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The present paper aims to utilize the fly ash wastes with lightweight aggregates for geopolymer concrete
production process in which sodium hydroxide (NaOH) and sodium metasilicate (Na;SiO3) were used as
alkali activators, respectively. The designed experiments were examined by the Yates Analyses and so the
productions of geopolymer concrete were investigated depending on curing temperature, solid/liquid
rate and concentration of alkali activators. The curing temperature and alkali activator concentration
were revealed as effective parameters in geopolymerization. The effects of expanded perlite (EP) and
acidic pumice (AP) aggregates were discovered for the production of lightweight geopolymer concretes.
The microstructural properties of each produced geopolymer concrete were characterized using SEM,
EDS and laser particle size analyses. The specifications of the concrete were evaluated based on their
uniaxial compressive strength (UCS), point load strength (PLS), sonic speed (SS), Mohs hardness (MH),
and water absorption (WAR) ratio results. In addition, the effects of pre-wetting of EP aggregates, which
have hydrophilic nature, were examined. To the best of our knowledge, this is the first time that pre-
wetted lightweight EP aggregates were used to produce lightweight GP concretes. As a result of pre-
wetting, chemical usage decreased by 32.5%. The UCSs of the lightweight geopolymer concretes were
in a range of 10—50 MPa and their unit weights changed between 1250 and 1700 kg/m?>. Lighter con-

cretes were obtained by the addition of EP aggregates rather than AP ones.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Geopolymer (GP) is the most promising advanced material that
substituted the traditional portland cement (PC) and can be used in
bottom-up all fields of industry applications [ 1—3]. It is well known
that the PC is responsible for about 5—7% of CO, emissions caused
by human being [4,5]. During the PC production, CO, emissions are
generated not only by calcination during clinker production but
also by using fossil fuels to provide calcination temperature. Both of
them are equally responsible for CO, emissions [6]. GP has
numerous advantages such as fireproof, environmental sensitivity,
low price, and permeability, in comparison with the PC [7,8].

GP, which was introduced by Davidovits for the first time [9],
consists of AlO4 and SiO4 tetrahedrals creating poly(sialate),
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poly(sialate-siloxo) and poly(sialate-disiloxo) molecular structures
to form three-dimensional polymeric chains [10]. Geo-
polymerization reaction occurs between solid aluminosilicate ox-
ides (minerals or inorganic by-products) and alkali metal silicate
solutions (NaOH, KOH, etc.) to build amorphous or semi-crystalline
polymeric constructs containing Si—0—Si and Si—O—Al frameworks
in high alkali conditions and at moderate temperatures (20—150 °C)
[11]. The empirical formula of GPs is as follow:

Xq [ — (Si0y)a — AlO,]q.nH,0 (1)

where X is a metal cation (Ca®*, K* or Nat),ais 1,2 or 3, and q is the
polycondensation degree.

Many materials such as fly ash [12], metakaolin [13], glass waste
[14], red mud [15], ashes of the agriculture industry by-products
(coconut, bagasse, rice husk, etc.) [16—18], ferrochrome slag [19],
and concrete demolition waste [20] have been used to produce GP
concrete due to their high aluminosilicate contents.
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Lightweight concretes, which have a density less than 1920 kg/
m?, offer remarkable advantages in terms of the dead load
reducing, easy transportation, and developed thermal and sound
insulations [21,22]. Huang et al. have compared the microstructure
features between lightweight and normal-weight concretes in their
recent study [23]. They have pointed out that the bond between
lightweight aggregate and cement paste is relatively tight, and
there are no visible cracks at the joint interface. Lightweight con-
crete has an anti-earthquake effect compared to portland cemented
concretes because the reduction of vertical forces results in a
decrease in inertia affecting the structure [24]. Yasar et al. have
produced lightweight concrete, which reduces the seismic risk,
from a mixture of fly ash, silica fume and scoria [25]. Lightweight
concretes are mostly prepared by adding the lightweight aggre-
gates, typically volcanic rocks such as pumice, scoria, and vermic-
ulite, into mortar [26—29]. Foamed plastics, sintered clay minerals,
and exfoliated vermiculites are also used as low-density aggregates
[30—32]. Likewise, they can be produced for special purposes under
different trade names and chemical compositions [33,34].

One of the most important problems encountered in concretes
formed by using lightweight aggregates is their high water ab-
sorption capacity. This problem can be overcome by pre-wetting
lightweight aggregates. It has been stated in previous studies that
concrete samples obtained by using pre-wetted lightweight ag-
gregates may have higher strength [35,36].

In this study, fly ash-based GP concretes were prepared by
adding AP and expanded perlite (EP) aggregates. The best geo-
polymerization conditions were revealed after Yates Analyses. So-
dium hydroxide (NaOH) and sodium silicate (Na,SiO3) solutions
were used to determine convenient alkali reagent, separately. Pre-
wetting of EP aggregates, which has not been studied before for GP
concretes, and their effects on the material properties of GP con-
crete specimens were examined. In addition, the effects of aggre-
gate grain sizes were investigated in detail.

2. Experimental
2.1. Materials

Class F fly ashes (according to ASTM C618-17a) were taken from
Sugozii thermal power station located in southern Anatolia [37].
Pumice samples were obtained from a mine in Nevsehir province of
Turkey while EP samples were purchased from Akper Company
located in central Anatolia. The chemical compositions of the
samples were detected by XRF (Minipal 4) analysis (see Table 1).

X-ray diffraction (XRD) patterns of each sample were obtained
using a Rigaku Miniflex XRD equipped with a Cu Ka radiation in the
2¢ range of 5—75° and the material phases were identified through
a PDXL software using the current database. XRD patterns of the
samples are given in Fig. 1 for fly ash (black), AP (red), EP (blue) and
peaks revealed that all the materials had amorphous silica which
had confirmed by a broad peak between 15 and 45°. The crystalline
phases were determined as quartz (Q: SiOy) and mullite (M:
AlgSi»O13) minerals in fly ash while only quartz mineral was
detected in pumice. However, EP sample was composed entirely of
amorphous silica as seen in Fig. 1c.
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Fig. 1. XRD patterns of the samples. (a) XRD pattern of Fly ash, (b) XRD pattern of AP,
and (c) XRD pattern of EP aggregates with major peaks of Q: Quartz (SiO,), M: Mullite
AlgSi;043, F: Fe;0s.

The morphological structures of the samples were analysed by
Quanta FEG 650 scanning electron microscope (SEM) and pre-
sented in Fig. 2(a—c) fly ash, AP and EP, respectively. SEM images
revealed that the fly ash samples formed spherical structures. SEM
micrographs of EP showed that a typical porous foamy structure
with broken ragged edges were in good agreement with the pre-
vious findings [38,39]. The glassy and broken surface morphologies
that were similar to both the EP and the previous studies [40,41]
were seen in the pumice samples.

The particle size distribution of fly ash, AP, and EP samples are
given in Fig. 3. Here, the pumice samples were crushed with a
laboratory scale jaw crusher. The size distribution of pumice sam-
ples (—12mm) were provided to be compatible with TS 802
(Turkish concrete mixture design standard) [42]. The ds5q value was
1.20 mm for EP and 1.50 mm for pumice using a dry sieving anal-
ysis, while the dsg value of fly ash sample was found to be 8.75 um
using a BT 9300 HT laser analyser.

2.2. Methods

NaOH or NaySiOs solutions were used to provide geo-
polymerization and additional water was not added to the mortar.
The chemicals used without any purification in this study [sodium
metasilicate (NaySiO3) and sodium hydroxide (NaOH)|] were sup-
plied from TEKKIM Co. Tap water was used for the alkali solution
preparation. The mortar was composed of fly ash, an alkali solution,
and lightweight aggregates. The mixture was manually stirred for
5 min before pouring into molds. Afterward, the mortar was poured
into 50 x 50 x 50 mm> molds conforming to ASTM C109/C109M-
16a testing standards [43]. The molds were shaken for 3 min to
remove any air trapped inside the mortars. After approximate

Table 1

Chemical analysis of the fly ash, AP, and EP samples.
Sample Si0, Al,05 Ca0 Fe,03 K>0 Sro TiO, BaO Na,O SO3 LOI
Fly ash 55.20 24.10 5.50 8.11 1.62 0.27 1.44 0.24 * 0.72 2.34
AP 69.70 13.64 3.15 2.34 4.07 0.03 0.15 * 0.40 0.07 3.65
EP 75.16 14.50 1.01 1.04 5.98 0.03 0.14 0.10 * * 1.35

*Below detection limit.



S. Top et al. / Journal of Molecular Structure 1202 (2020) 127236

mag B wD et W mag B WD
2500x 254 mm 3000x | 150 mm LFD

mag 5 WD N N —10 1.|m—_~
CUKUROVA UNIVERSITESH | 3000 | 150 mm | LFD [& CUKUROVA UNIVERSITESI

Fig. 2. SEM micrographs of the samples: a) Fly ash, b) AP, c) EP.

100 0—07—)?-
9 | -o-Flyash fm /3
80 | —@-AP /
20 | —aEP

[¢)
o
$
$ /
60 s
S
50 $
(¢]

=t Y . .
10 100 1000 10000
Particle size (um)

Cumulative passing (%)

Fig. 3. Particle size distributions of the samples, Fly ash, AP, EP (logarithmic scale).

1.5—2 h, which was enough for the solidification of mortars, the
specimens were demolded. When higher temperature (>20°C)
curing was applied, the samples were placed in the oven for 24 h.
The curing process was then continued at room temperature. The
compressive strengths of the specimens were measured on the 1st,
5th, 10th, 15th, and 28th days with a uniaxial compressive strength
(UCS) device (ELE). The pressure increase in the device was chosen
to be 0.50 MPa per second and it was applied until the specimens
were broken. The value at which the specimen breaks was recorded
as the UCS. In addition, the PLS, WAR, and SS values of the mortar
were determined according to ASTM C1245/C1245M — 12 [44],
ASTM C642—13 [45], and ASTM C597-16 [46], respectively.

The relative humidity values were between 45 and 60% during
the curing periods. The MH value of each specimen was determined
using a shore scleroscope, which measures the hardness by taking
advantage of the elasticity of the material [47]. The stress-strain
curves were graphed to reveal the concrete behaviors under pres-
sure using the following formula:

E— 2)

Sfgp

where F is the force (N), A is area (mm?), dx is the length change in
the specimen (m), dO is the initial length of the specimen (m), and E
is Young’s modulus (MPa).

The experiments were designed based on the 2" factorial
experimental approach, which is the application of the least
number of experiments with multiple variables at the same time.
Then the responses were evaluated by Yates Analyses to reveal the
effect of variables on strengths. In the 2" factorial design, because
only 2" of experiments are required, the test conditions must be
given with a special notation and sorting [48]. This is called Yates
arrangement of notation. Yates Analysis is a methodical approach

Table 2
Test design for Yates Analysis.

Test A: Curing B: Solid/liquid C: Concentration
symbol temperature ratio of the solution
1 50 72 3

A 70 72 3

B 50 76 3

AB 70 76 3

C 50 72 5

AC 70 72 5

BC 50 76 5

ABC 70 76 5

Mean 60 74 4

applied to find out the principle and interior interactions of the 2"
factorial design [49]. Firstly, the concrete specimens were produced
from fly ash and alkaline solutions to determine the more realistic
experimental parameters. Afterward it was aimed to produce
lightweight concrete with the use of lightweight pumice and EP
aggregates according to the results obtained by Yates Analysis.
Table 2 listed the experimental conditions in the study. A (X;):
Curing temperature (°C), B (X): solid/liquid ratio by weight (%), and
C (X3): molarity of the alkali solutions (M) were selected as vari-
ables (23 factorial, n = 3). For example, the notation of AB indicates
that the experiment was performed under the following condi-
tions: curing temperature of 70 °C, solid/liquid ratio of 76%, and 3 M
of alkali solution. The temperature curing time of 24 h was kept
constant for all the tests. The whole test design was applied sepa-
rately for NaOH and Na,SiOs3 solutions.

3. Results and discussions
3.1. Evaluation of experimental results based on Yates Analyses

Firstly, the preliminary tests were performed and the high and
low levels for Yates Analyses were determined. The effects of the
alkaline solution nature, solid/liquid ratio and the curing temper-
ature on UCSs of the produced GP concretes were investigated
using the Yates Analysis. Concretes were produced in 8 different
conditions for each Yates Analysis and the strength tests of the
samples were carried out on 1st, 5th, 10th, 15th and 28th days. The
obtained UCSs were taken as responses (observed values) for Yates
Analysis. Besides, 3 GP concretes produced by mean experimental
condition were tested to calculate the sample variance (Se?). For the
experiments using NaOH and Na;SiOs, 10 Yates table (for 1st, 5th,
10th, 15th and 28th day strengths) were created. The Yates Analysis
results, in which the highest UCS was measured, were given in
Table 3. The other analysis results were given in the Appendix. In
the tables, the values in the “data” column are divided into pairs,
respectively. In column I°, these pairs were first collected in
sequence and half of the column continued with these collections.
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Table 3

Yates Analysis results for 28th day (in Na,SiO3 solution).
Yates Data I I TE? (TE)?[23 DF® Fvalue® Ftable Decision Y
Notation
1 10.98 39.92 83.15 227.85 11.58
A 28.93 43.22 144.70 69.813 609.24 1 135.55 5.32 Active 29.52
B 14.25 67.13 32.66 13.73 23.59 1 5.24 5.32 Passive 12.06
AB 28.96 77.57 37.14 2.95 1.08 1 0.24 5.32 Passive 29.52
C 25.83 17.95 3.30 61.55 473.64 1 105.38 5.32 Active 27.44
AC 41.30 14.70 10.43 4.48 2.51 1 0.55 5.32 Passive 44.90
BC 27.94 15.47 -3.24 7.12 6.35 1 141 5.32 Passive 2744
ABC 49.62 21.67 6.19 9.44 11.14 1 2.48 5.32 Passive 44.90

The average of mean experiments was 11.18 MPa.
2 Yates calculations (for n = 3 factor).
b Degrees of freedom.
¢ [(TE)?/23]/(DF*Se?) [here; TE is total effect and Se is standard error].
d Response values obtained from the formula.

The other half of the column was completed by subtracting the
values below from the top values. These operations were also
continued for columns II* and TE®. The other calculations of col-
umns were given as footnote below the tables. The Fipe value is a
fixed value determined by the 95% confidence interval. The calcu-
lated Fyaiue value was compared with the Fiapje value to determine
whether the variables or the interactions of the variables were
effective or ineffective. It was clear that temperature and alkaline
solution concentration were predominant parameters as A and C
variables were found to be effective in all Yates Analyses. Due to the
low sensitivity of the device, the UCSs of some samples on 1st and
5th days could not be measured.

Using the test results in Table 3, Equation (3) that characterizes
the UCSs of GP concretes was created. The predicted UCS values
based on the experimental parameters were calculated by the
formula given below.

y = 28.48 + 8.73X; + 7.69X3 3)

As seen in Fig. 4, there are strong correlations (R?) between the
real and calculated values. The UCSs of the concretes prepared with
NaOH did not exceed 20 MPa, but the concretes prepared with
Na,SiOs reached up to 47 MPa strength. Yahya et al. [50] stated that
increasing the Na,SiO3 amount increased the dissolution rate of
aluminasilicate source material used for geopolymerization. Xu and
Van Deventer [51] also indicated that Na;SiO3 usage accelerated the
geopolymerization process and improved the UCS values.

204 | ® I.day
e 5 day *
p P
i *
% L5 S s e
< y =0.93x + 0.69
g R2=0.92
= - o= 0.99x + 0.06
T R2=10.99
o ¥ x + 0.2(
2 R? .
_’2 [\
= 5. y=1.02x - 0.51
: R? = 0.97
o y =0.93x + 0.62
,,/ .
,/'/ R?=0.93
0 T T T T
0 5 10 15 20 25

Actual values (MPa)

Therefore, it was decided to use Na,SiO3 solution as the alkaline
activator in the next experiments in the light of experimental
findings.

The 28th day GP concrete produced at the condition of ABC
(with NaySiO3) was ground to be evaluated in SEM examination,
which was given in Fig. 5a. It is clearly seen in Fig. 5a that poly-
sialate structures and their derivatives were detected on a fly ash
sphere. Furthermore, the EDS spectrum of the area revealed that Na
doping derived due to the use of Na,SiO3 was obvious (see Fig. 5b).

3.2. Effects of curing temperature and NaSiO3 concentration

The effects of these factors on the UCS values of concrete were
investigated in detail because the curing temperature and Na,SiO3
concentration have the strongest effects on UCSs based on the Yates
Analysis. The effect of the curing temperature and Na,SiO3 con-
centration on the UCS values of concrete were investigated in detail
using the Yates Analysis.

Our experiments carried out with mortars prepared at a solid
rate of 74%, the strengths of the concrete samples that were kept in
the oven at 70°C for 24 h and were compared with the other
concrete samples cured in room temperature, simultaneously. The
molarity of solution was 5 M. Fig. 6 shows the comparison of the
UCS and unit weight values of concrete cured at 70 °C (orange) and
room temperature (green), respectively. It is clearly understood
from Fig. 6 that the curing temperature played a crucial role in the
strength property of concrete and led to a decrease in its curing
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Fig. 4. Actual and predicted UCS values for Yates Analyses from 1st day to 28th day a) with NaOH, b) with Na,SiOs.
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Fig. 5. a) SEM micrograph of geopolymer formation of a fly ash particle and b) EDS spectra.
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time. These findings are in good agreement with previous studies
[52,53]. Although the UCSs obtained at the end of 28 days were
close to each other, it was obvious that high strengths were ob-
tained with the effect of high temperature in the early times. It was
found that the concrete samples gained 70% of the UCS that was
reached at the end of 28 days after 24 h of curing time at 70 °C.

Geopolymer concrete samples were formed using alkaline so-
lutions at a concentration of 3 (brown), 4 (purple) and 5M (dark
grey) to determine the effect of Na,SiOs (see Fig. 7). Increasing the
concentration of Na,SiOs led to an increase in the UCS value of the
concretes. The concrete specimens were kept in the oven at 70°C
for 1d and then cured at room temperature. It was detected that
the specimens had a 7—-8% strength value increase in 28d
compared to 1d. We observed that while there is an increase in
UCSs, the unit weights decreased as a function of day. A 1M in-
crease in the alkali solution resulted in an extra weight of about
50 kg/m>. Because alkaline solutions reached saturation and geo-
polymer concretes were not formed with higher Na,SiO3
concentrations.

The optimum conditions were then selected as follows: 5 M
Na,SiO3 concentration, 70 °C curing temperature, 1 d temperature
curing time and 74% solid/liquid ratio that was used in the subse-
quent tests to prepare lightweight GP concretes by adding light-
weight aggregates. In addition, it was targeted to add as much
lightweight aggregate as possible to GP concrete specimens for the
next tests.
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Fig. 7. Effect of Na,SiO; concentration, 3 M (brown), 4 M (purple) and 5 M (dark grey)
on the UCS value (left) and unit weight (right) of the concretes as a function of day.

3.3. Effect of pumice aggregate addition

The solid/liquid ratio was set at 74%, while the ratio of AP to the
amount of fly ash was gradually increased in each experiment. We
observed that the workability of the specimens increased within
increasing the ratio of AP/fly ash during the sample preparation
processes. Fig. 8 shows that the UCS of the concrete decreases
within increasing the amount of AP in the specimen. However, a
dramatic decrease was observed in the strengths after 15% AP
addition. The strengths decreased from 50 MPa to 15 MPa when
200 kg of lightning was achieved.

As seen in Fig. 9 the PLS of the specimens were decreased due to
adding pumice in concentration up to 50%. . The PLS presents a
similar trent with the UCS value of the specimen.

Applying a point force to the specimens for the point load
strength experiment, the tensile strength is actually defeated dur-
ing this test. Therefore, the point load strength can also be
considered as indirect tensile strength. It is normal for point load
strengths to be lower than UCSs. Because the UCSs of solid bodies is
higher than their tensile strength. Stress-strain curves demon-
strated in Fig. 10 showed that the amount of pumice aggregate
increased, the strength decreased, and the concrete specimens
became more ductile.

As an expected, the WAR value of the concrete increased when
adding AP, which has a porous structure, into the mix proportion.
The fact that sound waves spent more time in the pores inside AP



15 20 25 30 35 40 45 50
Pumice addition (%)

0 5 10

Fig. 9. The point load strength of the lightweight GP concrete with increasing pumice
addition up to 50% for given days.

resulted in a reduction in SS values (see Table 4).

The effect of AP’s particle size (—0.425 mm, —4+0.425 mm
and —12 + 4 mm) on the UCS properties of concrete is listed in
Table 5, which gives that an increase in the particle size of AP used
as aggregate led to a decrease in the UCS of the concrete. The WAR
value of the —0.425 mm AP aggregate containing concrete was
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found to be 3.42%, whereas the concrete containing —12 + 4 mm AP
aggregate was prepared with WAR of 6.49%. Moreover, the SS of the
concrete was measured to be 2.34, 3.92, and 3.92 km/s respectively
(from coarse sized to the finest sized), but there was no remarkable
change observed in MH values (~3.5) of the concrete.

3.4. Effect of EP aggregate addition

In order to investigate the effect of particle size, EP aggregates
were first divided into —4+0 mm and —0.425 + 0 mm dimensions
and added to the mortar formed by using fly ash. The solid/liquid
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Table 4

SS, MH and WAR values of the specimens on 28th day.
Pumice (%) 0 5 10 15 20 25 30 35 40 45 50
WAR (%) 1.05 2.25 3.15 3.36 3.21 3.54 3.58 3.61 3.71 3.83 4.59
SS (km/s) 4.12 3.69 3.51 3.50 3.40 3.32 3.28 3.10 241 2.25 2.12
MH 5.50 4.50 3.50 3.00 3.00 3.00 2.50 2.50 2.50 2.00 2.00

Table 5

Effect of pumice aggregate sizes on the sample strengths (ratio of AP/fly ash by weight: 20%).

Pumice aggregate size (mm) UCS (MPa) Weights (kg/m?)
1std 5th d 10th d 15th d 28th d

—-0425 +0 30.00 32.12 33.22 34.25 34.00 1680.81

—4+0.425 28.22 31.12 31.25 32.45 32.23 1644.82

-12+4 21.21 21.80 22.50 22.21 24.21 1497.60

ratio was arranged at 73.3%. In addition to having a porous structure
like AP, EP had a very low bulk density (0.143 g/cm?) and the added
amount of EP aggregates did not exceed 5% for coarse aggregates
(—4+0 mm). While the EP aggregates included in 0.5% ratios by
weight, approximately 5 MPa decreases were observed for each
adding step (see Fig. 11a). Although the strengths were higher than
the —4+0 mm sized aggregate added specimens, there was no
decrease in the concrete weights for the specimens produced by
fine aggregates in the range of —0.425 + 0 mm (Fig. 11b). Unlike
pumice aggregates, which could be added to the mortar at a high
rate, the EP aggregates were added at a low rate because of unde-
tectable strengths obtained. To overcome this, EP aggregates were
wetted before adding to the mortar. Because EP had hydrophilic

a
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nature [54], the alkaline solution was intended to react directly
with the fly ash without absorption by the EP aggregates. EP
samples were mixed with 0.5L of tap water for 10 min without
grinding medium in the stir ball mill. Subsequently, the materials
were sieved through a 425um sized sieve and the samples
remaining on the sieve were added to the mortar to form GP con-
crete specimens. It was determined that the mill output coarse EP
aggregates absorbed 200% by mass of water. Pre-wetting reduced
the alkali solution consumption by 32.5%. Not only the lower
chemical consumption was achieved, but also the lowest weighted
lightweight GP concretes were produced (see Fig. 11c and d). Some
of the broken specimens are shown in Fig. 12.

Table 6 shows the WAR, MH and SS values of the concretes. The

b
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Fig. 11. Effects of different sized EP aggregate addition [a) —4+0 mm, b) —0.425 + 0 mm, c¢) and d) —4+0.425 mm (with pre-wetting)] on the strengths.
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Fig. 12. Broken specimens obtained using pre-wetted EP.

Table 6
MH, SS and WAR values of the concretes on 28th day.

-4+0.425 mm pre-wetted EP addition (%) WAR (%) SS (km/s) MH
0 1.05 4.12 5.5
0.5 1.82 3.32 5.0
1 2.35 3.15 5.0
1.5 4.65 3.00 4.5
2 6.78 2.93 45
2.5 9.40 291 4.0
3 11.79 2.81 4.0
35 12.33 2.69 4.0
4 11.34 2.52 35
45 13.16 2.45 35
5 12.00 232 35
5.5 14.64 2.05 3.0
6 14.01 1.92 3.0
6.5 14.88 1.83 25
7 16.00 1.76 2.5
7.5 17.46 1.72 2.5
8 18.94 1.63 25

MH and SS velocity values decreased in parallel with the decreases
in strengths while WAR values increased. Adding EP aggregate
resulted in more elastic concrete structures. Also, Young modulus of
the lightweight concrete specimens declined (Fig. 13).

4. Conclusions

Lightweight concretes offer numerous benefits such as easier
transportation, reduced dead load on structural elements, and
better fire resistance. In this study, we demonstrated that the
lightweight GP concretes could be produced by utilizing the fly ash
wastes with lightweight aggregates. The optimum GP concrete
preparation parameters were determined by Yates Analysis. The GP
concrete production was modelled and formulated. Temperature
and alkaline solution concentration were predominant parameters
for the geopolymerization process. The GP concrete specimens
prepared by Na;SiO3 were found to be more durable than the ones

60
*0% m0.50% A1%
50 | <1.50%  X2% ©2.50% *
3% -3.50% —4% -
40 | ©430% ms% A5.50%
6% 6.50%

8% 7.50%

UCS (MPa)
W
f=]

0 0.002 0.004 0.006 0.008 0.01 0.012 0.014
Strain (g )

Fig. 13. Stress-strain curves for —4+0.425 mm pre-wetted EP aggregate added speci-
mens (for 28th day).

produced by NaOH. Therefore, Na,SiO3 was chosen as an alkaline
activator in the further experiments in which the lightweight AP
and EP aggregates were used. The other parameters for optimal
geopolymer concrete production were 5 M Na,SiO3 concentration,
70 °C curing temperature, 1 d temperature curing time and 74%
solid/liquid ratio. Lightweight concretes could be obtained with the
addition of up to 50% AP aggregates, and this value did not exceed
10% for EP aggregates. Lighter concretes could be produced by using
EP aggregates compared to the AP aggregates. For both aggregate
types, the UCSs and unit weights decreased with increasing grain
sizes of aggregates. In addition, pre-wetting was applied to the
hydrophilic EP aggregates that had the particle size
of —4+0.425 mm. In this way, the alkali solution was intended to
react with the fly ash undertaking the cement duty instead of EP. All
the produced GP concrete specimens were lightweight but the
lightest GP concretes (1250 kg/m>) were obtained by pre-wetting of
EP aggregates. Pre-wetting also reduced chemical consumption by
32.5%. Lightweight concrete samples had UCSs between 10 and
50 MPa. SS, PLS, WAR, and MH values are in good agreement with
those of UCSs.
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