, reeds, sheep wool, etc.
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Depending on their usage in buildings, three main categories of products can be distinguished,
corresponding to their technological functions:
1. Thermal insulation or/and acoustic insulation
2. Supporting structures
3. Multi‐functional construction elements
With regard to the intended application of the bio‐based building materials, different
requirements on the fire behaviour of building materials have to be fulfilled, which are defined in
national regulations and determined by the reaction to fire classification according to EN 13501‐1.

Objective of COST ACTION FP 1404 WG1
Main objectives of COST ACTION FP1404 WG1, Contribution of bio‐based materials to the fire
development, are the following:
1. Determination of the reaction to fire performance of bio‐based materials and products.
2. Investigation of interaction of bio‐based materials and products with fire.
3. Development of methods and treatments for improving fire performance.
For extending the available date and approaches existing information needs to be reviewed in
order to make it applicable to other bio‐based materials. Much information on the reaction to fire
performance is only available on wood and wooden products, but gaps in knowledge can be
closed with additional investigations.
Concerning the interaction of bio‐based building materials and products with fire scenarios
limited information is available. One main objective is to acquire scientific knowledge in order to
develop performance criteria and compare different perspectives to enable an extended and fire‐
safe use of existing as well as new bio‐based materials. Therefore, within the COST ACTION
FP1404 suitable methods and standards will be compared and defined in collaboration with the
WG2 “Structural Elements of bio‐based building elements and detailing” and WG3 “Regulations
for fire safety of bio‐based building materials”. A database will be generated including the fire
performance of BIO‐Based Building Products.
Primary focus will be on the investigation of the contribution of bio based materials to the fire
load and the resulting fire scenarios. In addition, the tolerable level of thermal exposure to bio‐
based materials (especially insulations) and structures will be investigated and recommendations
elaborated.
Combustibility of bio‐based materials is still one of the challenges, which have to be optimized.
Modification methods to decrease the combustibility of bio‐based building materials will be
collected and assessed.
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The effectiveness of preparations containing salts of phosphorous can be greatly enhanced by the
presence of some nitrogen‐containing compounds (such as urea), the occurrence of such
synergies will allow achieving higher resistance to fire at lower concentrations used preparations.
May be observed strong synergy between boric acid and the phosphate guanylurea, results their
different mechanisms of action and different temperature activation [1, 2, 3]. Another important
ingredient used in the protection of wood against fire is guanidine phosphate. Less widespread
but also effective ingredients are guanidine chloride and guanidine carbonate.
The aim of research was to attempt to find the synergisms between guanidine carbonate and
phosphorous compounds (mono‐and/or di‐ammoniumphosphate) which allows optimizing the
action of fire retardants with reducing their concentration. Furthermore, the attempt to develop a
new preservative for wood against fire with guanidine carbonate and phosphorus compounds,
learning and improving fire properties of this preparation, and guanidine carbonate as the
individual component of the preparation on fire characteristics and their mutual dependencies. As
well as examining the impact of guanidine carbonate on leaching of preparation from wood and
its corrosive aggressiveness in relation to steel. The work included the selection of the optimal
impregnation mixture; examine the impact of this mixture on flammability of protected wood, the
carbonization speed and resistance to molds. A measure of the fire retarding effectiveness are the
results obtained on the basis of tests carried out by custom methods and standards, both to the
mixture and its components at different concentrations.
For testing were used pine wood (Pinus sylvestrisL.). Tested samples of wood have been protected
with fire retardants, with soaking and vacuum methods. To produce mixtures used chemical
compounds: mono‐anddi‐ammonium phosphate, boric acid, guanidine carbonate, urea,
phosphoric acid, ethylene glycol and potassium sodium tartrate. For first step of tests were done
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6 mixtures in the form of 20% aqueous solutions. Mixtures containing in their composition
guanidine carbonate and solutions in which this component has been replaced with urea. In order
to determine the characteristics of protected wood fire properties, preliminary test methods were
used: fire tube acc. to Metz (Truax‐Harrison’s apparatus), MFT (Mini Fire Tube) and the speed of
carbonization ‐ in a chamber with constant intensity heat radiation.
Pine wood samples for testing with method of fire tube, MFT, carbonization speed were
impregnated at vacuum method. All test mixtures have very high fire protection efficiency. In the
fire tube method acc. to Metz obtained mass losses were at the level of 10%. For testing the
speed of carbonization samples protected with mixtures that contain guanidine carbonate
obtained lower values carbonization speed, app. 5% less mass loss, as well as lower surface
temperatures during the measurement compared to wood protected with preparation containing
urea.
Among the mixtures prepared for further research were selected mixtures consisting of mono‐
and di‐ammonium phosphate, boric acid and guanidine carbonate (A2) and urea (A1). In further
studies of the effectiveness of the selected mixtures checked different variants of concentrations:
5, 10, 15, and 20% in order to determine the most optimal preparations concentration and at the
same time, high fire protection performance. Research conducted with fire tube, the MFT and the
carbonization speed of pine samples, arranged in tangential direction at a distance of 10 cm from
the source of heat. In addition, research has been carried out on mixtures and their selected
ingredients using thermo‐gravimetric analysis and cone calorimeter.
Results for fire tube method have shown that the best protection is obtained by using preparation
A1with 20% concentration. In the case of testing on a MFT, the best results were obtained by
protectionA2with solution15% and 20%. During the test of carbonization speed, it turned out that
the rapid degradation of samples protected with A2 solution in the concentration of 10%. On the
basis of carried out studies, it can be concluded that A1preparation shows high effectiveness
already at 10% concentration. Study on accelerated aging showed that A2preparation was
characterized by a smaller leaching from wood in comparison with A1.
Tests of resistance to micro fungi of protected wood, has shown that preparation containing urea
had high resistance. Study of corrosive aggressiveness of preparations on steel acc. to the PN‐
74/C‐04904 was executed by indirect method in fixed and variable climatic conditions, and the
direct method. Obtained results shows the decreasing corrosion rates in all variants of test.
The results obtained for mixtures containing guanidine carbonate enables them to establish that
increasing the number of nitrogen atoms in a mixture of phosphorous compounds, increases the
effectiveness of fire retardant. In addition, the use of selected mixtures guanidine carbonate
allows reducing the concentration of fire retardants while maintaining high performance
compared with the commercial fire retardants. Increases the possibility of a wider use of this
compound, which is not yet applicable in the protection of wood against fire. Was confirmed the
theory of synergism between compounds containing nitrogen and phosphorus atoms in order to
improve the fire protection effectiveness. Obtained positive results allowed for reporting patent
protection application.
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In this study, polyurethane foam (PU) was prepared from tea stalks, which are agricultural wastes
of tea production factory. Furthermore, for giving fire‐resistant features to foam, boric acid, borax
and zinc borate were used as fire‐retardants. In the first stage, tea waste was liquefied with
polyethylene glycol (PEG)‐400, glycerin and sulfuric acid (catalyst) at 150 °C for 2 h. Then resulted
natural polyols, monoethylene glycol (commercial polyol), triethylenediamine (foaming catalyst),
silicon‐glycol copolymer (nonionic surfactants for rigid foams), and water (blowing agent) were
premixed. After this polymeric diphenylmethanediisocyanate (PMDI ‐crosslinking agent) was
added to this mixture, it was vigorously stirred by a high‐speed stirrer at 14000 rpm for 10–15 s.
Finally, mixture was rapidly poured into a plastic cup and foam was allowed to form at an ambient
temperature, and allowed to be cured for two days before cutting them into specimens. In the
experiments boric acid was added during liquefaction processes, conversely borax and zinc borate
were added during the foam manufacturing processes. Two different percentages (15% and
30%)were used for these three compounds, based on the amount of raw material or liquefied
product.
For the characterization of liquefied tea waste and PU foams several analyses were carried out. To
determine the chemical properties of liquefied tea waste, FTIR and GC‐MS analyses were used.
For the thermal and burning characteristics of PU foams, TGA, thermal conductivity
measurement, Limiting Oxygen Index (LOI) and linear rate of burning tests were carried out.
Finally, for the physical features, compression strength test, water absorption test and sound
insulation measurements were also performed.
According to FTIR results it was very clear that a chemical bond was formed between borate
minerals and liquefied biomass components. GC‐MS results of the liquefied tea wastes indicated
that 3‐Penten‐2‐one 4‐methyl and 2‐Pentanone 4‐hydroxy‐4‐methyl had the highest relative
content of 55.36% and 16.01%, respectively. Thermal conductivity results showed that PU foam
with 30% borax had minimum λ value of 0.0351 W/mK and 15% borax maximum λ value of 0.0415
W/mK among the six samples (Table 1). Furthermore, TGA results showed that boron compounds
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improved the thermal decomposition properties of PU foams. PU foam samples with 30% boric
acid, borax and zinc borate performed very well in the linear rate of burning tests. It was evident
that sample with 30% boric acid was not inflamed in test of linear rate of burning (Table 1). PU
foam with 30% borax had the lowest sound transmission rate of 0.518 km/s. Finally, foam sample
with 30% zinc borate possessed the maximum compression strength of 0.338 MPa.
Table 1. Results of the thermal analysis

LOI (Limiting
Oxygen Index)
[%]

Linear Rate of
Burning[cm/min]

Boric acid (15%)

Thermal
Conductivity
Coefficient (λ)
[W / mK]
0.0389

21

39.1

Boric acid (30%)

0.0384

23

No inflammation

Borax (15%)

0.0415

21

51.1

Borax (30%)

0.0351

21

22.7

Zinc Borate (15%)

0.0412

21

60.8

Zinc Borate (30%)

0.0402

21

33.3

PU Foam
(with no
additive)

0.0396

20

43.6

Sample

Acknowledgments
The authors wish to acknowledge the support from BOREN, the National Boron Research Institute
of Turkey (Project Number: 2012‐Ç0372) to carry out this research.

56

Effect of phosphorus-containing reactive flame retardants
on the properties of bio-based polyurethane coatings
Contribution to

WG1 Contribution of bio‐based materials to the fire development

Vladimir Yakushin1, Irina Sevastyanova1, Dzintra Vilsone1, Andris Avots1
1

Latvian State Institute of Wood Chemistry, Dzerbenes 27, Riga, LV-1006, Latvia,

yakushin@edi.lv
Keywords: phosphorus‐containing flame retardant, polyurethane coating, combustibility
To decrease the combustibility of polyurethanes, different flame retardants are used [1]. Among
them reactive flame retardants have one attraction ‐ as rule, on their addition, the strength of
polyurethanes does not decline. In the present work, the effect of several commercial reactive
flame retardants on the thermal stability, combustibility and mechanical properties of
polyurethane coatings based on triethanolamine esters of tall oil fatty acids was studied.
Firstly, the properties of polyurethane coatings were compared, for fabricating of which equal
quantities of different reactive bromine‐, chlorine‐ or phosphorus‐containing flame retardants:
IXOL B 251 (Solvay), Levagard 4090 N (LANXESS), and PC FR 125 or PC FR 225 (Nitroil Performance
Chemicals GmbH, Germany) were added to the base polyol, based on triethanolamine esters of
tall oil fatty acids. Then the effect of the concentration of the best of them on the mentioned
properties was studied. For obtaining polyurethane coatings, isocyanate voratec SD 100 (Dow
Chemical Company) was used. The molar NCO/OH ratio was 1.1.
The mechanical tests of free polyurethane films were performed according to ASTM D 4708‐99.
Thermogravimetric analysis (TGA) of polyurethane coatings was performed using TGA/SDTA 851e
METTLER TOLEDO. Combustion performance of the polyurethane coatings applied on
100×100×16 mm standard wood samples was studied using a FTT Cone Calorimeter (Fire Testing
Technology Ltd.). Testing was performed according to ISO5660 at a heat flux of 35kW/m2. A single
flame source test (ISO 11925‐2:2002) of wood samples with polyurethane coatings was also used.
TGA data have shown that, on addition of all the mentioned flame retardants, the temperature of
the final stage of decomposition and the char yield of polyurethanes grow. The greatest char yield
at 600 °С (m600) was found in the polyurethanes with addition of the phosphorus‐containing
reactive flame retardant Levagard 4090 N (Table. 1).
A similar pattern was observed also in single flame source tests. Although the highest content of
phosphorus was in polyurethane coatings with addition of PC FR 125, the least length of the
damaged area (Ld) after the test was finished for the samples covered with the polyurethane
coating with addition of the same Levagard 4090 N.
The flammability parameters of wood samples with polyurethane coatings in the cone calorimeter
test were measured in terms of heat release rate (HRR), peak heat release rate (PHRR), maximum
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average rate of heat emission (MARHE), total heat release (THR), mean mass loss rate (MLR) and
others [2]. On addition of all flame retardants, the flammability parameters of samples, in
comparison with the case of the samples with a coating from neat polyurethane considerably
decreased. The best indices were for the polyurethane coating with addition of Levagard 4090 N
(Table 2).
Table 1. Content of chemical elements and properties of polyurethane coatings

Additives

Levagard 4090 N

PC FR 125

PC FR 225

P [%]

3.0

5.4

2.6

Cl [%]

5.7

IXOL B 251

1.8

Br [%]

8.3

m600 [%]

23.3

17.5

14.5

17.9

Ld [mm]

35

45

40

62

Table 2. Data of the polyurethane coatings cone calorimeter test

Additives

Neat PU

Levagard

PC FR 125

PC FR 225

IXOL B 251

PHRR [kW/m2]

344

200

302

275

257

MARHE [kW/m2]

149

86

91

101

99

THR [MJ/m2]

152

121

123

130

130

MLR [g/s]]

0.047

0.043

0.045

0.046

0.046

Upon decreasing the concentration of this flame retardant and the corresponding content of
phosphorus, the values of most parameters of flammability increased. Only the total smoke
release of this coating decreased. It was possible to obtain a higher quality coating with lower
smoke release only in the case of replacing the base polyol by a polyol on the basis of
trimethylolpropane esters of tall oil fatty acids, with which the phosphorus‐containing flame
retardant Levagard 4090 N was compatible much better.
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One of the limitations when using wood as building material is its flammability. Treatment of
wood with fire retardants is one of the strategies to increase fire protection. The addition of these
fire retardant products into wood specimens can be done trough vacuum impregnation. Among
some of the most common fire retardants used in wood we can find different boron salts and
phosphate compounds. The aim of fire retardants is to prevent or delay the ignition and to
diminish the effects of combustion. Fire retardants exhibit different mechanisms of action
according with their chemistry. Boron salts create a protective vitreous barrier, which hinders the
release of flammable gases and the access of oxygen to wood; phosphorous‐based compounds
promote charring and some of them also inhibit the radical combustion reaction. Another
important group of fire retardants, widely used in the polymer industry, are the substances that
decompose endothermically releasing water vapour or carbon dioxide. These compounds absorb
part of the combustion heat and therefore, reduce the temperature of the wood, and the inert
gases released dilute the flammable gases in the condensed phase [1].
The disadvantage of some of these fire retardants is their limited solubility in water, which is the
preferred solvent for the impregnation process due to economic and environmental reasons. In
this work have evaluated the fire retardant activity of the heptahydrated magnesium sulphate,
epsomite (MgSO4∙7H2O). This sulphate mineral is highly soluble in water, approximately 700g/l.
The endothermic decomposition of epsomite takes place in two steps, dehydration occurs
between 50 and 300ºC with an associated enthalpy of approx. 1400J/g. The next step corresponds
to the decomposition of the sulphate, between 900 and 1100ºC.
We have treated three different pine samples: Pinus sylvestris (density: 461Kg/m3), Pinus nigra A
(density: 653Kg/m3), Pinus nigra B (574Kg/m3), with saturated solutions of epsomite by means of
a vacuum autoclave. The dimensions of the specimens were 77mm x 64mm x 21 mm with the
higher surface in the transversal section. Previous to the impregnation the samples were dried at
100ºC and after the treatment the samples were kept at 35ºC until constant mass. The devices
used in the different fire tests are shown in fig. 1, from left to right we find the Bunsen test, the
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dripping test and the limiting oxygen index (LOI). In table 1 are listed the amount of epsomite
introduced in each sample, the time at which occurs the first ignition in the dripping test and the
value of oxygen needed to cause wood combustion under the conditions of the LOI test. The high
amounts of epsomite introduced in the wood samples indicate that the impregnation process was
successful. Treated wood exhibit a remarkably improvement in the fire performance.

Figure 1. Images of the fire tests performed. From left to right: Bunsen test, dripping test, LOI.
Table 1. Time of ignition and LOI values obtained for treated and blank samples
Sample
P. sylvestris
P. sylvestris‐tr
P. nigra A
P. nigra A‐tr
P. nigra B
P. nigra B‐tr

Epsomite [%]
0
46
0
55
0
78

tignition [s]
34
53
29
87
46
115

LOI [%]
25
41
24
41
26
53

Fig. 2 shows the temperatures obtained in the Bunsen test from the thermocouple of the non‐
exposed face. Treated samples maintain the temperature below 100ºC during a period of time
significantly longer than the non‐treated wood.

Blank
P Sylvestris‐tr
P nigra A‐tr
P nigra B‐tr

Figure 2. Time‐temperature curves obtained from the Bunsen test.
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Methods to improve the fire performance of non‐paper‐like, porous natural fibre structures made
by foam forming have been studied. Such structures could be used e.g. in building products
(thermal insulation, acoustics control) as well as in fibre reinforcements, prepregs and packaging
materials.
In foam forming, an aqueous foam with air content of 50−70% is used as fibre transport medium.
The fibres are kept apart by the air bubbles thus creating a possibility to produce porous,
insulation type of structures. The fire retardant (FR) chemical in comparatively dilute form was
foamed together with surfactants and fibres, or it was added in powder form among the fibre
foam. The work started with foamability pre‐studies of fire retardants, followed by efficiency pre‐
studies to determine adequate addition levels of fire retardants. Six commercial water‐soluble fire
retardants were used in the foaming and efficiency pre‐tests. The efficiency pre‐tests were
performed using the single‐flame source test EN ISO 11925‐2.
The main part of the study included the addition of fire retardants during foam forming process,
and reaction‐to‐fire testing using the cone calorimeter test ISO 5660‐1 at irradiance level of 50
kW/m2to determine the time to ignition (tig) and heat release rate per unit area (HRR) of the
materials produced. The specimens tested (thickness (10 ± 1) mm) were the following:
•
•
•
•
•

Untreated reference: softwood kraft (SW), 40 kg/m3
Softwood kraft, 46 kg/m3, foam forming done in 2% FireFain XMP solution, 1% cationic
starch addition from fibre amount
Chemi‐thermomechanical wood pulp (CTMP), 42 kg/m3, foam forming done in 2% FireFain
XMP solution, 1% cationic starch addition from fibre amount
Softwood kraft, 55 kg/m3, foam forming done in 5% FireFain XMP solution
Softwood kraft, 44 kg/m3, with 35% filler‐like fire retardant Martifin OL‐107 (Al(OH)3)

The heat release rate of the specimens is presented in Figs. 1−2. A non‐uniform fire retardant
distribution over the thickness of the specimens was observed: the top side was FR rich, reaching
better test results than the FR poor wire side (Fig. 1). The goal of adding 1% cationic starch was to
improve the retention of the fire retardant. This was successful as shown by Fig. 2 (left): the FR

61

concentration during foam forming could be decreased from 5% to 2% without affecting HRRmax,
and with increased tig. The addition of filler‐like fire retardant decreased significantly HRRmax, but
did not increase tig (Fig. 2 (right)).

Figure 1. Heat release rate per unit area in cone calorimeter tests at 50 kW/m2 for foams formed in 2 %
solution of FireFain XMP and including 1 % cationic starch.

Figure 2. Heat release rate per unit area in cone calorimeter tests at 50 kW/m2 for untreated reference ,
a sample foam formed in 2 % FireFain XMP solution (+1% starch) and in 5% FireFain XMP solution (left) and
a sample containing Martifin OL‐107 (right).

The main conclusion of the study is that the reaction‐to‐fire performance can be improved during
foam forming process by addition of water‐soluble or filler‐like fire retardants. The fire retardant
additives can increase the time to ignition and reduce the heat release rate of the foam formed
structures, indicating some potential for reaching a reaction‐to‐fire classification better than
class E.
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In the present paper, the performance of an innovative thermal insulation rigid board is evaluated
in terms of fire behaviour. The board is based on vegetal pith and a natural gum (corn pith and
sodium alginate) and it is completely compostable. This new composite was developed in
previous work and present promising good hygrothermal behaviour. Moreover, small‐scale
pyrolysis combustion flow calorimetry (PCFC) and fire reaction tests indicate that the fire
properties of the material are very favourable when compared with other organic foamy
materials commonly used in building insulation such as polystyrene and polyurethane. For
instance, fire reaction tests yield an extremely good result, with little and short ignition that
instantly autoestinguish when the source of heat is removed [1]. However, this refers only to
flaming combustion and a smouldering process is also observed, which slowly burns the
specimens. Smouldering is a slow flameless form of combustion that is sustained by the
exothermic surface reaction between solid fuel and oxygen. This type of combustion is
characteristic of porous materials which form a solid carbonaceous char when heated and is
frequently observed in cellulosic materials [2‐4]. Smouldering propagation is about ten times
slower than flame spread over a solid. In spite of its weak combustion characteristics,
smouldering is a significant fire hazard. In the present investigation, the smouldering combustion
process of this experimental material is evaluated using an experimental set‐up similar to the one
described by Hagen et al. [4] designed to determine the velocity of propagation of the
smouldering front. The behaviour of plain samples is compared to wood fibre insulation
specimens and to samples incorporating 8% of boric acid or aluminium hydroxide. Although
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smouldering is not avoided in any case a reduction in the speed of combustion propagation is
observed.

Fig. 1. Infrared images for untreated (top) and boric acid fire retarded (bottom) at times t=30, 35, 40, 45,
50 and 55 min.
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Cross‐laminated timber, or CLT, is currently receiving attention for its potential use in tall building
structures. Timber being a combustible material, one of the main challenges for the construction
of these buildings is the potential fire risk that results from its use in the structure [1].
Unprotected CLT can burn along with the fuel load present in a compartment. It is uncertain
whether the structure will be totally consumed or whether it would decay by self‐extinguishment.
Sustained burning can result in collapse of the structure, which would result in severe
consequences for a high rise building. This work aimed to increase insight into the fire behaviour
of unprotected CLT structures in a compartment burnout. Two series of experiments were
conducted to investigate the conditions under which self‐extinguishment can take place.
The first series of experiments investigated two conditions at which the CLT can transform from
smouldering to self‐extinguishment: heat flux on the CLT and the airflow over its surface. This was
done by exposing CLT to various heat fluxes and airflows in a cone calorimeter. It was found that
smouldering CLT self‐extinguishes when the externally applied flux is below 5 to 6 kW/m2. The
additional airflow was also found to be of influence. At a heat flux of 6 kW/m2, an airspeed of 0,5
m/s resulted in self‐extinguishment, while an airspeed of 1,0 m/s resulted sustained smouldering.
The second series of experiments investigated small compartments with one, two, or three CLT
walls. These compartments were subjected to a propane fire with a decay phase. Delamination
was found to be important in the fire behaviour. Delamination occurred when the charring front
reached the polyurethane adhesive, which then lost bonding. This resulted in fall‐off and
exposure of new layer of wood to the fire, which could interfere in the transitions from flaming to
smouldering and from smouldering to self‐extinguishment. In two experiments, fall‐off occurred
when temperatures in the compartment were still relatively high. The newly exposed wood
contributed rapidly to the fire and flaming was sustained, or smouldering was transformed back
to flaming. The CLT continued burning (Fig. 1). In two other experiments, fall‐off occurred when
temperatures in the compartment were lower. As a result, flaming was not sustained. The CLT
smouldered and the heat flux on its surface during was below 5 kW/m2; these compartments
extinguished. However, relying on fall‐off to occur when the compartment has cooled down might
be risky due to its unpredictable nature. Alternatively, delamination and fall‐off were prevented in
a fifth experiment by applying a thicker top lamella. The charring front seized within the thickness
of this lamella before it reached the PU adhesive (Fig. 2).In all five compartments, the exposed
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CLT increased the heat release rate and total energy released, and extended the duration of a fire.
These were further increased when fall‐off resulted in prolonged flaming.

Figure 1. Delamination and fall‐off of the CLT
sustained flaming combustion

Figure 2. Delamination was prevented by applying a
thick top lamella

Self‐extinguishment is currently not part of fire safety considerations. With further research, self‐
extinguishment might eventually contribute to a total fire safety concept for tall timber buildings,
in addition to active measures. This work extended to translating new insights to design and
regulatory implications. A suggestion was made for a method to assess the potential for self‐
extinguishment of CLT structures. Such an assessment might be considered in the design of
timber buildings according to the Eurocode consequence class 3, which requires a high degree of
insight into the structural fire behaviour. Self‐extinguishment, as part of an overall fire safety
concept, might become part of the risk analysis and the advanced calculations in order to
demonstrate the tall timber structure is reliably safe and robust. Furthermore, self‐
extinguishment might reduce the probability of collapse as a result of the fire. Despite severe
consequences of collapse in a high‐rise building, this reduction in probability might contribute in
achieving a level of risk and safety as intended by building codes.
Finally, new insight can affect the perception of the material and the way it is treated in building
regulations and approval. Due to lack of precedents, limited experience, code limitations, and
uncertainties regards the performance in fire, there seems to be reluctance to saying tall timber
buildings are sufficiently safe. Timber is perceived as a material less suitable for high‐rise
buildings. More insight into self‐extinguishment, its role in a total fire safety concept for tall
timber buildings, and its implications on the structural design, could affect this. A more pragmatic
approach might be adopted in which any material poses unique design challenges, but can be
applied as long as it contributes to safe buildings. While the combustibility of the timber structure
will remain a point of attention, its risk should be managed properly, instead of used to discard
the material for high‐rise buildings. Eventually, insight in the structural fire behaviour of timber
structures, including potential self‐extinguishment, could contribute to making timber available as
a material for high‐rise buildings.
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This study focuses on flame spread in corner configurations. An experimental campaign consisting
of several standard Single Burning Item (SBI) tests [1] has been considered. Flammable boards of
medium density fiber (MDF) and plywood are used; and tests with inert Calcium Silicate boards
serve as reference cases. Temperature measurements are made all over the boards and through
their thickness to provide the evolution of temperature fields across the depth of the panels. Heat
fluxes are measured at certain characteristic locations during the tests and continuous
measurements of the total heat release rate and the smoke production rate are made based on
the oxygen depletion technique by extracting the combustion gases. Visual observations of the
flame spread are recorded using video cameras. This set of data will help fortifying a suitable basis
for the characterization of corner fires flame spread behaviour and will contribute to assessments
of CFD codes in simulations of fires in such configurations.
The experiments consist of 14 SBI tests. Three tests have been considered for each material in
order to examine the repeatability of the experiments. Beside the true corner setup flame spread
experiments, an SBI test with inert boards is performed as reference test case, as in [2]. As second
step, only one flammable plate is put in place, while the other side remains inert. Together with
the main tests, in which both the boards are flammable; these tests allow careful examination of
the effect of the heat exchange between the boards on the associated flame spread behaviour.
The global repeatability in terms of total heat release rate (HRR) and total smoke production rate
(SPR) remains satisfactory in the SBI tests as Fig. 1 indicates, while divergences do arise as the
experiment continues towards its end. Study of the symmetry of the thermal attack on the two
boards in each test is made by means of the through‐thickness and backside temperature
measurements made during the tests. This is further verified via the flame spread footage
recorded by cameras facing the two boards from two different angles. The backside temperature
measurements help determining the heat losses and therefore characterizing the boundary
conditions in a more quantifiable manner. This constitutes a key goal, as earlier CFD studies of
corner fires have previously recognized the need for experimental quantifications of this type.
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Figure 1. The total HRR and SPR evolution in three tests with MDF boards (tests MM1, MM2and
MM3)alongside snapshots from test MM3
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Fire retardant treatments (FRT) may considerably improve the reaction to fire properties of wood‐
based products and the highest fire classifications for combustible products can be reached.
Wood products usually reach class D according to the European system, but FRT wood may reach
class B. However, high retention levels have to be used compared to ordinary preservation
treatments used to protect wood against biological decay. Many of the treatments may also have
adverse effects on other wood properties. FRT wood often becomes moisture sensitive,
discoloured or corrosive. The treatments may not be durable in exterior applications, reduce the
mechanical strength or interfere with glues or paints.
Two cases of durability of the fire retardant treatment of wood‐based products can be identified.
One is the risk for high moisture content and migration of the fire retardant chemicals within the
wood product and salt crystallisation on the product surface. These hygroscopic properties of the
treated wood‐based product can be evaluated by exposure to high relative humidity.
The other case is the risk for decreased fire performance due to loss of the fire retardant
chemicals by leaching or other mechanisms. This case is mainly for exterior applications, e. g. as
façade claddings. Maintained fire performance over time has to be verified. The problems with
maintained reaction to fire performance over time have been known for a long time in the US and
the UK. Some background information on these cases has been published (Östman et al. 2001). A
US study on exterior exposure in ten years is also available (LeVan & Holmes 1986).
A European Technical Specification (CEN/TS 15912) with Durability of Reaction to Fire
performance (DRF) classes has been developed in order to assist product development and to
guide potential users to find suitable FRT wood products, see Table 1, Figure 1 and 2. The
European system is based on ASTM standards and has been further developed upon Nordic
initiatives from industry and research. It consists of a classification system for the properties over
time of FRT wood and suitable test procedures. Activities on transforming the Technical
Specification into a full European standard (prEN 16755) with some simplifications are ongoing.
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The results of a long term study of a range of FRT wood products including accelerated ageing
according to different procedures and natural weathering up to ten years show that the
requirements for interior applications of FRT wood products often are fulfilled, while products for
exterior applications with maintained fire performance over time are rare (Östman & Tsantaridis
2011). There is thus a strong need for product development for exterior applications. There is also
a need to determine the relationship between accelerated and natural weathering in different
climates in order to further develop the conditions for accelerated weathering.
Table 1. Requirements for DRF classes of FRT wood products according to CEN/TS 15912.
DRF class

0
INT1

INT2

EXT

a)
b)

Existing fire
requirements
Intended use Reaction to fire
class, initial
Short term
Relevant fire class
Interior
applications,
‐"‐
dry
Interior
applications,
‐"‐
humid
Exterior
applications
‐"‐

Additional performance requirements at different end use of fire
retardant wood‐based products a)
Reaction to fire performance after
Hygroscopic properties
weather exposure
‐
‐
‐ Moisture content < 20 %
‐
‐ No visible salt at surface
‐ No exudation of liquid
‐ Moisture content < 28 %
‐
‐ No visible salt at surface
‐ No exudation of liquid
Maintained reaction to fire
‐"‐
performance b) after
‐ Accelerated ageing or
‐ Natural weathering or
‐ Other referenced ageing method

To be fulfilled using material produced using the same manufacturing process and having a similar retention level
as for the reaction to fire performance.
2
Criteria for fire testing according to ISO 5660‐1 after weather exposure for class B products: RHR30s,ave≤ 150 kW/m
during 600 s after ignition and THR600s increase < 20 % compared to testing before weather exposure.

Figure 1. Accelerated weathering.

Figure 2. Natural weathering.
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In this study, boric acid was added as fire retardant to particleboard and its fire properties were
determined. The ratios of boric acid used in the preparation of the raw materials were
determined according to the dry mass of wood. Boric acid (BA) was added as powder 3%, 5% and
7% to three layer particleboards. Urea formaldehyde resin was used for surface layers with 10%
and for middle layer it was 8%. Physical, mechanical and fire properties of particleboards were
determined.
The effects of boric acid at different rates on the fire performance of particleboards were
determined. For this purpose combustion tests were conducted according to ASTM E‐69 standard
methods and three different ratio of boric acid (3%, 5%, and 7%) were tested. As fire properties of
particleboards that weight change (%), maximum temperature (°C), stack temperature (°C), O2, CO
and NO amounts (ppm) were determined. According to the results of tests, the best combustion
performance was obtained from 7% BA added particleboards. Combustion properties of control
and %7 BA added particleboards are shown in Table 1.
Table 1. Combustion properties of control and %7 BA added particleboard

Time
[min.]

Weight
change
[%]

Max.
Stack
Temperature Temperature
[°C]
[°C]

O2
[ppm]

CO
[ppm]

NO
[ppm]

C

7%BA

C

7%BA

C

7%BA

C

7%BA

C

7%BA

C

7%BA

0,5*

98,2

98,1

94

94

73

75

20,72

20,62

27

11

7

3

2*

91,6

94,9

145

129

102

99

19,62

19,79

95

88

42

35

3,5*

84,2

92,9

179

149

127

106

19,27

19,57

114

118

63

44

4*

81,8

91,9

191

153

136

107

19,16

19,53

116

131

69

45

5,5

74,2

90,0

197

140

112

74

18,97

19,73

121

171

80

41

7,0

65,2

89,1

210

119

109

59

19,09

20,52

128

399

82

15

8,5

58,1

88,1

231

106

107

54

19,44

20,91

192

399

79

5

71

10

49,0

87,2

314

97

117

51

19,71

20,97

287

237
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*: Flame‐induced combustion, C: Control sample, BA: Boric acid
The weight losses of control samples without BA and 3%, 5% and 7% BA added samples are shown
in Figure 1. According to the results of 10 minute combustion while weight loss of particle board
without boric acid 49%, boric acid added for 3%, 5% and 7% were determined as 24,7%, 18,27%
and 12,76% respectively. The best result was obtained from 7% BA added boards with 12, 76%
mass loss. Istek et al. (2013) investigated the effect of various fire retardants such as borax (BX),
boric acid (BA) and zinc borate (ZB) on the combustion properties of MDF and they were found
that weight loss was decreased with the increase of the addition ratio of boric acid.

Figure 1. Results of 10 minute combustion

According to 2, 24, and 72 hours results of thickness swelling (TS) and water uptake (WA) tests,
7% BA addition did not significantly affect both when compared to control samples without BA.
While WA after 24 hours of control samples were found as 79,1% , the value for the particleboard
samples with 7% BA added were determined as 80,5%. In addition bending strength and internal
bond strength as mechanical properties were also negatively affected by boric acid addition while
modulus of elasticity did not significantly. Moreover, bending strength value was found as 15,5
N/mm2 for control samples, the value of 3%, 5% and 7% BA added samples were found as 13,4
N/mm2, 13,2 N/mm2 , and 12,8 N/mm2 respectively. Similarly internal bond strength value was 0,
40 N/mm2 for control samples while, the value of 3%, 5% and 7% BA added were found as 0,23
N/mm2, 0,26 N/mm2 and 0,19 N/mm2 respectively. As a result, boric acid improved the
particleboard’s fire performance but some physical and mechanical properties were decreased
with increased boric acid ratio.
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Aim of this study to determine effect of woven E‐glass fiber (WGF) on fire performance and
bonding quality of plywood. For this reason, 1.5 mm thick beech veneers were used with urea
formaldehyde (UF) glue resin which contains64% solid content. Plywood panels with five plies and
7.2 mm thick were manufactured from both control and reinforced by woven glass fiber material.
All veneers used in plywood manufacturing were used 7% moisture content before the gluing
process. Approximately 170 g/m²adhesive mixture was spread on single surfaces of veneers by
using roller brush. Hot press time and pressure were used 5 min and 15 kg/cm² respectively. Press
temperature was 120 °C in the manufacturing of plywood panels. Plan of layers utilized in
plywood board manufacturing and shear strength samples are shown below Fig. 1.

Figure 1. Plan of layers utilized in reinforced plywood board manufacturing. (a)cross section (b)shear
strength sample for bond line1 (c) shear strength sample for bond line 2

Densities of control plywood (CP) and reinforced plywood (RP) were averaged 0.68 gr/cm³ and
0.72 gr/cm³ respectively. Fire performance tests were performed according to ASTM E69 by fire
tube test. Bonding quality tests (shear strength) of plywood’s were carried out TS EN 314‐1.
Before the shear strength tests, samples obtained from the panels were immersed for 24 hours in
water at 20 ±3 °C. The results of shear strength tests were showed below (Table 1).
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Table 1. Results of shear strength tests (N/mm²)

Control Plywood (CP)a

Reinforced Plywood (RP)a

Glue line

Air Dry

24 hours in water Air Dry

24 hours in water

Bond line 1

2.60

2.17

2.43

2.12

Bond line 2

2.86

1.78

2.61

2.70

a

Main values of the results of shear strength tests are from12 replicates

In bond line 1, CP samples have showed 7% higher shear strength properties than RP samples in
air dried samples. This rate for samples immersed for 24 hrs in water was determined as 5%. It
has been shown that the WGF reinforcement has decreased the bonding strength of samples by
23% [1]. However, in bond line 2, RP samples have showed higher about 50% shear strength than
CP samples immersed for 24 hrs in water. It can be said that WGF has prevented the transfer of
water to the inner layer. In fire tests, similar curves were obtained until 3rd minute time duration
which carried out surface combustion. After 3rd time duration, WGF has slowed down the
combustion rate. Mass loss (Fig. 2) and temperature curves (Fig. 3) of the CP and RP were given
below.

Figure 2. Mass loss curves of the CP and RP.

Figure 3. Temperature curves of the CP and RP.

According to Fig. 3, RP has increased in reach to maximum temperature approximately four
minutes (from 10 to 14). This four minute is very important time during fire for evacuating people
from inside of building. It is possible to say that WGF can be used as fire retardant such chemical
compounds provided that by using stronger adhesive.
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Bio‐based building products, e.g. as sawn or engineered timber structural members, have a very
long history in the built environment. Historical fires led to combustibility being the main reason
why bio‐based building materials could not be used in many applications, particularly in dense
urban centres. When performance based design (PBD) for fire became possible, during recent
decades, many national building regulations effectively opened the market for bio‐based building
products. However, large differences between building regulations in different countries still exist,
even within Europe, and the use of combustible bio‐based building products is still relatively
limited; particularly in multi‐storey building construction. Whether this is because the prescriptive
guidance is irrational and/or out‐dated, or because legitimate fire safety concerns exist, is not well
known in many cases.
Fire Safety Engineering (FSE) has achieved increasing acceptance in recent years; it allows a PBD
with customized building solutions. However, the available tools, guidelines, and engineering
techniques are often limited to non‐combustible building materials. Knowledge of the
performance of many bio‐based building materials and systems under the non‐standard fire
scenarios, which might need to be considered during a rational PBD assessment of a building, is
relatively poorly developed, and this hinders PBD in many cases for these materials.
Fire resistance classification systems of structural elements under so‐called ‘standard’ fire curve
exposures are well established and commonly used for most cases. However, a common database
on structures fulfilling certain fire classes needs to be established. In addition, in real life the use
of the Eurocodes’ parametric/natural fires may be very important for both safety and
efficient/sustainable structural design. For this reason, the related material property data and fire
protection methods need to be gathered and reviewed. In addition, guidance and best practice on
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detailing in construction (e.g. penetrations, cavities, connections, etc.) are of paramount
importance to ensure adequate fire safety.
From previous research projects on wood‐based products, there already exists a wealth of
information that is available from various sources. However, this information needs to be first
compiled and reviewed, so that it can be modified and applied, potentially to other bio‐based
materials.
Working Group 2 (WG2) of Cost Action FP1404, Structural elements made of bio‐based materials
and detailing, deals with producing a database of available knowledge as well as new information
on material properties, structural response, and fire protection schemes for bio‐based materials
and construction systems in different credible fire scenarios both in and around buildings. The
main activities to be undertaken include:
a.

b.

c.

d.

developing and perpetuating an improved understanding of the structural response, and
hence fire resistance, of bio‐based structural elements and materials exposed to a range
of ‘standard’ and realistic (natural) fire scenarios;
characterizing the reactive, thermal, and mechanical material properties of relevant bio‐
based building materials(and fire protection methods) so as to enable, by use of fire
engineering and rational engineering judgement, their use in building applications which
might otherwise be prohibited by prescriptive fire safety regulations;
developing and disseminating databases of information on the performance of both bio‐
based structural elements and construction materials relevant to points (a) and (b) above;
and
studying the effects of construction detailing and structural connections of various types
for achieving fire safety in a bio‐based built environment.

This WG2 will closely work together with the standardization body CEN TC 250/SC 5 “Eurocode 5 –
Design of Timber Structures” who are currently working on a revision of Eurocode 5 (EN 1995‐1‐
2), expected in 2020. The outcome of WG2’s activities will serve as an important evidence base
for the envisioned revision.
Further, the collaboration between the two Cost Actions FP1303 and FP1404 is critically
important, since FP1303 can provide both basic and reaction‐to‐fire information on a large variety
of bio‐based building materials and systems; all types of bio‐based structural and building
materials require defensible fire design methods for their safe, efficient, and confident application
in real projects.
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The use of cross‐laminated timber (CLT) in iconic structures has been proposed by leading
architects due to its aesthetic, environmental, and structural appeal. Primarily used as structural
wall and floor slabs with flexural strengths comparable to concrete, CLT may enable
architecturally unique multi‐storey buildings composed largely of exposed mass timber. Due to
the precedence of steel and concrete construction for tall buildings during the last century,
available structural fire design guidance for CLT lags behind current architectural vision. To enable
resilient, safe, sustainable, and efficient design of CLT structures, a detailed understanding of their
structural response at elevated temperatures is crucial. However, this is complicated by pyrolysis,
combustion processes, charring, cracking, adhesive softening, failure modes, and delamination.
To better understand these interactions, a bespoke testing methodology was devised to
interrogate various structural failure criteria under radiant heating.
The current Eurocode approach to the fire‐safe structural design of timber [1] prescribes a
charring rate of 0.65mm/min during the required fire resistance period, and notionally eliminates
an additional 7mm ‘zero‐strength’ layer to arrive at an ‘equivalent cross section’ which is used for
fire limit state structural checks. This method was derived from tests on timber elements in
standard fire testing furnaces; such testing is not conducive to investigating the true performance
of CLT in real fires, since it is widely known that the thermal exposure is poorly defined in furnaces
and depends on the properties of the material being tested. An additional complexity is that fire
resistance periods for timber cannot be translated to expected performance in a real fire. As a
result, the major differences in material properties of timber and other common construction
materials (e.g. steel or concrete) mean that the thermal exposures achieved in furnace tests differ
significantly between materials, thereby precluding a rational comparison of structural fire
behaviour. To address this issue a novel test set up is used herein to explore CLT mechanics at
elevated temperatures and under sustained loading. Heating is quantified in terms of heat flux,
which provides a better‐defined thermal exposure with enhanced repeatability [2].
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CLT slab strips of length 2000mm, width 300mm, and depth 100mm were prepared with lay‐ups
of either of three or five lamellae of uniform thickness. Load was applied using a servo‐hydraulic
actuator at 2mm/min in 4‐point bending until failure. It was found (with testing in duplicate) that
the 3‐layer slabs failed at an average load of 52.6±0.2kN by a ‘rolling shear’ failure mode, and the
5‐layer beams failed at an average load of 40.4±2.3kN in a flexural (tension) mode (see Fig. 1).

Figure 1. Rolling shear failure of 3‐layer (left) and flexural failure of 5‐layer samples (right)

Eight further tests (in duplicate) were performed under sustained load and radiant heating on
samples loaded to 10 or 20% of ultimate ambient strength. Only the constant moment region was
heated (with an incident heat flux of 25‐30kW/m2) to investigate the effects of loss of section on
capacity and failure modes. Eurocode methods were used to predict the residual cross‐section,
from which the reductions in structural capacity during heating were also predicted (see Fig. 2).

Figure 2. Relative flexural capacity during exposure to fire for 3‐ and 5‐layer CLT samples

Whilst it was observed that failures were predicted with a high level of accuracy, a lower than
assumed charring rate of about 0.5mm/min was measured from in‐depth temperatures; this
results in tested char depths of approximately 20mm and 35mm at failure for the 3‐ and 5‐layer
samples respectively. This would correspond to zero‐strength layer depths of 13mm or 21mm
using the Eurocode’s effective cross‐section approach. Thus, a single value for zero‐strength layer
may be unsuitable for CLT, and this requires further investigation.
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Modern timber construction is able to exhibit high anti‐seismic and fire‐safety performance,
which is at least on a par with more “conventional” construction techniques (e.g. concrete, steel).
In order to achieve the fire resistance requirements proposed in fire safety regulations, a fire
protection cladding is commonly applied to load‐bearing timber building elements.
The behaviour of two contemporary timber construction systems exposed to realistic fire
conditions is investigated in this work. A full‐scale fire test is performed, using a test compartment
measuring 2.22m x 2.22m x 2.11m; an open window, measuring 0.43m x 0.96m, provides
adequate ventilation (Fig. 1). The Light Timber Frame (LTF) and the Cross Laminated Timber (CLT)
construction systems are simultaneously used in the test compartment. A symmetrical layout is
employed; LTF is used in two vertical walls (S, W) and the ceiling, whereas CLT is used in the
remaining vertical walls (N, E) and the floor. Timber studs and battens are used for the frame of
the LTF walls, with plywood panels serving as the “sheathing” material. The CLT walls are formed
using pre‐fabricated 5‐layer CLT panels. In both wall types, a layer of mineral wool insulation is
used, as well as a final fire protection cladding, comprising two 12.5 mm fire‐resistant gypsum
plasterboard panels. The test compartment is externally clad with decorative horizontal timber
battens (Fig. 1).Aiming to investigate the fire behaviour of unprotected timber panels, a partially
separating wall is constructed inside the test compartment, using multiple layers of fire‐resistant
engineered timber panels (i.e. particleboard, plywood, MDF).
A wood crib is used to provide the required fire load; the crib is located near the NE corner of the
room, aiming to provide uniform thermal exposure conditions to the adjacent LTF and CLT walls.
Extensive instrumentation is installed inside the test compartment allowing the continuous
monitoring of the temporal evolution of a large variety of physical parameters, such as gas and
wall surface temperatures, flame shape and position and gas species concentrations (Fig. 2).
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Figure 1. Photo of the test room (left) and cut sections of the LTF (middle) and CLT (right) assemblies.

The temporal evolution of the hot layer gas temperature is found to agree reasonably well with
the standard time‐temperature curves (e.g. ISO 834, EN 1991‐1‐2). The measured wall surface
temperatures, combined with information obtained by optical inspection after the conclusion of
the test, suggest that the fire protection cladding does not fail and no charring occurs either in the
LTF or the CLT walls [1]. As a result, for both construction techniques, timber building elements
are found to retain, at least for the 45 min duration of the test, their separating
(compartmentation) and load‐bearing functions, thus fulfilling the relevant (R, E, I) criteria
presented in EN 1995‐1‐2. In contrast, recorded temperatures (evidence of charring) and optical
evidence (partial collapse of the wall) suggest that the separating wall, which is constructed using
unprotected fire‐resistant engineered timber panels, does not meet the aforementioned criteria,
thus corroborating the need for adequate fire protection cladding (e.g. gypsum plasterboard
layers) in timber building elements.

Figure 2. Measurements of the temporal evolution of gaseous environment and building element
temperatures (left); snapshot of the flame envelope, 2 min after fire initiation (right).
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Abstract: The contribution is focused on the influence of the fire resistant coating used on OSB
boards on the fire resistance of light timber frame wall assemblies. Two fire tests were performed
in the fire test laboratory of PAVUS, a.s. in Veselí nad Lužnicí in cooperation with the KRONOSPAN
CR, spol. s.r.o. company, OSB boards manufacturer, at the beginning of 2014. Both fire tests were
performed according to the EN 1365‐1 fire test standard under the loading. The first fire test: one
OSB board with fire resistant coating was used on the fire exposed side, while an OSB board
without any surface finish was used on the fire unexposed side. In the second fire test, two OSB
boards were used on the fire exposed side to increase the fire resistance. On the fire unexposed
side, an OSB board without any surface finish was used. The paper deals the determination of the
influence of this type of coating on the fire resistance of the whole construction.
Introduction
The timber industry has developed a lot of new types of wood‐based materials for buildings in
recent years. By their composition or surface treatment, these new products contribute to fire
resistance. There are a lot of requirements for timber structures in terms of fire safety in the
Czech Republic. The paper is focused on the behaviour of an OSB board with a fire protection
coating.
Two fire test of a load‐bearing wall assembly was carried out in the fire test laboratory according
to the EN 1365‐1 European standard. The wall dimensions of both were 3.0 (depth) x 3.0 (height)
m. One (1st fire test, Fig. 1) or two (2nd fire test, Fig. 2) OSB board with a fire protection coating
(17 mm) was used on the fire exposed side, while an OSB board without any surface finish (15
mm) was used on the fire unexposed side. There were 20 pieces of thermocouples used inside the
specimen for measuring temperature. The coating consists of a cement‐based mixture of
magnesium oxide, reinforced by fibreglass with a thickness of 1.7 (± 0.3) mm. According to EN
1995‐1‐2, the calculation for fire paints and coatings is not possible.
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Figure 1. The composition of the test specimen (1st
fire test).

Figure 2. The composition of the test specimen
(2nd fire test).

Results and Conclusion
The calculation was performed by two methods using Eurocode 5 (part 1‐2). While the first
method is totally in accordance with Annex C (EN 1995‐1‐2), the second method assumes
reducing the charring rate after reaching a certain charring depth (Fig. 3.3, EN 1995‐1‐2). The
second method compared with the first method is more accurate and gives better results as can
be seen from Table 1. Therefore, it is assumed that also the charring rate of these very subtle
elements (load‐bearing timber studs) reduces after reaching a certain depth. After the fire
protection falling off, a large increase in the charring rate occurs compared with an unprotected
element (2nd fire test up to 4 times) according to Annex C (EN 1995‐1‐2).
Table 1 Comparison between the calculation and values obtained by the fire test

1st fire test

tch
(min)

tf
(min)

β0 (mm/min)
OSB board

β0 (mm/min)
timber stud

dchar
(mm)

23

‐

0.739

1.19

34.5

14.8

14.8

0.797

1.645

61.15

1 phrase: 1.645
2nd phrase: 1.07

48.57

1.74

57.4

2.596

113

1 phrase: 2.596
2nd phrase: 1.07

61,37

st

[3] 1 method
[3] 2nd method
2nd fire test

49

‐

0.694

39.5

39.5

0.797

st

st

[3] 1 method
[3] 2nd method

st
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Between 2012 and 2013 a series of tests were carried out at SP in Sweden with the objective of
assessing the impact of different fires on the reliability of timber structures. In total 32 timber
specimens were tested under standard fire exposure or parametric fire exposure, Figures 1 and 2.
10 specimens were also subjected to destructive reference testing and all specimens were subject
to non‐destructive reference testing at ambient temperatures in order to ensure uniformity
between the groups used in the different fire tests.

Figure 1. test setup

Figure 2. Temperature time curves

The results of the testing were used to develop analytical and probabilistic models of timber in
fire to study the effect that different fires have on the reliability of timber structures.
Defining the margin of safety as the margin between the load, Q, and the resistance, R, of a
system, the Hassofer Lind reliability index (equation 1), β, is defined as the number of standard
deviations of the margin of safety (equation 2) between its mean (equation 3) and 0, Figure 3:
(1)
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(2)
(3)
In order to illustrate the effect of fire scenario on timber reliability, a simple analysis was carried
out using random sampling to vary an analysis using the reduced cross section method. Results
are presented in Figure 4. In the analysis, 1000 individual samples were taken at each of the time
points shown. Parameters varied in the analysis were the depth of the zero strength layer, the
notional charring rate and the strength of the timber specimen; and in each sample at each time
step all of the variables were re‐sampled. The distributions of these variables were all based on
the results of the testing which was undertaken within this project. In all cases the design bending
moment was assumed to be deterministic and was taken to be 46% of the mean load ratio at
ambient. Temperature dependent reliability of timber exposed to the different parametric fires is
shown in Figure 4.

Figure 3. β is the number of standard deviations
between the mean of the margin of safety and 0

Figure 4. reliability index of timber beams exposed
to the different fires using

It is seen that timber elements loaded in bending which are exposed to fires which are more
aggressive than the standard fire have a reliability which evolves over time and is not dissimilar to
the reliability of similar members tested under standard fire conditions. In the tests performed,
the reliability of timber exposed to the standard fire reduced to zero after between 23 and 27
minutes, and the reliability of timber exposed to a short hot parametric fire curve reduced to zero
at around about 26 minutes. Conversely, timber which is loaded in bending and which is exposed
to fire conditions which are less aggressive than standard fire conditions has a significantly longer
period (over 50 minutes) under fire exposure before the reliability reduces to zero.
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Abstract:
Softwood grown in Ireland tends to be less dense, and subsequently has a lower Young’s Modulus
and a faster charring rate, when compared to its European equivalents. This is primarily due to
the mild climate and longer growing season. The predominant softwood grown in Ireland is Sitka
Spruce; this timber grades at C14/C18, with a large proportion being at C14. The majority of
structural designers in Ireland base their designs on C16 or C24 imported softwoods. Irish grown
Sitka Spruce has a 5th percentile Modulus of Elasticity in the order of 3.21kN/mm2, significantly
less than the 4.70kN/mm2 stated in Table 1 of I.S. EN 338:2009 [2]. Oak and Ash hardwoods are
also grown; these compare well in strength with their European equivalents as outlined in the
Eurocodes.
This paper examines the provision of an external thin layer of the stronger and aesthetically
pleasing Irish Oak hardwood onto an internal core of Sitka Spruce softwood (Figure 1), thus
providing a slower charring external layer, and also enhancing the bending strength by providing
increased strength at the external fibres. Characteristic bending stress, and Young’s Modulus
values were determined for solid Sitka Spruce beams, solid Irish Oak beams, and Irish Oak lined
Sitka Spruce beams, in accordance with IS EN 408:2010 [3]. Interestingly the hardwood lined
softwood beams of the same overall dimensions were in the order of 11% stiffer than the solid
Irish Oak beams, possibly due to the change in grain directions, bridging of weak points, and stress
discontinuities. In the non‐fire state it may be possible to design a softwood cored hardwood
lined beam, with similar structural properties to a solid hardwood beam of similar dimensions.
This may create a very sustainable option for a 100 year Oak tree harvesting schedule.
One dimensional char rate testing was carried out on Sitka Spruce specimens, Irish Oak
specimens, and Irish Oak lined Sitka Spruce specimens. Hardwood linings varied in thickness from
5mm up to 20mm, and were formed with phenol‐resorcinal adhesive. European Sitka Spruce
specimens were also tested for comparison. In order to ascertain one dimensional charring rates,
all sides except the vertical face exposed to the ISO 834 standard fire curve, were protected with
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two layers of fire resistant plasterboard. Type K thermocouples were then placed at intervals back
from the face to allow char depth to be ascertained when the temperature reaches 3000C (Figure
2). The Oak facings brought the structural fire resistance of the Irish grown Sitka Spruce beam up
to the level of the European equivalent, and compensated for its inherent low density and
Young’s Modulus Value.

Figure 1. Irish Oak lined Sitka
Spruce beam.

Figure 2. Specimen in furnace with hardwood lining exposed.

Table 1. Specimen Char Rates (samples taken from different suppliers)

Specimen

Max. Char Rate

Min. Char Rate

Density (kg/m3)

No. of Samples

Irish Sitka Spruce

0.83mm/min

0.67mm/min

333 to 396

12

Eurpean Sitka

0.65mm/min

0.63mm/min

428 to 467

6

Irish Oak

0.46mm/min

0.42mm/min

706 to 811

8
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Scope and objectives – The fire behaviour of timber constructions has been the subject of
extensive research at the Institute of Structural Engineering (IBK) of ETH Zurich since 1995. The
proposed presentation will address in particular the research conducted on the fire behaviour of
timber connections. An overview of past, current, and planned research will be presented,
spanning topics as experimental research, numerical simulations, and design methods. The
objectives are to present to the other participants of COST Action FP1404 the research capabilities
and areas of interest of ETH Zurich, in order to establish future research partnerships within
Action FP1404.
Connections with multiple steel plates –The research on the fire resistance of timber connections
was set of in 2004 by A. Frangi et al [1, 2]with tests on dowelled tension connections with multiple
steel‐plates and nailed tension connections with steel side members. Numerical thermal
simulations of these connections were later conducted by C. Erchinger et al, who also developed
corresponding design rules [3,4].
Beam‐to‐column shear connections – Fire resistance tests on beam‐to‐column shear connections
were performed. An extensive and systematic experimental campaign on the fire behaviour of a
wide array of beam‐to‐column timber connections was conducted by P. Palma et al [5], in 2013.
The tested connections reached more than 30 and even 60 minutes of fire resistance, even
without additional protection and reduced gap widths. Aspects such as wider a gap between the
beam and the column, reduced dowel spacing, and the presence of reinforcement with self‐
drilling screws had a negative influence on the fire resistance.
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a)

b)

Figure 1. Fire resistance tests: a) tension connections [2]; b) beam‐to‐column shear connections[5].

Improving the fire resistance of timber connections – In 2012, P. Palma et al used the previous
test set‐up to assess the fire resistance of dowelled tensions connections reinforced with self‐
tapping screws [6]. These tests showed that the fire resistance can be improved with concealed
reinforcement self‐tapping screws, but these might also increase heat conduction into the cross‐
section and, therefore, compromise the fire resistance. Given the influence of the connections’
metal parts on the fire resistance, P Palma et al developed, in 2014, a dowelled connection
system with an internal member of densified veneer wood and steel or FRP dowels[7], which
were also exposed to fire and exhibited reduced charred depths.

a)

b)

Figure 2. Fire tests: a) connections reinforced with self‐tapping screws; b) connections with internal member of dvw.

Numerical simulations – Finite element models of timber connections in fire are currently being
developed and used to perform parametric analyses for various connection typologies.

a)

b)

Figure 3. Numerical simulations: a) timber connections; b) study on the effect of dowel spacing on the charring depth.
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In this research, the finite element method has been applied to the analysis of a timber structure
under fire situation, namely a rounded dovetail carpenter joint between a beam and a joist.
However, the developed methodology is applicable to other timber elements or timber structural
systems under fire situation.
To achieve this objective, a series of experimental charring tests of timber structural members
assembled with dovetail joints were made. The specimens used in the tests were made of spruce
glulam and chestnut glulam and they were put through the standard thermal loads indicated by
ISO 834‐1 norm in an accredited oven. A number of thermocouples were inserted in the vicinity of
the joints and they recorded temperature throughout test duration. It was also calculated the rate
of charring of the specimens.

Figure 1. Experimental test

Figure 2. Charred timber of the joint as a result of the test
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After that, a virtual model of the real tested specimens was made using the finite element
method. It was also created a static mechanical finite element model to emulate the mechanical
behaviour of a dovetail joint under ordinary non ‐fire situation. Both models were validated.
Temperatures obtained as result from the thermal model were applied to the mechanical model,
obtaining as result a thermo‐mechanical model that emulates behaviour of a dovetail joint under
fire situation. This methodology was used in previous researches [1].

Figure 2. Transient thermal FEM model

Tsai‐Wu failure criterion was applied to this third model in order to determine the
optimal value of the geometrical parameters defining the join, but this criterion resulted
not to be reliable in high temperature timber elements. This fact had already been stated
by some authors in previous researches [2].
Correlation between the temperatures in the vicinity of the joint obtained in the
experimental tests and those ones obtained in finite element models indicate that there
is some exposure to thermal actions on the inner faces of the joint, producing an
increasing of the temperature that leads a increasing of the maximum deflection of the
joist from 14% to 20% depending on geometries.
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Introduction
From the fire safety point of view timber is relatively favourable material. The behaviour of timber
in fire depends on a large number of phenomena that occur when it is exposed to elevated
temperatures. The behaviour of timber in fire depends on a large number of phenomena. In an
accurate model, for estimating the response of timber elements in fire, these, must be accounted
for. A major problem is the pyrolysis associated with charring of timber. At temperatures above
300°C timber starts to char which leads to changed thermal and mechanical properties. In
addition it is necessary to carry out temperature‐moisture analysis of timber element exposed to
fire in order to determine its response. Here performance based approach to determine the
response of timber beam during the fire is presented. The aim of the research is to present the
influence of different thermal models on mechanical response of timber beam.
Heat and moisture transfer – “Heat & Moisture” model
Here, only “Heat & Moisture” model is briefly described since classical “Heat” transfer model is
generally well known [1]. In the “Heat & Moisture” model different transport models can be
applied for each phase. The bound water transfer model is assumed to follow Fick's law [2]. More
complex is the transfer of gaseous mixture. Transfer of water vapour and air has to be combined
by a convective and diffusive model of transport. Convective part is described by Darcy's law
whereas Fick's law is applied for the diffusive part. The transfer of bound water and water vapour
are coupled with each other by the phase change of vapour to bound water and vice versa
(sorption). The system of mass balance equations is written for each phase separately. Full
description and verification of the model is given in [3].
Mechanical model
The presented formulation is based on Reissner’s kinematically exact model of beam where large
membrane and flexural deformations are allowed [1]. The Bernoulli hypothesis is considered. An
important assumption in this model is the additive decomposition. The increment of the total
geometric strain in current time interval is assumed to be the sum of mechanical extensional
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strain increment and thermal strain increment. The basic system of equations is derived from the
modified principle of virtual work and solved with the finite element method where strains are
interpolated over finite element by Lagrangian polynomials. Mechanical properties for strength
and modulus of elasticity parallel to the grain of softwood are considered in accordance with [4].
Reduction factors are different for timber fibre in tension or compression. It is considered that the
char layer doesn’t have any strength. The char occurs at a temperature around 300°C therefore
the reduction factors above this temperature are equal to zero.
Example
Aim of this case is to present the impact of “Heat” and “Heat & Moisture” model on the response
of simply supported timber beam made of timber C30. Geometric and load data are given in Fig.
1.
q = 5 kN/m

Cross section A-A

A
1.2 m

1.2 m

20.0

A

ISO 834
1.2 m

2.5 7.5

Figure 1. Geometry, cross section and load on timber beam.

Figure 2. Fire endurance of the beam
at different initial moisture contents.

From results given in Figure 2, it can be observe that lower initial moisture content results in
smaller fire endurance. The difference between m0=10% and m0=20% is 4.1 minutes representing
additional 11% to fire endurance. In everyday use, wood with different initial moisture content
can be found and therefore for the purposes of the performance based approach advanced “Heat
& Mass” model is more suitable since different levels of moisture content can be taken into
account.
Acknowledgments
The work of Robert Pečenko was supported by the Slovenian Research Agency through the grant
1000‐11‐310126. Support is gratefully acknowledged.
References
[1] Pecenko R., Hozjan T., Turk G. 2013. Numerical analysis of timber beam exposed to fire, Applications of
Structural Fire Engineering: Proceedings of International Conference Prague, Prague: 417–422.
[2] Frandsen H.L. 2008. Selected constitutive models for simulating the hygromechanical response of
wood, Phd Thesis, Aalborg University.
[3] Pečenko R. Svensson S., Hozjan T. 2015.Modelling heat and moisture transfer in timber exposed to fire.
International Journal of Heat and Mass Transfer (in review).
[4] EN 1995‐1‐2, 2005 Eurocode 5: Design of timber structures ‐ Part 1‐2: General ‐ Structural fire design.

94

Fire safety of timber constructions – Charring depth of
timber wall studs in assemblies with cavities completely
filled with stone wool insulation

Contribution to

WG2 Structural Elements made of bio‐based building materials and detailing

Yves Martin1, Kurt De Proft1
1

Division Roofs, Facades and Carpentry, Direction Research & Innovation, Belgian

Building Research Institute, Rue du Lombard 42, B-1000 Brussels, Belgium,
yves.martin@bbri.be
1

Belgian Institute for Wood Technology, Allée Hof terVleest 3, B-1070 Brussels,

Belgium, kurt.de.proft@ctib-tchn.be
Keywords: charring depth, timber, Eurocode 5‐1‐2, residual cross‐section.
Remark: This abstract gives the first results of a research project regarding performances of
timber constructions, among others the fire safety performances. This research is still on‐going.
This abstract and the preliminary results have to be further completed and confirmed.
Annex C (informative) of EN 1995‐1‐2 [1] give a design model for the load‐bearing capacity of
timber frame wall assemblies consisting of timber studs (clad with panels on the fire‐exposed
side) and completely filled with insulation. Although the timber studs are protected by stone wool
insulation on their wide sides, it is not only on their fire‐exposed narrow side that charring of the
studs takes place. For the simplicity of the design, the irregular residual cross‐section is replaced
by an equivalent rectangular cross‐section (the charring depth dchar is replaced by the equivalent
charring depth dchar,n (see Fig.1)).The coefficient kn is a factor to convert the irregular residual
cross‐section into a notional rectangular cross‐section. The value of kn = 1,5 is given by EN 1995‐1‐
2 [1]. According to [2], a value of 1,25 would be more appropriate for the more conservative
conditions (studs width > 60 mm).
A fire resistance test, conform EN 1365‐1 [3], was performed on a load‐bearing wall assembly with
vertical timber studs (45 mm x 140 mm, density about 450 kg/m³), horizontal bracings (45 mm x
140 mm, density about 450 kg/m³). The space between the studs was completely filled with stone
wool insulation (thickness of 140 mm and density 45 kg/m³). The test was performed without
panels or claddings on the exposed and unexposed sides. A foil was placed on the unexposed side
(see illustration Fig.2).
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Figure 1. Charring depth of timber stud: real
residual cross‐section and charring depth (left) and
equivalent cross‐section and notional charring
depth (right)

Figure 2. Illustration of the fire resistance test on
timber wall assembly

The temperatures at different depths (30 mm until 120 mm from the exposed side, every 10 mm)
in the cross section of the timber horizontal studs were measured during the fire resistance. For
each depth, 3 measures was registered in the cross section (11 mm, 22 mm and 33 mm from the
top) and also 2 measures for the temperature on the surfaces of the studs.

Figure 3. Illustration of the horizontal timber bracings, equipped with thermocouples, in the wall assembly
(stone wool insulation not yet completely placed).

The objective of the measures of the temperatures in the cross section was to evaluate, in
function of the time, real shapes of the residual cross sections. The position of the char‐line was
taken as the position of the 300‐degree isotherm according to [1]. The area of the residual cross‐
section, the section modulus of the residual cross‐section and the moment of inertia of the
residual cross‐section were calculated.
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The results show that, for the tested configuration, the value 1,5 for the coefficient kn given by EN
1995‐1‐2 [1] is conservative (see Fig. 3). A value of 1,2 would be more appropriate following the
analyse of the results of the test.

Figure 4. Comparison between the results of the test and the results of the calculation according to EN 1995‐
1‐2: ratio cross section in function of dchar/h (left) and ratio moment of inertia in function of dchar/h (right)
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Construction Products Regulation (CPR) contains seven basic requirements. Safety in the case of
fire is one of these requirements, and defined as follows:
‐ the load‐bearing capacity of the construction can be assumed for a specific period of time;
‐ the generation and spread of fire and smoke within the construction works are limited;
‐ the spread of fire to neighbouring construction works is limited;
‐ occupants can leave the construction works or be rescued by other means;
‐ the safety of rescue teams is taken into consideration.
These requirements are implemented and further detailed in European standardisation and in
national regulations.
The European fire classification system includes reaction to fire of building products (contribution
to fire/heat release levels, smoke production and burning droplets/particles), fire resistance of
structural elements (load‐bearing capacity, separating function and insulating performance) and
external fire performance of roofs. These testing methods are not material specific and
performance levels (fire classes) are as results.
Requirements for fire safety in national regulations have to use the European fire classes (no
national classes allowed), but there is a freedom to select among the available classes and to
choose national safety level accordingly.
The general principles and levels of regulatory tools concerning fire safety are shown in Fig. 1.
Either pre‐accepted design using fire classes and numerical values (prescriptive regulations), or
performance based design utilising fire safety engineering (FSE) is possible in many countries. At
product level, either European test and classification methods or engineering methods are used
to determine required classes or performance of materials, products and building elements.
Regulations based on prescribed solutions are often causing problems by categorising materials
and products as non‐combustible (at least A2 reaction to fire class) and combustible (not allowed
at defined applications). Performance based regulations (or performance based options in
regulations) are more flexible when being material independent.
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Figure 1. Presentation of regulatory tools concerning fire safety in buildings.

Main objectives and tasks of COST ACTION FP1404 WG3, Regulations and standards for fire safety
of bio‐based building materials, are the following:
‐ Comparing regulatory approaches in different countries and identifying unsolved
topics/obstacles to use of bio‐based materials
‐ Based on performance/risk based approach development of performance criteria for
harmonisation of technical fire safety requirements – promotion of fire safety engineering
‐ Influencing regulations and standardization ‐ reducing burden of unnecessary fire testing.

On‐going research work will eventually lead to new regulations and guidance. In order to be
successful, there is a need for a commonly accepted scientific proof to the validity of input data,
calculation methods, assessment principles and acceptance criteria. Involvement and discussion
with regulatory and standardisation bodies are necessary when introducing new methods and
updating current regulations.
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Introduction
A full‐scale fire test has been performed to study a complete fire scenario in a structure made of
Cross‐Laminated Timber (CLT) elements. The following parameters were studied and registered;
development of the charring rate throughout the complete fire, on both protected and
unprotected CLT elements; fire duration and temperature development; time before windows
broke; time to flashover; and time before fire spread out of the fire compartment.
The fire test is directly related to the project Moholt 50/50 in Trondheim, Norway. The student
union Students amskipnaden i Trondheim (SiT) is building 5 towers of student housing, 9 storeys
in each tower. A structure of CLT elements has been chosen for many reasons, environment being
one of them. The fire safety of wooden buildings with more than 4 storeys must be thoroughly
documented in Norway. SiT has therefore performed this full‐scale fire test at SP Fire Research AS,
Trondheim.
Method
A full‐scale fire test was performed on a student bedsit. The fire compartment is a real‐size mock‐
up of a studio/bedsit from the 5 towers, with internal dimensions 5.75 m x 2.3 m, and ceiling
height 2.75 m, and with an open corridor outside. The ceiling in the corridor was lowered to 2200
mm. See Fig. 1. The load‐bearing and stabilizing structure is made of CLT elements. No extra load
was introduced onto the structure in the fire test. The temperature was measured with
encapsulated thermocouples at two places in the wall Vegg 1, which was unprotected, and one
place in Vegg 3, which was protected with 1 layer 15 mm Type F and one layer 13 mm Type A
plasterboards, in the middle of the unprotected CLT elements in the ceiling and below the sound
reduction board in the floor. In the wall Vegg 1 the thermocouples were positioned 25 mm, 50
mm and 75 mm below the exposed surface of the CLT element. In the wall Vegg 3 the
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thermocouples were positioned on the surface of the protected CLT element, and 25 mm and 50
mm below the surface. The thermocouples in the middle of the ceiling and floor were positioned
at 25 mm, 50 mm and 75 mm depth into the CLT element. The gas temperature and surface
temperature was also measured at other locations, but not included in this paper. More details
can be found in the test report from SP [1].

Figure 1. Plan drawing of the studio/bedsit mock‐up used in the full‐scale fire test. Flame illustrating place of
start of fire. (Ill.: SP Fire Research AS)

The typical fire load from furniture in a bedsit was calculated to approximately 8735 MJ, excluding
the CLT elements [2]. The fuel used in the fire test was wooden pallets, rubber foam mattress,
wooden furniture and heptane. The fire was started by igniting the heptane below the wooden
desk in the room. The fire was controlled and contained in the room of origin by the sprinkler
system in the corridor and manual fire suppression in the corridor. The fire test lasted until the
roof collapsed after 1 hour and 36 minutes. The temperature in the room was measured with a
plate thermocouple approximately 100 mm below the ceiling. The room temperature during the
fire test was similar to the hydrocarbon curve [3].
Results
The test illustrated a fire in a compartment where the fire sprinkler did not work. The
temperatures increased fast and flashover was reached after 4 minutes. The temperatures were
higher than the standard time‐temperature curve [3], and the fire did not cool down before
manual suppression was initiated. The sprinklers in the adjacent fire compartment/corridor did
not stop the fire from spreading out from the room of origin. The charring rates varied from 1.4
mm/min between the thermocouples at 25 mm and 50 mm depth, to 0.7 mm/min between 50
mm and 75 mm depth, with 1.1 mm/min as an average. The CLT elements had good insulating
properties, with extensive temperature differences between different depths in the walls.
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Preamble
Building services installations are normally also led through components forming fire
compartments. The penetrations required for that must be sealed off in terms of fire protection.
With the first pre‐planning already, the sizes of the shafts required must be determined. For
classification of the fire resistance of fire stop systems, these are examined in standard
constructions ‐non‐combustible single‐leaf elements or plasterboard stud constructions ‐ and not
in solid timber or timber frame elements. The influence upon installation into a wooden
construction in respect of fastening and charring in the area of the edge connection was hardly
challenged in the past. For this reason, investigations on the installation of fire stop in wooden
constructions were undertaken within the scope of a business contract. Fire stops of penetrations
used must thus fulfil the same fire resistance duration as the structural elements.
Fire test
In order to test the suitability of the various systems or the fastening at the timber elements,
respectively, examinations in the small‐size fire test furnace were undertaken, 1 wall pre‐test and
1 ceiling pre‐test in order to simulate the joint between shaft wall and ceiling connection.

‐

Large-scale fire test wall

Based on pre‐results, a large‐scale fire test was undertaken at the accredited test authority of the
City of Vienna MA 39. As for the pre‐tests already, additional thermocouples were installed in the
large‐scale fire test, too, in order to document the temperature distribution in the structural
element. For this test, several fire stop systems were installed into a 3 m x 3 m large 3‐layer cross‐
laminated timber (CLT) element, which was bilaterally clad with 12.5 mm plasterboard Type F. The
test was executed for 100 minutes, wherein all sealing systems in the solid timber element
fulfilled the requirements. The fastening means must be dimensioned according to the fire
resistance time.
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‐

Large-scale fire test ceiling

The large‐scale fire test at the joint of shaft wall and ceiling connection was executed at the
accredited test institute IBS –in Linz. For the tests, a 3‐layer, 97 mm thick CLT, which was clad with
2 x 15 mm plasterboard Type F, and an unclad 5‐layer, 165 mm thick CLT ceiling were used. Into
the fire test furnace, a shaft (2 x 25 mm plasterboard fire protection boards) with the dimensions
1000 mm x 600 mm was installed. The connection between the shaft cladding and the CLT ceiling
was executed with a gradual transition, wherein in the shaft at the raw ceiling, a 50 mm wide and
20 mm thick gypsum board type GM‐FH2 according to EN 15283‐1 [3] strip was fastened. Into the
unclad ceiling, the same fire stop systems as in the wall test were additionally installed. All fire
stop systems investigated and the connection of the shaft wall to the ceiling achieved positive
results over the test duration of 105 minutes. In the area of the shaft wall connection there was
no penetration into the shaft.

Results
The fastening means from the fire stop systems must be dimensioned according to the fire
resistance time. There are two types of shaft formation: shaft type A is in combination with a
tested and classified shaft wall, all fire stop systems through the shaft wall must have the same
fire resistance as the shaft wall. In the connection area of the shaft wall to the timber elements a
50 mm wide and 25 mm thick strip of plasterboard type GM‐F must be attached to the wooden
ceiling on the inside of the shaft. For shaft type B, there is storey‐wise horizontal sealing in the
area of the ceiling penetrations. For that, soft and hard sealing may be used. At the bottom side of
the ceiling, a 50 mm wide and 20 mm thick strip of plasterboard type GM‐F according to
EN 15283‐1 must be fastened to the wooden ceiling on the inside of the shaft.
These results are published in the Planning Guide [2], which is important for planners and
executors.
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Timber buildings are often regarded as a big risk for fire. Current research gives appropriate
picture of timber buildings in fire taking into account several practical and economical aspects.
Main aim of the research was to find out the specialities of fires related to building materials,
specifically timber. Buildings that are built with the main building materials as stone, steel and
timber are compared looking at different aspects. Such as costs of fire damages, damaged area
after the fire, injuries and deaths in fire.
Data and information is provided by Estonian Rescue Board. Period for investigations was April 1st
to December 31th 2014. During this period the new system for database JÄIS was in use. There
were 1419 fires on the investigated period. For buildings the Estonian official database EHR [3]
data was used. There were 607928 buildings in Estonia in the database dated by September 2014.
The classification “other buildings” according to EHR and JÄIS is left outside of investigations as
unknown. Only stone‐, steel‐, timber‐ and mixed buildings are taken into account. Only the
buildings that are officially in use have been considered. These principles are needed for certainty
and clearness of the conclusions made.
Taking into account the above mentioned principle, data of 831 fires are analysed and data of
562 448 buildings are taken into account.
Almost 45% of the fires took place in stone buildings and 33 % of the fires took place in wooden
buildings (Figure 1). At the same time 62 % of buildings are made of wood and 35% of buildings
are stone buildings (Figure 2).
Average costs to repair the fire damages are low in timber buildings and high in steel buildings. At
the same time the frequency of fires to occur is highest in timber buildings (Figure 3).
Fires itself occurred most frequently in buildings with mixed structures, the next frequent were
timber buildings (Figure 4).
The result of the analysis provided in this research is intended to be a basis to indicate different
aspects when making fire safety rules and concepts for timber buildings.
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Figure 1. Fires in buildings divided according to the
main structural material.

Figure 2. Buildings in Estonia divided according to
the main building materials.

Figure 3.Average costs of fires according to the main structural material.

Figure 4.Frequency of the fires according to the main structural material.
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Wildfires are those affecting natural vegetation of any kind (i.e. grasslands, shrublands, forests)
and are considered one of the most devastating natural disasters in many parts of the world.
Wildfires are responsible of huge environmental and human damage, and have large economic
and social consequences, especially in the wildland‐urban interface (WUI), defined as the area
where housing or any other type of human‐made infrastructure meets or intermingles with the
areas prone to wildfire. Some of the widest WUI areas are found in the Mediterranean Europe,
North America and Australia, and despite the huge budgets yearly invested, wildfires into the WUI
still present serious fire management challenges in terms of both community evacuation and
suppression of simultaneous natural and structural fires, often leading to fire‐fighting resources
depletion. The WUI fire problem is essentially a structure ignition problem due to heat flux
exposure from flames generated by a wildfire. Once structures and residential vegetation are
ignited, they can contribute to sustained fire spread through other houses or assets, affecting a
whole WUI community [1].
The way to mitigate this problem lies on improving current fire management plans for WUI areas.
These plans have to be based on detailed risk assessment studies, contain scientifically supported
measures (e.g. in terms of fuel management, use of fire‐resistant materials or homeowner
mitigation actions), and be regulated by renewed policies, codes and standards concerning
construction and land planning. Spain, as well as the majority of fire‐prone countries, urges
improvements in this sense, since there is currently no standardised method of risk assessment
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applied to WUI communities, nor building codes dealing specifically with the WUI problem, and
hence, building technicians lack of appropriate tools to consider WUI risk in their designs.
In this paper, we present a holistic approach (Fig.1) to study wildfire safe design implications at
the WUI, which is grounded on a previous work [2]. In the latter, an initial methodology was
developed to define risk levels of a wide range of building materials and coatings typically found
at the WUI (i.e. coniferous softwood, soft leaf‐wood, plastic materials like PPU, PC, PU, etc.) based
on i) wildfire behaviour simulations of empirical nature of simple fire scenarios and ii)analytical
radiant heat transfer computations. Although its simplicity, it has allowed to identify the most
critical design solutions when exposed to wildfire flames and to stress initial recommendations for
policy makers.
Our new approach is envisaged to improve the outcomes found in [2], developing a tailored
methodology for different fire‐prone areas, using more realistic wildfire scenarios in terms of the
most probable type of fire and fire environment to be expected in the area, and using CFD tools to
obtain more accurate materials response to wildfire. We expect to apply this new method at
regional scale (Catalonia) taking into account its particular wildfire regime and building materials.
However, we believe that it will be easily adapted to other fire‐prone areas and other materials or
building practices. Innovative design solutions and new materials (e.g. bioplastics, biofoams, and
biobased coatings) are strongly emerging from the building and construction sector; hence, we
anticipate our methodology to be of interest to evaluate their suitability and extent of use at WUI
scenarios.
Data on fire‐ affected
WUI areas

Wildfire Scenario
Definition
Flames simulation

Heat transfer at
WUI elements
Policy improvement

•Field survey: operational concerns and fire reports analysis
•Level of damage classification
•Realisitically‐based on most probable wildfire types
•Weather scenarios based on local fire regimes
•Rate of spread and flame geometry based on real records
•Fire prescription using CFD tools (FDS or WFDS)
•Temperatures and heat fluxes adjusted following large‐scale experimental data
•CFD‐based (FDS or WFDS)
•Computation of total heat exposure at WUI elements
•Temperatures in and out structures
•WUI risk definition and classification
•Recommendations on building codes and land Planning regulations

Figure 1. Holistic approach for wildfire safe design evaluation at WUI
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As seen in several fires occurred in Multi‐dwelling Mountain typology buildings in Catalonia, fire
can acquire a greater dimension and a faster spread than expected and it could be very laborious
for firefighters to extinguish.
The features of traditional mountain building in Catalonia have a positive influence on limiting the
spread of fire in residential buildings: the use of stone, ceramic or mineral based materials in
façades, walls, floors and roofs reaches acceptable fire reaction that helps to limit the fire spread
and combustion contributions in case of fire. Breaking the continuity of wood beams and the
construction solution taken to build the compartment walls between dwellings ensures an
optimal response in the event of fire.
Nevertheless the newest construction techniques and standards have more requirements
regarding comfort and energy efficiency. In the last few decades, new built dwellings have
incorporated more and more synthetic materials providing occupants a higher cost‐effective
thermal and acoustic insulation performance, but often increasing the risk of due to the
unfavourable fire reaction in terms of its contribution to fire, smoke and drop production.

Figure 1. Fire in multi‐dwelling building and firefighters extinguishing operation. Barruera. Catalonia,
15/05/2014.

Fire spread through ceiling has been observed mostly in recent constructed mountain dwellings
and consequently mainly affects northern mountain areas of Catalonia. This typology of buildings
usually includes wood beams to support the roof cover, indoor wood ceiling panelling and
synthetic insulation between the ceiling and tiles, as well as no effective measures to avoid fire
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spread using fire reaction favourable materials. For this reason typology of buildings can provide a
greater risk on fire spread and development.

Figure 2. Roof construction detail. Operative Firefighters Guide. 2014

Fire safety measures to have in consideration to prevent roof fire spread can only be solved
integrating different parts of the problem: improving material’s fire reaction and defining better
construction solutions regarding fire compartments. An effective method to achieve this objective
is to define a non‐ambiguous regulation or building guides easy to take in practice by the
professionals involved in building construction. For this reason it is very important to define clear
and unequivocal regulations by the agents having jurisdiction. That means legal protection for
contractors, clear designing rules and effective inspection authorities.
The Catalonian Fire Safety Service is working on a Complementary Technical Regulation which
incorporates the needs, specifications and design specifications to limit the fire spread through
ceiling in mountain multi‐dwelling typology following these points:
1) Detailing properties on ceilings materials to be considered in dwellings when they are
combustible (indoor wood panelling, wood beams or synthetic insulation materials). Continuity to
other dwellings or other common areas has to be broken, having special consideration in sealing
penetrations through fire compartment walls.
2) Keeping the fire resistant properties of the wall on roof level by maintaining the appropriate
fire resistance. This would lead to the replacement or interruption of combustible materials that
pass above the compartment wall.
3) Establishing a minimum separation from the heads of the wood beams to prevent fire spread
through structure elements.
Even though it might be late to incorporate these requirements regarding the fire safety measures
in existing buildings, this project of Complementary Technical Regulation (CTR) should work to
indicate the most appropriate solutions to solve the common problems that we have observed in
the event of fire in this mountain building typology. Therefore, technicians responsible of building
design and construction would have in mind the new fire safety requirements exposed.
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Amendment of fire‐safety regulations regarding timber buildings
Building Standard Law (BSL) of Japan has mandated fire‐resistive building for special building,
certain occupancy types (with egress time tends to be longer) and the number of story, such as 3‐
storey school building, and fire‐resistive construction for timber building exceeding 3,000 m2 in
total floor area from the fire preventive point of view. On the other hand, The Act for Promotion
of Use of Wood in Public Buildings (enacted October 2010) requires promotion of research
activities to review building regulations that may limit the utilization of wood in buildings. Thus
experimental research including full‐scale fire tests (Figure 1) was planned to get the information
that quasi‐fire‐resistive wooden building with other specifications can be treated equally to fire‐
resistive building and “special” fire wall can prevent fire spread effectively for revision of BSL.

Figure 1. Full‐scale fire tests (preliminary test, preparatory test and final test)
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Based on these test results and other research activities, BSL (basic requirements in the Law) was
revised on June 4, 2014 (to be enforced June 1, 2015). And also related regulations in the BSL are
revised and developed. For example, article 27 of BSL has mandated fire resistive building for
special building such as 3‐storey school, apartment, department buildings, but, revised article 27
requires preventing a normal fire from both leading collapse and fire spread through window,
until all occupants finish to egress from the building. That requires fire resistance of principal
building parts during the egress time that all occupants egress from a building and also fire
resistance of openings (glazing) on exterior walls, which supposed to be exposed to ejected flame
from openings of fire compartment with alternative options effective for preventing fire spread
upstairs such as interior finish restriction (especially ceilings), installation of sprinkler system,
eaves and so on. These amendments are expected to promote wood use for buildings.

Preparation of design method and regulation on fire safety for CLT construction
CLT construction has been becoming popular in European countries and medium‐rise and large‐
scale timber buildings are popular by their existing design method as well. In Japan, however,
specific design method for CLT construction has not been yet presented and also technical
documents such as design guideline are unprepared. So at the moment, for constructing a
building using CLT panels, individual certification by Minister of MLIT is required for each building.
Due to this background, national experimental research project has been initiated in order to
prepare technical document in order to develop fire safety regulation suitable for CLT especially
for fire resistant design including reduced section method, fire‐protection treatment for
penetration, etc. The revision of fire regulations for introducing of CLT construction is planned to
be completed until 2016.

Review of restriction for wooden interior finish in compartments
In Japan, there is high demand for using as much wooden materials as possible for interior so that
we can touch and see wood. On the other hand, flashover is one of the most important
phenomena, relating to safe egress of occupants, not only in the compartment, but also in the
same floor and building. To respond to such demand, the effect of area of floor and openings,
ceiling height of a compartment on the time to onset of flashover has been examined
experimentally, changing systematically usage range of wooden interior finish on walls and ceiling
in order to review the restriction for wooden interior finish.
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HOST:
The workshop is organised and hosted by
Technical University Munich (TUM)
Chair for Timber Structures and Building Construction
URL: www.hb.bgu.tum.de
General Information:
Mrs. Cornelia Lutz-Mastrojanni, lutz@tum.de
Mr. Norman Werther, n.werther@tum.de

N063-03-Wokshop_Berlin_Flyer

