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VPLYV ZAPORNYCH TEPLOT NA KOEFICIENT TEPELNE]
VODIVOSTI CESTNYCH STAVEBNYCH MATERIALOV

THE INFLUENCE OF NEGATIVE TEMPERATURES ON THE HEAT CONDUCTIVITY

FACTOR OF ROAD-BUILDING MATERIALS

Posudzovanie vozoviek z hladiska ochrany pred icinkami mrazu
Jje dolezitym prvkom hodnotenia ich konstrukcie. Klimatické podmien-
ky Slovenska spésobujii pocas zimného obdobia niekolko cyklov pre-
mizania vozovky a jej podlozia. Tento jav je nebezpecny z pohladu
deformdcii jej povrchu a straty prevddzkovej sposobilosti. Z toho
dovodu je pre ndvrh konstrukcie potrebné poznat teplotechnické
charakteristiky materidlov jednotlivych vrstiev. Napriek tomu, Ze
v procese premrzania si aktivne charakteristiky v zamrznutom stave,
sit merané a hodnotené len v prirodzenom stave. Z toho dévodu je
prispevok zamerany na meranie koeficientu tepelnej vodivosti staveb-
nych materidlov pri zapornej teplote metodou nestaciondrneho tepel-
ného toku. Pre analyzu boli vybraté asfaltové zmesi, pouZivané na
kryty vozoviek a niektoré druhy zemin podloZia.

1. Uvod

Teplotné charakteristiky cestnych stavebnych materialov st
vel'mi délezité pre navrh vozovky z hladiska jej ochrany pred ucin-
kami premfzania podlozia. Napriek tomu, Ze v procese premiza-
nia su materialy konstrukcie vozovky a podlozia v zamrznutom
stave, s merané a hodnotené len v prirodzenom stave. Z toho
dovodu je na pracovisku autorov uz niekol'ko rokov kladeny doraz
na meranie koeficientu tepelnej vodivosti stavebnych materialov
pri zapornej teplote.

Na Slovensku je pouzivanych niekol'ko normovych metod pre
meranie koeficientu tepelnej vodivosti. Pre meranie materialov
v zamrznutom stave bola vybrata metdda nestacionarneho tepel-
ného toku [1], [2], ktora bola niekolko rokov overovana na Zilin-
skej univerzite v ramci rieSenia vyskumnych uloh.

2. Fyzikalny princip metody
V stavebnych materialoch je teplo Sirené takmer vylucne

vedenim. Z toho dovodu je fyzikalnym zakladom metody jedno-
smerné Sirenie tepla, definované Fourierom:

Appraisal of pavement from preservation against frost influence
point of view is important point of its structure evaluation. The Slovak
climatic conditions originate the same cycles of pavement and sub-
grade freezing during a winter period. This effect is dangerous from
surface deformation and loss of serviceability point of view. Therefore
is necessary to know the thermo-technical properties of layers’ mate-
rials for structure design. The values in nature state are measured
and evaluated only, although during freezing process the characteris-
tics in frozen state are active. Therefore an article deals with measur-
ing of a heat conductivity factor of building materials during negative
temperature by method of non-stationary thermal flow. The asphalt
mixtures used for pavement wearing courses and some type of sub-
grade soils were selected for analysis.

1. Introduction

The thermal characteristics of road-building materials are very
important for design of pavement from protection against the frost
penetration into subgrade point of view. The values in a natural
state are measured and evaluated only, although during the freezing
process the pavement materials and subgrade are in frozen state.
Therefore, for a few years the attention has been paid to the mea-
surement of heat conductivity factor of building materials by nega-
tive temperature.

Some standard methods for measuring the heat conductivity
factor are used in Slovakia. The method of non-stationary thermal
flow [1], which was verified many years in UTC Zilina and was
based on many measurements within the framework of research
work solution, was selected for measurement of materials in frost
phase [2].

2 The physical principle of methodology
In building materials is heat spreading almost exclusively by

conduction. Therefore, the physical basis of method is Fourier flow
of one-direct thermal spreading:
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kde: g0x,/0 - hustota tepelného toku, W.m ™2
A - koeficient tepelnej vodivosti, W.m ™ LK ™!
07,100 ) )
6— - teplotny gradient v iirovni x a ¢ase ¢z, °C.
X

Teplotné pomery sa v sledovanej oblasti menia podla vztahu
(2):
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kde: p - objemova hmotnost, kg.m >
¢ - merna tepelna kapacita, J.kg~ LK.

Zo vztahov (1) a (2) ziskame rovnicu (3), popisujucu vyvoj
teplotného pola, z ktorej je mozné vypocitat koeficient tepelnej
vodivosti A.
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Pociatocné podmienky

Numerické rieSenie vztahu (3) je zalozené na principe merania
koeficientu tepelnej vodivosti [3]. Vzorka je umiestnena v tepelne
izolovanej nadobe. Zaznamenavana je teplota na spodnej ploche
vzorky, priCom na jej povrchu je udrZovana teplota konStantna.
Pre meranie boli ur¢ené nasledovné pociatocné podmienky:

T(x0) =T,
0,0 =Ty (4)
gthy =0,

kde: T, - pociatocna teplota vzorky, °C
T,, - kon§tantna teplota na povrchu vzorky, °C
h - hrubka vzorky, m
x - hodnotena uroven, m

t -cas,s
q - hustota tepelného toku na spodnej ploche vzorky,
W.m 2

Vzorka je rozdelena na n vrstiev s hriibkou vrstvy Ax. Poci-
tany je Gasovy interval A7 medzi 10 % a 50 % poklesom pociatoc-
ného teplotného gradientu na spodnej ploche vzorky. Porovnanim
teoretickej a vypocitanej hodnoty bol pre vypocet koeficientu tepel-
nej vodivosti A ziskany vztah:

P2
)\:0,249~E'p~c, (5

kde symboly su zrejmé z predoslého.

Okrajové podmienky

Na meranie materidlov v prirodzenom stave je pouZivana
pociatocna teplota vzorky 20 °C a teplota na povrchu vzorky 0 °C.
Ako médium pre zabezpecenie konsStantnej povrchovej teploty sa
pouziva zmes vody a ladu. Problém vznika v pripade merania mate-
rialov v zamrznutom stave. V prvom rade musi byt zabezpecCeny
teplotny rozdiel medzi vzorkou a médiom minimalne 10 °C. Z fyzi-
kalneho hladiska nie je podstatné, ¢i je vzorka schladzovana alebo
zahrievana, ale z pohladu nebezpecia vzniku latentného tepla je

2

where: gL,/ - density of thermal flow, W.m™
A - heat conductivity factor, Wm~ LK ™!
0TC,100 o )
o temperature gradient in level x and time ¢, °C.
X

Temperature relation of area is changed by equation (2):
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where: p - mass density, kg.m 3
¢ - specific heat capacity, J.kg 'K L.

From (1) and (2) we can obtain an equation (3) describing
a development of a temperature field, from which the heat con-
ductivity factor A can be calculated.

0TOx/0 A 0°TOv0
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The initial conditions
Numerical solution of equation (3) is based on principles of
a heat conductivity factor measuring [3]. A sample is located to
the heat-isolated vessel. A temperature on the bottom site of sample
is registered while keeping a constant temperature on the top site.
The next initial conditions were determined:

T(x,0) = To
T(0,r) = TM 4)
gthy =0

where: 7, - initial temperature of sample, °C
T,, - constant temperature on the top of sample, °C
h - thickness of samples, m
x - evaluated point, m
t -time, s
g - heat flow density on the sample bottom area, W.m 2

The sample is divided to n-layers system with thickness of
layer Ax. The time interval Az between 10 % and 50 % decrease of
initial temperature gradient on the bottom of the sample is calcu-
lated. Comparing theoretical and experimental values, the final
equation for factor A calculation was created:

hz
A=0249-—-p-c, 5
VLA )

where all symbols are already known.

The border conditions

For measuring of material in a natural state the initial tempe-
rature of sample 20 °C and constant temperature on a top of
sample 0 °C are used. The mixture of water and ice is used as
a medium for assurance of the constant sample surface tempera-
ture. The problem arises in the case of measuring the material in
the frozen phase. At first the temperature difference between
sample and medium must be minimal 10 °C. From a physical point
of view is not decisive if the sample is cooled or warmed, but from
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velmi dolezité, aby nebola zasiahnutd hranica nulovej teploty.
Nasiakavé stavebné materialy nemozu pocas merania prechadzat
nulovou izotermou, maximalna teplota vzorky musi byt nizsia ako
—3 °C. PredovSetkym v zeminach dochadza k fazovej premene
vody uz pri teplotach od —1 °C do —3 °C, ¢o moze mat rozhodu-
juci vplyv na namerané vysledky. Z tohto dovodu sa pre meranie
pouziva teplotny rozsah od —5 °C do —20 °C.

Vel'mi zavaznym problémom je vyber typu média pre zabez-
pecenie konstantnej teploty na povrchu vzorky. Na zaklade odsku-
Sania roznych typov nemrznucich kvapalin bol vybraty klasicky
solny roztok. Zvoleny bol 30 % roztok, ktory zabezpecil tekuty
stav média v meranom ¢asovom rozsahu. Médium je kontinualne
mieSané pre zabezpeCenie rovnomernej distribucie teploty po
povrchu meranej vzorky. Na zaklade uvedenych faktov boli odsku-
sané nasledovné kombinacie okrajovych podmienok:

a) teplota vzorky a vo vnutri klimatickej skrine —5 °C, teplota
média —17 °C

b) teplota vzorky a vo vnutri klimatickej skrine —18 °C, teplota
média — 5 °C.

Variant a) zabezpecil konstantni teplotu maximalne pocas 15
minut, o je na meranie nedostatocna doba. Preto boli pre rutinné
meranie zvolené nasledovné teploty:

- Teplota vzorky —18 °C + 2 °C.
- Teplota v klimatickej skrini —18 °C.
- Teplota média —5 °C.

Dolezitou podmienkou merania je konstantna teplota celého
systému. Vzorka je umiestnena spolu s meracou aparatirou na 24
hodin do klimatickej skrine, v ktorej je potom realizované aj vlastné
meranie. Bezprostredne na povrch vzorky je umiestnené zahrie-
vacie zariadenie, zabezpecujuce konstantnu teplotu média. Cela
suprava je riadena elektronicky so zaznamenavanim teploty média
v priebehu merania.

3. Meranie tepelnej kapacity

Merna tepelna kapacita ‘c’ je zakladnym vstupnym paramet-
rom pre vypocet koeficientu tepelnej vodivosti a je urCovana pre
kazdu vzorku. Vypocet jej hodnoty pre zamrznuté materialy nie je
moZny z hodnoty suchého materialu. Analogia s vypoc¢tom hodnoty
tepelnej kapacity pre vlhké vzorky pri kladnych teplotach nebola
vyskumom potvrdena.

Tepelna kapacita je merana na zaklade fyzikalnej definicie
(6). Prestup tepla je urCovany kalorimetrickou metédou, ktora
predpoklada tepelne izolovany kalorimeter so vzorkou a médiom.
Merna tepelna kapacita je urovana pomocou kalorimetrickej
rovnice po dosiahnuti teplotnej rovnovahy.
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a latent heat standpoint is very important to not touch zero boun-
dary. The absorptive building materials cannot proceed through
zero point during measurement. The maximal temperature of
sample must be below —3 °C. Above all the soils the water phase
change occurs in temperatures from —1 °C to —3 °C, which has
an ultimate influence to measure results. Therefore the tempera-
tures ranging from —5 °C to —20 °C were used for measuring.

A very important problem of measurement was a medium for
assuring the constant temperature of a sample top. After experi-
ments with different types of non-freezing liquids classic salt water
was selected. The 30 % salt solution that secures a permanent
liquid state of medium in measuring range was selected. The
medium is uninterruptedly mixed for equitable distribution of
temperature on top of sample. For the these reasons the next va-
riants were examined:

a) temperature of sample and inside of climatic chamber —5 °C,
temperature of medium —17 °C

b) temperature of sample and inside of climatic chamber —18 °C,
temperature of medium —5 °C

The variant a) secures a constant temperature maximum 15
minutes, which is a short time for measuring. Therefore, the next
temperatures were selected for routine measurements:

- temperature of sample —18 °C + 2 °C.
- temperature in climatic chamber —18 °C.
- temperature of medium —5 °C.

An important condition of measurement is the constant tem-
perature of the whole system. The sample with measuring apparatus
is placed for 24 hours into a climatic chamber in which a measure-
ment is realised after this time, too. Warming apparatus localised
immediately above a surface of sample ensures the constant tem-
perature of medium. An electronic recorder that registered a tem-
perature of medium during measurement controls the apparatus.

3. The measuring of the heat capacity

The heat capacity ‘c’ as a basic input parameter for heat con-
ductivity factor calculation is a determinate for each sample. The
calculation of frozen material value is not possible from value of
dry natural material. An analogy with calculation the heat capa-
city of wet material during positive temperature is not confirmed
by research.

The heat capacity is measured on the base of physical defini-
tion (6). The transmitted heat is determined by calorimetric
method, which assumes the heat-isolated calorimeter with sample
and medium. The specific heat capacity is determines by calori-
metric equation after achievement of temperatures’ balance.

1 Agq p 1 Ag 6
€ m AT (6) T m AT ©)
kde: m - hmotnost vzorky, kg where: m - mass of the sample, kg
Ag - odovzdané teplo vzorke, J Ag - transmitted heat to sample, J
AT - zmena teploty od odovzdaného tepla, K. AT - change of temperature for transmitted heat, K.
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4. Meranie koeficientu tepelnej vodivosti

Prispevok sa venuje koeficientu tepelnej vodivosti vybratych
cestnych stavebnych materialov. Prvym materidlom su asfaltové
zmesi, druhym zeminy podlozia. Dalgie materialy su analyzované
v stiCasnosti v ramci prace na grantovej vyskumnej ulohe.

Asfaltové zmesi

Pre meranie boli zvolené asfaltové zmesi, obsahujice modifi-
kovany asfalt (vzorky 1, 2) a klasicky asfalt (vzorka 3). Zmesi
s modifikovanym spojivom st v sucasnosti viac pouzivané ako
zmesi s klasickym spojivom pre ich lepSie deformaéné charakte-
ristiky. Porovnanie teplo-technickych vlastnosti je jednym z cielov
sucasnych vyskumnych aktivit na katedre. Zakladné uidaje o zloZeni
meranych zmesi su uvedené v tab. 1.

4. The measuring of the heat conductivity factor

The article treats the heat conductivity factor of selected road
building materials. The first material is asphalt mixtures, second
is soil of pavement subgrade. Other materials are analysed in
frame of the grant research project in this time.

Asphalt mixtures

The asphalt mixtures containing the modified asphalt (sample
1, 2) and classic asphalt (sample 3) were selected for measuring.
The mixtures with modified asphalt are using more in this time
than with classic asphalt for better deformation characteristics.
The comparison of thermal-technical properties is one from aims
of recent research activities of our department. The basic compo-
sition of measured mixtures is described in Table 1.

ZloZenie asfaltovych zmesi Tab. 1
The composition of asphalt mixtures Table 1
Zmes | Mixture AKMS 1 AKMS 2 AKMS 3
Kamenivo / Maluzina 11-16 - 55% Maluzina 11-16 - 55%
Aggregate LoSonec 811 - 42.0% Maluzina 811 - 41.5% Maluzina 811 - 41.5%
LoSonec 48 - 187 % Maluzina 4-8 - 20.0% | Maluzina 4-8 -20.0%
Bukova 04 - 233% Varin 24 - 85% Varin 24 - 85%
VIM Zirany - 93% | Varin 02 - 145% | Varin 02 - 14.5%
Filler L. Lucka - 10.0 % | Filler L. Lucka - 10.0 %
Asfalt /| Asphalt [ Apollobit MCA 80 - 6.7% Apollobit MCA 80 - 65% | AP 80 - 65%
Prisada /
. Technocel - 04% Technocel - 04%
Ingredient

Merania potvrdili nepodstatné rozdiely medzi teplotechnic-
kymi vlastnostami suchych a zamrznutych materialov. Na zaklade
fyzikalnej podstaty zmesi z toho vyplyva, Ze nie je potrebné uva-
zovat s vplyvom teploty na koeficient tepelnej vodivosti v zimnych
podmienkach.

Pouzitie réznych spojiv ukazalo, Ze modifikované asfalty
nemaju podstatny vplyv na koeficient tepelnej vodivosti asfalto-
vych zmesi. Maximalny rozdiel je okolo 10 %. Porovnanie name-
ranych a normovych hodnét naznacuje, Ze je potrebné spresnit
vypoctové hodnoty pre AKM. Hodnota koeficientu tepelnej vodi-
vosti 1,40 W.m ™ 'K~ ! bola potvrdena len pri zmesi 1. Pri dalsich
zmesiach bola prekrocena o 25 - 80 %, ¢o nie je zanedbatelna
hodnota. Vysledky merani st uvedené v tab. 2 a na obr. 1.

The measurements have sustained irrelevant differences
between thermal-technical characteristics of dry and frozen mate-
rials. In terms of physical essence of mixture it was determined
that it is not necessary to regard the temperature influence on the
heat conductivity factor in winter conditions.

In terms of the used binder the measurements showed that
modified asphalt doesn’t essentially influence the heat conducti-
vity factor of asphalt mixture. The maximal difference is about 10 %.
The comparison of measured and standard values indicates that
standard values for mixtures AKM is necessary to be more accu-
rate. Presented values of heat conductivity factor 1.40 W.m ™ TK!
were exhibited for mixture number 1 only. The values of other test
mixtures exceeded 25 - 80 %, which are not negligible values. The
results are presented in Table 2 and on Fig. 1.

Koeficient tepelnej vodivosti asfaltovych zmesi Tab. 2 The heat conductivity factor of asphalt mixtures Table 2
Zmes |Tepelna kapacita, Koeficient tepelnej vodivosti, Mixture | Heat capacity, Heat conductivity factor,
Jkg 'K7! Wm LK Jkg ' K7! Wm ™K
sucha vzorka zamrznuta vzorka Dry phase Frozen phase
AKMS-1 1198 1,46 1,36 AKMS-1 1198 1.46 1.36
AKMS-2 1338 2,06 2,01 AKMS-2 1338 2.06 2.01
AKMS-3 1171 1,74 1,85 AKMS-3 1171 1.74 1.85
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Zeminy podloZia

Pre analyzu boli vybraté 4
druhy zemin podlozia. Zvolené
boli najcastejSie sa vyskytujuce
zeminy z roznych lokalit Sloven-
ska. Zakladné parametre materia-
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Suginitel tepelnej vodivosti L asfaltovych zmesi
The heat conductivity factor . of asphalt mixtures
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The soils of subgrade

The four types of subgrade
soil were selected for analysis. The
option includes the most used
types of soils from different locali-
ties in Slovakia. The basic para-

lov st uvedené v tab. 3.

conductivity factor 2, W.m ".K"!
1<)
[

AKMS-1

sucinitel tepelnej vodivosti / heat

meters of materials are presented
in Table 3.

AKMS-2 AKMS-3

Hodnoty sledovanych charak- ‘ Dsuchaldry

Ozamrznuté/frozen ‘

teristik boli stanovené na vzor-
kéach v suchom stave, pri optimal-
nej vlhkosti a v zamrznutom stave.
Ziskané hodnoty mernej tepelnej kapacity a koeficientu tepelnej
vodivosti su uvedené v tab. 4 a na obr. 2. Zeminy 1-3 su velmi
podobné sudrzné zeminy, zemina 4 je nesudrzny Strkovy il s roz-
dielnou granulometriou. Z toho vyplyvaju tiez rozdielne teplo-
technické vlastnosti.

Obr. 1. Koeficient tepelnej vodivosti asfaltovych zmesi
Fig. 1. The heat conductivity factor of asphalt mixtures

The values of observed cha-
racteristics were determinated on
samples in the dry phase, in phase
of natural moisture and after freezing. Obtained values of the heat
capacity and the heat conductivity factors are presented in Table
4 and on Fig. 2. The soils 1-3 were very similar, coherent soils; soil
4 was non-coherent gravel loam with different grading. It follows
the different thermal-technical properties, too.

Zakladné parametre zemin Tab. 3
Vzorka 1 2 3 4
Nazov il so strednou il s vysokou il piescity I F4 CS; il strkovity F2 CG
plasticitou F6 CI plasticitou F§ CH
Optimalna vlhkost 17,5 % 25,5 % 16,2 % 16,0 %
Maximalna objemova
hmotnost 1740 kg.m ™ 1530 kg.m~* 1770 kgm ~? 1710 kg.m™*
Namrzavost namfzava aZ nebezpecne namfzava aZ nebezpecne mierne namfzava stredno-plasticka,
namrfzava namfzava nebezpecne namfzava
The basic parameters of soils Table 3
Sample 1 2 3 4
Name Loam with middle Loam with high Sandy loam I F4 CS1 Gravel loam F2 CG
plasticity F6 CI plasticity F8 CH
Optimal moisture 17.5 % 255 % 16.2 % 16.0 %
Maximal mass
density 1740 kg.m—* 1530 kg.m? 1770 kgm~* 1710 kg.m 3
Frost susceptibility susceptible till danger susceptible till danger middle susceptible danger susceptible
susceptible susceptible
Teplotechnické vlastnosti zemin Tab. 4
Zemina Tepelna kapacita, J.kg ™' K™! Koeficient tepelnej vodivosti, W.m ™ L.K ™!
sucha vlhka zamrznuta sucha vlhka zamrznuta
1 733 1267 757 0,22 118 0,73
2 511 1265 713 0,12 0,77 0,52
3 624 1135 715 0,21 1,20 0,94
4 1710 1936 1464 0,58 1,13 0,64

Koeficient tepelnej vodivosti suchych zemin sa pohybuje

The heat conductivity factor of dry soils ranges from 0.1 to

v rozsahu 0,1 a7z 0,6 Wm 'K ! a vlhkych zemin 0,7 az 1,2
Wm 'Kl To poukazuje na ich réznorodost. Zeminy podob-
ného typu maju rozne fyzikalne vlastnosti, co komplikuje moznost
generalizovania ich teplotechnickych charakteristik.

0.6 W.m 'K !and of moist soil ranges from 0.7 to 1.2 W.m LK ..
It shows the soil diversity. The soils of similar type have the
different physical properties and it obstructs the possibility to
generalize thermal technical characteristics.
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The thermal-technical properties of soils Table 4
Soil Heat capacity, J.kg~ 1K™! Heat conductivity factor, W.m ™~ X!
Dry Moist Frozen Dry Moist Frozen
1 733 1267 757 0.22 118 0.73
2 511 1265 713 0.12 0.77 0.52
3 624 1135 715 0.21 1.20 0.94
4 1710 1936 1464 0.58 113 0.64

Hodnoty koeficientu tepelnej vodivosti zamrznutych zemin su
v zasade o 300 - 400 % vyssie ako nezamrznutych. Merania ukaza-
li, Ze hodnoty koeficientu tepelnej vodivosti zamrznutych zemin
sa priblizuju k hodnotam vlh-
kych zemin, ale ich nedosa-
huju. Rozdiel je len pri zemine

Sucinitel tepelnej vodivosti 1 zemin
The heat conductivity factor i of solls

The values of the heat conductivity factor of frozen samples
are mentioned approximately about 300 - 400 % upper than values
of non-frozen samples. The measurements have showed that the
value of the heat conductivity factor
of frozen soils approaches the value of
moist soil but doesn’t exceed it. The

fact is different only in soil 4, which is
a little absorptive. The values for dry

and frozen sample are very close.

The total evaluation

The obtained values of the heat

-
;. .. , . [0]
4, ktora je minimalne nasiaka- ff‘- 160
. . G E
va. Hodnoty pre suchu a za- LFERT
mrznutd vzorku su v tomto pri- 8 <
pade vel'mi podobné. 23 o8
8>
S g 040
Celkové hodnotenie £ 3
o . 5% [] — []
Ziskané vysledky merani @ 8 000 ; ) R ‘ .

koeficientu tepelnej vodivosti
poukazuji na rezervy metodi-
ky na posudzovanie konStruk-
cie vozovky z hladiska tepel-
ného odporu. Normové hodnoty nereaguju vzdy na nepriaznivé
podmienky v konStrukcii a mnohokrat su podhodnotené. Name-
rané hodnoty zodpovedali navrhovym u zemin podloZia, pri asfal-
tovych zmesiach boli zistené znacné rozdiely. Uvedené konstato-
vania podporuje aj stav cestnej siete na Slovensku, predovsetkym
po ukonceni zimného obdobia.

5. Zavery

Porovnanie nameranych hodnot s navrhovymi potvrdzuje ich
platnost pre zeminy podloZia, pre ktoré su teplotechnické vlast-
nosti vyznamnych parametrom. V zavislosti od ich hodnoty vzni-
kaju deformacie povrchu a strata prevadzkovej sposobilosti. Zna¢na
pozornost musi byt venovana vztahu medzi koeficientom tepelnej
vodivosti a vlhkosfou. Narastom vlhkosti bol potvrdeny narast
koeficientu tepelnej vodivosti v niektorych pripadoch az o 800 %
a prezentované hodnoty potvrdili dosledok vplyvu vlhkosti zeminy
podlozia na vznik deformacii v zimnom a jarnom obdobi.

Popisana metoda hodnotenia koeficientu tepelnej vodivosti A
je ekonomicka a ¢asovo nenaro¢na. UrCuje sledované charakteris-
tiky v realnych podmienkach konStrukcie vozovky. V sucasnosti
su uskutocnované merania koeficientu tepelnej vodivosti materia-
lov podkladnych vrstiev. Pozornost je tiez venovana vztahu medzi
mernou tepelnou kapacitou a teplotou vzorky. Vztah moze mat
vplyv na skuto¢nu hodnotu koeficientu A pri zapornych teplotach,
aj ked nepredpokladame vyrazné ovplyvnenie teoretickych
hodnét.

Cislo zeminy / number of soil
Obr. 2. Koeficient tepelnej vodivosti zemin
Fig. 2. The heat conductivity factor of soils

conductivity factors advert to the
reserve of the appraisal methodology
of the pavement structure from therm-
al resistance point of view. The stan-
dard values of the heat conductivity
factor don’t respond to the most unfavourable conditions in the
road structure, and they are, many times, underestimated. The
determined values respond designed values in full-scale for sub-
grade soils only, for asphalt mixtures considerable differences
were found. The pavement’s status of road network in Slovakia
support this sentences, mainly after wintertime.

5. Conclusions

The comparison of measured and design values conforms
their exact estimate for subgrade soil. The thermal-technical cha-
racteristics are significant parameters for subgrade soils. In conse-
quence of this the road deformations originate and road service-
ability and performance is lost. The attention was devoted to the
relation between the heat conductivity factor and moisture. The
increase of the heat conductivity factor was confirmed sometimes
more than 800 %. Present results verify the weight of moisture
influence of subgrade soil on the deformations incipient in win-
tertime and springtime.

The described method of evaluation of the heat conductivity
factor A method is economically and timely undemanding. The
method determines conditions that correspond to real conditions
in pavement structure. In this time the measurements of the heat
conductivity factor of sub-base materials are realised. Attention is
also paid to the determination of relation between specific heat
capacity and a temperature of the sample. That relation can have
an influence to the immediate value of coefficient A at a definite
negative temperature. We do not assume an influence that will
have an expressive effect to present values.
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