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Abstract: Weathering resistance of fire-retardant coatings on façade claddings made of selected exotic wood 
species. Part 1. Review of exposure methods. This article includes a review of weathering exposure methods 
used in durability tests of fire-retardant coatings on wood exposed to different weather conditions. Exposure 
methods in natural conditions and accelerated weathering methods in artificial conditions were analysed.  
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INTRODUCTION 

The revival of natural construction materials in recent years has encouraged designers and investors to 
use wooden façade claddings more and more often. These materials are characterised by unique 
appearance and decorative features combined with good technical parameters. Wooden façades are 
used in commercial construction and in single-family housing. They can be seen in modern housing 
estates, retail and office buildings, in hotels and other public buildings. Examples of successful 
projects with wooden façades include the Pixel office building in Poznań, Municipal Marina in 
Bydgoszcz or the Służew Cultural Centre in Warsaw. 

Using wood on façades often requires compliance with fire safety provisions under [16]. In order to 
meet those requirements, wood is treated with fire retardants. They protect wood by means of 
chemical and/or physical action; in solid, liquid or gaseous form. They also interfere with the 
combustion process at a specific stage, namely during heating, decomposition, ignition or fire 
spreading phase. Fire-retardant agents are classified in accordance with the method of their 
application: either as wood penetrating, i.e. ‘fire-retardant impregnation liquids’, usually used in the 
form of water solutions, or surface treatment agents forming a protective layer on wood surface, which 
often expands in high temperature, and is used in the form of paints and varnishes [6]. 

Contemporary wooden façades are made of different wood species, including exotic ones, such as 
cedar, iroko, meranti or okoume. It is worth pointing out that in many cases achieving good fire 
protection for the wood is difficult. This is due to the fact that those wood species are not very 
susceptible to impregnation and treatment because of their specific anatomical structure and high 
content of extraction components [1]. 

DURABILITY OF THE REACTION TO FIRE PERFORMANCE  

During use, façade claddings are exposed to direct impact of weather conditions, which changes the 
properties of fire-retardant treatment of the wood (Table 1) [4]. The issue of durability of the reaction 
to fire performance is especially important in this context.  

The reaction to fire performance may be reduced by exposure to wet and/or humid conditions, and the 
ability of treatments to continue to perform even when exposed to these conditions shall be 
demonstrated. Two aspects of fire durability of the fire-retardant treatment of wood products must to 
be considered. One is the risk for high moisture content and migration of fire-retardant chemicals 
within the wood product and salt crystallisation on the product surface. These hygroscopic properties 
of the treated wood product can be evaluated by exposure to fluctuating conditions of temperature and 
relative humidity. The other aspect is the risk for decreased fire performance due to loss of fire-
retardant chemicals by leaching in exterior applications, e.g. façade claddings. The retention of fire 
performance after weathering must be verified [11]. 
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Table 1. Weathering factors influencing the properties of fire treated wood 
Weathering factor Effect 
Moisture Leaching of components 
Solar radiation (UV-, IR-, visible light)  Hydrolysis (loss of strength) 
Temperature  Photochemical degradation (loss of strength) 
Oxygen Colour changes 
Atmospheric pollutions Physical changes: 

− swelling and shrinking 
− warps, fissures, cracks 

Weathering resistance of fire-retardant treatment of wood is an issue raised by many research teams 
[2, 3, 5, 7]. Most studies deal with the changes in fire-retardant properties and only few are concerned 
with the accompanying changes in the appearance and decorative properties, which are as important 
for the investors as fire properties of these agents.  

EXPOSURE METHODS  

Weathering exposure is an indispensable part of durability testing. On the basis of a comparison of the 
properties of products not exposed to weathering with those which have been exposed, resistance to 
weather conditions can be assessed. 

Exposure can be performed in natural or artificial conditions. Exposure in natural environment is most 
similar to the potential conditions of the use of the product, but research takes very long. Exposure 
methods in artificial conditions make research significantly faster, but they only take into account  
a part of the variables that occur in real life. 

Weathering in natural conditions is usually tested in accordance with PN-EN 927-3 [14]. Samples are 
placed horizontally, on stands inclined at an angle of 45°, with the exposure surface facing the equator. 
This method is applied both in tests of fire properties and in tests of consistency of the product 
appearance and decorative characteristics. The exposure lasts 5 years. 

Artificial exposure is performed using specialist devices equipped with a light source (UV lamps),  
a heating system and water spraying system, and (optionally) a system of humidification by 
condensation.  

Several accelerated weathering procedures are also known, e.g. pursuant to CEN/TS 15912 [9]. This 
specification describes two methods and indicates the possibility of using other, similar exposures. 
The first of the described methods is based on NT Fire 053 [13], originating in ASTM D 2898 [8]. The 
second one is based on the guidelines of NT Build 495 [12].  

The weathering procedure as per NT Fire 053/ASTM D 2898 identifies two alternative exposure 
methods − method A and method B. The comparison of the two is shown in Table 2. In the two 
methods, samples, at least 500 mm long, are placed horizontally, at an angle of 18° during exposure. 
The edges of the samples shall be protected against the impact of the exposures. 

It shall be emphasised that the description of the light source necessary to conduct UV exposure in 
CEN/TS 15912 and related specifications is very vague. Two lamp models are specified, i.e. General 
Electric Type H275 RUV (275 W) or Osram Ultra-Vitalox (300 W), while the use of other equivalent 
products is permitted. Considering that the light source used in the weathering exposure method has  
a significant impact on the results of the exposure, a precise definition of lamp type seems necessary, 
including at least the specification of the spectral distribution of emitted light and its effective 
irradiance. 
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Table 2. Comparison of two exposure methods according to NT Fire 053/ASTM D 2898 
Exposure Characteristic Method A Method B 

Cycle 
Number 12 42 
Cycle duration, h 168 24 
Total duration, h 2,016 1,000 

Water exposure 

Duration, h/cycle 96 4+4 
Recirculation No Partial 
Rate, l/(min⋅m2) 0.3 12±0.8 
Temperature, °C 2−16 < 32 
Total duration, h 1,152 336 

Drying 

Duration, h 72 4+4 
Temperature, °C 57−60 60−66 
UV exposure No Yes 
Air flow, m/min > 7.6 > 7.6 
Total duration, h 864 336 

Rest 
Duration, h/cycle None 8 
Total duration, h − 328 

The weathering method as per NT Build 495 is intended for products in horizontal position. It 
provides for the following sequence of exposures: 

− 2.5 h of exposure to lamps of a spectral distribution pursuant to ASTM G 53-96, BST 63±5°C, 
− spray irrigation with deionised water, spraying intensity of 15±5 l/(h·m2),  
− cooling at T -20±5°C, 
− curing in laboratory conditions. 

The duration of individual exposures and the number of cycles are not specified. It is recommended to 
select these parameters in accordance with the type of the material tested.  

In situ application is covered by ETAG 028 [10]. According to this document, the durability of fire-
retardant treatment of construction materials and products exposed to direct weather impact, including 
rain and UV radiation (use category X) can only be assessed using the B method as per NT Fire 
053/ASTM D 2898. Is shall be pointed out that ETAG 028 applies to fire-retardant treatment in the 
form of coatings (paint, varnish, intumescent, encapsulation) and coat-free (impregnations), to be used 
on different substrates, including wood.  

Moreover, in the procedure of granting national (Polish) technical approvals for fire-retardant agents 
for wood products used in exterior conditions (category X), a procedure elaborated by the Building 
Research Institute (UA GW VII.12/2006 [17]) has been applied so far. It provides for the following 
exposures:  
− exposure in a weathering device with fluorescent lamps and water spraying, lasting 672 h 

altogether and covering 112 cycles, each consisting of the following steps: 
⋅ 5 h of exposure to UVA-340 lamps, type II as per PN-EN ISO 11507 [18], T40±3°C, effective 

irradiance 45 W/m2 (for the spectrum of 290−400 nm), 
⋅ 1h of demineralised water irrigation, combined with UV exposure as above, T20±3°C, 

spraying intensity 6−7 l/min. 

− periodic exposure to changing temperature and humidity conditions, according to the following 
procedure: 
⋅ 2 × (6h T20°C, RH 95% / 6h T70°C, RH 20% / 6h T20°C, RH 95% / 6h T70°C, RH 20%), 
⋅ 2 × (6h T20°C, RH 95% / 6h T30°C, RH 40% / 6h T40°C, RH 95% / 6h T30°C, RH 40%), 
⋅ 3 × (6h T−20°C, RH (−) / 6h T40°C, RH 95% / 6h T−20°C, RH (−) / 6h T40°C, RH 95%). 

The exposure methods in artificial conditions presented above have been established in order to assess 
the durability of reaction to fire performance. It is worth noting that the long term consistency of the 
appearance and decorative characteristics of the construction product is at least equally important for 
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investors. In order to verify those characteristics, the procedure pursuant to PN−EN 927−6 [15] is 
applied. This procedure is intended for coatings on wood used in exterior conditions, regardless of the 
type of the coating system, including fire-retardant coatings.  

Exposures are performed in a UV Test device, which imitates the conditions present when coatings are 
used in exterior conditions, equipped with fluorescent lamps as a light source, an irrigation system and 
a system of humidifying by water vapour condensation, as well as temperature and humidity control. 
Samples are exposed to 12 weathering cycles. Each of them consists of a long initial condensation 
phase, whose purpose is to transfer moisture to the wood, followed by short UV lamp exposures 
combined with high temperature and water spraying, so that a large number of changes on the exposed 
surface is achieved. The detailed procedure is as follows:  
− 24h of humidifying by condensation, BST 45±3°C, 
− 168h of alternate radiation and irrigation, in the following sequence: 

⋅ 2.5h of exposure to UVA-340 lamps (0.89 W/m2 for the spectrum of 340 nm), T 60±3°C, 
⋅ 0.5h of demineralised water irrigation, without UV exposure, spraying intensity 6−7 l/min. 

Exposures last for 12 weeks. Samples are placed vertically during exposure.  

SUMMARY 

The review of exposure methods used in durability tests of fire-retardant coatings on wood 
demonstrates significant differences between individual weathering procedures in artificial conditions. 
Different exposure sequences and types are applied. Accelerated methods are most commonly used in 
weathering resistance tests of fire-retardant treatment, often for the purpose of assessing its suitability 
for use in construction. It therefore seems justified to perform comparative tests, including the 
comparison of the achieved results with the results of tests of products subject to natural exposure. 
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Streszczenie: Odporność powłok ogniochronnych na drewnie wybranych gatunków 
egzotycznych, stosowanym w okładzinach elewacyjnych, na wpływ czynników 
środowiskowych. Cz. 1. Przegląd metod narażeń. W artykule dokonano przeglądu metod 
oddziaływań starzeniowych, stosowanych w badaniach nad trwałością powłok 
ogniochronnych na drewnie stosowanym na zewnętrz. Analizie poddano metody ekspozycji w 
warunkach naturalnych oraz metody przyspieszone, w warunkach sztucznych. 
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