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Badania sktadu spoiwa i warunkéw dojrzewania matych elementéw
murowych zawierajgcych popiot lotny oraz ekspandowany perlit

Investigation of binders composition and curing condition of
masonry samples with fly ash and expanded pearlite

1. Wstep

Zaprawy wapienne z dodatkiem pucolan naturalnych lub innych
materiatdw pucolanowych byly stosowane juz w starozytnosci (1).
Rzymianie dodawali pokruszone wulkaniczne pucolany do zapraw
wapiennych (2). Wapno, przed zastosowaniem dojrzewato trzy lata
w wilgotnym srodowisku (3). Po upadku cesarstwa rzymskiego
zanikta sztuka wytwarzania dobrych zapraw i zostata one powtérnie
odtworzona przede wszystkim w wieku dziewietnastym, po odkry-
ciu cementu portlandzkiego. Cement ten miat duzg wytrzymatos¢
i nadawat konstrukcyjnym materiatom te wtasciwos¢ fizyczng jakg
posiadaty starozytne zaprawy (2).

Wapno wytwarza sie, jak wiadomo, z wapieni, a do produkcji
cementu dodaje sie do niego gline. Zapewniajg one cementom
dwa podstawowe tlenki, z ktérych w procesie prazenia powstajg
alit i belit gtéwne sktadniki cementu portlandzkiego, decydujgce
0 jego duzej wytrzymatosci na Sciskanie i wlasciwosciach hydrau-
licznych (4). Takze w wyniku reakcji wapna z pucolang w wodzie
powstaje analogiczna faza C-S-H jak z reakcji ortokrzemiandéw w
cemencie, jednak rozwoj wytrzymatosci nie jest tak duzy i szybki
jak w przypadku cementu portlandzkiego. Wiadomo, ze reakcja
pucolanowa w zaprawie rozpoczyna sie po tygodniu lub nawet
pozniej. Do tego czasu pucolana zachowuje sie jak dodatek
obojetny, ktory, w pewnych przypadkach, moze odgrywac¢ role
hetero-zarodkéw dla fazy C-S-H, powstajgcej w procesie hydra-
tacji cementu. Po zapoczatkowaniu reakcji pucolanowej powstajg
dodatkowe ilosci tej fazy, zmniejszajgc porowato$¢ materiatu i
zwiekszajgc wytrzymato$c (5).

W ostatnich czasach cementownie, w celu zmniejszenia zuzycia
energii i emisji CO,, zwiekszajg produkcje cementéw wielosktadni-
kowych, stosujac dodatki mineralne (6). Pochodzg one w duzym
stopniu z elektrowni opalanych weglem, w ktérych powstajg ogrom-
ne ilosci popiotu lotnego (7,8), stosowanego masowo w budow-
nictwie. Poza stosowaniem popiotu lotnego do produkcji cementu
i betonu, stanowi on znany dodatek do wytwarzania elementéw

1. Introduction

Lime-based mortars with addition of natural pozzolanas or other
similar pozzolanic materials, even ceramics, have been used from
ancient times (1). Ancient Roman builders added crushed volcanic
additions to lime mortars (2). They stored lime in moist condition
during three years before use (3). After the period of the Roman
Empire, mortars were not developed until the nineteenth century,
when Portland cement was found. Thus, it became a high-strength
structural component with compressive strength comparable with
the binders used in the ancient masonry mortars (2).

Lime is produced from limestone as raw material, but clay must
be also used for cement production. Cement takes CaO from
limestone and SiO, from clay as the most important constituents
for alite and belite production, which have the most important
influence on compressive strength and hydraulic property of
Portland cement (4). If lime is combined with pozzolana addition
C-S-H phase is formed, however, strength development is not as
high as in the case of Portland cement. It is well known that the
reaction of pozzolana in mortar, is only commencing after one
or more weeks. Until this period pozzolana behaves as an inert
material, which, in some cases, can only serves as hetero-nuclei
for C-S-H gel formation, originating from cement hydration. After
the initiation of the pozzolanic reaction, the additional quantity of
C-S-H precipitation will cause the mortar porosity decrease and
strength increase (5).

Nowadays, cement plants, in order to reduce energy consumption
and CO, emission, increase the production of blended Portland
cement with mineral additives (6). Coal-fired power plants also
produce significant amounts (millions of tons) of fly ash (7, 8) which
is used widely in construction sector. Apart from the use of fly ash
in production of cement and concrete, it is an additive preferred
in wall units fabrication, composed of binders containing cement
and pozzolanas (7, 9-14). Several studies have been conducted
on burned brick produced of fly ash. The use of such bricks is
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murowych, ktére zawierajg spoiwa ztozone z cementu i pucolany
(7, 9-14). Przeprowadzono wiele badan dotyczgcych produkgji
ceramiki czerwonej z popiotu lotnego. Stosowanie takich cegiet
jest znane w wielu krajach. Jednak, znaczenie niewypalanych
elementéw szybko wzrasta i ukazato sie wiele patentéw, dotyczg-
cych zastosowania spoiw ztozonych z mieszaniny wapna i popiotu
lotnego do produkcji elementéw murowych (15).

Niewypalane elementy jako materiaty kompozytowe sg zwykle
wytwarzane przez prasowanie w formach. Sg one czesto wyjmo-
wane z form i wysychajg w warunkach srodowiska. Zastosowanie
cementu jako jedynego spoiwa jest preferowane w produkcji tego
rodzaju elementéw murowych, zwanych brykietami lub bloczkami
w Turcji, bowiem zastosowanie wapna z pucolang opéznia tward-
nienie i przyrost wytrzymatosci (16). Materiaty o duzej miatkosci
w rodzaju popiotéw lotnych poprawiajg gestos¢ wyrobu, zwigzany
z efektem wypetniacza, oraz majg korzystny wptyw na reologie
(17). Mozna takze stosowac rézne warunki dojrzewania elementow
w celu lepszego wykorzystania wiasciwosci spoiwa, ztozonego
Z mieszaniny popiotu lotnego z wapnem (16).

Perlit jest materiatem stosowanym do izolacji budynkow, przy
czym wiekszo$¢ zrodet tego surowca znajduje sie w Turcji. Perlit
ekspandowany ma bardzo matg gestos¢ i jego dodatek moze
by¢ stosowany do produkgcji lekkich materiatow budowlanych.
Jego duza porowato$¢ poprawia wiasnosci izolacyjne, ktore sta-
nowig pozgdang ceche w przypadku materiatbw murowych (18).
Natomiast powoduje to takze wzrost nasigkliwosci i pogorszenie
wihasciwosci mechanicznych elementéw budowlanych (19). Perlit
ekspandowany jest pomimo tego stosowany w produkcji elemen-
tow sciennych (18).

W pracy, wykorzystujgcej niektore dane z pracy magisterskiej
jednego z autoréw, przygotowano prébki zaprawy o wymiarach
40x40x160 mm, przez prasowanie kompozytéw ztozonych z ce-
mentu, wapna, popiotu lotnego perlitu i piasku. Badania te stano-
wi¢ majg podstawe do wyboru najlepszego sktadu mieszanki do
produkcji elementéw murowych. Gtéwnym celem byto ustalenie
dobrego sktadu spoiwa, odpowiednich warunkéw dojrzewania
materiatu oraz wyjasnienie wptywu perlitu. Badano nastepujgce
wiasciwosci: gestos¢é pozorng, nasigkliwos¢ wytrzymatos¢ na
Sciskanie i rozcigganie zapraw dojrzewajgcych w réznych warun-
kach. Wazng zaleznoscig byt wptyw warunkéw dojrzewania na te
wihasciwosci.

2. Doswiadczenia

Podstawowymi sktadnikami mieszanek byt cement, wapno hydra-
tyzowane, popiot lotny, perlit i zmielony piasek oraz woda. Sktad
chemiczny i wiasciwosci fizyczne skfadnikéw spoiwa podano
w tablicy 1.

Popidt lotny stosowany w doswiadczeniach pochodzit z elektrowni
Cayirhan w Ankarze, w Turcji. Ten popidt pochodzit ze spalenia
wegla brunatnego i zawierat duzo CaO [tablica 1]. Jego sktad che-
miczny pozwalat go zaliczy¢ do klasy C wedtug normy ASTM C
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authorized in many countries. However, unburned bricks is becom-
ing increasingly important and there are a number of patents on
the use of fly ash—lime mixtures, for making these wall units (15).

Unburned bricks, as a composite material, are usually produced by
compaction in moulds. They are often demoulded without maturing
and left to dry in the external environment. Usage of cement alone
as binder is preferred in this kind of masonry units, named briquette
and bims block in Turkey, because lime and pozzolana are delaying
hardening and strength development (16). Fine materials as fly ash
can also improve the density of mortars due to a filler effect and
are advantageous in terms of rheology (17). The different curing
methods can be also applied to turn into advantages the use of
fly ash and lime (16).

Pearlite is a material that can be used for insulation in buildings,
and most of the perlite reserves exist in Turkey. Because expanded
pearlite has a very low density, its addition can be used for the light-
weight mortars production. Its porous structure is also increasing
the insulation properties, which are expected for the wall material
(18). However, some increase of water absorption and decrease
of mechanical properties of mortars must be also expected (19).
Nevertheless, the use of expanded pearlite in the wall materials
production can be possible (18).

In the study, partially based on the master thesis of one author,
mortar samples of the dimensions of 40x40x160 mm were pro-
duced, by compacting the composite consisting of cement, lime,
fly ash, pearlite and sand. The study was a preliminary investiga-
tion to find the best composition for the production of composite
masonry blocks. The main goal was to find the proper composition
of binders, suitable curing conditions and to establish the effect of
pearlite addition. Aparent density, water absorption, compressive
and flexural strength of mortar samples cured in three different
conditions were tested.

The aim of the present work is to examine the effect of curing
conditions on the mechanical strength of mortars produced from
binders of different compositions. Primarily the influence of curing
condition, binder type, mortar aparent density and water absorption
of the samples were tested.

2. Experimental

The basic ingredients of the mixtures were cement, hydrated lime,
fly ash, pearlite, crushed sand and water. The chemical composi-
tion and physical properties of cement, lime and fly ash are given
in table 1.

Fly ash used in this study was supplied by Cayirhan Thermal Plant
in Ankara, Turkey. This fly ash was from lignite coal combustion and
contains a significant amount of CaO (table 1). Based on chemical
composition this fly ash can be classified as class-C according to
ASTM C 618. The total content of SiO,, Al,O; and Fe, 0, is 71.90%,
which was a larger quantity than the min. value given by ASTM C
618 as the standard for a type C class fly ash (20).



Tablica 1 / Table 1

SKLAD CHEMICZNY | WEASCIWOSCI FIZYCZNE CEMENTU, WAPNA
| POPIOLU LOTNEGO

THE CHEMICAL COMPOSITION AND PHYSICAL PROPERTIES OF

Tablica 2 / Table 2

SKELAD SPOIWA W % MASOWYCH
COMPOSITION OF BINDERS, % BY MASS

CEMENT, LIME, AND FLY ASH Mix. no. cement Lime fly ash
CL50 50 50 -
Constituent, % Cement Lime Fly ash
CLF 40/10 50 40 10
Sio, 20.5 - 50.2
CLF 30/20 50 30 20
A0, 4.65 - 127 CLF 20/30 50 20 30
Fe;0, 3.4 - ° CLF 10/40 50 10 40
CaO 62.73 88.59 12.53 CLF 0/50 50 ] 50
Free CaO 1.09 - - CLF 50/10 40 50 10
MgO 1.02 12 4.33 CLF 50/20 30 50 20
80, 221 1.3 0.39 CLF 50/30 20 50 30
Na,O 0.18 - 2.75 CLF 50/40 10 50 40
K,O 0.41 2.5 LF 50/50 - 50 50
Cl 0.0084 - -
Insoluble residue 0.6 - - Cement used in this study was Portland cement CEM | 42.5 R
Loss on ignition 215 6.1 0.54 according to TS EN 197-1 (21). Hydrated lime according to TS EN
. . 459-1 (22) was obtained from the factory. Tab water was used for
Physical properties .
. . mortar samples production.
Specific gravity 3.12 2.4 2.04
Blaine, m?/kg 351 - 212 The mix proportions (% by mass) of cement, fly ash, and lime
Soudness. mm 9 j j used for mortars production is given in table 2. The mixtures
Initial setting, min 153 i i were comp(?sed of .varylng percen't.age of the cement, lime an'd
fly ash as binder. Binders composition was chosen on the basis
Final setting, min 188 - - . .
of previous works (10, 11, 23). Cement content was constant in
. N i i
Fraction over 90 u, % 0-2 first series, equal 50% and lime was replaced by fly ash. In the
Fraction over 45 p, % 12.8 - - second series lime content was constant (50%) and cement was
Compressive strength, MPa 30.2 i i replaced by fly ash.
after 2 days ’
after 7 days 51.1 - -
after 28 days 62,2 - -

618. Sumaryczna zawartos¢ SiO,, Al,O, i Fe,O; wynosita 71,90%
i spetniata wymagania tej normy (20). Cement byt cementem CEM
1 42,5 R, zgodnym z normg TS EN 197-1 (21). Wapno hydraty-
zowane spetniato warunki normy TS EN 459-1 (22) i pochodzito
bezposrenio z fabryki. Stosowano wode wodociggows.

Sktad mieszanek, w % masowych, ztozonych z cementu, wapna
i popiotu lotnego podano w tablicy 2. W mieszankach tych zmieniat
sie sktad spoiwa, a byt on dobrany w oparciu o wyniki wczesniej-
szych prac (10, 11, 23). W pierwszej serii zawarto$¢ cementu byta
stata i wynosita 50%, natomiast wapno zastepowano rosngcym
dodatkiem popiotu. W drugiej serii zawarto$¢ wapna byta stata
[50%)], a cement zastepowano popiotem lotnym.

Chemiczne i fizyczne wiasciwosci perlitu, ktéry stanowit jeden
ze skfadnikow kruszywa stosowanego w mieszankach, podano
w tablicy 3, a krzywg ziarnowg pokazano na rysunku 1. Mieszanki
zawieraly takze zmielony piasek (ciezar wtasciwy 2,62 g/cm?),
ktorego krzywa ziarnowg pokazano na rysunku 2 [stosowano sita
wedtug norm 24 i 25]. Krzywa ta jest zblizona do krzywej uzyskanej
metodg Fullera-Thompsona (26).

Rys. 1. Ekspandowany perlit stosowany w zaprawach

Fig 1. Expanded pearlite used in mortars

Chemical and physical properties of pearlite, which is one of the
two aggregate ingredients used in the mixtures, is shown in table 3
and grain size curve on Fig 1. Mixtures contained also the ground
sand (specific gravity: 2.62 g/cm?®) which grain size curve is shown
in Fig. 2 [sieves according to 24, 25]. Sand curve is similar to the
curve plotted according to Fuller-Thompson method (26).
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Tablica 3 / Table 3
SKLAD CHEMICZNY | WEASCIWOSCI FIZYCZNE PERLITU
CHEMICAL AND PHYSICAL PROPERTIES OF THE PEARLITE

Tablica 4 / Table 4
SKLAD MIESZANEK W g
MIX COMPOSITION IN g

1 0,
Oxide/Property Content, % Mix no. Cement | Lime Fly ash Pearlite Grouzd
Sio, 60-80 san
CL50 150 150 - 21,8 877
ALOs 12-16 CLF40/10 | 150 | 120 30 217 875
Na,O 3-10 CLF 30/20 150 90 60 21,7 874
K,O 2.5 CLF 20/30 150 60 90 21,6 872
Ca0 0-2 CLF 10/40 150 30 120 21,6 870
CLF 0/50 150 - 150 21,6 869
MgO 0-1
CLF 50/10 120 150 30 21,6 871
Fe,O, 0-1
CLF 50/20 90 150 60 21,5 866
Particle size, mm 0-3 mm CLF 50/30 60 150 90 214 861
Bulk density, g/cm? 0.05-0.08 CLF 50/40 30 150 120 21,2 856
Natural moisture, Max. % 0.5 LF 50/50 - 150 150 21,1 850
pH 6.5-8
Softening point, -C 890-1100 Cement, lime, fly ash and sand were thoroughly mixed in dry state.
- — Weight of the total binder content in the mortar was 300 g and the
Melting point, ‘C 1280-1380 . .
amount of sand was 2.5 times greater than that of binder by mass
(Table 4). The volume of sand was
100 - 1 - q dl i i i equal to the pearlite volume. The
o0 —+ crushed san -r- - 1o 4= ingredients of mortars, with addition
S g0 | #— Fuller-Thompson : Y SR A of water, were homogenized in Ho-
= -0 i : ! bart mixer for 60 s (27). The water
wn +------- bommoooe dmmmee it st e R il . Eiebeietet
= 5 : | content (about 200 g) was establish
—
o 60 o R N A Y 7 A for each mix, applying flow test (10,
E so L R S DU S R S—— 28, 29). The flow table was used to
== L L N N N A R adjust the flow within 1105 mm.
= 40 ; g :
= 30 : : i The expanded pearlite addition
§ 1 P P e 4 increases water demand (19). The
) 20 g " il 2 At P mixes were cast in twelve-gang
10—t i o JI gl [ U SRR I moulds of 40x40x160 mm.
; : .

O 0.25

0,063 0.15

Sieve size (Im)
Rys. 2. Krzywa ziarnowa piasku i jej poréwnanie z krzywg Fullera — Thompsona

Fig 2. Grain size curve of the crushed sand and comparison with Fuller-Thompson curve

Cement, wapno i popiét lotny zmieszano starannie na sucho. Masa
spoiwa w zaprawie wynosita 300 g, a zawartos¢ piasku byta 2,5
razy wieksza od spoiwa [tablica 4]. Objetos¢ piasku byta taka sama
jak objetos¢ perlitu. Sktadniki mieszanki z dodatkiem wody usred-
niano za pomocg mieszarki Hobarta przez 60 s (27). Zawartosc
wody [okoto 200 g] ustalano w oparciu o badania rozptywu, ktory
wybrano na poziomie 1105 mm (10, 28, 29). Dodatek ekspan-
dowanego perlitu powiekszat zapotrzebowanie na wode mieszanki
(19). Mieszanke formowano w formach o wymiarach 40x40x160
mm, a jedna warstwa w formie miata grubo$¢ okoto 50 mm. Prébki
prasowano w formach pod cisnieniem 17 MPa, przez jedng minute
[rysunek 3] (27,30). Zaprawe wyjmowano z form po 1 dniu.
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' The mortars were cast in steel
moulds and one layer thickness of
material was approximately 50 mm.
The samples were compacted un-
der pressure of 17 MPa for 1 min
in the mould, as shown in Fig. 3
(27, 30). The mortar samples were
demoulded after 1 day.

Lol

Dry density and water absorption of the mortars were measured
according to ASTM C 67 (31). For all experiments twelve samples
were produced and three of them were used for water absorption
and density measurements. The next three served for strength
determination and were cured in water at 20£2°C according to TS
EN 12390-2 for 28 days (32). The last six samples were used for
accelerated strength measurements and three were cured in water
at 35+3°C according to TS 3323 and ASTM C 684-99 for 1 day
(33-35). The last three were dried in oven at 110+£5°C according
to ASTM C 67 for 1 day.



Rys. 3. Prasowanie probek w formach

Fig. 3. Compaction of samples in the moulds

Gestos¢ pozorna w stanie suchym oraz nasigkliwo$¢ zapraw
oznaczano zgodnie z normg ASTM C67 (31). Przygotowano 12
probek do wykonania wszystkich pomiardw, a trzy z nich postuzyty
do pomiarow nasigkliwosci i gestosci pozornej. Nastepne trzy uzyto
do oznaczenia wytrzymatosci, przy czym dojrzewaty one uprzednio
w wodzie przez 28 dni w temperaturze 20+2°C [TS EN 12390-2]
(32). Ostatnie sze$¢ probek postuzyto do pomiaru wytrzymatosci
metodg przyspieszong, po dojrzewaniu w wodzie w temperaturze
35+3°C, przez 1 dzieh [normy TS 3323 i ASTM C 684-99] (33-35).
Trzy z tych prébek suszono w temperaturze 110+5°C przez 1 dzien
zgodnie z normg ASTM C 67.

3.1. Gestos¢ pozorna i nasigkliwos$é

Wyniki oznaczen gestosci pozornej pokazano na rysunku 4. Uzy-
skane wartosci miescity sie w przedziale 1,8 — 2 g/cm?® i z reguty
byty wieksze od 1,9 g/cm?, analogiczne do wynikéw innych autoréw
(36, 37). Pomimo ze dodatek perlitu powoduje spadek gestosci
zapraw, jednak wptyw ten zostat zmniejszony przez prasowanie
probek, co pociggneto za sobg kruszenie czastek perlitu w formie.
Probki CL 50 zawierajgce po 50% cementu i wapna miaty nieco
wiekszg gestos¢ niz 1,9 g/cm®. 10% dodatek popiotu
do mieszanki spowodowat wzrost gestosci pozornej do
2 glcm?®. Wiekszy dodatek popiotu powodowat zmniej-
szenie gestosci, jak to podano we wczesniejszych
pracach (14, 16). Probka CLF 0/50, w ktorej popiot
catkowicie zastgpit wapno, miata gestos¢ 1,8 g/cm?, co
byto najmniejszym wynikiem. Prébka CLF 50/10, w kto-
rej zawarto$¢ cementu w spoiwie byta 40%, a wapna
50%, miata mniejszg gestos¢ niz prébka CLF 40/10,
przy czym zawartos¢ popiotu byta w nich taka sama.

Unit Weight (gr/cm®)

Prébki CLF 50/20 i CLF 50/30 miaty mniejszg gestosé,
zblizong do prébek CLF 30/20 and CLF 20/30.

Nasigkliwos¢ wodg probek pokazano na rysunku 5.
Wyniki lezg w zakresie 10-14%. Perlit zwigksza nasia-
kliwos¢ probek, jednak wplyw ten ulegt zmniejszeniu

3. Results and discussion

3.1. Aparent density and water absorption

The results of dry density measurements are shown in Fig. 4. The
values were between 1.8-2 g/cm?® and remained generally above
1.9 g/cm?, similarly to the results presented in other works (36,
37). Although pearlite addition caused the decrease of the mortars
density, this effect was reduced by the compacting of samples,
which fractured pearlite particles in the moulds. CL 50 specimens
containing 50 % cement and 50 % lime gave slightly higher value
than 1.9 g/cm3. 10 % of fly ash addition to the mixture caused the
density increase to 2 g/cm®. Subsequent increase of fly ash addition
led to a reduction of mortar density in accordance with works (14,
16). Sample CLF 0/50 with fly ash replacing totally lime had apar-
ent density became about 1.8 g/cm?, which was the lowest value.
When cement ratio was 40 % and lime 50% in the sample CLF
50/10 it had even lower density than CLF 40/10 in which the content
of fly ash was the same. The samples CLF 50/20 and CLF 50/30
had lower aparent density, similar to CLF 30/20 and CLF 20/30.

Water absorption of samples is shown in Fig. 5. The results are
between 10-14%. Pearlite content in the samples increased water
absorption, but this increase has been limited thanks to the sam-
ples compaction. As should be expected the water absorption is
inversely proportional to the density i.e. water absorption increased
with porosity. The properties of CLF 10/40 sample should be
mentioned because of low density and low water absorption due
to high fly ash content. Fly ash is reducing porosity of the mortar
(10). Although density of CLF 20/30 sample was also relatively
high, water absorption decreased up to 10%. High content of lime
was increasing water absorption, while fly ash was reducing as it
can be seen comparing the samples CL 50 vs. CLF 50/30.

3.2. Flexural strength

Flexural strength of mortars cured at different conditions are de-
picted in Fig. 6. It should be underlined that the samples dried in
oven at 110°C with constant cement content of 50% and increasing

CL50 CLF CLF CLF CLF CLF CLF

CLF CLF
40/10 30/20 20/30 10/40 0/50 50/10 50/20 50/30

Type of the Sample

Rys. 4. Gestos¢ suchych zapraw

Fig. 4. Density of dry mortars
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w wyniku prasowania probek. Jak nalezato oczekiwac
nasigkliwos¢ byta odwrotnie proporcjonalna do gesto-
Sci pozornej i wzrastata ze zwigkszeniem porowato$ci.
Trzeba podac wynik uzyskany na prébce CLF 10/40,
ktéra miata matg gestos¢ i matg nasigkliwo$¢ w zwigz-
ku z duzg zawartoscig popiotu. Popidt lotny zmniejsza
porowatos$¢ zapraw (10). Pomimo, ze gesto$¢ pozorna
probki CLF 20/30 byta stosunkowo duzg nasigkliwosé
zmalata do 10%. Duza zawarto$¢ wapna zwiekszata
nasigkliwos¢, podczas gdy popidt lotny zmniejszat jg
jak to wynika z poréwnania wiasciwosci probek CL
50 i CLF 50/30.

3.2. Wytrzymatos$¢ na zginanie

Wytrzymato$¢ na zginanie zapraw dojrzewajgcych
w réznych warunkach pokazano na rysunku 6.
Trzeba podkredli¢, ze probki suszone w 110°C ze

6 -

—— 20 °C-28 days,curing tank,
=5 cement %050
& == 110°C-1 day,diying oven,
= 1 cement %50
"En =35 °C-1 day,curing cabinet,
5 3 cement %030
% ) = &= 20°C-28 days,curing tank,
=, lime %050
5 - == 110°C-1 day,diying oven,
E.; lumne 2650
h‘ 1 B o r -1 H

= @= 35 °C-1 day,curing cabinet,

lime %050
0 T T T 1

14 -
12

10+

= > 0
|

]
|

Water absorption (%)

CLs0 CLF CLF

CLF

CLF CLF

CLF CLF CLF

40/10 30/20 20/30 10/40 0/50 50/10 50/20 50/30

Type of the Sample

Rys. 5. Nasigkliwo$¢ (% mas.) zapraw
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from 10 % to 30% amount of fly ash gave
better results than after water curing for
28 days. It is probably the effect of ac-
celerated pozzolanic reaction of fly ash.
However, the mixtures cured in water had
the highest flexural strength with high fly
ash addition. The mechanical behavior of
lime is different from cement. Lime mortar
is not rigid and can adapt movement in
masonry structures (39, 40, 41). On the
other hand, the strength of all samples
with 50% lime addition is decreasing,
probably because of increasing fly ash
content on the expense of reduced ce-
ment ratio.
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Rys. 7. Wplyw zawartosci popiotu lotnego na wytrzymatos¢ na $ciskanie zapraw

Fig. 7. Ffect of fly ash content on compressive strength of mortars



41). Jednak wytrzymato$¢ wszystkich probek z dodatkiem 50%
wapna maleje, przypuszczalnie w wyniku malejgcej zawartosci
cementu, a rosngcej popiotu.

3.3. Wytrzymatosé na sciskanie

Wyniki pomiaréw wytrzymatosci na $ciskanie probek dojrzewaja-
cych w réznych warunkach pokazano na rysunku 7. Wytrzymatosci
probek suszonych w 110°C sg wieksze od probek dojrzewajgcych
w innych warunkach. W przypadku probek z mniejszg od 50%
zawartos$cig cementu w spoiwie, dojrzewanie w wodzie przez
28 dni daje lepszy wynik niz metody przyspieszone. W zwigzku
z wolng reakcjg popiotu lotnego z wapnem wptyw krotkiego doj-
rzewania nie daje tak dobrego wyniku jak dojrzewanie w wodzie
przez 28 dni, co zapewnia lepszg wytrzymatos¢. Wytrzymatos¢ na
Sciskanie probek (CLF 40/10, 30/20 CLF, CLF 20/30), w ktérych
wapno zastepowano popiotem lotnym utrzymujgc statg zawartosé
cement w spoiwie wynoszacg 50%, wzrastata stopniowo osiggajac
maksimum, w przypadku wszystkich trzech warunkéw dojrzewania,
gdy zawarto$¢ popiotu lotnego byta w przedziale 20-40%. Prébki
CLF 30/20, CLF 20/30 and CLF 10/40 osiagnety wytrzymatos¢ 25-
30 MPa po suszeniu w 110°C. Prébki pozostate miaty wytrzyma-
tos¢ przekraczajgca 3,9 MPa. Pomimo ze dojrzewanie w 35°C nie
dawato tak dobrych wynikéw jak przechowywanie probek w innych
warunkach, zapewniato jednak odpowiedni poziom wytrzymato$ci
w zakresie 10-15 MPa w przypadku prébek zawierajgcych 50%
cementu i popiot lotny. W przypadku oszacowania tych wynikow,
przy wzieciu pod uwage wytrzymatos¢ handlowych elementéw,
ktore w Turcji majg 1,5-2 MPa oraz wytrzymato$c¢ prébek osigga-
ng w réznych badaniach, wynoszacg 0,5 do 2,8 MPa (43) oraz
podawang w normach (44), to mozna stwierdzic, ze wytrzymatos¢
probek uzyskanych w tej pracy jest zadowalajgca.

4. Wnioski

Na podstawie wynikéw doswiadczalnych uzyskanych w tej pracy

mozna postawi¢ nastepujgce wnioski:

1. Stosowanie wapna i popiotu lotnego w zaprawach murowych
daje dobre wyniki w zakresie urabialnosci, gestosci pozornej,
nasigkliwosci i wytrzymatosci.

2. Dodatek ekspandowanego perlitu powoduje spadek gestosci
pozornej zapraw, jednak prasowanie prébek zmniejsza ten
efekt. Pomimo, ze ekspandowany perlit zmniejsza wytrzy-
matos¢ zapraw wytworzone z jego dodatkiem probki miaty
odpowiednie wtasciwosci fizyczne. Natomiast perlit ma duzy
niekorzystny wptyw na urabialno$¢ mieszanki.

3. Zaprawy zawierajgce 50% cementu w spoiwie (CLF 30/20, CLF
20/30, CLF 10/40) wykazywaty z reguty najlepsze wtasciwosci.

4. Sktad spoiwa ma decydujgcy wptyw na zapotrzebowanie na
wode mieszanek.

5. Prasowanie probek zapewniato ich korzystng wytrzymatoscé.

6. Najkorzystniejszymi warunkami dojrzewania probek byto ich
suszenie w 110°C. Pomimo, ze wtasciwosci zapraw byty takze

presented in Fig 7. The strength of samples dried in oven at 110
°C are higher than after other curing conditions. For the samples
with less than 50% of cement, curing in water for 28 days was more
effective than the rapid curing methods. Due to the slow reaction
of fly ash and lime, the effect of short-term curing could not be ef-
fective as curing in water for 28 days and the long curing process
provide better compressive strength. Compressive strength of
samples (CLF 40/10, 30/20 CLF, CLF 20/30) in which lime was
replaced by fly ash, keeping simultaneously 50% share of cement
in the mortars, was gradually increasing and reached maximum
value for all three curing conditions when fly ash content was in
the range 20-40%. The samples CLF 30/20, CLF 20/30 and CLF
10/40 achieved the strength in the range of 25-30 MPa after oven
curing at 110°C. Compressive strength of all samples was over
3.90 MPa. Even if curing condition at 35°C was not so effective
as the other conditions, it provided an adequate level of strength
between 10-15 MPa for samples including these containing 50% of
cement and fly ash. If an assessment is made taking into account
both the strength of the masonry blocks in market conditions in
Turkey which generaly are from 1.5 to 2 MPa, and the strength in
the range between 0.5 to 2.8 MPa reached in scientific papers(43)
as well as those listed in standards (44), one can say that all pro-
duced in this work samples have adequate compressive strength.

4. Conclusions

On the basis of experimental results obtained in this study the
following conclusions can be drawn :

1. The use of lime and fly ash in the mortars is providing positive
results in terms of workability, density, water absorption and
strength.

2. Expanded pearlite addition is causing decrease of mortars
aparent density, however, the compacting is decreasing this
effect. Although expanded perlite has a tendency to reduce the
strength of mortars, produced samples had adequate physi-
cal properties. Pearlite significantly affects the workability of
mortars.

3. The mortars containing 50% by mass of cement (CLF 30/20,
CLF 20/30, CLF 10/40) were showing generally the highest
properties.

4. Binders composition had the decisive influence on water
demand.

5. Compacting of the samples asured proper mechanical proper-
ties.

6. The best curing condition in terms of mortars performance was
oven drying at 110°C. Although the properties after 28 days
were also good for other curing conditions drying in oven were
preferable as the production time is regarded.
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dobre po dojrzewaniu w wodzie przez 28 dni to jednak, z uwagi
na czas produkcji zapraw suszenie byto korzystniejsze.
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Erratum

In the paper of Mr Brandt “Application of concrete as a material for anti-radiation shielding — a review” which appeared in second

issue in 2013 was the erroneous Table 3. Table 3 should be:

Table 3

LINEAR ATTENUATION COEFFICIENT, HVL AND TVL' FOR CONCRETE SAMPLES WITH
DIFFERENT AGGREGATES, APPLICATION OF Co-60 GAMMA RAYS, AFTER KHARITA (2008)

Aggregate Linear attenuati?n coefficient, HVL TVL
cm’ cm cm

natural river, washed a. cleaned 0.133 5.21 17.31
hematite 0.160 4.33 14.39

hematite + black coastal sand 0.155 4.47 14.86
dolomite 0.144 4.81 15.99

serpentine 0.124 5.59 18.57
serpentine + black coastal sand 0.131 5.29 17.58

"HVL and TVL: thickness which gives half and tenth of the intensity, respectively

The Editor is apologizing very much to Prof. Brandt for this mistake.
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