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Abstract. The demand for lightweight concrete has increased because of its low density, fire resistance
and good thermal insulation. Autoclaved aerated concrete (AAC) is the combination of cement, fine-grained
sand, lime and water with aluminium powder. This study aims to investigate the influence of adding silica
fume (SF) on improving the properties of AAC. The response was studied in terms of testing the mechanical
and physical properties including compressive, splitting tensile, flexural strength, density, porosity and
coefficient of water absorption. Different mixes have been proposed by incorporating the SF with contents
of 10 %, 20 % and 30 % by cement weight, which is compared with the AAC sample that is used in practical
applications. The results indicated that there was a significant improvement in the compressive and flexural
strength of AAC, which increased by six and three times, respectively, when 30 % of SF was used with an
acceptable dry density. Furthermore, the microstructural analysis revealed that SF had a positive effect on
the development of calcium silicate hydrate and it can be used in AAC masonry block productions.
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1. Introduction

In the last two decades, much attention has been paid to the production of lightweight concrete (LWC)
due to its low density, good thermal insulation and fire resistance, lower thermal conductivity and shrinkage
with a fast construction process [1, 2]. In addition, the use of LWC increases the building's resistance to
seismic loads and decreases operating and construction costs. Thus, it is used in a number of applications
over normal concretes [3, 4]. Generally, LWC is divided into lightweight aggregate concrete (LWAC), in
which light coarse aggregate is used, and aerated concrete (AC), which is produced using cement mortar
with some foaming agent or void-forming materials without coarse aggregate [5, 6].

Several researchers have investigated the physical and mechanical characteristics of AC with using
an autoclave. Sufficient autoclave curing results in the crystallization of calcium silicate hydrate (CSH) and
neutral tobermorite-11, the main structural minerals of autoclaved aerated concrete (AAC). The tobermorite
phase begins after 2 h of autoclaving and lasts up to 8 h. Wang et al. [7] realised that an extreme
prolongation of autoclaving did not affect the formation of tobermorite. In contrast, Mostafa [8] observed
that compressive strength enhanced during the first 6 h of autoclaving, and then the gain in strength
declined at 12 h and 24 h. Kunchariyakun et al. [9] reported that the compressive strength in the range of
20-60 % was lower than the strength of the control samples, while the unit weight loss was in the range of
16—45 % for the samples that were subject to autoclave curing. In addition, the highly reactive silica in rice
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husk ash (RHA) affected the transformation of tobermorite and the increasing the autoclaving time to 18 h
had no major effect on the properties of AAC. Cai et al. [10] studied the effect of iron tailings content and
fineness on mechanical properties of AAC. The mass ratio of iron tailing to silicon sand (MSIS) were 0 %,
20 %, 40 %, 50 %, 60 %, 80 % and 100 % with a grinding time prolonged from 10 to 30 mins. It is indicated
that the compressive strength reduced by 21 % with the increase of MSIS up to 50 %, while it dropped by
48 % with the increase of MSIS up to 100 %. It was reported that the optimal grinding time was 20 min. Cai
et al. [11] investigated the influence of waste materials on high content solid-wastes autoclaved aerated
concrete (HCS-AAC) performance. The results exhibited that the grinding process had a significant
influence on the powder particle size and the compressive strength obtained from mix grinding increased
by 3-6 %.

Wongkeo et al. [12] studied the flexural strength, compressive strength and thermal conductivity of
AAC by replacing cement with bottom ash (BA) up to 30 % by weight. The results exhibited that the flexural
strength, compressive strength and thermal conductivity increased with increasing BA content. The 20 %
increase in both compressive and flexural strengths was found for mixes with 30 % BA content compared
to the mixes without BA content, whereas the thermal conductivity improved only by 6 %. Rézycka and
Pichdr [13] utilized perlite waste as a quartz sand replacement in conventional AAC mixtures at 5 %, 10 %,
20 %, 30 % and 40 % by weight. The results showed that the bulk density decreased by 12 %, compressive
strength by 9 % and thermal conductivity by 10 % with 5 % of perlite waste. Gunasekaran et al. [14] studied
the effect of natural sand replacement by flash ash (FA) up to 100 %. The results indicated that compressive
strength, dry density and water absorption declined with adding FA. The maximum values were with 0 %
FA that was greater than with 100 % FA by 53 %, 33 % and 22 % respectively. Furthermore, Qin and Gao
[15] used the recycling of waste autoclaved aerated concrete (WAAC) powder with cement by accelerated
carbonation. Carbonation curing was achieved on a cement paste containing up to 50 % of WAAC powder.
The result revealed the highest compressive strength was obtained with the optimal dosage of WAAC of
20 % that was enhanced by 2 %.

However, Li et al. [16] used the municipal solid waste incineration (MSWI) bottom ash as a sand
replacement in AAC. The results showed that MSWI caused a reduction in compressive strength, density
and thermal conductivity with increasing its content. The lowest value was with 100 % replacement, which
caused a decrease in compressive strength, density and thermal conductivity by 71 %, 9 % and 17 %
respectively. Kunchariyakun et al. [17] studied the impact of black rice husk ash (BRHA) and bagasse ash
(BA) on the dry density and compressive strength of AAC at 180 °C for 4, 8 and 12 h. Sand with the range
of 0 %, 30 % and 50 % by weight was replaced with BRHA and BA. The results showed that an increase
in curing time has an obvious effect on the compressive strength of AAC which improved by 46.59 % and
26.97 % in samples containing 30 % of BA and 30 % of BRHA respectively. However, no significant effect
on the dry density developed by 9 % and 10 % with the optimum time of 12 h has been reported. In addition,
Zafar et al. [18] used waste granite dust (WGD) as a sand replacement for up to 20 %. The results revealed
that the maximum increase in the hardened density, thermal conductivity, compressive and flexural strength
is higher with 20 % of WGD than 0 % of WGD by 13.45 %, 36 %, 42 % and 38 % respectively, while the
minimum water absorption was lower with 20 % by 26.7 %.

The influence of pozzolanic materials such as silica fume (SF), granulated blast furnace slag (GBFS)
and fly ash (FA) on the AAC properties considers an essential issue on its behavior analysis [19]. Pehlivanli
et al. [20, 21] investigated the impact of four different types of fibers (polypropylene, carbon, basalt and
glass fiber) on the compressive and flexural strength of AAC. The results indicated that carbon fiber-
reinforced AAC, as opposed to other types of fibers, provided the greatest compressive and flexural
strength, which increased by 31 % and 61 % respectively. In Gigluer et al. [22] siliceous aggregate was
replaced by fly ash and silica fume was added with the range of 3 %, 6 %, 9 % and 12 % to the cement.
Results showed that curing under 177 °C had a greater compressive strength than at 156 °C, which
improved by 78 % with SF of 3 %.

Chen et al. [19] studied the effects of silica-lime-cement composition on the density and compressive
strength. Lime (L) and cement (C) were used with a range between 5 % and 30 %, while SF was from 60 %
to 70 % and aluminium powder from 0.25 % to 1 %. It was revealed that samples with 70 % of SF, 25 % of
L and 5 % of C had the highest strength and density. The increase in the compressive strength was related
not only to the progress of hydration reactions, but also to pores filling with the hydration products. On the
other hand, the effects of SF and steel slag additions on compressive strength and thermal properties of
lime-fly ash pastes were studied by Zhao et al. [23]. Curing conditions of 180 °C for 8 h and SF content of
8 % and 15 % of SF was adopted. SF caused a significant development in compressive strength, which
raised by 59.6 % with 15 % of SF. Leonteva et al. [24] considered the influence of ultra- and nanodisperse
size of silica gel content in the range between 4 % and10 % additives on the structure and mechanical-
and-physical properties of heat insulating AAC. The results showed that the compressive strength
increased 5 times, when using silica up to 10 % with a slightly improved dry density of 6.5 %. Pachideh et
al. [25] adopted SF with 7 %, 14 % and 21 % of cement weight. They confirmed that the compressive and
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tensile strength enhanced by 63 % and 23 % when 21 % and 7 % of SF respectively were used, while water
absorption decreased with increasing SF content up to 21 % which decreased 2 times at 10 and 30 and
21 % at 90 min. Almajeed and Turki [26] used SF with a maximum value of 16 %. They observed that the
compressive strength developed up to 23 % with 12 % of SF.

Lashari et al. [27] studied the effect of SF and FA as cementitious materials on the properties of the
AAC. SF was substituted up to 20 %. Then FA was replaced with cement up to 30 % after selecting the
optimum contain of the SF. It is indicated that the greatest split tensile and compressive strength of the
AAC was when cement was replaced by 15 % of SF and 30 % of FA.

Itis known that the use of AAC blocks has increased dramatically throughout the world due to several
advantages of such blocks, including their light weight, thermal insulation and cost-effectiveness. However,
low mechanical properties and problems with the durability of such blocks limit their use, for example, for
filling the walls of internal partitions of multi-story buildings. This study aims to improve the mechanical
properties (compressive, tensile and flexural strengths) of the non-structural AAC blocks to be used in the
construction of load-bearing walls and reduce the cracking shrinkage resulting from dimensional changes
caused by environmental humidity. A modified mix with different contents of SF (10 %, 20 % and 30 %) and
reduced sand and water content was proposed to reduce the size of voids in the mix.

2. Methods and Materials

2.1. Material Properties for the AAC Mix Design
The ACC mixture prepared during this study consists of the following components:
e Ordinary Portland Cement CEM 1/42.5N that satisfies the requirements of the Iraqi
Organization of Standards (10S.5/1984 [28]);
e sand with particle size distribution between 1 and 3 mm [29];
e ECA MICROSILICA-D [30] with an average diameter of 0.15 y;
e lime (Ca0), approximately 90 % of which can pass through the sieve 90 ym [31].

To produce AAC samples, aluminium powder with a purity of 90 % was used. The chemical, physical
and mechanical properties of the OPC are revealed in Tables 1, 2 and 3. Whereas, the properties of lime
and silica fume which were used in the mixtures are shown in Tables 4 and 5 respectively.

Table 1. Chemical properties of Ordinary Portland Cement.

Component Test result, % 10S.5/1984
SiO2 20.35 -
Al203 5.71 -
Fe20s3 3.46 -
CaO 61.93 -
MgO 3.78 Max. 5.0
SOs 2.39 Max. 2.8
Loss on ignition 1.51 Max. 4.0
Insoluble residue 0.52 Max. 1.5
Table 2. Physical properties of Ordinary Portland Cement.
Test result 10S.5/1984
o Initial (min) 110 Min. 45
Setting time
Final (hr) 2.76 Min. 10
Fineness 2795 Min. 2300
Table 3. Mechanical properties of Ordinary Portland Cement.
Mechanical Compressive 3 days 22.3 MPa Min. 15
strength 7 days 32.3 MPa Min. 23
Soundness, % 0.31 0.32
Residue, % 90 6.08 6.08
180 0.58 0.58
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Table 4. Lime properties.

Properties Test result 10S.807/1988
Extinguishing time (min) 13 5-15
Activity CaO, % 91.97 Min. 85
CO2 1.46 Max. 5
Fineness (remaining on sieve 90 p), % 1 Max. 10

Table 5. ECA MICROSILICA-D Silica Fume properties [30]

Properties Test result ACI 234R-96 [32]
Specific Gravity 2.25+15 % at 20°C 22%
Sulphate Content 1.0 % as SOs3 <4 %
Bulk Density 2550 kg/m?® 480-720 kg/m?®
SiO2 Content 90 % 84-91 %

2.2. Preparation of Samples

To produce a slurry, sand was mixed with one-third of water for nearly 1.5 min. Then, cement and
lime were added to the slurry and mixed for 100 sec. The remaining water was mixed with silica fume and
aluminium powder for 80 sec. Then, all materials were mixed and the mixing process was completed within
50-60 sec. After that, the molds were heated to 42 °C and filled with fresh AAC. The samples were
demolded for approximately 24 h, as shown in Fig. 1 [18]. The samples were cured under high-pressure
steam conditions of 12 bars for 10 h at 190 °C and were left in the open air for 7 days. Then the AAC
samples were tested for physical and mechanical properties with microstructural fracture surface.

(a) Samples after casting (b) Samples volume after expansion

Figure 1. AAC samples with different silica fume content: cubes, beams and cylinders.

2.3. Mechanical and Physical Tests

The compression test was achieved using 100 mm cubes according to BS EN 679 [33], whereas the
splitting test has been conducted using a cylinder of 100 mm diameter and 200 mm height according to BS
EN 1881-117 [34], as indicated in Fig. 2 and 3. Flexural strength has been measured by using a prism with
dimensions of 100 x 100 x 400 mm according to BS EN 1351 [35], as indicated in Fig. 4. However, bulk
density was measured using a cylinder of 100 mm diameter and 70+5 mm height according to BS EN 678
[36]. Four values of SF (%) have been considered. Three samples were tested and the average value was
adopted. For the industrial (control) and AAC, three samples were prepared.

As for porosity, it is defined as the ratio of the pore volume filled following a 30-min soak. After the
samples had been dried to a constant weight, they were weighed (Wd ) Then the samples were immersed
in water for 30£0.5 min and the amount of water absorbed was weighted (WS ) The porosity was calculated
using (1) [37].

w,-w,
P= Mx 100. (1)
W
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Figure 2. AAC cube for copressive strength Figure 3. AAC cylinder for tensile strength
test. test.

Figure 4. AAC prism for flexural strength test.

However, the coefficient of water absorption C,, detects the capability of material absorbing water
through a cross-section area in the stated time according to BS EN 772-11 [38]. After the dry mass of the
samples had been recorded, the samples were immersed in water (tso) to a depth of 51 mm for 10, 30

and 90 min. Then each sample has been weighed as a mass of saturated surface. The water absorption
coefficient was calculated using (2) [39].

Wear ~Wary . 6 205
CW_AS—tXIO [g/(mm X t )J (2)

NY

2.4. Mix design

The mix proportion of the AAC containing different percentages of SF is shown in Table 6. For the
industrial AAC, two parts of sand screened (0—3 mm) to one part of cement and 33 % lime with 0.32 %
aluminium powder were used. However, for the proposed AAC, 2.6 of sand to 52 % lime with 0.21 % of
aluminium powder were used. SF was inserted with 10 %, 20 % and 30 % by cement weight.

Table 6. Mix proportions for industrial and proposed AAC (kg/m?®).

Industrial
Material, kg/m3 (Control) 0 % SFAAC 10 % SFAAC 20 % SFAAC 30 % SFAAC
sample

Cement 139 145 145 145 145
Sand 278 387 387 387 387
Water 463 220 220 220 220
Lime 46 75 75 75 75

AL powder 0.45 0.31 0.31 0.31 0.31

Silica fume (SF) - 0 14.5 29 43.5
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2.5. Optical microscope observations

The cross-section images of the AAC sample were captured by using an advanced metallurgical
microscope, as shown in Fig. 5. It is a manual microscope, which is manufactured by KJ Group. Model EQ-
MM500T-USB with 5.0 MP resolution was used to disclose the detailed microstructure of the samples. AAC
with greater SF content exposed the lower number and non-uniform shapes of pores.

Figure 5. Advanced Metallurgical Microscope [40].

3. Results and Discussion
3.1. Compressive Strength

The compressive strength of AAC containing different SF percentages is shown in Fig. 6. The results
indicated that compressive strength of the industrial (control) samples was lower than the experimental
AAC without SF by 123 %, which may be due to its high water/cement ratio and aluminium powder content.
Moreover, the space occupied by the hydration product improved due to an increase in water content, while
the hydration volume remained constant regardless of the mixture's water content at a certain degree of
hydration. It is unsure that an increase in water to water-to-cement ratio causes a rise in capillary voids and
gel pores which was agreed with Naik [41].

The results showed that the strength of AAC increased with an increase in the proportion of SF. For
the samples with 10 % and 20 % of SF, the compressive strength was higher than that of the control
sample. However, the maximum strength was obtained at 30 % of SF, which was six times higher than that
of the control sample. This behavior may be due to the effects of fine particle size of silica and large surface
area consisting mainly of amorphous silicon dioxide. In addition, the formation of non-crystalline and
crystalline CSH under autoclaving conditions was due to the reactions between reactive silica and lime [42],
as shown in (3) and (4) [1]. The compressive strengths of the AAC samples were within the requirements
of ASTM-C1693, which specifies the compressive strength of AACs from 2 to 6 MPa [43].

Slag

v

Si0O2+Ca0 —»a-C:SH+C-S-H—» Tobermorite 3)

Silica Fume

v

SiO2+Ca0 —» C—-S-H —» Tobermorite
4)

It was noted that the increase in the amount of waste materials resulted in an increase in the AAC
strength, which is consistent with the other researches. Similar behaviors were reported in [18, 26, 44, 45].
Additional CSH gels occurred due to the reactions between free cement (created from cement hydration)
and waste materials such as sawing mud, silica fume, granulated blast-furnace slag and WGD respectively,
which caused a high compressive strength. It is expected that adding excess SF to AAC could increase the
strength and durability of cementitious material with a slight increase in its weight.
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Figure 6. Compressive strength for the control and experimental AAC samples.
3.2. Tensile Strength

The tensile strength test results with different SF content are shown in Figure 7. The tensile strength
of the control sample was higher than that with SF by up to 20 %. It was observed that the strength of the
control sample was higher than that with 0 % SFAAC by 44 %. It could be referred to its high cement/sand
ratio, which was % that appears to be adequate in providing a good tensile strength. However, the strength
of the laboratory AAC mix increased with increasing SF content. At 10 % of SF, tensile strength increased
by 38 % over 0 % of SF, followed by 52 % for 20 % of SF and the highest strength was achieved at 92 %
by increasing SF to 30 % by weight. Based on the above results, when the addition of SF exceeds this limit,
it is expected that higher tensile strength may be obtained. In addition, the tensile strength of 30 % SFAAC
was slightly higher than that of the control sample by 7 %. This is in contrast with Toutanji et al. and
Pachideh and Gholhaki results [25, 46], where SF was used in the range of (8-25) % and (7-21) %
respectively. The results showed that the tensile strength increased slightly by 3 % when up to 8 % of SF
was added, then it declined with increasing SF content, also the tensile strength increased by 23 %, when
7 % of SF was used [44, 46].

1.2
B AAC results from laboratory test
- 1
E T
> 038
~ L
=
> 06
c
o ——
» 04
2
2 02
()
=
0
Control 0% 10% 20% 30%

Silica Fume content

Figure 7. Tensile strength for the control and experimental AAC samples.
3.3. Flexural Strength

The results showed that all values of the AAC with SF were higher than that of the control sample,
as shown in Fig. 8. In addition, the SF had a more prominent effect on flexural strength than on the splitting
tensile strength, and for a high percentage significantly improved in strength, which agrees with [44]. The
lowest value of the flexural strength was for control sample, which increased significantly by 122 % for 0 %
SFAAC due to its high water/cement ratio. The presence of SF increased the flexural strength of AAC at
10 %, 20 % and 30 % of SF content by 1.6, 2 and 2.7 times, respectively. This behavior may refer to the
further reaction of SF with Ca(OH)2 obtained during Portland Cement hydration and create more CSH gels,
which increase the strength of AAC. The optimal strength of mixes with SF was obtained for 30 % SFAAC.
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In [12] similar behavior was observed, when BA was used as cement replacement in the range of 10-30 %.
The flexural strength improved with increasing BA replacement and approximately 20 % increase in
strength was obtained for mix with 30 % BA. However, in [40] SF with a range of up to 25 % was used. The
result showed that maximum strength was obtained by replacing cement with 15 % of SF.

3.5
mAAC with different SF content

3 I
25

2
1.5

1 =
0.5

0

Flextural strength (N/mm?)

Control 0% 10% 20% 30%
Silica Fume content

Figure 8. Flexural strength for the control and experimental AAC samples.
3.4. Bulk Density

Bulk density is one of the most important properties of AAC, and the mechanical and physical
properties of AAC depend on their density and materials properties [13]. Fig. 9 shows the density of AAC
with different SF content. The results showed that the density of AAC samples increased with the addition
of SF, and the lowest value was for control sample, which improved by 28 % for 0 % SFAAC. With 10 % of
SF, the bulk density increased by 44 %, followed by 46 % and 54 % for 20 % SFAAC and 30 % SFAAC,
respectively. It could be due to the reactivity of the finer SF grain size, resulting in hardening AAC density.
Moreover, the hydration process was accelerated by siliceous properties of waste materials by increasing
the CSH content, resulting in a denser microstructure, which is consistent with [18, 47], where SF and WGD
were used, respectively. The results showed that high density tobermorite crystals were formed with
increasing waste materials content. In [26] it was observed that the dry density of AAC was not affected by
the addition of SF due to its low content compared to the total amount of the mix.

900 B0 AAC with different SF content

800
700
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400
300
200
100

0

52 |
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F

FiH

Bulk density (kg/m?)

Control 0% 10% 20% 30%

Silica Fume content
Figure 9. Dry density for the control and experimental AAC samples.

3.5. Porosity Measurement

AAC has a high porosity of more than 70 % of hardened material/volume, which leads to low
compressive strength and density compared to conventional concrete [48].

The pore size distribution and porosity of AC are different and depend on the method of curing and
materials composition. An increase in the volume of macropores led to an increase in porosity, which leads
to thinning of the pore walls, thereby reducing the micropore volume of AC [49]. The results of the porosity
of the control and proposed AAC samples with different SF content are shown in Fig. 10. The decrease in
porosity with increasing SF content is neglected. The highest value was for control sample, which was



Magazine of Civil Engineering, 17(4), 2024

higher than 0 % SFAAC by 8 %, followed by 4.5 % and 2 %, when SF increased up to 30 %, which is
consistent with [50]. When lightweight concrete (LWC) with different nanosilica content had similar porosity

and NS1 (with 1 % cement replacement) showed lower porosity, which was reduced by 15 % compared to
the control sample.

23.0 B AAC with different SF content

22.0

20.9
21.0

20.0
20.0 - 19.6

19.2

19.0

Porosity %

18.0

17.0

Control 0% 10% 20% 30%
Silica Fume (SF)%

Figure 10. Porosity for the control and experimental AAC samples.
3.6. Coefficient of Water Absorption

Aerated concrete blocks have high water absorption and this problem needs to be solved. Fig. 11
shows the water absorption coefficients of the control and proposed AAC mixes at different times, including
different SF content. It can be observed that all samples showed an increase in water absorption after 10,
30 and 90 min. After 10 min, the water absorption of the modified AAC samples with modified SF content
was negligible. The highest value had the control sample, which may be due to its high aluminium content
that caused a large number of voids.

After 30 min the water absorption for all experimental samples was the same, whereas after 90 min
it was greater than that without silica and 30 % SF. Water absorption decreased with the addition of more
SF content, which may be due to the fineness of void-filling particles and the cellular structure of AAC. This
could be attributed to the plugging of connected pores by the microstructure densification due to the
tobermorite formation and nano-micro-filling of voids. The capillary absorption mechanism of AAC is still

unclear and its behavior depends on the features of the surrounding mortar, aggregate type and test
conditions.

0.35 4 ---g4--- Commercial of AAC
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Figure 11. Water absorption for the control and experimental AAC samples.

3.7. Microstructural analysis

The microstructure of the AAC depends on many factors such as materials composition, type and
amount, hydration rate and type of reaction produced and their distribution [9, 13]. However, the distribution
of the micropore is more sensitive to the hydrothermal reaction [50]. The microstructures of the SFAAC and
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the control samples were examined using advanced metallurgical microscope, and the results of this
examination are shown in Fig. 12. Fig. 12a shows the high rate of macro- and micropores and subsequent
tobermorite due to its high water/cement ratio. It resulted in an improvement in the hydration products
formed and caused swells in the CSH gel and pore size became less than before. 0 % SFAAC had a higher
rate of macropore volume, which tend to remain isolated as shown in Fig. 12b. This behavior may be due
to intense reaction of silica with calcium hydroxide to form calcium silicate hydrates as indicated in (5) [51].

(C3S+C2S)+S — CSH + CH + S (silica) —» CSH — tobermorite (5)

AAC with 10 %SF was more stable to conglomerate than to stay isolated because it had high pore
volumes (Fig. 12¢) and more tobermorite platelets were created, when there was enough silica in the mix.
Moreover, an increase in SF to 20 % led to strength development of the AAC, but part of Al powder and
lime did not react properly, because all mixes had the same water content (Fig. 12d). For AAC with 30 %SF,
the CSH phase's improvement may be observed, as fibrous groups are surrounded by aggregate particles
(Fig. 12e) and its porosity decreases with the addition of more SF.

(a) Control AAC (b) Laboratory AAC with 0%SF

(c) Laboratory AAC with 10%SF (d) Laboratory AAC with 20%SF

(e) Laboratory AAC with 30%SF

Figure 12. Fracture surface micrographs for the control and experimental AAC samples
with varying SF content.

4. Conclusion

The use of SF in autoclaved aerated concrete (AAC) has an eco-friendly effect in reducing the
amount of waste material, and significantly influencing the physical and mechanical properties of AAC by
improving the microstructure of the paste matrix. A series of AAC mixes with different content of SF
(0-30 %) was created. At the end of the tests, the following results were obtained:

1. The effect of both lime to cement and sand to cement ratios was small, whereas the water to cement
ratio had a considerable influence on the bulk density and compressive strength of AAC.
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2. The compressive strength increased up to 6 times for the mixture containing up to 30 % of SF. The
result showed that the progress of hydration reactions effects not only AAC strength but also pores
filling with the hydration products.

3. Itwas indicated that an increase in pozzolanic materials resulted in increasing the tensile strength
of the AAC sample. At the ratios of 10, 20 and 30 % SF, it was observed that the addition of SF up
to 30 % slightly improved its tensile strength (approximately by 7 %). In addition, the brittleness of
AAC was reduced by the addition of SF to increase strength. However, a considerable improvement
in flexural strengths of AAC was obtained by using SF. 30 % of SF demonstrated high strength
values of an adopted AAC sample, 3 times compared with that used in practical applications.

4. The maximum hardened density was with 30 % of SF, which was 54 % higher than that of the
control sample, as it was affected by hardened density and its microstructure. The addition of SF
resulted in improvement in tobermorite crystals and the pore structure of the AAC. Most of the air
voids are unconnected voids, which were significantly affected by the introduction of SF. Due to the
close relations between material properties and mix proportions, optimization of its proportions had
great importance for the load-bearing strength of AAC.

5. SF caused a reduction in surface water absorption of AAC. The lowest water absorption was with
0 % SF that was reduced by 94 %, 28 % and 25 % respectively after 10, 30 and 90 min. However,
the maximum water absorption of the proposed AAC was with 10 % of SF. It is recommended to
use cementitious systems (SF + cement) to enhance the desired properties of AAC containing a
high silica percentage. Moreover, additional research may be required on the influence of silica
when taking into consideration the use of industrial wastes as adding/replacement materials in AAC
production with varying percentages.
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