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1 FOREWORD

The obligation of EU countries to increase energy efficiency has brought changes to the second essential requirement in
building construction, i.e. safety in case of fire. Required thicker layers of thermal insulation imply higher fire loads in
buildings. In case of fire, usage of combustible insulation materials increases the risk of fire spread to adjacent buildings
and higher floors and has a negative impact on the environment caused by a large quantity of emitted smoke.

Having this in mind, most EU countries have introduced regulations which define the ways of preventing possible fire
spread across the facades of buildings with combustible thermal insulation. The regulations require either the design of
layers of non-combustible materials, or the use of non-combustible insulation on high-rise buildings and buildings with
high fire risk, such as buildings with a large number of users with reduced mobility capabilities, e.g. hospitals, nursery
schools, retirement homes or other gathering places for a large number of people, such as concert halls, disco clubs etc.

Similar regulations have been introduced in Croatia and they have been defined by the Ordinance on Fire Resistance and
other Requirements for Buildings in Case of Fire (Official Gazette 29/2013,87/2015). The regulations thereof are complex,
and the requirements related to the design and positioning of non-combustible layers on facades are inadequately de-
scribed, with few graphic representations common in technical field. Additionally, there is a debate among designers, but
also among competent inspection bodies issuing approval (certificate) for main projects, whether the layers should be
described in main or executive designs. Furthermore, designers and contractors lack the experience in this type of facade
construction. For these reasons there are different, contradictory interpretations or, ultimately, avoidance of regulations
on fire barriers. That is why the main part of this Guidelines gives clear definitions of requirements, set out by legislation
and by technical practice, describing the positions and details of construction of facade parts which have to be designed
from non-combustible insulation materials.

In addition to reviewing the existing regulations, these Guidelines recommend their improvements, with the aim to pro-
tect human life and increase the safety of users of buildings, reduce the property damage and preserve the environment.

\Who are these Guidelines for?

e Participants in the process of energy renovation of buildings,
 Investors, designers and constructors,

Fire safety experts,

*  Fire safety inspectors,

e Members of associations (HUZOP - Croatian Association for Fire Protection, HUPFAS (Croatian Association of
Thermal Facade Systems Producers), HSZG (Green Building Council Croatia), HKA (Croatian Chamber of Ar-
chitects), HKIG (Croatian Chamber of Civil Engineers) and HUEC (Croatian Association of Energy Certificates),

e Architecture and civil engineering students,
e Students of construction vocational schools,
*  Various programs for lifelong learning, among others through CROSKILLS projects

We would like to thank the Ministry of Interior Affairs and the Ministry of Construction and Physical Planning for their
helpful suggestions.
Authors



/- GLOSSARY OF TERMS

This paragraph defines the terms used in these Guidelines. The terms from current legislation have been taken in their
original form, and other terms have been proposed by the authors.

| Facade is a system of construction products applied on the external wall of a building (load bearing or not),
which simultaneously secures the prescribed properties of building physics (protection from weather condi-
tions, thermal insulation) and fire protection.

| ETICS System (contact facade) is a system produced at construction sites from prefabricated elements. It is
delivered as a complete system, and Figure 1 states the minimum custom-made components it contains.
Other names for ETICS system are: a connected system for external thermal insulation, a contact facade or a
contact facade system.

Adhesive mortar,

Thermal insulation material,
Mechanical fixings (screw dowel),
Mortar for reinforcement layer,
Glass fibre mesh,

AN A S o

Finishing layer with pre-coat and/or decorative plaster

Figure 1. Components of ETICS facade system

| Ventilated facade is a facade system with a ventilating layer between the thermal insulation and the claddings
connected with the external air through openings which enables a continuous air current. It consists of the
components shown in Figure 2.

Load bearing wall,
Substructure for panels,
Thermal insulating material,
Breather foil,

Ventilation space,

Cladding.

SR wDd =

Figure 2. Components of a ventilated facade system




| Classified facade system is a system which, as a whole with all its components, has been tested and evaluated
by procedures set by standards regarding its reaction to fire properties.

| External wallis a single layer or multilayer, load bearing or non-bearing wall structure that divides the space
inside the building from the external environment.

| Euroclass system is a classification system for building products based on their reaction to fire performance in
accordance to standard HRN EN 13501-1:2010.

| Reaction to fire is response of a materials/products in contributing by its own decomposition to a fire to which
itis exposed, under specified conditions.

| Fire resistance is ability of a structure, a part of a structure or a member to fulfill its required functions (load
bearing function and/or fire separating function) for a specified load level, for a specified fire exposure and for
a specified period of time.

| Flashover is transition to a state of total surface involvement in a fire of combustible materials with an enclo-
sure.

| Firewall a separating element, a wall separating two spaces (e.g. two buildings) and designed for fire resist-
ance and structural stability, and may include resistance to horizontal loading so that, in case of fire and failure
of the structure on one side of the wall, fire spread beyond the wall is avoided.

| Fire compartment is a space within a building, extending over one or several floors, which is enclosed by sep-
arating elements so that fire spread beyond the compartment is prevented during the relevant fire exposure.

| Business units are specific purpose areas that include working and auxiliary facilities with the total area of
maximum permitted surface of fire compartment for that purpose.

| Industrial or manufacturing facility is a building or a part of a building where manufacture, stacking compo-
nents, preparation of products for distribution and the like take place, and it can have a supporting warehouse
for products or goods used for manufacture, supporting administrative and auxiliary space which is in function
of the stated purpose.

| Height of a building is level of the surface of the highest point of the floor of the highest storey (excluding
any such storey consisting exclusively of plant rooms) measured from the level of the surface of the lowest fire
service access roadway adjacent to the entrance to the fire-fighting shaft where the measurement is greatest.

| Gross floorareais the floor area together with the floor surface of the walls including cladding, wall lining etc.
The gross floor area of apartments and business units connected by a partition wall is calculated up to the axis
of that wall.
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Non-combustible material is a substance that cannot be ignited, does not burn, does not support burning or
emit combustible gases when exposed to fire or heat in extreme use and under specific conditions. According to
HRN EN 13501-1:2010, non-combustible construction materials are reaction to fire materials class A1 and A2.

Combustible material is a substance that can be ignited, can burn, supports buring and can emit combus-
tible gases. According to HRN EN 13501-1:2010 combustible materials are classified according to reaction to
fire classes into B, C, D, Eand F.

Additional material classes cover the classification of materials regarding the production of smoke in case of
fire and they are as follows:

sT (very limited production of smoke - little smoke),

52 (the entire production of smoke and the growth of smoke quantity are limited - medium quantity
of smoke),

53 (no limit to the production of smoke - a lot of smoke).

Other criteria for additional classification is related to occurrence of flaming droplets/particles in case of fire
and they are as follows:

d0 (limited production of flaming droplets/ particles),
d7 (time-limited production of flaming droplets/particles),

d2 (producing flaming droplets/particles without time limit).

Fire load is a sum of thermal energies which are released by combustion of all combustible materials in a
space (building contents and construction elements).

Fire load density is fire load per unit area related to the floor area g, or related to the surface area of the total
enclosure, including openings, ..

Fire protection report presents a set of data (requirements and / or limitations) on systematic fire protection for
the building, consisting of a textual part and drawings with details.




3 ENERGY EFFICIENCY AND FACADE FIRE PROTECTION

The energy efficiency is today in Europe one of the main priorities because it is the basis for the sustainable development
of Europe, it contributes to energy security and independence and, not least important, affects the reduction of green-
house gas emissions. The European Commission has emphasised this fact in its strategic documents, of which the most
important are the following:

*  Green Book - European strategy for sustainable, competitive and safe energy [1]
e Action plan for energy efficiency [2]

e 2030 Climate and energy framework [3]

e Plan for energy efficiency [4], [S]

The measures for energy efficiency in buildings are increasingly being recognized as the instrument for achieving a susta-
inable energy supply, a reduction of greenhouse gas emission, improvement in reliable supply and reduction of transport
costs, but also in the promotion of competitiveness of European economies. The European Union has created two key
documents that define the framework for the area of energy consumption in buildings, and they are the Energy Efficiency
Directive (EED) and the Energy Performance of Buildings Directive (EPBD). All EU member states, including Croatia, have
recognized the the buildings as an area with the biggest potential to reach the set goals (Figure 3) which European
Commission adopted in October 2014 [3]:

e 40% lower emission of greenhouse gases compared to 1990;
e 27% share of renewable energy resources in total energy consumption;

e 27%(30%) lower energy consumption in buildings.

+20 % -20 %
higher use lower need
2020 of renewable for energy in
energy sources buildings

2030

Figure 3. Comparison 2020 and 2030 goals [8]
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The signing of the Paris Agreement at the Conference of Parties in Paris (COP21) held in December 2015 [6] proves how
serious the intentions of European policies are with regards to greenhouse gases (which include energy efficiency in
building construction). Conference COP22, held in Marrakech in November 2016, confirmed the implementation of the
Paris Agreement.

EU has also set long-term 2030, respectively 2050 energy goals [7,8]. Given the fact that the data show that EU buildings
consume 24,8% of energy (Figure 4), and that this sector might grow, the goal of reducing energy consumption and to
use renewable energy resources in buildings is one of the most important measures undertaken with a view of reducing
the import and energy dependence of the Union as well as reducing greenhouse gases emission.

22 06

m Transport

m Industry

| Buildings

m Service industry

m Agriculture and forestry

25.9 Other

Figure 4. Energy consumption by sectors in %, EU -28, 2014 [9]

Having joined EU, Croatia has accepted the entire acquis, including all the obligations and regulations on energy efficien-
¢y in building. Current plans on energy renovation of buildings in the Republic of Croatia are aimed at gradual and syste-
matic energy renovation of the existing buildings. The main assessment criteria are the reduced CO,,, emission and the
reduced consumption of energy used for heating, cooling, air-conditioning, ventilation and water heating in buildings.

The requirements for the increased energy efficiency in buildings influence fire properties of buildings. With the goal
of reducing energy consumption, the regulations are constantly getting stricter on thermal properties of construction
elements used in fagades. Since the thickness of the insulation layer has been at least doubled, compared to former
requirements (Figure 5), with a tendency of further increase (with the aim to reach the goals in 2020), total fire loads have
been increased, especially if combustible thermal insulation is installed on a fagade. Consequently, the duration of fire
and its extinguishing is extended, which ultimately increases the risk of fire spread across facades, and its further spread
into the interior of buildings, respectively, onto surrounding buildings.

Additionally, special attention should be paid to fire protection measures during construction work (the construction of a
building or the energy renovation of a building), because the storage and installation of combustible insulation increases
the risk of fire occurence and its spread since it is not protected by all layers in the system (e.g. ETICS).

FIRE PROTECTION OF FACADES / THE GUIDELINES FOR DESIGNERS, ARCHITECTS, ENGINEERS AND FIRE EXPERTS
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Figure 5. The increased thickness of thermal insulation layer as a result of energy efficiency in buildings

The materials that can be used as a thermal insulation layer in facade systems are shown in Table 1.

Generic description

Non-combustible materials and mate-
rials with limited combustibility

Table 1. Products for thermal insulation [10]

Examples

Mainly products made from mineral fi-
bres like stone and glass wool, to which
a resin-based binder is added.

Applications

Manufactured in sheets and rolls of
different sizes.

Thermostable products

Polyurethane (PUR) foam, polyisocya-
nurate (PIR) foam or phenolic foams.

Manufactured in sheets of different
sizes and thickness depending on
required thermal properties. Often
installed facing with materials like
glass fibres or aluminium foil.

Thermoplastic products

Well-known products in this category
are expanded (EPS) and extruded (XPS)
polystyrene. It can be supplied in both

fire-retarted and non-fire-retarted forms.

Material is usually delivered in thin
sheets of different sizes and thickness
depending on the required thermal
properties.

Natural fibres

Wood fibres, cork, sheep wool, cellulose
and hemp are increasingly being used.
They are manufactured by soaking,
heating and compression with the aim
of making a flat product. Sometimes
various binders are used to achieve
required properties.

Materials are usually delivered in thin
sheets of different sizes and thickness
depending on the required thermal
properties.

Recycled materials

Various materials can be used as
insulation materials, like recycled paper
and newsprint, shredded rubber and
combinations of other materials which
can be treated or used with binders to
achieve required properties.

Available in various forms, most often
in the form of compressed boards.
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In the Republic of Croatia, the most often used materials for thermal insulation layers as part of ETICS systems are expand-
ed polystyrene (EPS), which complies with the standard HRN EN 13163:2016, and mineral (stone) wool which complies
with the standard HRN EN 13162:2015. Other materials listed in Table 1 are not covered by valid technical regulations.

Fire load density (MJ/m2) of thermal insulation materials installed into fagades considerably differ, depending on the
material. The total specific fire load of the materials commonly used in contact systems (ETICS) of facades is 7.3 times
higher for EPS, 4.35 times higher for PIR, respectively 4.5 times higher for PUR compared to mineral (stone) wool for the
same rate of heat transfer resistance required for energy efficiency of a building, which is shown in Figure 6. It should be
noted that with the stricter regulations on energy consumption in buildings, with the aim of fulfilling the goals by 2030
and 2050, the facade fire load will increase, due to the increased thickness of thermal insulation materials.

Fire load density [MJ/m?]

-
. Mineral (stone) wool EPS PIR PUR

Figure 6. Comparison of the fire load densities of different thermal insulation materials

Bearing in mind the importance of energy efficiency in building in EU and Croatian strategies, when energy renovating
existing buildings, but also when constructing new buildings, it is necessary to apply the latest technical solutions and
regulations so that by increasing one performance (energy consumption) another is not degraded (behaviour in case of
fire).
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A MECHANISMS OF FIRE SPREAD OVER FACADES

There are three typical scenarios of fire spread over facades (Figure 7):
1. Spread of the external fire onto combustible facade by radiation from the neighbouring, separate building,

2. Spread of the external fire onto combustible facade from the source of fire located next to the facade, with the
consequence of radiation or direct exposure to fire (litter on the balcony, parked cars etc.),

3. Aninternal fire that has started in a space inside a building spreads through openings in the facade (windows,
doors etc.) onto higher or lower floors.

1 2 3

e

Figure 7. Three typical scenarios of fire spread across facades

Figure 8. Fire coming through the opening on the building after flashover[10]

If there is no fast intervention (either by firefighters or by a sprinkler system) a fire in an indoor space can develop to
flashover phase, when the flame is most likely to come out through the openings on the facade (windows or doors). By
the time glass cracks and a fire breaks outside, flames can reach up to 5 metres above the edge of the opening regardless




of the facade system and the type of material used (Figures 8 and 9), which is both influenced by a facade system and by
airflow speed.

7] 7
z% vz

=3m

P

Airflow speed 2

Figure 9 Flame heights with marked temperatures across facade depending on airflow [12]

[

When flames (whether from an internal or external source) spread onto the external layer of the facade, further spread
across the facade will depend on facade system properties where the most important factors are as follows:

e Reaction to fire properties of the materials on a facade which influence the speed of fire spread on the en-
velope of a building. The mechanism of fire spread through openings on a ETICS facade with combustible
insulation is shown in Figure 10.

o Theexistence of cavities in a facade (which are part of facade systems, e.g. ventilated ones, or the ones formed
by parts of the facade delaminating during fire). If fire enters a cavity, due to the chimney (stack) effect, it can
be extended five to ten times from its initial length, regardless of the properties of the material facing the
ventilated layer. If fire barriers are not used, the described effect will cause fast vertical fire spread, which can
be "hidden” below the cladding on the facade (Figure 11).

e Openings on a facade (windows, doors etc.) which enable fire to return to and enter the indoor space of a buil-
ding, when it can further spread from floor to floor according to the above described mechanism.




Thermal insulation layer (wall)

Reinforced layer with mesh
Final layer of mortar

Thermal insulation layer
(the edge of the opening)

/,

iing with ~ Heatflow Phase 2:
fresh air -Thermal insulation layer melting
Phase 1: . HoIIowing' i
Thermal effect on a fagade from the bottom and front side into the ETCS system. - Accumulation of melted material on the external wall

- Accumulation of melted insulation layer along the upper edge

Thermal insulation layer (wall)
Reinforcement layer with mesh
Final plaster layer

th1

“Air pressure”

Melted combustible
insulation material

Phase 3: Phase 4:

- Occurrence of compressive stresses behind the outer plaster layer - Complete disintegration of Separation of flaming
(due to hot air and pyrolytic gases) the ETICS system at the edge droplets of melted material

- Release of pyrolytic gases through plaster of the opening

-Burnout of organic plaster - Penetration of flame behind the plaster

-Bending and cracking of the outer layer of plaster - Burnout of the system on the inside and external sides

- Disintegration of the ETICS system along the edge of the opening - Flaming droplets falling

under the weight of the dissolved substance
- Occurence of flaming droplets

Figure 10. Development of fire across a facade due to combustible thermal insulation [13]

Figure 11.Fire spread through a ventilated layer in a facade [14]
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Iffire spread across a facade with ETICS system with a combustible material has not been prevented (either by a firefighter inter-
vention or by sprinkler system activation etc.), then fire will spread from floor to floor in a multi-floor building within time shown
in Figure 12.

r % flashover
[ Inside in 35 minutes ]
5
[
L 9
ﬂashover
[ Inside in 30 minutes ]
5 |
' ;,j,__l" flashover
1
[ Inside in 25 minutes
] L
i “5 flashover
i [ Inside in 20 minutes I
15 ‘

Spread through ~ Outside in 15 minutes
opening (flashover)

Burning particles

Figure 12. Approximate time of fire spread to other floors with ETICS facade system with combustible insulation [15]

The objective of fire protection measures regarding fagades, is the prevention of fire spread to more than two floors above
the floor on which the fire started before the firefighters intervention. The firefighters' intervention should prevent falling
of the combustible parts of a facade or larger parts of an external wall [15].

The research in this area has shown that the danger of fire spread along the facade is higher if fire is spread from the
interior space by flames spreading through openings in a facade (case 3 in Figure 7) than if an outdoor fire is spread
(case 1and 2 in Figure 7). Thatis why a large scale testing of facades, which are used in some European countries, (e.g. BS
8414-1in Great Britain [16], SP FIRE 105 [17] in Sweden or MSZ 14800-6 [18] in Hungary) is based on exposing facades
to simulated fire occured in an enclosed space after the flashover phase. The example of a large scale facade testing in
fire can be found in Annex 2 of the Guidelines. This testing has clearly shown that the testing and classification based on
reaction to fire properties based on SBI (single burning item) testing cannot be applied to facades.




47 Ovewview of larger fires with their spread related to fagade type

Although the fires that have started and spread in buildings through combustible materials on facades are relatively rare,
they can have considerable consequences both in terms of property damage and casualties. Below are some examples
where the analysis of the causes and the spread of fire have shown that their consequences could have been less serious
if the facade systems had been properly designed and executed.

477 MISKOLC APARTMENT BUILDING FIRE, HUNGARY, 2009

In Miskolc, Hungary, on August 15, 2009, fire started in a kitchen on the 6th floor of an apartment building and vertically
spread across ETICS facade to the roof. The apartment building had a basement, a ground floor and ten floors. In addition to
the property damages (Figure 13), three people were killed. The building was constructed in 1968 and refurbished in 2007.
The refurbishment included the fagade with ETICS system with polystyrene insulation, a very combustible material. During
fire, the smoke quickly spread through the staircase and pipe shafts which had not been properly insulated.

The investigation into the causes and consequences of the fire showed that the following factors had contributed to the
fast spread of fire in the building [19]:

e Because of summer weather the windows were open and enabled the fast spread of fire across the facade to
the floors above the one where the fire had started,

* The polystyrene insulation on the external walls was installed without non-combustible insulation fire barriers,
* Inadequate installation of insulation, i.e. polystyrene panels were inadequately fixed to the walls,

e 2-3mm of plaster was applied instead of required 5 mm.

Figure 13.
Consequences of
fire on the facade
of the residential
building in Mikolc,
Hungary

417 FIREINAHOSTELBUILDING, DIJON, FRANCE, 2010

The fire which, on November 14, 2010, started in a garbage container and quickly spread vertically across the facade of a
nine-floor hostel, and resulted in, in addition to property damages, eleven injured and seven killed people. A strong wind
contributed to the fast spread of fire across the facade because it "pushed"” flames towards the facade. The photographs



(Figure 14) show that the fire mostly spread in the recessed part of the building with balconies. It is thought that the facade
was made of combustible ETICS system, but the detailed documentation on the investigation into the causes and the course
of fire has not been disclosed yet.

Figure 14.
Consequences
of fire in Dijon
hostel [20]

473 FIREIN CULTURALTELEVISION CENTER TOWER (TVCC), BEUING, 2009

The fire occured on February 9, 2009, in an unfinished building, 159m tall (32 floors). One firefighter was killed, seven
people were injured, and the property damages reached 110 million euros. The building consisted of a main tower and
two angular wings, on the east and west sides (Figure 15). The north and the south side of the tower were installed with
glass curtain walls, and the cladding of the east and west facade was made of titanium-zincalloy panels, with the extruded
polystyrene (XPS) filling and a layer of air between the cladding and the insulation layer. The building was designed by
the well-known Dutch architects Rem Koolhaas and Ole Scheeren.

According to available information, the fire started on the roof and was caused by illegal welding. The welding sparks got
into the interior of metal panels and ignited the insulation layer made of XPS. Titanium-zinc alloy usually melts at 400°
C. Flaming particles produced by burning XPS were falling off the roof and caused the fire to spread across the facade
towards lower floors. Due to a strong wind, the whole tower was in flames within 20 minutes (Figure 15b) [21]. The fire
spread into the interior of the building which was not completely furnished at the time.

Figure 15. TVCC building a) before, b) during and ¢) after the fire [22]-{24]




Unlike most fires in buildings, which start indoors and spread outward from lower to higher floors, the fire shown in this
example had a completely different course. Combustible insulation materials without fire barriers, namely the use of
inadequate materials for facade cladding, definitely contributed to the extensive spread of fire.

474 CVJEINO NASELJE STUDENT DORMITORY FIRE, ZAGREB, 201/

The fire that started on the roof of a student dormitory on February 22, 2017, vertically spread along the facade of the
adjacent building towards next three floors (Figure 16). The exact cause of the fire is not yet known. However, according to
the photographs of the fire, it can be claimed that the fire started on the roof of the lower building. Combustible thermal
insulation of the facade system and a strong wind definitely contributed to the fast spread of flames and smoke on the

facade.
w2 T W R L
; r : l_

Figure 16. a) Fire in student dormitory b)the facade after the fire was extinguished [11], [25]

Pursuant to the amendments for the Ordinance on fire resistance and other requirements for buildings in case of fire
(Official Gazette 87/15) July, 2015, buildings such as students dormitory in Zagreb, fall into quite demanding category
of buildings with regards to fire protection (so called subgroup ZPS5 see page 25). They must have thermal insulations
pursuant to the requirements of the above mentioned Ordinance; if combustible thermal insulation is used, which is
permitted by the Ordinance, layers of non-combustible materials must be added, which will prevent fire to spread fast
across a facade. Aforementioned rule is force since August, 2015.



5 CROATIAN REGULATIONS REGARDING FIRE
PROTECTION OF BUILDINGS

The design of buildings in the area of fire protection is regulated by the Building Act (Official Gazette 153/13,20/17), Fire Pro-
tection Act (Official Gazette 92/10) and a number of bylaws, the recognized technical practice rules and standards (Figure 17).

ACTS
(define basic principles)

e BUILDING ACT(Official Gazette 153/13,20/17)
e FIREPROTECTION ACT (Official Gazette 92/10)

4 4 4
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Figure 17. General scheme of Croatian legislation regarding fire protection

There are still some areas of fire protection, for instance, requirements for design of hospitals, schools, nursery schools,
retirement homes etc. which have not yet been regulated by Croatian legislation. Ordinance on Fire Resistance and other
Requirements for Buildings in Case of Fire - Official Gazette 29/13 and 87/15, (hereinafter Ordinance), passed in 2013 and
amended in 2015, is the basic bylaw for fire protection. It is harmonized with the European requirements. The Ordinance
was defined as a basic module which has to be upgraded with the modules for the buildings of the above purposes
(schools, hospitals, nursery homes, etc.). In the meantime - until relevant Croatian regulations are not brought - the recog-
nized technical practice is applied for these types of buildings; most often NFPA 101, Life safety code [26] (NFPA - National
Fire Protection Association) or Austrian guidelines OIB Richtlinie 2 (Ol B -Osterreichisches Institut fiir Bautechnik [27]).
These regulations define fire protection measures that have not been regulated by Croatian legislation, forinstance, when
determining the maximum area of fire and smoke compartments or the need for systems of active protection (sprinklers,
fire alarms etc.). Otherwise, the existing Croatian legislation for fire protection must be applied. Thus, the requirements
from the above mentioned Ordinance regarding reaction to fire of insulation materials for facades are applied since they
cover the topic thereof, and foreign legislation is not applied.

51 Fire Protection Act (Official Gazette 92/10) - overview of the most important
paragraphs relevant to the Guidelines

The Fire Protection Act (Official Gazette 92/10), hereinafter The Act, like every act, does not define details, but outlines
general principles, which are elaborated in bylaws. Thus, Article 25, paragraph 1 of the Act, determines that buildings
must be designed and constructed according to the basic (essential) requirements for fire protection, as defined by the
the Interpretative document No 2 - Safety in case of fire [28].




Article 25, paragraph 1: When designing and constructing a building, fire protection must be provided, as one of the
essential requirements for buildings prescribed by a special requlation requlating physical planning and construction, so
that in case of fire:

e the load-bearing capacity of the construction can be assumed for a specific period of time,
o the generation and spread of fire and smoke within the works are limited,

o the spread of fire to neighbouring construction works is limited,

° occupants can leave the works or be rescued by other means,

o the safety of rescue teams is taken into consideration.

None of these requirements directly refers to facades, although in preventing spread of fire and smoke inside buildings
and to adjacent buildings, both fagades and roof structures are very important as possible fire transmitters since their
combustibility or wrong installation can cause fire spread to adjacent apartments and/or adjacent buildings.

The design data, which are elaborated in the main design, are obtained from the fire protection report as set out in Article
28 of the Act:

Article 28, paragraph 1: The data for designing fire protection measures in the main design, which is the integral part of
the main design certificate, of the building permit, respectively, of the construction decision pursuant to requlations gover-
ning construction, are obtained from the fire protection report which has been the basis for its execution.

Article 28, paragraph 2, determines which buildings require fire protection report.
Article 28, paragraph 2: Afire protection report is required only for the buildings in Group 2.

The buildings in Group 2 are defined by the Building Group Classification Ordinance according to Need for Fire Protection
Measures (Official Gazette 56/2012), and they include more complex structures in terms of fire protection. Article 28,
paragraph 3, defines who can make a fire protection report.

Article 28, paragraph 3: A fire protection report is made by the persons authorized to make fire safety reports which are
verified by their signature and stamp.

As mentioned earlier in these Guidelines, the basic provisions of the Fire Protection Act have been elaborated in bylaws
(regulations) of which the most important is the above mentioned Ordinance since it has been harmonised with the
European legislation and European practice. This is also the only regulation that sets out the requirements for the fire
protection of fagades.

52 Ordinance on Fire Resistance and other Requirements for Buildings in Case of Fire
(Official Gazette 29/13,87/15)

The Ordinance deals with the requirements for fire protection in buildings, which is elaborated in the following chapters:
e Basic provisions,
 Fire resistance of structures and elements,
* Reaction to fire of construction products,
e Prevention of fire and smoke spread inside buildings,
*  Prevention of fire spread to adjacent buildings,
*  Smoke and heat exhaust systems, and overpressure systems
e Evacuation routes,
o Safety of rescue teams.



This chapter deals with the classification of buildings into subgroups according to the level of required fire protection,
which affects the fire protection requirements for facades.

52.1 Classification of buildings in subgroups according to the level of required fire
protection.

SUBGROUP 1 BUILDINGS - ZPS 1

Detached buildings accessible to the firefighters from minimum three sides for the purpose of extinguishing fires from the
ground level, they have up to three above-ground floors, with the height of the highest residence floor of maximum 7 meters
measured from the fire service access level or from where the evacuation of endangered people is possible, and which conta-
in one resident or one business unit of up to 400 m2 gross floor area and with up to 50 users.

ZPS1

. Minimum three sides accessible to firefighters for extinguishing fire
. Height of the building: maximum 7 meters

. One resident or business unit

. Area: maximum 400 m?

. Number of users: maximum 50

[S2 T S PR NS Y

Figure 18. Schematic illustration of a typical building in subgroup 1 with a photograph




SUBGROUP 2 BUILDINGS -(ZPS 2)

Detached and semi-detached buildings, with up to three above-ground floors, with a 7 meter height of the residence floor
measured from the outside elevation from the fire service access level and from where the evacuation of endangered
people is possible, and which contain maximum three resident or business units of single gross floor area up to 400 m?
and with a total of up to 100 users.

ZPS2

1. Height of the building: maximum 7 meters

2. Maximum 3 resident or business units

3. Single unit/apartment: maximum 400 m2 gross floor area
4. Number of users: maximum 100

Figure 19. Schematic illustration of a typical subgroup 2 building with a photograph




SUBGROUP 3 BUILDINGS -(ZPS 3)

Buildings with three above-ground floors with the height of the highest residence floor up to 7 meters measured from
the outside elevation from the fire service access level and from where the evacuation of endangered people is possible,
where fewer than 300 persons gather. These buildings are not included in subgroups 1 and 2.

RS> ZPS3

1. Height of the building: maximum 7 meters

2. Area: not limited (the area of fire compartment depends on building type
and can be as follows: 800 m2, 1200 m2, 1600 m2...,
with 60 m the maximum length of a fire compartment)

3. Number of users: maximum 300

Figure 20. Schematic illustration of a typical subgroup 3 building, with a photograph




SUBGROUP 4 BUILDINGS (ZPS 4)

Buildings with up to four above-ground floors with the height of the highest residence floor up to 11 meters measured
from the outside elevation from the fire service access level and from where the evacuation of endangered people is
possible, and which include one resident or business unit without limitation in gross floor area or more resident/business

units of single gross floor area up to 400 m? and a total of up to 300 users;

A = no limit
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ZP54

1. Height of the building: maximum 11 meters
2. Area:
a) one resident/business unit without limited gross floor area
(the area of fire compartment depends on building type and can be as follows:
800 m2, 1200 m, 1600 m2..., with 60 m the maximum length of fire compartment),
b) number of resident/business units of a single ground (gross) area up to 400 m2

3. Number of users: maximum 300 in total

Figure 21. Schematic illustration of a typical subgroup 4 building, with a photograph




SUBGROUP 5 BUILDINGS (ZPS 5)

Buildings with the height of the highest residence floor up to 22 m measured from the outside elevation from the fire
service access level and from where the evacuation of endangered people is possible, and which do not belong to the
subgroups ZPS 1, ZPS 2, ZPS 3 and ZPS 4, as well as buildings which mostly consist of underground stories, buildings
where immobile persons or persons with reduced mobility reside, persons that cannot be independently evacuated (hos-
pitals, retirement homes, psychiatric institutions, nursery schools, and the like), and buildings with residents with limited
mobility for security reasons (prisons etc.), and/or single spaces where more than 300 persons can gather.

ZPS5

. Height of the building: maximum 22 meters

. All buildings with single spaces with more than 300 users or with more than a total of 300 users in the building

. Al buildings consisting of mostly underground stories

. All buildings with immobile users or users with reduced mobility capabilities, that is, users that cannot be
independently evacuated (hospital, retirement homes, psychiatric institutions, nursery schools, and the like)

. Gross floor area: not limited on condition that the area of fire compartments complies with the regulations
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Figure 22. Schematic illustration of typical subgroup 5 building, with a photograph




HIGH-RISE BUILDINGS

Buildings with the height of the highest residence floor up to 22 m measured from the outside elevation which enables
the intervention by firefighters and the evacuation of endangered people, by using fire truck ladders or tower ladders or
hydraulic platforms.

HIGH-RISE BUILDINGS

1. Height of the building: minimum or above 22 meters

Figure 23. Schematic illustration of a typical high-rise building, with a photograph

The requirements for each subgroup of buildings are shown in Table 2, for easier comparison.
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Table 2. Requirements for classification of buildings into relevant subgroups according to the rate of fire protection

Requirements

building ZPS 4 e
buildings
subgroup
Height of 7m 7m 7m m <22m >20m
building
No limit
Total floor area <400 m? <1200 m? No limit No limit No limit Spedial
Ordinance
being prepared
No limit if
there is one .
Gross floor residential or No limit
aeaotsinle | <qpom | <400 Nolimit | businessunit |y i Specl
rdinance
business unit <400 m? per being prepared
residential/
business unit
No limit
Maximum .
number of 1 <3 No limit No limit No limit Speual
units Ordinance
being prepared
No limit
Number of <50total | <100total | <300total | <300total | =300 Spedial
users single unit Ordinance
being prepared
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53 Detailed overview of Ordinance articles on the requirements regarding fagade
execution

This part of Ordinance covers the articles dealing with the requirements with regards to the classification or the reaction to
fire of thermal insulation on facades and their installation, fire barriers/layers on buildings with combustible insulation.

5.3.1 REQUIREMENTS REGARDING REACTION TO FIRE OF FACADE MATERIALS

According to the Ordinance, reaction to fire classes of facade materials, and other construction elements are related to
the subgroups of buildings (defined in chapter 5.2.1) and their position in the buildings thereof (on a facade, inside a
building, on the evacuation route and other).

Thus Article 6, paragraph 1, states that: a construction product installed in a building must meet the requirements regar-
ding reaction to fire according to Annex 2, tables 4,5, 6,7, 8,9, 10, 11 and 12 of this Ordinance, pursuant to the Croatian
standards HRN EN 13501-1 and HRN EN 13501-5.

In the Ordinance, Table 5 relates to the properties of the reaction to fire of internal wall coverings and finishing layers,
Table 6 relates to construction products for floors and ceilings, Table 7 deals with roofs, Table 8 relates to air supply and
ventilation channels, Table 9 to the fillers for connection lines, Table 10 to fence fillings, Table 11 to double and hollow
floors, and Table 12 to covered parking lots and garages.

The requirements regarding the reaction to fire of fagades are stated in Table 4 of the Ordinance, and quoted here in Table
3. Regarding the requirements for facades, there is a difference depending whether the entire facade system has been
tested and classified according to reaction to fire properties (end-use conditions) or whether the designer has planned
the use of classified individual components of fagade systems for which there are special requirements for the reaction
to fire class.
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Table 3. Required classes of reaction to fire in facades

Subgroups of buildings

Construction parts o
‘ ZPS1 ZPS2 ZPS3 ZPS4 High-rise

buildings

Suspended ventilated elements of facades
Classified system ‘ E ‘ D-d1 ‘ D-d1 ‘ C-d1 ‘ B-d1 ‘ A2-d1

or

Execution with the following classified elements

Finishing layer E ‘ D ‘ D ‘ A2-d1 ‘ or ‘ B-d1 ‘ B-d1 ‘ A2-d1
Substructure
- dowel type : D D D D C A2
substructure
- dotted E D A2 YY) A2 A2
substructure
Insulation E D D B A2 A2 A2

Thermal contact system of facades
Classified system ‘ E ‘ D ‘ D-d1 ‘ C-d1 ‘ B-d1 ‘ A2-d1

or

Composition of layers with the following classified components
-finishing layer E D D C B-d1 A2-d1
- insulation layer E D C B A2 A2

The classification of construction products according to reaction to fire properties has been drawn according to the stan-
dard HRN EN 135011:2010. Additional clarifications of testing and classification are described in Annex 1 of these Gui-
delines.

5311 Methods of building firewalls and other elements at the border of fire compartment

Design and execution of building firewalls and other structures that divide buildings into fire compartments and their
endings on the facade and roof are essential for slowing down the fire spread across facades and/or roofs since the use of
non-combustible insulation materials is mandatory in the zones thereof. For the better understanding of the principles of
fire spread across the above mentioned parts of buildings, this paragraph gives the overview of articles in the Ordinance
regarding the execution of firewalls and their connection with facades or roofs of buildings, with graphic illustrations
of typical situations. Further on, there are articles defining the above requirements regarding only firewall finishing in
facades or roofs. The articles are given in grey text boxes literally as stated in the Ordinance. Other walls with required fire
resistance to some degree resistant firewalls, such as partition walls inside buildings are not covered by these Guidelines.
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Article 10, paragraph 1: Internal firewalls are built minimum 0.30 meters above the roof with a non-combustible cover
(reaction to fire AT or A2 - s1,d0) or 0.50 meters above the roof with combustible cover, reaction to fire from E to B.

Article 10, paragraph 2: Instead of of the internal firewall from paragraph 1 of this Article, a two-sided cantilever (left and
right to the internal firewall or of double width if only on one side) can be built below the roof having the same fire resistan-
ce in the width of 0.50 meters on both sides, but without requiring a mechanical action property (M) for the cantilever. In
order to prevent fire spread, the roof surfaces with a combustible cover need to have a non-combustible cover and thermal
insulation (reaction to fire A1 or A2-s1,d0) above the cantilever in its full width.

Provisions of the Article 1, paragraphs 1 and 2 are shown in Figure 24.

REI-M-90 OR
Figure 24. Cross-section of a firewall on the roof

Article 11, paragraph 1: To prevent horizontal spread of fire through windows and other openings in a facade, walls of the
same fire resistance as the wall bordering on the fire compartment are built to left and right from the middle of the wall bor-
dering on the fire compartment, each minimum 1 meter wide, or the wall only on one side whose total length is 2 meters,
except for building in subgroups ZPS2, ZPS3 and ZPS4, where a total length of 1 meter is permitted.

Article 11, paragraph 2: Instead of the finishing of firewall on a facade, as described in paragraph 1 of this Article, a wall of
the same fire resistance which protrudes from the facade, minimum 0.50 meters can be built.

Provisions from Article 11, paragraphs 1 and 2 are graphically illustrated in Figure 25.
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| FC2
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Figure 25. Design of a firewall to prevent horizontal fire spread on a facade (floor plan)
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Article 12, paragraph 1: In buildings with angular floor plans where fire compartments are connected at an angle equal
to or less than 135°, the horizontal fire spread from one to another fire compartment across corner joints is prevented by
building walls of the same fire resistance as the wall bordering the fire compartment and its length is 5 meters from the
inner corner where fire compartments are connected. The allowed length for buildings in subgroups ZPS2, ZPS3 and ZPS4
is 3 meters.

Provisions of Article 12, paragraph 1, are graphically illustrated in Figure 26.
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Figure 26. Prevention of fire spread from different fire compartments across a corner joint.

Article 12, paragraph 2: Method of fire spread prevention from different fire compartments across a corner joint is graphi-
cally illustrated in Figure 1, in Annex 3 of the Ordinance.

Provisions of Article 12, paragraph 2 are graphically illustrated in Figure 27.




Figure 27¢ Figure 27d

Figure 27. Firewalls in buildings with angular floor plans

Article 13: To prevent fire spread vertially across adjecent fire compartments, in buildings of different heights, where on the
lower roof there are openings at a distance smaller than 5 meters from the facade of a higher building, or there is a ceiling
or roof structure which does not meet the required fire resistance, a firewall is built according to Figures 3 and 4 in Annex 3

of the Ordinance.

The provisions from Article 13 are graphically shown in Figure 28 a, b and c.

10,00 m

5,00 m
7 g

a) b)

Figure 28. Preventing fire spread from a lower to a higher building a) by building a firewall in a higher building positioned
between buildings of different heights, b) by building a horizontal fire barrier in a lower building and c) axonometric
illustration of a typical firewall built on a lower building
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5.3.7 PREVENTION OF VERTICALFIRE SPREAD ACROSS THE FACADE THROUGH OPENING

5321 Fire prevention in separate fire compartments: fire barriers

Article 14, paragraph 1: In order to prevent vertical fire spread across a facade through openings on a lower floor, onto
higher stories which are a different fire compartment, it is necessary to build a vertical construction element between the
openings (parapet) of the same fire resistance as fire compartments which are separated. The height of the construction
element (parapet) which separates floors must be minimum 1.20 meter or longer (it is the sum of vertical and horizontal
parts, with required fire resistance).

The provisions of Article 14, paragraph 1, are graphically illustrated in Figure 29.

P+S=212m

Figure 29. Prevention of vertical fire spread across facade

Article 15, paragraph 1: Facades are built from construction products with reaction to fire classes as given in Table 4, in
Annex 2 of this Ordinance.

The required reaction to fire classes in Article 15, paragraph 1, are shown in Table 3 of these Guidelines.

Article 15, paragraph 2: When making thermal contact facade systems with combustible thermal insulation, a fire barrier
(reaction to fire AT or A2-s1,d0) must be made on the construction elements which prevents horizontal fire spread, Article
11, paragraphs 1and 2, and Article 12, paragraph 1, as well as on construction elements located between openings, preven-
ting vertical fire spread between adjacent separate fire compartments, Article 14, paragraph 1, of this Ordinance.

The provisions from Article 15, paragraph 2 are graphically illustrated in Figure 30a, b and c.
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a) prevention of horizontal fire spread from window to window by a firewall and a belt of non-combustible insulation from the
outer side of the firewall end (floor plan and axiometric illustration)

b)

m

0,3;0,

NON-COMBUSTIBLE
INSULATION

b)finishing of a firewall on a roof with non-combustible insulation material (cross-section and axiometric illustration)
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¢) prevention of horizontal fire spread in case of corner joint of different fire compartments by a firewall and a belt of non-
combustible insulation (floor plan and axiometric illustration)
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d) prevention of vertical fire spread on a facade with fire barriers (cross-section)

Figure 30. Graphicillustration of Article 15, paragraph 2

FIRE PROTECTION OF FACADES / THE GUIDELINES FOR DESIGNERS, ARCHITECTS, ENGINEERS AND FIRE EXPERTS




Figure 31 shows the example of the execution of a fire barriers (reaction to fire class AT or A2-s1,d0).

Ili

l.
'.
E.

Figure 31. Example of a vertical fire barrier on a fagade

Article 15, paragraph 2: When installing suspending ventilated elements of a facade it is necessary, both in case of com-
bustible and non-combustible thermal insulation, to prevent fire spread through ventilating layer by a fire barrier which, in
classified systems, is executed according to the instructions of the manufacturer and in systems with individual elements

according to the accepted rules in technical practice.

5.3.2.7 Prevention within the same fire compartments: solution with fire barriers for contact
systems of facades (ETICS)

5.3.2.2.1 Fire barriers round the openings on a facade

Article 15, paragraph 3: In order to prevent fire spread across the facade in buildings belonging to subgroup ZPS 4 conside-
red as one fire compartment and with contact system facades with combustible insulation, (fire barrier) is installed directly
around the clear span of opening sideways and above (windows, doors etc.) or horizontally above the opening 30 cm to the

left and right from the final edge of the opening.

Provisions of Article 15, paragraph 3 is graphically illustrated in Figure 32.



é 20 ¢m 20 gm
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ﬂ NON-COMBUSTIBLE
INSULATION

Figure 32. Prevention of vertical fire spread by using fire barriers made of non-combustible insulation materials
built in either above or round the opening on a facade [15]

5.3.2.2 .72 Horizontal continuous belt of non-combustible materials

Article 15, paragraph 4: Instead of the method of execution described in Paragraph 3 of this Article, thermal insulation be-
longing to reaction to fire class AT or A2-s1, d0, can be installed as a horizontal continuous band minimum 30 cm wide rou-
nd the entire building on alternating floors, maximum 50 cm above the top edge of the opening. Non-combustible barriers
are glued and mechanically fixed on the facade wall so that, in case of fire, elements of thermal insulation do not fall off.

Provisions of Article 15, paragraph 4 are graphically illustrated in Figure 33.
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INSULATION
Figure 33. Prevention of vertical fire spread by a horizontal continuous belt of a non-combustible material built in

the facade on alternating floors [15]
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5.3.2.3 ASAME FIRE COMPARTMENT: & solution for ventilated fagade systems

Article 15, paragraph 5: In the buildings from Paragraph 3 of this Article, when installing suspending ventilated fagade
elements it is necessary, when both combustible and non-combustible thermal insulation is used, to prevent fire spread
through the ventilating layer through the openings in a facade or at least on every alternate floor along the entire perime-
ter of the building. This barrier in classified facade systems is installed according to the manufacturer's instructions, and in
systems with individual components according to the accepted regulations in technical practice.

Provisions of Article 15, paragraph 5, are graphically illustrated in Figure 34.
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Figure 34. Schematic illustration of barriers in ventilated facade systems which are installed on alternate floors of a building
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6 DESIGNER SOLUTIONS FOR COMBUSTIBLE
CONTACTAND VENTILATED FACADES

6.1 Contact facade systems (ETICS systems)
6. 1.1 FIRE BARRIERS AROUND THE OPENINGS ONTHE FACADE

In case of fire spread through an opening in a facade, a particularly sensitive place is the top edge of the opening (win-
dows and doors), when, due to high temperature, the opening edge decomposes and heat and flames reach the com-
bustible insulation layer of a contact system (mechanism described in Figure 10 in the Gudelines). It can be prevented
by additional protection, by installing a fire barrier (material reaction to fire AT or A2-s1, d0 according to HRN EN 13501-
1:2010) to the height of minimum 20 cm above the opening edge and to the width of 30 cm on both sides of the side
edge of the opening (Figure 35). The fire barrier can be countersunk to a maximum of 4 cm across the window frame, and
should be glued to the external wall along its entire surface in order to avoid cavities between the barrier and the external
wall which would enable flames to reach combustible insulation in case of fire.

> 20 cm

; 30 cm ;F 30 cm

KEY
1. Combustible insulation
2. Non-combustible insulation
3. Non-combustible insulation below the top opening edge

Figure 35. Details of fire barrier installation above the opening on a facade [29]

Around windows in a building with combustible insulation on facade, fire barriers (material of class A1 or A2-s1, d0
according to HRN EN 13501-1:2010) are installed on three sides (upper and two lateral sides) at the height/thickness
of minimum 20 cm round the opening (Figure 36). Itis also important that barriers are glued to the external wall along
its entire surface. If the edge of a window frame does not protrude more than 4 cm from the external wall then it is not
necessary to put lateral fire barriers. Barriers above the opening edge will suffice (Figure 36).




KEY

1. Combustible insulation
2. Non-combustible insulation

Figure 36. Installation details of a fire barrier round an opening on a faade [29]

If shutter boxes are installed directly above the opening, fire barriers (material of class AT or A2-s1, d0 according to HRN
EN 13501-1:2010) are installed on three sides, above the opening and on lateral sides, so that they are glued to the entire
surface of the external wall. The barrier above the opening must be installed at the minimum height of 5 cm above the
shutter box so that it is properly fixed on the external wall (Figure 37).
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1. Combustible insulation
2. Non-combustible insulation
Shutter box height

Figure 37. Execution details of a fire barrier round a facade opening with a shutter box [29]

If a shutter box is part of the opening/window frame, the whole opening is treated as if there were no shutter box (Figure
38, and the example in Figure 35).
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Figure 38. Execution details of fire barrier round a faade opening with a shutter box which is part of the window frame [29]

If a shutter box is installed on an external wall it can be visible or is installed in the layer of the non-combustible material
as seen in Figure 39.
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- 30 cm

KEY

1. Combustible insulation
2. Non-combustible insulation
R Shutter box height

Figure 39. Execution details of a fire barrier round an opening on a facade with a shutter box on the external wall [29]

If a window-blinds box must be insulated, combustible insulation is allowed up to the thickness of 4 cm. Otherwise, if a
greater insulation thickness is required (> 4 cm), a layer of non-combustible material has to be applied (Figure 40).




> 20 cm

= 30 cm

KEY

1. Combustible insulation
2. Non-combustible insulation
7 Window blinds box height

Figure 40. Execution details of fire barrier round the fagade opening with a window blinds box on the external wall [29]

.12 HORIZONTALCONTINUOUS BAND ROUND A BUILDING

Vertical fire spread across facades with combustible insulation can be prevented by installing a continuous band of
dimensionally stable, non-combustible thermal insulation (reaction to fire class AT or A2-s1, d0 according to HRN EN
13501-1:2010) minimum on alternate floor of a building.

2
3
b=30cm
c=15cm 4
KEY f<50cm

1. Combustible insulation

Additional reinforcement layer with glass mesh

Mechanical fixings

Eal S

Layer of non-combustible insulation

Figure 41. View of the execution of continuous band of non-combustible insulation [30]
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Non-combustible insulation layer must be glued along the entire surface. The non-combustible insulation layers are in-
stalled at the height up to 50 cm above the top edge of the opening (Figure 43). Two mechanical fixings are installed in
the middle of the non-combustible layer at a maximum distance up to 50 cm. Mechanical fixings are installed on the firm
surface of the external wall (Figure 42).

According to the recommendations in [30] and the recommendation by the authors of the Guidelines, the continuous
non-combustible insulation band should be additionally reinforced with a mesh which is overlapped at the junction at
the height of 15 cm on both sides of the band to avoid building damages like cracks caused by high temperature and
dynamic instability. The practice in some European countries (for example, Germany) does not require the above additi-
onal mesh layer, so it is up to constructors to decide whether to use double mesh on facades, bearing in mind that it is
their responsibility if cracks occur.
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If combustible insulation is 20 cm < e < 30 ¢m thick, maximum two parallel strips of non-combustible insulation are
installed, of which each is = 10 cm thick. If two strips of different thickness are installed, then the thicker strip is directly
glued to the external wall, and then a thinner strip is glued to the thicker one. Fixings are installed after the second layer
of non-combustible layer has been installed (Figure 44).
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Figure 44. Cross section of the installation of continuous band if combustible insulation is 20 cm < e < 30 cm thick [30]

If it is necessary to insulate shutter (or window blinds) boxes on the front side of the wall, the position of continuous band of
non-combustible insulation is shown in Figure 45, and it depends on the thickness of the insulation layer of the box, that s,
whether it is narrower or wider than 10 cm.

KEY 3. Wall
1. Non-combustible insulation 4. Drip edge profile
2. Combustible insulation 5. Final self-supporting panel

Figure 45. Position of a continuous non-combustible band when shutter or window blinds boxes are on the external wall of the
building [29]




6.2 Examples of fire barierrs positioning in buildings that belong to subgroup ZPS5

The example of a multipurpose building (residential-business), which according to the Ordinance belongs to the sub-
group ZPS 5, shows a proper positioning of vertical and horizontal fire barriers (material of a class AT or A2-s1, d0 accord-
ing to HRN EN 13501-1:2010), and according to above mentioned Ordinance provisions (Figures 46 to 55). The building
belongs to the subgroup ZPS 5 according to the two criteria: 1) the height of residential part of the building is higher than
11m and lower than 22m and 2) the number of people who can occupy the shopping area can be higher than 300 (with
the coefficient of 2.8 persons per m?, possible number of people is 478). The building has five floors of which the ground
floor s one fire compartment. Above ground floor are residential and office units divided into separate fire compartments.
Each fire compartment with residential and business parts is located on two floors. In addition, evacuation staircases are
also a separate fire compartments.
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Figure 46. Schematic illustration of a ground floor - a floor plan
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Figure 48. Schematicillustration of a roof - a floor plan
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Figure 49. Schematic illustration of a north fagade (view)
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Figure 50. Schematic illustration of a south fagade (view)

FIRE PROTECTION OF FACADES / THE GUIDELINES FOR DESIGNERS, ARCHITECTS, ENGINEERS AND FIRE EXPERTS




3
3

600

1770

300 120 540 120

TR
) 1500 ) 2800 )
) 4300 .
i i

Figure 51. Schematic illustration of a west fagade (view)
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Figure 52. Schematicillustration of an east facade (view)
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Figure 53. 3D schematic view of a southwest facade

Figure 54. 3D schematic view of a northeast facade
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Figure 55. 3D schematic view of the roof and a southwest facade
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6.3 Ventilated facades

Protection from fire spread across ventilated facades is a complex issue because there is no generally accepted prevention
principle of fire spread which can be applied to all systems of ventilated fagades, as is the case with contact fagade systems
outlined in the previous chapters. Namely, the requirement for natural ventilation and the requirement for fire prevention
in the ventilated layer are contradictory [31]. The protection is achieved by installing fire barriers, that is, in this case,
system components which will limit the fire spread through the ventilation space by separations or by reducing the free
cross-section.

Figure 56 shows the schematic illustration of these barriers.
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Figure 56. Execution principles of barriers on ventilated facade systems

Also, one of the methods is to install an expanding element which multiplies its volume in case of fire and closes the gap
in the ventilating layer. As the proof of properties of this system European standard prEN1364-6:2016 [32] is applied
which isin the process of adoption. Anyway, when executing the barriers on ventilated facades the manufacturers' instruc-
tions should be followed and they must provide the proof of the quality of such systems.

The practice has shown that the only possible way of proving the efficiency of barriers for the prevention of fire spread

across such complex systems is to conduct large scale tests of facades which is not acknowledged by current Croatian
legislation.
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/- PROBLEMS NOT COVERED BY THE ORDINANCE AND
RECOMMENDATIONS FOR THEIR SOLUTIONS

Since the provisions of the Ordinance have been in force since August 2015, their application in practice has shown that some
provisions should be amended. Therefore, the authors strongly advise that the following recommendations are considered
when the Ordinance is amended.

/.1 Energy renovation of old buildings lacking a fire protection report

Numerous buildings in the Republic of Croatia do not have a fire protection report because they were built at the time when it
was not required or because they have undergone significant changes during use. Thus, it s difficult to include these buildings
in energy renovation projects and they do not meet the requirements set out by the Ordinance. For this reason the authors
suggest that for such buildings, which are usually considered as one fire compartment, a provision of the Ordinance regarding
the subgroup ZP54 (Article 15, paragraph 3, the Ordinance, Figure 32 in the Guidelines) is applied, which prescribes the exe-
cution of a fire barriers from non-combustible insulation with reaction to fire class A1 or A2-s1, dO (Article 15, paragraph 4, the
Ordinance, Figure 33 in the Guidelines).

In addition, in the buildings belonging to subgroup ZPS5, where immobile or partly mobile persons reside, namely persons
that cannot be independently evacuated (hospitals, retirement homes, psychiatric institutions, nurseries, nursery schools,
schools etc.), and which are considered to be one fire compartment, the authors suggest that facades with non-combustible
insulation are installed. Even more because the designs for energy renovation do not go through the procedure of obtaining
building permits and thus are not controlled by authorised fire protection inspections.

/2 Ventilated facades

The classified systems with combustible insulation from E to B-d1 are allowed to be used on suspended ventilated facades
applied on the buildings that belong to subgroups ZPS1 and ZPS5 (see Table 4 in the Ordinance or Table 3 of this Guidelines).
The authors are of opinion that, due to the described problem of fire spread across the cavities in ventilated facades (Chapters
4and 6.3, Figure 56), and the systems which are generally not tested, ventilated facades executed in buildings belonging to
subgroup ZPS4 and ZPS5, should be executed only with non-combustible insulation of reaction to fire class A1 or A2-s1, d0.

/3 Execution of fire barriers in buildings belonging to subgroups ZPS1-ZPS3 and ZPS5

The authors' view is that the requirement for the execution of fire barriers (reaction to fire class A1 or A2-s1, d0) should be also
applied on the multi-floor (G+2) buildings belonging to subgroup ZPST and ZPS3 if their facades contain the combustible
insulation.

Also, the Ordinance should include the obligation to install non-combustible barriers for protection of the openings in build-
ings belonging to subgroup ZPS5 because in these buildings a number of floors can vertically be connected into one fire
compartment, and there are also old buildings which are usually one fire compartment.

/4 Non-combustible bands at joints between buildings with different height

The Ordinance deals with the issue of non-combustible bands explicitly in case of horizontal and vertical fire spread from floor
to floor, but notin case of joints of different height buildings which are also different fire compartments (Figure 28). The authors
suggest that the Ordinance should explicitly state that, in case of combustible thermal insulation, fire barriers at joints of higher
and lower buildings be covered with non-combustible insulation (reaction to fire class AT or A2- 51, d0) of the required length.




/.5 Cladding of firewall endings

The Ordinance neither explicitly states the requirements for cladding of firewall endings on roofs (when firewalls protrude
above the roof 30 to 50 cm or finish in a cantilever), nor the firewalls protruding 50 cm above the facade, for preventing hori-
zontal fire spread. The definition of a firewall clearly states that it should be non-combustible insulation (reaction to fire class A1
orA2 -s1,d0). However, cases thereof are not clearly defined or graphically illustrated (as in Figure 30 b of these Guidelines).

/.6 Splashing zones or wet zones on facades

The Ordinance does not deal with the installation of insulation materials in so called splashing zones or wet zones when
non-combustible thermal insulation is mandatory (reaction to fire class A1 or A2-s1, d0). Since these materials are not suitable
for sprinkling zones due to their water absorption properties, the Ordinance should allow the application of usual materials for
this purpose with good water absorption properties which mostly belong to the group of combustible materials in reaction to
fire class D and E. Another possibility for execution of facades set out by the Ordinance, which is the use of classified systems
with combustible insulation of class B-d1, does notimpact splashing zones because the classified systems of class B-d1 cannot
be used in these zones, but combustible insulation, tested as individual components, is used and it does not appear in this
reaction to fire class, butin classes D and E. It is suggested that the Ordinance allows the application of such materials in sprin-
kling zone up to the height 60 cm above ground (Figure 57 b) because other solutions are neither justified from the point of
fire protection, nor from the point of accepted technical practice.

Itis the same with the positioning the insulation between non-combustible layers, for example, reinforced concrete slabs and
soil layers - passable and impassable green roofs etc. (Figure 57 b), when the installation of non-combustible insulation be-
tween two non-combustible layers is not justified since any thermal insulation in this position cannot come into contact with
flames and thus cannot contribute to fire at all. Also, the use of reaction to fire class B materials, allowed by the Ordinance, does
not have any practical significance since the usual materials used in the world for this purpose have been tested as individual
components and do not achieve this reaction to fire class, which is not necessary considering that non-combustible layers pre-
vent contact with flames.

Within this issue it is proposed that the Ordinance considers the question of coated steel insulation panels since the insulation
layers are also protected from the direct contact with fire.
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Figure 57. Details of insulation in a) splashing zone [29] b) on passable and impassable roofs
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/] Passages, soffits and prominent parts of buildings

The authors recommend that non-combustible materials (reaction to fire class AT or A2-s1, d0) be used for soffits of passages,
balconies and loggias to prevent fire spread onto building parts above them (Figures 58 and 59), as well as for walls and ceil-
ings of fire access routes (Figure 60).

NON-COMBU
INSULATION

non-combustible insulation

Figure 58. Soffit covered with a non-combustible material [29]

non-combustible insulation

NON-COMBUSTIBLE
INSULATION

Figure 59. Loggia soffit covered with a non-combustible material [29]
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Figure 60 Fire access route through the building covered with non-combustible material [29]

/.8 External evacuation stairs

The Ordinance does not define the dimension of the parts of facades which must have non-combustible insulation (rea-
ction to fire class AT or A2-s1, d0) in case of external evacuation stairs, as is customary in foreign legislations. Therefore,
the authors suggest that the provision is added to the Ordinance stipulating the execution of facades with the materials of
reaction to fire class AT or A2-s1, d0 in the width of more than 3 meters from each side of the end of the evacuation stairs.

NON-COMBUSTIBLE
INSULATION

Figure 67 External evacuation stairs with non-combustible material [29]
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/.9 Request foran unambiguous definition of design level elaborating the details of
facade fire protection

The concept of fire protection described in a fire protection report offers a certain number of data which should be elabo-
rated through different design levels, which is not the accepted practice, both among designers and among the represen-
tatives of authorized inspections. It is often disputed at which level the design should present the solutions required by
fire safety reports, and it is not rare practice that the solutions to the details in the fire safety reports, which by definition
is not a design, are required so it cannot elaborate design solutions. This is becoming increasingly usual with regards to
facade fire protection, since it is a relatively new issue required by relevant legislation. In practice, the details regarding
facades are mostly not elaborated at the level of the main design, but are transferred to the level of the executive design,
which means that they have not been approved by competent bodies, which only approve main designs. Increasingly,
designers, and sometimes also authorised inspections, require that in cases where combustible insulation is used fire
safety reports contain drawings of facades where layers of non-combustible insulation are clearly defined. However, the
everyday practice does not comply with the legislation in power.

The Ordinance on the Content of Fire Safety Reports (Official Gazette 51/12) stipulates that the study gives the require-
ments and limitations for systematic fire protection of buildings, and pursuant to Article 69 of the Building Act (Official
Gazette 153/13 and 20/17) these requirements must also be contained in the main design, which includes its elaboration
at the level of the main design thereof. The above relates also to the details of facade fire protection. Although the provi-
sion seems clear, the authors suggest that this procedure is introduced into everyday practice, so that upon the review of
the main design, the solutions could be authorised by the competent inspections. Thus, the problem of newly designed
buildings would be solved, but the issue of energy renovation of old buildings still remains, which do not require a buil-
ding permit, set out in more detail in Chapter 7.1, for which the authorised bodies should find relevant solutions so that
there are no two solutions for the same problem, of which one is good and another is bad. It ultimately means that, in
case of fire, there are two different levels of safety for users of new and old buildings.
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ANNEXT: Classitication of construction materials
according to reaction to fire properties

With regards to behavior of materials in fire, the Republic of Croatia has accepted EN standards, but until 2019 previously
used DIN standards can be applied. The European standard for classification of building products to their reaction to fire
properties (HRN EN 13501-1:2010) classifies materials into seven classes (A1,A2, B, C, D, Eand F, Table 4), three additional
classes regarding smoke production (s1, s2 and s3, Table 5) and three additional classes regarding formation of flaming
droplets/particles (d0, d1and d2, Table 6).

Combinations of above classes give a total of 40 different classes of materials which define the reaction of materials in
fire (Table 7).

Table 4. Euroclasses of reaction to fire [HRN EN 13501-1:2010]

Eurorazred  Behavior of material

21 Non-combustible material/product
2
B Material/product of limited combustibility
C Combusts within 10 to 20 min
D Combusts within 2 to 10 min
E Combusts within 2 min
Products/materials without the classification of reaction to fire or products/materials which do not
F meet the requirements for classes A1, A2, B, C, D or E. As a rule, easily combustible materials.

Table 5. Additional classification according to smoke production

S1 A small quantity of smoke allowed
S2 Limited production of smoke but the increased quantity of smoke
S3 Quantity of smoke not limited

Table 6 Additional classifications according to flaming droplets/particles

do Flaming droplets/particles not allowed
d1 Limited quantity of flaming droplets/particles
d2 Quantity of flaming droplets/particles not limited
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Table 7. Combinations of reaction to fire classes of building materials

Al
A2-s1,d0 A2-s1,d1 A2-s1,d2
A2-s2,d0 A2-s2,d1 A2-s2,d2
A2-s3,d0 A2-s3,d1 A2-s3,d2
B-s1,d0 B-s1,d1 B-s1,d2
B-s2,d0 B-s2,d1 B-s2,d2
B-s3,d0 B-s3,d1 B-s3,d2
C-s1,d0 C-s1,d1 C-s1,d2
C-s2,d0 C-s2,d1 C-s2,d2
C-s3,d0 C-s3,d1 C-s3,d2
D-s1,d0 D-s1,d1 D-s1,d2
D-s2,d0 D-s2,d1 D-s2,d2
D-s3,d0 D-s3,d1 D-s3,d2
E
E-d2
F

Reaction to fire classification of building products is carried out according to the results of the tests stated in Table 8, within
a simulated fire situations (according to the phases of fire development) on small scale specimens.

Table 8. Testing methods for classification of materials according to the reaction to fire property

Class  Testing standard Testing type

A1 HRN EN 1SO 1182 and HRN EN ISO 1716 | Testing non-combustibility and thermal potential

HRN EN ISO 1182 or
Testing non-combustibility and thermal potential and testing

A2 with single burning item (SBI)

HRN EN ISO 1716 and HRN EN 13823

B HRN EN 13823 and HRN EN ISO 11925-2 | SBl testing and testing with single flame source

C HRN EN 13823 and HRN EN 1SO 11925-2 | SBI testing and testing with single flame source

D HRN EN 13823 and HRN EN ISO 11925-2 | SBl testing and testing with single flame source

E HRN EN SO 11925-2 Testing with single flame source

F Behavior not determined Testing is not conducted
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The full names of the above standards is as follows:

| HRNEN 13501-1:2010 Fire classification of construction products and building elements -- Part 1: Classifica-
tion using data from reaction to fire tests,

| HRNENISO 1182:20710 Reaction to fire tests for products -- Non-combustibility test,

| HRNENISO 1716:20711 Reaction to fire tests for products -- Determination of the gross heat of combustion
(calorific value),

| HRNEN 13823:2015 Reaction to fire tests for building products -- Building products excluding floorings expo-
sed to the thermal attack by a single burning item,

| HRNENISO 11925-2:2011 Reaction to fire tests -- Ignitability of products subjected to directimpingement of
flame -- Part 2: Single-flame source test

In accordance with the above classification of reaction to fire, pursuant to the Guidelines by the Association of the produ-
cers of thermal facade systems [33], classified ETICS systems available on the Croatian market are shown in Table 9.

Table 9. Reaction to fire classification of ETICS systems available on the Croatian market[33].

ETICS SYSTEM TYPE Reaction to fire class according to HRN EN 13501-1

ETICS-EPS with mineral finishing plaster B-s1,d0
ETICS-EPS with organic finishing plaster B-s1/s2,d0
ETICS-MW with mineral finishing plaster A2-s1,d0
ETICS-MW with organic finishing plaster A2-51/s2,d0

Compared to the combustibility classification accorrding to HRN DIN 4102-1 used so far (that is, classification into a com-
bustible, hardly combustible, normally combustible and easily combustible material), there is no simple description for
each reaction to fire class and neither the above classes can be directly translated into particular combustibility class. Still,
properties of material behaviour according to both classifications can be linked according to Table 10.
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Table 10 Comparative view of reaction to fire classes (HRN EN) with the combustibility classification (HRN DIN)

Additional requirements HRN EN HRN EN

Smoke is not developed No flaming droplets/particles 135011 4102-1

X A1 A1
X X A2-s1,d0 A2
B-s1,d0
C-s1,d0
A2-s2,d0
A2-s3,d0
B-52,d0
B-53,d0
C-s2,d0
C-s3,d0
HARDLY COMBUSTIBLE A2-s1,d1 B1
A2-s1,d2
B-s1,d1
B-s1,d2
C-s1,d1
C-s1,d2
A2-s3,d2
B-s3,d2
(C-s3,d2
D-s1,d0
D-s2,d0
D-s3,d0
E
D-s1,d1
D-s2,d1 B2
D-s3,d1
D-s1,d2
D-s2,d2
D-s3,d2
E-d2
EASILY COMBUSTIBLE F B3

NON-COMBUSTIBLE

NORMALLY
COMBUSTIBLE
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ANNEX 7 Large scale testing of facade behaviour in fire

Encouraged by the issue of fire which has become more evident due to the massive inadequate energy renovation of
buildings in EU, including Croatia, the Faculty of Civil Engineering, the University of Zagreb, the European association Fire
Safe Europe (FSEU) and Croatian Fire Protection Association (HUZOP) held a scientific-professional international seminar
"Facades in Fire". The organisers conducted a public testing of behaviour of facades under the impact of fire, with the aim
to show that facades can considerably influence the fire spread over the building and that the reaction to fire testing of
materials on facades systems is inadequate, that is, with the aim to express the necessity to conduct a large scale testing of
facade behaviour. A public testing was conducted in the Laboratory for Thermal Measurements (LTM) in Stubicka Slatina.
Apart from LTM, two other prominent scientific partners conducted measurements: SP (Technical Research Institute of
Sweden) and ZAG (Construction Institute, Slovenia). Testing was conducted according to the British standard BS 8414-
1:2002 [16] simultaneously on three test samples with a different layer of thermal insulation according to Table 11[34].

Table 11 Description of fagade specimens

Fixing method

Thermal insulation Reaction to fire

Spadinailale) material and its thickness iy .Of thermal classification
insulation
) Expanded polystyrene

Specimen 1 (EPS)- 150 mm B-s2,d0
(EEXFF,)Sa)n_d?gOp?T:ﬁtﬁﬂg Mortar reinforced
barrier 150 mm thick and with glass mesh | Glued and B-s2,d0

Specimen 2 200 mm directly above and finishing mechanically 2<1 d0 barri
the combustionychamber organic (acrylic) | fixed (21, barren
opening plaster - 5 mm

Specimen 3 Sr,r:c;:\e mineral wool - 150 A2s1,d0

The time sequence of behaviour of each fagade specimen during testing is shown in Figure 62. The main conclusion of
testing is that non-combustible fire barriers (that is, the ones made of stone mineral wool) can, even at a relatively small
height of only 20 cm above the opening, considerably slow down the fire spread and the vertical temperature increase
across the facade. According to SBI (single burning item) testing, ETICS systems with EPS have a reaction to fire class B-s2,
d0, which means the absence of flaming droplets. This fact confirms the theory that SBI testing (namely, testing according
to the reaction to fire properties) is not suitable for systems which will, when applied, be considerably higher compared to
the ones required by SBI testing, which is the category facades definitely belong to.

As previously stated, in some European countries (e.g. Sweden, UK, Germany, Hungary etc.) large scale testing and
assessment of facades with regards to their behaviour in fire is conducted. Due to the difference in testing methods
thereof, e.g. in sample size, in the parameters being observed and test result assessment, it has been necessary to
harmonise European norms on testing facades in fire. The project of assessing such standard is on-going under the title
Development of a European approach to assess the fire performance of facades, whereby the new standard will
be based on two existing standards BS 8414-1:2002 [16] and DIN 4102-20:2016 [35]. A new standard and assessment
criteria will definitely contribute to the more realistic assessment of facade behavior in fire regarding the existing reaction
to fire classification, since, apart from the recommendations stated in Chapter 7, the improvement of the existing
Ordinance can be noticed.
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The fagade systems from left to right:

Specimen 1 classified system B-s2, d0, with combustible insulation
(EPS),

Specimen 2 is a dlassified system B-se, d0 with combustible insula-
tion (EPS) + 20 cm of horizontal fire barrier made of stone wool,
Specimen 3 is a classified system A2-s1, d0, made of non-combus-
tible insulation (stone wool).

All other components are identical in all three specimens. The photo
shows the very beginning of the test (00:30) when the combustion
chambers, simulating a fire in an apartment, were ignited.

T e p s il

15 minutes after the start of fire:

Specimen 1is completely caught by fire and a large amount of toxic
smoke and gases is emitted. Flaming droplets of buming insulation
fall on the floor and increase the area affected by fire. At this point
there is no significant difference between the reaction of specimen
2 and specimen 3.

19 minutes after the start of fire:

Specimen 1 is still emitting a large amount of toxic smoke and
gases.

On Specimen 2 the fire has skipped the horizontal fire barrier above
the window and caught the combustible insulation (EPS) which is
indicated by the black smoke on the top of the wall.

On Specimen 3 the insulation has not caught fire.

28 minutes after the start of fire:

Specimen 1 has burnt out, the fire in the furnace is still burning. The
metal frame with sensors has prevented the falling of the finishing
decorative layer (plaster).

On Specimen 2 the fire has completely caught the combustible
insulation.

On Specimen 3 there is not any visible changes compared to pre-
vious stage.

40 minutes after the start of fire:

Specimen 2 is still burning and emitting toxic smoke, although the
fire is not visible. The horizontal fire barrier above the opening has
delayed the fire spread for 10 minutes, but also extended the time
of burning of the insulation and emission of toxic gases.

The fire in the combustion chamber on Specimen 3 was extin-
guished by itself. Unlike Specimen 1 and Specimen 2, the facade
on Specimen 3 has not been structurally destroyed.

Figure 62.The course of behaviour testing of different facade systems
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