ADelta

FIRE PROTECTION & SAFETY Scientific Journal
13(2): 95-99, 2019
DOI: 10.17423/delta.2019.13.2.76

Natural Thermal Insulation Materials in Timber Building
Constructions and Their Influence on Fire Resistance

Prirodné tepelné izolacie v konStrukciach drevostavieb a ich
vplyv na poziarnu odolnost’

Ludmila Terenioval™, Katarina Dubravska?, Jaroslava Stefkova®

1.2 Department of Fire Protection, Technical University in Zvolen, Faculty of Wood Sciences and Technology, T. G.
Masaryka 24, 960 01 Zvolen, Slovak Republic; ludmila.terenova@tuzvo.sk, katarina.dubravska@tuzvo.sk

3 Institute of Foreign Languages, Technical University in Zvolen, T. G. Masaryka 24, 960 01 Zvolen, Slovak Republic;
jaroslava.stefkova@tuzvo.sk

* Corresponding author: ludmila.terenova@tuzvo.sk

Original scientific paper

Received: October 18, 2019; Accepted: December 02, 2019; Published: December 31, 2019

Abstract

The paper brings the assessment of the medium-scale test of fire resistance of two samples of external wall
assembly of a timber building which differed in the thermal insulation material. One thermal insulation material
was hemp insulation material and the other insulation material was made of wood fibers. The fire resistance was
tested using the ceramic radiant heater with the maximal output of 50.5 kW/m? and maximal temperature to reach
935°C. The experiment results suggest that the type of natural thermal insulation and its properties in construction
elements of timber buildings have an impact on the fire performance in a fire and can influence the fire resistance.
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1 Introduction

Nowadays, natural thermal insulation is
being applied more and more frequently in the
building industry. It is used most often in
structural elements of timber buildings in
which they act as not only thermal insulation,
sound insulation and ecological function,
however they can also provide a required fire-
resistance function on the condition the
construction (e.g. external wall) has a suitable
assembly.

The paper brings the assessment of the
medium-scale test of fire resistance of two
samples of external wall assembly of a timber
building which differed in the thermal
insulation material. One thermal insulation
material was hemp insulation material and the
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1 Uvod

Prirodné tepelné izolacie maju v su¢asnom
stavebnictve  Coraz  vdc¢Sie  uplatnenie.
NajcastejSie sa pouzivaju v konsStrukénych
prvkoch drevostavieb, v ktorych zastavaju
nielen tepelnoizolacnu, zvukovoizola¢ni a
ekologicku funkciu, ale mézu pri vhodnej
skladbe konstrukcie (napr. obvodovej steny)
zaroven  zabezpeCovat aj pozadovanu
protipoziarnu funkciu.

V prispevku st vyhodnotené vysledky
strednorozmerového testu poziarnej odolnosti
dvoch vzoriek skladby obvodovej steny
drevostavby, ktoré sa odliSovali materidlom
tepelnoizolacnej vrstvy. Jedna vzorka mala
konopnu tepelnti izolaciu a druhd vzorka
tepelnu izolaciu z drevovldkna. Modelovy test
poziarnej odolnosti sa uskutocnil S pouzitim
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other insulation material was made of wood
fibers. The fire resistance model test was carried
out with the radiant heat source which was
provided by a ceramic radiation panel with the
maximal output of 50.5 kW/m?2,

Wood fiber insulation is a safe, natural and
highly efficient alternative of synthetic
insulation materials that are available on the
market. The wood fiber insulation materials
consist of 95% of wood fibers. The presence of
carbon is therefore much higher than in
insulation materials based on mineral fibers or
foam insulation materials [1]; thermal
conductivity coefficient A= 0,040 W/m.K. One
of the variations of thermal insulation based on
wood fibers is wood waste which is blown or
manually poured between the individual posts
in the construction by Cetiner and Shea [2].

The hemp insulation belongs among the
most ecological insulation materials currently
available. According to Shahzad [3], it
substitutes thermal insulation of glass fibers.
Except for the excellent thermal insulation and
sound insulation properties, the hemp insulation
is pleasant to touch, and it also smells of natural
scent of hemp. It is highly vapor-permeable
(diffusion-open), it provides high protection
against cold in winter and prevents overheating
in summer. Hemp fiber manages moisture
without any degradation of its thermal and
technical properties [4]. The statement is also
confirmed by Kadlicova et al. [ 5], who state that
this insulation exhibits the ability to repeatedly
release the absorbed moisture and together with
high permeability it maintains sound microflora
of the building. However, Freivalde et al. [6]
contradict this with the statement that untreated
hemp used for insulation is more flammable.

2 Material and Methods

The mainsupport structural elements of
the external wall assemblies are wooden
KVH (originally from German Konstruktions-
vollholz, in English Solid Structural Timber)
studs (140 x 60 mm). The sample 1was
constructed with the thermal insulation of wood
fibers which were placed between the KVH
studs. Sample No.1 was made with the wood
fiber thermal insulation, which was placed
between the studs in the cavity, behind the
interior gypsum board wall. The load-bearing
element (KVH studs and thermal insulation)
was sided with OSB boards on both faces.
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salavého zdroja tepla, ktorym bol keramicky
radia¢ny panel s max. vykonom 50,5 kW/m?..
Drevovlaknita izolacia je bezpecna, prirodna
avysoko efektivna alternativa namiesto
syntetickych izola¢nych materialov dostupnych
na trhu. VécSina drevovlaknitych izolacii ma
viac ako 95 %-né zastupenie drevovlakna.
Zastupenie uhlika je preto omnoho vyraznejSie
ako uizolatnych materidlov na  baze
mineralnych vlékien alebo penovych izolacii
[1]. Koeficient tepelnej vodivosti A= 0,040
W/m.K. Jednou z alternativ tepelnej izolacie na
baze drevovlakna je aj drevny odpad (wood
waste), ktory sa podl'a Cetiner a Shea [2] medzi
jednotlivé hranoly v konStrukcie manudlne
nasype alebo nafuka.

Konopna izolacia patri medzi
najekologickejSie izolacné ateridly dneSnych
¢ias apodla Shahzad [3] nahrddza tepelnu
izolaciu zo sklenych vladkien. Okrem
vynikajtcich tepelno-izolaénych a zvukovo-
izolaénych parametrov je konopnd izoléacia
prijemna na dotyk, vonia prirodnou arémou
konope. Je vysoko paropriepustna (difuzne
otvorena), zabezpeCuje vysokil ochranu voci
chladu v zime, ale zabraniuje aj prehrievaniu v
lete. Konopné vlakno vyborne reguluje vihkost
bez toho, aby sa narusili jeho tepelno-technické
vlastnosti [4]. Tento fakt potvrdzuje aj
Kadlicova akol. [5], ktori tvrdia, Ze tato
izolacia disponuje schopnostou opatovného
uvolfiovania absorbovanej vlhkosti a spolu s
vysokou priedusnostou zachovava zdrava
mikrofloru stavby. AvSak podla Freivalde
a kol. [6], su ale neupravené izolacie z konope
horlavejsie.

2 Material a metédy

Hlavnymi nosnymi prvkami navrhnutych
skladieb obvodovej steny su drevené KVH
hranoly (140 x 60 mm). Vzorka ¢.1 bola
zhotovena s tepelnou izolaciou z drevovlakna,
koré bolo umiestnené medzi KVH hranolmi a v
inStalacnej medzere za vnutornou
sadrokartonovou doskou. Nosna cast’ vzorky
(KVH hranoly + tepelnd izolacia) bola
z obidvoch stran oblozena OSB doskou.
Z vonkajsej strany bol obklad z lisovane]
drevovlaknitej dosky, omietnuty fasadnou
omietkou.

Vzorka ¢. 2 mala rovnaku skladbu, tepelna
izolacia v inStalacnej medzere a medzi KVH
hranolmi vSak bola z konopnych vlakien.



13(2): 95-99, 2019

ADelta

FIRE PROTECTION & SAFETY Scientific Journal

DOI: 10.17423/delta.2019.13.2.76

exterior side was completed with pressed wood-
fiber board, facade rendering.

Sample No. 2 had the identical composition
and placement, however the thermal insulation
was made of hemp fibers. According to the
classification standard STN EN 13 501-1 +
Al/Z1 [7] declared by the manufacturer, the
wood fiber insulation has the reaction-to-fire
classification of E and hemp insulation holds
class Dsi do.

The ceramic radiation panel is a source of
heat which generates the thermal energy from
the combustion of propane-butane gas. The area
transmitting the radiant heat has the dimensions
of 48 x 28 cm. The maximal output of the heater
is 50.5 kW/m?, maximal temperature of the
radiation panel is 935°C. Test samples were
exposed to radiant heat at 200 mm from the
radiation panel. The temperature values were
recorded by the thermocouples placed on the
surface and inside the sample, between the
individual layers of the samples. There were 10
thermocouples placed in every test sample. The
thermocouples can measure the temperature up
to 1,200°C. The temperature development of
the thermocouples on the test samples is
illustrated in Figures 1 and 2. Temperature
development on thermocouples TO, T1, T2, T7,
T8, T9 meged into one curve; therefore, they are
not visible in the graphs in Figures 1 and 2.

3 Results and Discussion

Graphical illustration of the temperature
development pointed at the dissimilar behavior
of the samples during the experiment. The
plasterboard resisted the effects of the radiant
heat longer, however the inner temperature rose
more markedly at the sample No.2. This
difference is caused by the fact that hemp
insulation placed inside the service cavity is less
resistant against thermal loading than the
insulation made of pressed wood fibre placed in
the sample No. 1 with the lower coefficient of
thermal conductivity A= 0,036 W/m-'K. During
the 60th minute, the temperature on the OSB
surface at the test sample No.1 was 234.9° C, at
sample No.2, the temperature was 325.8°C. The
temperature difference of 90.9°C on the OSB
surface s illustrated in the graph by
thermocouple  No.4. The higher thermal
insulation between the KVH studs, even the
KVH stud itself, were not degraded to any
extent and remained entirely intact.
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Drevovlaknitd izolacia ma v zmysle
klasifikaénej normy STN EN 13 501-1 + A1/Z1
[7] vyrobcom deklarovanu triedu reakcie na
ohen E, konopna izolacia ma triedu Ds1,d0.

Keramicky radiacny panel je zdrojom tepla,
ktory ziskava tepelnti energiu zo spal'ovania
propan-butanu. Plocha, cez ktoru odovzdava
salavé teplo, ma rozmery 48 x 28cm.
Maximdlny dosiahnutelny tepelny vykon je
50,5 kW/m2, maximalna teplota radiacného
panelu je 935°C. Skuasobné vzorky boli
vystavené salavému teplu zo vzdialenosti 200
mm od radiacného panelu. Hodnoty teplot sa
zaznamenavali pomocou termoclankov
rozmiestnenych na povrchu aj vo vnutri, medzi
jednotlivymi vrstvami vzoriek. V kazdej vzorke
bolo umiestnenych 10 ks termoclankov z NiCer,
ktoré st schopné merat’ teplotu az do 1200°C.
Priebeh teplot na jednotlivych termoclankoch
skuasobnych vzoriek je znazorneny na obrazku 1
a obrazku 2. Priebehy teplot na termo¢lankoch
TO, T1, T2, T7, T8, T9 splynuli do jednej
krivky, preto v grafoch nie su viditeIné.

3 Vysledky a diskusia

Grafické znazornenie priebehu teplot
poukazalo na odlisné spravanie sa vzoriek v
priebehu experimentu. Sadrokartonova doska
odolavala dlhsie ucinkom salavého tepla pri
vzorke ¢. 2, avSak vnuatorna teplota stapala
vyraznejSie pri vzorke €. 2. Tento rozdiel je
spOsobeny tym, Ze konopna tepelna izolacia,
ktora sa vo vzorke €. 2 nachadzala v instala¢nej
medzere, bola menej odolnd voci tepelnému
namahaniu, ako tepelna izolacia z lisovanej
drevovlaknitej dosky v in$talatnej medzere
vzorky €. 1 s niz§im koeficientom tepelnej
vodivosti A= 0,036 W/m.K. V Case 60 minut
mal povrch OSB dosky pri vzorke ¢. 1 teplotu
234,9 °C, pri vzorke ¢. 2 bola teplota 325,8 °C.
Teplotny rozdiel 90,9 °C na povrchu OSB
dosky v grafe znazoriuje termoclanok ¢. T4.
Vicsie tepelné namahanie OSB dosky pri
vzorke €. 2 spoOsobilo aj vyraznejSie
poskodenie jej povrchu. Co je viak pozitivne,
ze tepelna izolacia medzi KVH hranolmi, ani
samotny KVH hranol neboli Ziadnym
sposobom degradované a ostali vo vzorke tplne
neporusené. Pri vzorke ¢. 1 bola v 60. minute
teplota na povrchu hranolu 64 °C a pri vzorke
¢. 2 bola teplota 81,8 °C. Na zéaklade ziskanych
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Regarding test sample No.1, the temperature on
the stud more markedly at the sample No. 2.
This difference is caused by the fact that hemp
insulation placed inside the service cavity is less
resistant against thermal loading than the
surface in the 60th minute was 64°C and on test
sample No.2 it was 81.8°C. The temperature of
the KVH stud at the test sample No.2 began to
increase more dramatically which could lead to
its ignition. Based on the gained results,
assumed fire resistance of the test samples can
be stated uniformly including defining the
construction element; that is 60 REI/D3.

Temperature/Teplota (°C)

vysledkov, mozeme klasifikovat
predpokladant  poziarnu odolnost’ skiiSanych
vzoriek jednotne, a SurCenim druhu
konstrukéného prvku, a to 60 REI/D3.

T2 T3 e

Time/Cas (min)
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Figure 1. The illustration of the temperature development for sample No. 1
Obrazok. 1 Graficky priebeh teplot pri vzorke ¢. 1

Temperature/Teplota (°C)
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Figure 2. The illustration of the temperawre uevelopment for sample No. 2
Obrazok. 2 Graficky priebeh teplot pri vzorke ¢. 2

Delta 2019, 13(2):95-99



FIRE PROTECTION & SAFETY Scientific Journal
A@ eé% 13(2): 95-99, 2019
DOI: 10.17423/delta.2019.13.2.76

4 Conclusions 4 Zaver
The experiment results suggest that the type Vysledky experimentu poukézali na to, ze

of natural thermal insulation and its properties druh prirodnej tepelnej izolacie a jej vlastnosti

in construction elements of timber buildings v konstrukénych prvkoch drevostavieb maji

have an impact on the fire performance in a fire vplyv na ich spravanie sa v podmienkach

and can influence the fire resistance. poziaru a modzu ovplyvnit' ich poziarnu
odolnost’. Teplota nosného KVH hranolu pri
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