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TRVANLIVOST POLYMERBETONOV

DURABILITY OF POLYMER CONCRETES

Cldnok sa zaoberd vplyvmi zvySenej teploty, odolnosti voci mrazu,
vody a chemickych médii na pevnost polymérbetonov pri réznom
obsahu spojiva.

1. Uvod

Polymérbetony patria ku kompozitnym materidlom, ktorych
vyznam a rozsah pouZitia vo vyrobnej praxi stale narastaju. Viaceré
vyhodné vlastnosti tychto materialov, najma rychly narast pevnosti
a vysoké konecné pevnosti, ich velka huzZevnatost, vysoka odol-
nost proti vonkaj$im agresivnym vplyvom, preduréuju ich k efek-
tivnemu vyuzitiu pre rozli¢né Specifické ucely a konstrukcie.

V sucasnosti si uz pomerne dobre preskimané niektoré
zakladné vlastnosti polymérbetonov, vyrobenych na baze rdéznych
druhov zivic. Relativne malo spolahlivych informacii je vSak zatial
o dlhodobe;j trvanlivosti tychto materialov po ich vystaveni u¢inkom
vyssich teplot, dlhodobom ucinku vody alebo opakovanom pdso-
beni mrazu.

Nas vyskum sme zamerali na podrobnejsie preskiimanie vplyvu
zvysenej teploty, opakovaného posobenia mrazu a dlhodobého
posobenia vody a chemickych médii na zmeny zakladnych vlast-
nosti polymérbetonov s roznym obsahom spojiva.

2. Pouzité materialy

Pri vyskume sme pouzili polymérbetony vyrobené s epoxido-
vou zivicou ChS EPOXI 1505 ako spojivom. PInivom bol normovy
kremicity piesok troch frakcii PG I, PG II a PG III a andezitova
mucka z lokality Badin s D, = 0,25 mm v hmotnostnych pome-
roch miesania vypocitanych na zaklade Fullerovej krivky zrnitosti,
ato

PG 1
32,5%

PG II
14,7 %

PG III
34,6 %

andezitova mucka
18,2 %

Normovy kremiCity piesok sa pouzil pre jeho standardné vlast-
nosti a andezitova mucka na vylepSenie granulometrického zloze-
nia plniva.

Decrease of the compressive strength and the flexural strength of
polymer concretes based on an epoxy resin as a result of repetitive
effect of frost, increased temperatures 40 °C and 80 °C and long-term
water effect.

1. Introduction

The polymer concretes belong to composite materials, whose
importance and range of application in production are still increas-
ing. These materials are predetermined for their effective applica-
tion for various specific purposes and constructions by many of
their advantageous properties as are fast growth of the strength
and high final strength, the great ductility and high resistance
against the external aggressive effects.

Nowadays, some of the basic properties of the polymer con-
cretes, which are made on the base of various kind of epoxy resin,
are quite well investigated. Nevertheless, there is a relative short-
age of reliable information about the long-term durability of these
materials after their exposing to effects of increased temperatures,
the long-term water effect or the repetitive effects of frost.

The research was oriented on a detailed survey of increasing
temperature influence, the repetitive effects of frost of chemical
medius and the long-term water effect on changes of basic prop-
erties of polymer concretes with various contents of binder.

2. Applied materials and methodologies

Polymer concretes, which were made with epoxy resin ChS
EPOXI 1505 as binder, were used in the research. The standard
siliceous sand of three size fractions PG I, PG II and PG III and
the andesite powder from the locality Badin with D,,,,. = 0.25mm
were used as a filler. The mix ratio was computed according to the
Fuller’s grading curve namely

PGI
32.5%

PG 1II
14.7%

PG III
34.6%

andesite powder
18.2%.

The standard siliceous sand was applied owing to its known
standard properties and the andesite powder was applied to upgrade
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Ako spojivo sa pouzila epoxidova zZivica ChS EPOXI 1505
v mnoZstvach 7,5; 10; 12,5; 15; 17,5; 20; 22,5 a 25 % z hmotnosti
plniva. Na vytvrdzovanie spojiva sa pouZilo tvrdidlo P-1 v pomere
miesania S:T = 10:1, priCom proces vytvrdzovania prebiehal pri
teplote 20 °C.

Z cerstvych kompozitnych zmesi sa vyrobili sady vzoriek
40 X 40 X 160 mm. Po 7 dioch tvrdnutia boli porovnavacie vzorky
vloZené do laboratorneho prostredia s teplotou 20 °C a relativnou
vlhkostou vzduchu 70 %. Dalsie sady vzoriek boli vlozené do kli-
matizacnej komory s konstantnou teplotou 40 °C na ¢as 180 dni
a dalSie sady vzoriek vloZené do klimatizacnej komory s konstant-
nou teplotou 80 °C na ¢as 180 dni. Pri §tadiu opakovaného mrazu
pozostaval jeden zmrazovaci cyklus zo zmrazovania pocas 4
hodin pri teplote —20°C £ 2°C a z 2 hodin rozmrazovania vo
vode s teplotou 20 °C =+ 2 °C. Dalsie sady vzoriek boli vlozené do
vodného kupela s teplotou 20 °C =+ 2 °C na ¢as 15 rokov.

Chemicka odolnost sa zistovala po 7, 28 a 90 diioch posobe-
nia média.

Porovitost bola zistovana porozimetrickou analyzou pomocou
porozimetra ,.carlo erba“.

Priebeh porusovania vzoriek sa urCoval zo zmeny pevnosti pri
ohybe (trojbodovy ohyb) a zmeny pevnosti v tlaku na zostatkoch
vzoriek po pevnosti pri ohybe na ploche 225 mm?.

3. Vysledky skusok

Degradacia vlastnosti polymérbetonov vplyvom posobenia
vysSich teplot je uvedena na obr. 1 a 2. Vysledky potvrdzuju nega-
tivny vplyv posobenia zvySenych teplot na pevnost v tlaku ako aj
pevnost v tahu pri ohybe. Pokles pevnosti narasta so zvysujucou
sa teplotou. Pri vzorkach vystavenych pdsobeniu teploty 80 °C bol
vSeobecne o 14 az 40 % vacsi ako pri zodpovedajucich vzorkach
vystavenych teplote 40 °C.

The epoxy resin ChS EPOXI 1505 was used as a binder. Its
content was 7.5; 10; 12.5; 15. 17.5; 20; 22.5 and 25 % from the weight
of aggregate. The hardener P-1 was used for hardening of binder.
The mix ratio of binder and hardener was B:H = 10:1 and the
process of hardening was running over at temperature of 20 °C.

Series of specimens 40 X 40 X 160 mm were made of the
young composite mixtures. The comparative specimens were stored
in laboratory conditions with temperature of 20 °C and relative
humidity of 70 % after 7 days of hardening. The next series of
specimens were stored 180 days in a climatic box with tempera-
ture of 40 °C and other next series of specimens were stored 180
days in a climatic box with temperature of 80 °C. The specimens
were exposed to repetitive effects of frost. One cycle of freezing
consisted of 4 hours freezing with temperature —20 °C £+ 2 °C
and 2 hours defrosting in water with temperature 20 °C = 2 °C.
The next series of specimens were inserted into a water bath with
temperature 20 °C = 2 °C for time 15 years.

The resistance to chemical effects was found out after 7.28
and 90 days of medium acting.

The porosity was investigated by porosity analysis using
porosimeter “carlo erba”.

The process of specimen degradation was observed on the
change of flexural strength (three-point bending) and from the
change of compressive strength. The change of compressive strength
was determined on the remains of specimens after flexural strength
testing on the area of 225 mm>.

3. Test results

Deterioration of polymer concretes properties, which is influ-
enced by effects of increased temperatures, is shown in the Fig. 1
and Fig. 2. The results confirm negative effects of increased tem-
peratures on the compressive and tensile strength of concrete.
Loss of strength increases with increasing of temperature. Loss of
strength on the specimens exposed to 80 °C was in general higher
by 14 - 40% than on the specimens exposed to 40 °C.
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Obr. 1. Odolnost polymérbetonov voci teplote
Fig. 1. Temperature resistance of polymer concrete
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Obr. 2. Odolnost polymérbetonov voci teplote

Fig.2. Temperature resistance of polymer concrete

Vysledky dalej preukazali, Ze pokles pevnosti polymérbetonov
vplyvom zvysSenych teplot vel'mi zavisi od obsahu spojiva v poly-
mérbetone. So zvySujiicou sa davkou spojiva vyznamne narasta.
Vzhladom na uvedené skutocnosti mozno degradacie pevnosti
posobenim zvysenych teplot vysvetlit ako dosledok ich tepelného
starnutia. Prvym priznakom tohto tepelného starnutia je zmena
farby polymérbetonu, ktorej intenzita narastd s obsahom spojiva
v polymérbetdne.

Vysledky skusok vyjadrujice vplyv opakovaného posobenia
mrazu na pevnoti skusanych vzoriek su uvedené na obr. 3 a 4 a jed-
noznaéne preukazuju, Ze poklesy pevnosti v tlaku a v tahu pri
ohybe vyznamne zavisia od obsahu spojiva v polymérbetone. Zatial
¢o pri polymérbetdne s obsahom spojiva 7,5 % sa dosiahol pokles
pevnosti na priblizne 50 % povodnej hodnoty asi po 150 zmrazova-
cich cykloch, pri polymérbeténe s obsahom spojiva 25 % sa dosia-
hol rovnaky relativny pokles pevnosti az po 500 zmrazovacich
cykloch.

Dosiahnuté vysledky vedu k zaveru, Ze nepriaznivy Gc¢inok opa-
kovaného posobenia mrazu na polymérbeton je predovSetkym
funkciou mnozstva kapilarnej vody v zatvrdnutom polymérbetone,
pri¢om toto mnozstvo rozhodujuco zavisi od otvorenej porovitosti
kompozitu. Celkova a otvorena porovitost si potom predovset-

Moreover, the results of testing showed that loss of strength of
polymer concretes due to increased temperatures depends on the
content of binder in polymer concrete. Loss of content strength
increases significantly with the increasing content of binder. From
the viewpoint of content mentioned facts, deterioration of strength
due to increased temperatures can be explained as a consequence
of their temperature ageing process. The first sign of this tempera-
ture ageing process is a change of polymer concrete color. The
intensity of color increases with content of binder in polymer con-
crete.

The test results, which represent the repetitive effects of frost
on the tested specimens strength, are shown in Fig. 3 and Fig. 4.
These results indicate definitely, that loss of compressive strength
and tensile strength depends significantly on the content of binder
in content polymer concrete. Whereas, loss of strength of polymer
concrete with the content of binder of 7.5 % was 50 % of the native
value after 150 freezing cycles and the same loss of strength of
polymer concrete with content of binder of 25 % was even after
500 freezing cycles.

The results lead to conclusion that the negative repetitive
effect of frost on polymer concrete is mostly a function of capillary
water amount in hardened polymer concrete. This capillary water
amount depends critically on the opened porosity of composite.
The total and opened porosity are depended mostly on the content
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Obr. 3. Odolnost voci mrazu polymérbetonov

Fig. 3. Frost resistance of polymer concrete
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Obr. 4. Odolnost polymérbetonov voci mrazu

Fig. 4. Frost resistance

kym zavislé od obsahu spojiva. Jednoznacne to preukazuju vysledky
znazornené v obr. 5 a 6, ktoré vyjadruju vztah medzi celkovou
porovitostou, objemom porov a polomerom porov vzoriek poly-
mérbetonu a ich obsahom spojiva. Najvyssiu otvorent porovitost
maju polymérbetony s najniz§im obsahom spojiva. S rasticim
obsahom spojiva otvorena porovitost klesa, pricom pri obsahu

of polymer concrete

of binder. The results, which are shown in Fig. 5 and Fig. 6, defi-
nitely indicate this conclusion. These results represent relation
among the total porosity, volume of pores and radius of pores of
the polymer concrete specimens and their content of binder. The
polymer concretes with the least content of binder have the most
opened porosity. The opened porosity is decreased with an increas-
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Obr. 5. Porovitost a objem porov polymérbetonov
Fig. 5. Porosity and pores volume of polymer concrete
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Obr. 6: Polomer porov polymérbetonov

Fig. 6: Radius of pores

of polymer concrete
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spojiva 20; 22,5 a 25 % sa prakticky blizi nulovej hodnote, rovnako
ako polomer pérov a objem porov.

Degradacia vlastnosti polymérbetonov vplyvom dlhodobého
posobenia vody (vzorky polymérbetonu ponorené vo vode 15 rokov).
Po 15 rokoch pdsobenia vody bola zistovana pevnost v tahu pri
ohybe a pevnost tlaku. Vysledky st uvedené na obr. 7 a 8. Dosiah-
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ing volume of binder and it is closing to zero value with content
of binder 20; 22.5 and 25 %. The same conclusion is valid for radius
of pores and volume of pores.

Deterioration of polymer concretes properties (specimens dipp-
ed in water for 15 years), which is influenced by a long-term water
effect, is shown in the Fig. 7 and Fig. 8. The compressive strength
and the tensile strength of concrete were observed after 15 years
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Obr. 7. Odolnost voci vode polymérbetonov
Fig. 7. Water resistance of polymer concrete
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Obr. 8. Odolnost voci vode polymérbetonov

Fig. 8. Water resistance of polymer concrete

nuté vysledky vedu k zaveru, Ze nepriaznivy ucinok dlhodobého
posobenia vody na polymérbeton je funkciou mnoZstva spojiva.
Zatial ¢o pri polymérbetone s obsahom spojiva 7,5 % sa dosiahol
pokles pevnosti priblizne o 50 az 60 %, pri obsahu spojiva 20; 22,5
a 25 % bol pokles pevnosti minimalny.

Pri zistovani chemickej odolnosti polymérbetonov sa ako che-
mické médium pouzila 10 % H,SO,, automobilovy olej a moto-
rova nafta. Chemicka odolnost polymérbetonov zavisi hlavne od
odolnosti jeho zloziek (plniva a spojiva) a tieZ od hutnosti kom-
pozitu. Z hladiska dostato¢nej chemickej odolnosti je najvyhod-

of water effect. The results lead to a conclusion that the negative
long-term water effect on polymer concrete is function of binder
amount. Whereas, loss of strength of polymer concrete with content
of binder 7.5 % was 50 - 60 % of the native value, the loss of
strength of polymer concrete with content of binder 20; 22.5 and
25 % was minimum.

Motor oil, 10 % H,SO, and motor diesel were applied as chem-
ical medium for observing the chemical resistance of polymer con-
cretes. The chemical resistance of polymer concrete depends mostly
on the resistance of concrete components (filler and binder) as

well as on the composite density. In term of sufficient chemical
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nejsie pre polymérbetony pouzivat inertné plniva s dostatocnou
hutnostou zmesi. Vysledky experimentov su uvedené na obr. 9
a 10. Z vysledkov vyplyva, Ze pevnost v tlaku a pevnost v tahu pri
ohybe pri obsahu spojiva 10 % posobenim skusanych médii vyka-
zuje podstatné zniZenie pevnosti. Pri obsahu spojiva 25 % su
poklesy pevnosti v laku a v tahu pri ohybe minimalne, ¢o vyplyva
zo samotnej Struktury kompozitu.

resistance, the inert fillers with sufficient density of mixture are
the most convenient for applying. The results are shown in Fig. 9
and Fig. 10. It follows from the result analysis that the compres-
sive and tensile strength of concrete are considerably reduced in
the case of content of binder of 10 % from the aggregate weight.
Loss of the compressive and tensile strength of concrete is
minimal by the content of binder of 25 %. The conclusion follows
from the composite structure.
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Obr. 9. Chemickd odolnost polymérbetonov
Fig. 9. Chemical resistance of polymer concrete
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Obr. 10. Chemicka odolnost polymérbetonov
Fig. 10. Chemical resistance of polymer concrete

4. Zaver

Vysledky experimentalneho vyskumu vplyvu zvysenych teplot
do 80 °C, dlhodobého posobenia vody, opakovaného mrazu a che-
mickej odolnosti na zakladné vlastnosti polymérbetonov, vyrobe-
nych s odstupnovanym obsahom Zivice ChS EPOXI 1505 ako
spojivom mozno zhrnit do nasledujucich zaverov:

4. Conclusion

The results of experimental research of effects of increased
temperatures up to 80 °C, the long-term water effect, repetitive
effects of frost and resistance to chemical effects on a basic prop-
erties of polymer concretes (polymer concretes were made of
resin ChS EPOXI 1505 as binder with graded content) can be
summarized into the following conclusions:
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Posobenie zvySenych teplot zapric¢inuje zniZenie pevnosti uve-
denych polymérbetonov, pricom dosiahnuty stupen degradacie
uvedenych vlastnosti sa pri rovnakom case posobenia zvyse-
nej teploty znizuje s obsahom spojiva v polymérbetone. Poso-
benim zvySenych teplot sa vyznamnejSie nemenia hmotnost
ani objemova hmotnost polymérbetdnu, a preto degradaciu jeho
pevnosti mozno vysvetlif tepelnym starnutim jeho spojivovej
fazy.

Opakované posobenie mrazu zapricinuje pokles pevnosti poly-
meérbetonov, ktoré su pri rovnakom pocte zmrazovacich cyklov
nepriamo umerné obsahu spojiva v polymérbetone, resp. takmer
priamo umerné hodnote celkovej a otvorenej porovitosti poly-
mérbeténu. Polymérbetony s obsahom spojiva nad 20 %, ktoré
vykazovali iba nepatrnu otvorenu aj celkovu porovitost, pre-
ukazali az trojnasobne vysSiu mrazuvzdornost v porovnani
s polymérbetonmi s nizkym obsahom spojiva.

Dlhodobé pdsobenie vody zapriinuje znizenie pevnosti uve-
denych polymérbetonov, pricom dosiahnuty stupen degrada-
cie sa zniZuje s obsahom spojiva v polymérbetone. V pripade
polymérbetonov so spojitou porovitostou dochadza k fyzikal-
nemu a fyzikalno-chemickému pdsobeniu vody na Struktiru
polymérbetonu, co sposobuje znizenie pevnosti v tlaku aj pev-
nosti v tahu pri ohybe.

Chemicka odolnost polymérbetonov zavisi predovsetkym od
mnoZstva spojiva, jeho chemickej odolnosti a od druhu pouzi-
tého média. Diftizia agresivneho chemického média sa preja-
vuje zvlast nepriaznivo, ak cely kompozitny systém sa vyznacuje
malou hutnostou a zvySenou porovitostou.
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The effects of increased temperatures decrease the strength of
the observed polymer concretes. The achieved deterioration
degree of presented properties decreases with the content of
binder in polymer concrete considering the same time of effect
of increased temperature. The effects of increased tempera-
tures do not significantly change the weight and bulk density
of polymer concrete, therefore, the strength decrease seems to
be caused by temperature ageing its binder phase.

The repetitive effects of frost decrease strength of presented
polymer concretes. The losses of strength are indirectly pro-
portional to the content of binder at the same number of freez-
ing cycles or they are almost proportional to the value of total
and opened porosity of polymer concrete respectively. The
polymer concretes with content of binder over 20 % had only
trivial total and opened porosity and they indicated even a three
times higher frost resistance in comparison with polymer con-
crete with low content of binder.

The long-term water effect decreases the strength of the observ-
ed polymer concretes and the deterioration degree decreases
with the content of binder considering the same time of the
long-term water effect. The compressive and tensile strength
decrease in the case of polymer concrete with continuous
porosity is caused by a physical and physical-chemical water
effect on the polymer concrete structure.

The chemical resistance of polymer concretes depends mostly
on the content of binder, chemical resistance of binder and
kind of used medium. The diffusion of aggressive chemical
medium is especially negative, if the whole composite system
has a low massiveness and increased porosity.
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