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ABSTRACT

This study investigates methods to reduce cement consumption and improve the mechanical properties
of Autoclaved Aerated Concrete (AAC) by varying key parameters and incorporating fiber reinforcement
and recycled materials. The primary focus was on understanding the effects of fiber length, fiber content,
water-to-solid (W/S) ratio, and gypsum-to-cement ratio on the compressive and tensile strength of AAC.
Results indicate that optimizing fiber characteristics significantly enhances AAC's strength, with 3 mm
fibers providing the best performance. An optimal W/S ratio of 65% was identified, leading to the highest
compressive strength and mechanical efficiency, while deviations from this ratio negatively impacted
material properties. The study also explored the use of recycled AAC residues to improve sustainability. It
was found that balanced mixtures, particularly with a combination of 7% gypsum, maximized compressive
mechanical efficiency. These findings suggest that sustainable AAC production can be achieved by
optimizing fiber integration, mix ratios, and recycling practices. Future research will focus on further
optimizing fiber types, refining mix designs, and exploring additional recycling methods to create

lightweight, energy-efficient building materials with optimal mechanical performance.

Keywords: Autoclaved Aerated Concrete (AAC), cement consumption, mechanical properties, fiber

reinforcement, recycled materials, tobermorite.

CERCS: T150 Material technology; T152 Composite materials



ABSTRAKT

Kdesolevas t60s uuritakse meetodeid tsemendi tarbimise vdhendamiseks ja poorbetooni mehaaniliste
omaduste parandamiseks. Muutes betooni pdhiomadusi ning lisades betooni tugevdamiseks kiude ja
taaskasutatud materjale. Peamiselt keskenduti kiude pikkuse, kiude sisalduse, vee ja tahke aine (W/S)
suhtele. Kipsi ja tsemendi suhte mdju moistmisele AAC surve- ja tdmbetugevusele. Tulemused naitavad,
et kiudude omaduste optimeerimine suurendab oluliselt AAC tugevust, seejuures 3 mm kiudude puhul on
parimad tulemused. Optimaalseks W/S-suhteks maarati 65%, mis annab suurima survetugevuse ja
mehaanilise tdhususe, samas kui korvalekalded sellest suhtest mdjutasid materjali omadusi negatiivselt.
Uuringus uuriti ringlussevéetud AAC jaagi kasutamist jatkusuutlikkuse parandamiseks. Leides, et
tasakaalustatud segud, eelkdige koos 7% kipsiga, maksimeerivad mehaanilist survetdhusust. Tulemused
viitavad sellele, et jatkusuutlikku AAC-tootmist on voimalik saavutada kiudude integreerimise, segusuhete
jaringlussevotu tavade optimeerimisega. Tulevased teadusuuringud keskenduvad kiuttitipide tdiendavale
optimeerimisele, segukavade tdiustamisele ja tdiendavate ringlussevotumeetodite uurimisele, et luua

kergeid, energiatéhusat ja optimaalse mehaanilise j6udlusega ehitusmaterjale.

Marksonad: , Koolitus”: Autoklaavitud poorbetoon (AAC), tsemendi tarbimine, mehaanilised omadused,

kiudude tugevdamine, ringlussevdetud materjalid, tobermoriit.

CERCS: T150 Materjalitehnoloogia; T152 Komposiitmaterjalid.
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2 LIST OF ACRONYMS

AAC - Autoclaved Aerated Concrete

FRAC — Fiber-Reinforced Aerated Concrete
BFRAAC - Basalt Fiber-Reinforced Autoclaved Aerated Concrete
CSH - Calcium Silicate Hydrate

SEM - Scanning Electron Microscopy

EDX - Energy Dispersive X-Ray

W/S — Water-to-Solid mass ratio

CO; - Carbon Dioxide

GC - Green Cake

GY — Gypsum (anhydrite)

AP — Aluminum Powder

IEA — International Energy Agency

SCM - Supplementary Cementitious Materials

OECD (Organisation for Economic Co-operation and Development)



3 INTRODUCTION

Nowadays, the importance of sustainable solutions for daily challenges is seen as mandatory in numerous
laws and initiatives throughout many countries. To understand the magnitude of cement’s greenhouse
gas emissions, Ordinary Portland Cement (OPC) is responsible for about 5% of human-made CO; emissions
and around 14% of the industrial sector's global energy consumption (Thwe et al., 2021). So, the
development of new construction materials represents a significant branch within the realm of
sustainable solutions. Moreover, Autoclaved Aerated Concrete (AAC) has been one of the most promising
alternatives for sustainable construction options. AAC is a type of cellular lightweight concrete that
provides a more environmentally friendly option for the construction industry. The reduction in CO;
emissions in kg-CO,/m3® of normal strength AAC compared to ordinary concrete is more than 50%
(Alsalman, 2021). In Europe and Asia, AAC has been primarily used as an energy-efficient building material
for decades (Raj, 2020). The usual recipe of AAC consists of cement, quicklime, gypsum, aluminum
powder, water, and sand. The addition of fly ash, gypsum, and other Supplementary Cementitious

Materials (SCM) provides an even more sustainable option for this autoclaved lightweight concrete.

According to van Boggelen, W. (2014), the history of AAC dates back to the end of the 19th century, when
a series of process patents were established. One of the first patents was granted to German researcher
Michaelis in 1880 for his steam curing process. Before Michaelis, the curing process followed the
traditional extensive curing method, often marked by the 3, 7, and 28-day indicators, except for the
concrete that included additives. Another significant contribution came from Czech Hoffman, who
patented the method of aerating concrete with carbon dioxide in 1889. In 1914, Americans Aylsworth and
Dyer received a patent for their use of aluminum powder and calcium hydroxide to create a porous
cementitious mixture (van Boggelen, W.,2014). The American approach offered a more consistent

methodology that shaped substantially the production of AAC for the coming years.

The most known characteristic of AAC is its lower density for a cementitious material. However, there are
other advantageous properties that allow it to be considered as a less harmful option in the construction
industry. AAC has remarkable insulation and fire resistance properties due to its unique cellular structure
(Narayanan & Ramamurthy, n.d.). The gas pockets formed during the curing process provide thermal
insulation and consequently decrease the amount of energy used in buildings overall (Asadi et al., 2018).

Fundamentally, cementitious materials offer excellent fire resistance due to their composition, which



makes them non-combustible and chemically inert, eliminating the need for additional fire protection due

to their lower thermal conductivity.

In residential construction, AACis commonly used for walls, as it provides excellent mechanical properties,
as well as being easy to install (Arif Kamal, 2020). Thermal insulation is an essential aspect of the
construction of houses due to various weather conditions. Normally, thermal insulation is executed after
building the structural frames, but AAC’s thermal properties provide intrinsic insulation that reduces or
eliminates extra insulation. This benefit depends on the construction location and climate conditions, as
AAC provides both structural support and energy efficiency. Consequently, it would save money and time

for the owners.

One aspect of the construction of commercial buildings is the need to reduce the construction time. AAC
panels and blocks are excellent options for faster execution on the structural frame phase due to their
lightweight and easy installation. Additionally, there are advantages to the durability and thermal aspects
of the construction project. AAC is particularly advantageous in the construction of large buildings, such

as hospitals and schools, where its durability is highly desirable (Arif Kamal, 2020).

AAC has been a milestone in making the construction industry more adaptable to the new environmental
regulations. Nevertheless, there have been numerous significant findings in AAC’s literature, including the
effects of various additives on its recipe. These additives not only include SCM but also the incorporation
of fibers, enhancing the overall performance and properties of AAC. Many studies have focused on
enhancing the mechanical properties of AAC, such as compressive strength, flexural strength, and impact
resistance. These improvements are often achieved by incorporating various fibers, including steel,

natural, and synthetic fibers, into the concrete mix.

Despite all the advantages, AAC’'s compressive strength still needs improvement to meet the
requirements of modern construction. The addition of fibers to AAC helps solve the density-strength
challenge by improving mechanical properties without significantly increasing its density. This
improvement makes AAC more suitable for a wider range of applications. Recently, basalt fibers have
emerged as a promising option for reinforcing AAC due to their exceptional additional strength and
durability. This reinforced material is called Basalt Fiber-Reinforced AAC (BFRAAC) and contributes to the

advancement of sustainable and resilient construction practices.

Although, the improvement offered by AAC and other related construction methods is evident, it is crucial

to recognize the global impact of reducing cement consumption. This is mainly due to the production of



clinker, which is an essential component in cement production and is responsible for the majority of CO;
emissions from the industry (Al-Otoom, 2006). More accurately, Portland cement clinker consists of more
than 90% of OPC composition. The manufacturing process involves grinding and heating a mixture of clay
and limestone to high temperatures (calcination process). This produces a substance known as clinker,
which is subsequently finely ground with a small percentage of gypsum to form OPC (Scrivener, 2018).
Furthermore, during the calcination process, most of the CO, emissions result from the decomposition of
limestone, and the rest is from fossil fuel combustion, which is around 40%. This production can result in

more than 800 kg of CO, per ton of clinker (Scrivener, 2018) & (WBCSD, 2014).

Therefore, AAC comes as one of the efforts to reduce the carbon footprint of cement production through
new recipes and methods. The reduction in the consumption of cement would directly impact a few of
the Sustainable Development Goals from the United Nations (UN), such as the creation of sustainable
cities and communities, responsible consumption and production, climate action, and contributing to

industry, innovation, and infrastructure.

On the other hand, concrete's ability to bind carbon dioxide during its lifecycle reduces its overall carbon
footprint. During service life, concrete naturally undergoes carbonation, which is a process where CO,
from the air reacts with calcium hydroxide in the concrete to form calcium carbonate. This reaction not
only strengthens the concrete but also captures CO; by lowering its carbon footprint from production.
Therefore, from production to end-of-life, concrete plays a crucial role in promoting environmental

sustainability (Possan, 2017).

According to the International Energy Agency (IEA) report, cement is a very difficult material to replace in
the future. Due to the fact that cement has the best cost-benefit compared to other construction materials
and its raw materials are abundant worldwide. The affordability of cement, coupled with high production
volumes, makes cement a predominantly local material, often manufactured near the site of use due to

the cost of transportation.
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Figure 1 - Materials production by region. Source: ETP 2015

As demonstrated in Figure 1, cement has significantly larger quantities when it comes to Mt/ year in
comparison to other materials, especially in Non-OECD (Organisation for Economic Co-operation and
Development) countries. Consequently, most of the cement production is used for concrete production
and other cementitious materials. However, these cementitious materials contribute negatively to CO,
emissions, but their production capacity is also insufficient to replace concrete on a significant scale.
Hence, it is crucial to explore alternatives that can diminish the reliance on cement, with AAC being one
such option. Additionally, enhancements in AAC recipes can be pursued by identifying alternative

approaches to decrease the required cement content (ETP, 2015).

4 LITERATURE REVIEW

4.1. General Composition of Concrete



Cement is the main component of concrete because it becomes the binding agent for the other materials.
Along with the many properties of cement, it is relevant to mention its versatility and durability when
compared to other construction materials. That is the reason cement has been largely used throughout

the world for centuries. However, nowadays, the most used cement is Portland cement clinker.

Favorably, the composition of the Earth's crust matches significantly with the composition of Portland
cement clinker. At the same time, raw materials for cement production are widely available (Hamad,
2014). The main component for the production of Portland cement is calcium carbonate which is largely
found in limestone and other components can be usually found in clay. Portland cement is the most widely
used type of cement and is produced by heating a mixture of clay and lime-bearing minerals to about
1400°C in a rotary kiln, a process known as calcination (Callister & David Rethwisch, 2011). This produces
physical and chemical reactions in the mixture, which results in a clinker product that is then pulverized

and mixed with a quantity of gypsum to retard the setting process.

The heating process releases water and carbon dioxide, followed by a reaction between the solids and
partially melting them. Once this procedure is completed, the clinkers are formed. Next they are ground
and different types of minerals are added, including: magnesium oxide, iron oxide, titanium dioxide,

calcium oxide, silica and alumina.

The chemical composition of clinker is complex. However, there are four components that makeup 95%
of its composition: tricalcium silicate (C3S), dicalcium silicate (C2S), tricalcium aluminate (C3A) and tetra
calcium ferrite-aluminate (C4AF). These represent the most important quaternary system for
understanding cement chemistry. As an important note, in the ceramic industry, oxide products are

commonly used in formulae.

Phase composition cement notation wt% range
alite Ca: 85105 = 3Ca0-510, = tricalcium silicate C38 50-70
belite Ca;8i0y = 2Ca0- 810, = dicalcium silicate C28 15-30
aluminate Ca: Al Oy = 3Ca0-Al,0; = tricalcium aluminate C3A 5-10
ferrite Caz; AlFeQ; = tetracalcium aluminoferrite C4AF 5-15

Table 1 - Main phases of ordinary Portland clinkers. Source: Artioli, G., & Bullard, J. W. (2013)

The products of the reaction of these components with water, in the hydration process, are what give the

cement paste the particular physical properties to be considered a construction material par excellence.
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Figure 2 - Microstructure development during hydration of Portland clinker (Scrivener K. L., 1984)

The hydration process is schematized in Figure 2: (a) the unhydrated cement granule is rich in C3A and
C3S; in (b) in the first reaction period with water around 10 minutes, a gelatinous layer rich in alumina
precipitates is formed and small amounts of Ettringite (AFt) begin to form. AFt is crucial in concrete,
especially in early OPC hydration and ettringite-based binders (Lu et al., 2020); in (c) after a period of
hours (approximately ten hours), a crystalline network of hydrated calcium silicate (3CaO - 2SiO; - 4H,0;
C-S-H) is formed on the AFt compounds; in (d) the reaction of C3A and/or C2(A, F) continues, producing
long rods of AFt, in the same way the formation of the C-S-H network occurs inside the hydrate grain; (e)
during the first and third days, C3A reacts with AFt found inside the layer, forming hexagonal planes; (f)
after 14 days, the C-S-H network is fully developed within the space of the grain sphere; while the external

C-S-H crystalline network becomes more fibrous (Scrivener K. L., 1984).

According to Wesselsky, A., & Jensen, O. M. (2009), there are various constituents in Portland cement;
the main ones are tricalcium silicate (CasSiOs) and dicalcium silicate (Ca,SiOa4). The setting process can
occur, for instance, through the hydration reaction involving dicalcium silicate, indicated in the formula

below, being x the available water content:

2Ca0 - Si0z + xH20 - 2Ca0 - Si0; - xH,0

The hydration reactions that occur between the various cement components and water, which is added
to the mix result in the setting and hardening of the cement, forming complex gels or crystalline

substances that create the cementitious bond. The hardening process of Portland cement is classified as

11



hydraulic cement, and it is ideal for use in mortar and concrete to bind aggregates of inert particles

together into a cohesive mass.

Significantly, when it comes to AAC’s composition, for all those reactions to occur properly, it is essential
to find the various optimal ratios of key elements in AAC production. Hence, it must be determined the
ground quartz sand time for producing fine particles of SiO, that successfully reacts with other oxides and
calcareous materials. One of the many other variables is the amount of aluminum powder and the water-
to-solids ratio significantly impact the overall density of AAC, whereas other ratios may have a more

unnoticeable effect (Chen et al., 2017).

These ratios involve the measurements of proportions of all AAC raw materials to achieve desired
properties. Another aspect is how the water-to-solid ratio (W/S) influences the workability, strength, and
density of the final product. Higher W/S ratios generally result in more workable mixtures but may
compromise strength and durability. In other words, the water content available for cement hydration
reactions directly impacts the formation and properties of crystal phases within AAC, which directly

influence the mechanical strength.

Therefore, one ratio analyzed in this study is gypsum-to-cement ratio (G/C) to try to increase on the Ca/Si
ratio. Gypsum acts as the timer, making sure everything sets just right, while cement holds it all together
like glue. Moreover, it is well known that C-S-H has a strong correlation with the formation of tobermorite,
which is commonly associated with better mechanical performance. AAC has a lower Ca/Si ratio due to
the high silica content, what results in a decrease of Ca/Si ratio in C-S—H due to the reactions (L'Hopital
et al., 2016). For last, other ratios were analyzed on this paper, in order to find optimal rearrangements

to make it stronger and longer lasting.

4.2. Cellular Concrete and AAC

Cellular or Porous concrete refers to a type of concrete aggregation of voids before the hardening and
curing process which results in a cellular structure according to Shabbar, R. H. (2018). These pores can be
originated through chemical reactions or through addition, so normally cellular concrete is divided
between Aerated Concrete (AC) and foam concrete. Foam concrete is produced by introducing a foaming

agent into the mixture. In contrast, AC is generated through the reaction of calcium hydroxide and

12



aluminum powder and water to generate hydrogen gas within the mix. Consequently, these reactions

form numerous voids before hardening and making the entire mix expand.

According to Shabbar, R. H. (2018), depending on the curing method, porous concrete is classified into
Autoclaved Aerated Concrete (AAC) and Non-Autoclaved Aerated Concrete (NAAC). AAC is manufactured
under high temperatures within a pressurized and steam-heated environment and is commonly used for

producing precast masonry items.

The production of AAC involves chemical reactions between siliceous and calcareous materials, such as
sand and limestone. This reaction is aided by the addition of an aluminum powder, which creates
hydrogen gas that helps to form the porous structure of the material. The mixture is then poured into
molds and cured using high-pressure steam. The results of these last processes are essential to crystal

phase formation and the strengthening of AAC.

Calcium oxide reacts with water through an exothermic reaction, creating calcium hydroxide. Calcium
hydroxide, from lime or cement, reacts with aerating agents, aluminum powder, for instance, and water
to generate hydrogen gas and cause the mixture to expand its volume. Finally, silica reacts with calcium

hydroxide to form tobermorite or hydrated calcium silicate C5S6H5 (Narayanan & Ramamurthy, 2000.).

2Al + 3Ca(OH),+ 6H,0 - 3Ca0-Al;03:6H20 + 3H,
(Aluminum powder + Hydrated lime - Tricalcium hydrate + Hydrogen)(Hamad, 2014)

According to Narayanan N. et al. (2000), the effectiveness of the aluminum powder process is affected by
its particle size, purity, and the alkalinity of cement. It also depends on the measures implemented to
prevent gas escape prior to the mortar's hardening. What provides an important feature for the
development of characterization on AAC. The resulting blocks or panels are strong, durable and provide a

cost-effective alternative to traditional building materials.

4.3. Crystal Phases in AAC
At a microscopic level, AAC is based on complex reactions such as C2S and C3S that form calcium silicate
hydrates (C-S-H), calcium hydroxide (Ca(OH)2), and unreacted raw materials. Additionally, the aluminates

and ferrite phases generate AFt and AFm phases (EPFLx, 2017). These crystals interlock in the wall

between pores to form AAC structure, giving AAC its lightweight and porous nature.

13



Among the desired crystal formations during autoclaving, tobermorite is highlighted due to its association
to the mechanical strength. Tobermorite forms under hydrothermal conditions during the autoclaving
process, typically at temperatures of 180-190°C and pressures around 1.2 MPa. The formation of
tobermorite is highly dependent on the raw material composition and the specific autoclaving
parameters, such as temperature, pressure, and duration. Studies have shown that optimizing these
parameters can enhance the quantity and quality of tobermorite, thus improving the overall performance
of AAC (Cheng et al., 2016). Moreover, tobermorite and well-crystalline C-S-H are the main components

in AAC crystalline phases, which are formed during autoclave (Qu & Zhao, 2017).

The key crystal structure in AAC is the C-S-H gel, which forms during the hydration process when water
reacts with cementitious materials. This gel serves as the primary binding phase, holding the AAC matrix
together. The crystal structure of C-S-H is highly complex, with varying degrees of hydration and
crystallinity depending on factors such as curing conditions and mix design (Narayanan & Ramamurthy,

2000).

4.4. Basalt Fiber in AAC Production

Fiber-reinforced materials aim to enhance mechanical properties, especially ductility. These reinforced
materials are able to support the stress even with micro and macro cracks. For instance, the flexural
toughness of FRAC can reach to over 80 times than of AAC in the three-point bending tests (Qu & Zhao,
2017).

Adding basalt fiber with different lengths on the concrete was based on the improvement of the
mechanical properties of composite materials by Mobasher, B., & Li, V. C. (1997). Since AAC has a limited
tensile and flexural strength, the fiber reinforcement can provide the ideal enhancement. By incorporating
fibers into AAC, the material becomes more resistant to cracking and exhibits improved durability under

various stresses.

Conversely, adding fiber to composite materials may also bring some constraints to the equation, not only
when it comes to reactivity between the materials but also their physical properties. For instance, the
industry's wire-cutting practices for producing standardized AAC construction blocks limit the usable fiber
length. A larger aspect ratio of fiber in AAC can negatively impact the integrity of the blocks, as the fibers

may be forcibly pulled out during cutting.

14



The effects of fibers on the mechanical properties of AAC are determined by factors such as type,
geometry, dimensions, and weight percentage (Laukaitis, 2009). These factors must be carefully chosen
depending on the aimed properties of AAC. Also, depending on the raw materials and mix, the addition
of fibers might generate adverse results on the Green Cake (GC), for example, the challenge of the

distribution of the fibers in the concrete matrix and avoiding clumps.

Among the many fiber options, basalt and kaoline fibers exhibit superiority when it comes to chemical
interactions with the AAC matrix. Moreover, in this study it was used fiber length of 3 and 5 mm to avoid
damage of fiber-matrix interface during cutting. Even though the basalt and kaoline reinforcement effect
is inferior to carbon fiber but, it is true that hydration products are crystalized on the surface of basalt

fibers for instance. So it proves that basalt fiber cohere with AAC matrix in overall (Qu & Zhao, 2017).

4.5. Mechanical Behavior of AAC: Compressive and Tensile Strength

Compressive strength measures the material's ability to withstand axial loads that tend to crush it. AAC
typically exhibits lower compressive strength if compared to conventional concrete due to its cellular

structure and uniform distribution of pores.

Tensile strength measures the material's resistance to forces that tend to elongate it. While AAC generally
has lower tensile strength compared to compressive strength, the incorporation of reinforcing fibers can

significantly enhance its tensile properties.

Consequently, one of the parameter used in this study is Mechanical Efficiency represented by
As=Pa-m®/kg?, which relates to the mechanical properties of cellular cementitious materials, specifically
within the context of AAC. Compressive and Tensile Mechanical Efficiency gives a better understanding of
the mechanical performance of the material. This dimension indicates a complex interaction between
pressure, volume, and mass, which is linked to the material's response to mechanical stresses,

deformation, and overall structural integrity (Eskusson, 2001).

4.6. Sustainable Practices and Recycling in AAC

In order to effectively cope with the reduction on greenhouse gas emissions it is important to reduce
cement consumption as well. AAC has already been an alternative to mitigate the large CO, emissions
from the cement industry. Utilizing AAC waste reduces the consumption of raw materials and lowers

production costs, from extraction to transportation expenses, throughout the building process.
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Consequently, it also benefits the environment by decreasing CO, emissions and conserving natural
resources. Research in Vietnam has demonstrated that incorporating up to 25% AAC waste as a substitute
for natural sand in AAC production meets technical standards like ASTM C1693, while maintaining the
material's integrity. This method improves the economic and technical efficiency of AAC production and

addresses the scarcity of natural materials (Lam, 2021).

Furthermore, AAC waste, primarily composed of materials such as quartz sand, cement, lime, and gypsum,
can be effectively recycled. Reusing these waste materials post-autoclaving has shown that they can retain
optimal crystal formations, potentially inducing new crystal growth in subsequent AAC batches. Studies
have found that AAC waste contains important minerals like Tobermorite, which enhances the mechanical
strength of the recycled AAC. Therefore, recycling AAC waste not only supports sustainable construction

practices but also optimizes resource utilization in the construction industry (Lam, 2021).

5 AIM OF THE WORK

In the present work, | attempted to address areas for improvement in Autoclaved Aerated Concrete (AAC)
for reduced environmental impact. This includes improving the mechanical strength of AAC samples under
different experimental conditions, such as variations in fiber length and content, while ensuring the
material remains lightweight and thermally efficient. Additionally, | analyzed the correlation between

compressive strength and tensile strength of AAC samples to better understand the material's behavior.

In addition, | incorporated recycled AAC alternatives to develop new methods for AAC production that
maintain optimal mechanical properties and enhance sustainability. Investigating mix ratios on AAC recipe
and its effects on the compressive strength of AAC: water-to-solid ratio (W/S), gypsum/cement ratio, and
the incorporation of recycled AAC alternatives without significantly compromising AAC's mechanical
strength, density and thermal insulating properties. While AAC has demonstrated great potential, there

remains room for further advancements to improve its performance and sustainability.
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6 EXPERIMENTAL

6.1. Overview of AAC Manufacturing Process

AAC Manufacturing
Process
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Zand milling
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Mass measuring
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— Znd Mix (2 min)
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— 3rd Mix (2 min)
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i Lime

— 3th Mix (2 min]

ii_ Svlfanol, AP, and rest of
the water

2 molds cylindrical for
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4.Climate chamber

£2°C and 78%
humidity (14 h)

5.Autoclaving

130°C and 12 bar
pressure (8 h)

Zaw cutting and wvacuum
chamber drying

7.Mech. testing
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8.Microstructure Analysis
(SEM/EDX)

Zamples are sputtered with
silver 28nm before

micrographs between 3@ to
20Epm
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6.2. Materials and Methods

This study aims to produce AAC with the bulk volume density of 500 kg/m3. Some of the raw materials
used included: Nordkalk R5 lime (quicklime), Knauf Baugips building gypsum EVS-EN 13279-1 tllp: A2-
10-6 and Portland building cement according to EVS-EN 197-1: 2002 standard.

6.2.1 Sand Preparation

As stated above sand is a crucial element in AAC’s production. In this study, Estonian Manniku dry sand
was used. Also, the methodology used for processing the sand was based in the Koor S., 2021 work. Sand
milling was made using a Retsch PM100 ball mill, where rotation speed was 500 rpm during 6 min for each
162.5 g (or 100 ml) of sand batch, this condition produced sand 6 (L6). The vessel was made of zirconium
dioxide and had a volume of 200 ml. Additionally 15 zirconium dioxide spheres, with a diameter of 20 mm,

were used during milling time. Therefore, the average diameter of sand particles was around 90 um.

6.2.2 AAC’s Sample Preparation

Before starting an AAC mix, it was prepared and the availability of all the raw materials was verified. |
ensured that all equipment, such as mixers and molds, is clean and in good working condition. The climate
chamber had to be turned on at least 10 min before use to reach the target temperature and humidity.
Next, determined the appropriate mix ratios in the recipe, considering the target properties of AAC.
Additionally, calibrated measuring tools to ensure precision, so all raw materials mass were measured
accurately. As demonstrated in the Table 2, the initial recipe for producing two hundred grams mix.
Significantly, created a safe working environment by wearing protective gear and following all safety
protocols due to AAC’s production risks like dust inhalation, skin and eye irritation, and manual handling

injuries.
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Material __|_wt% | mass (g) |

Sand (L6) 54.,4% 108,8
Cement 38,9% 77,8
Lime 4,7% 9.4
Gypsum 2,0% 4
AP 0,087% 0,174
Basalt fiber 2,2% 4.4
Sulfanool (1.1%) 0.8% 1,647
W/S 70% 140

Table 2 - Initial 200g AAC recipe (reference recipe)

The molds were cardboard tubes with plastic caps, the cylindrical molds had an internal radius of 7,2 cm
and an average of 12 cm height. The bottom of the mold is the same cap as their original cardboard tube
to make the removal of the sample easier. They are also coated with a plastic sheet and oil to facilitate

the removal of the sample.

During mixing, it was used JOANLAB Electric Overhead Stirrer at 2000 rpm for all additions of raw
materials. During one minute for fiber, gypsum and sand are mixed. Then 3 minutes after adding around
75 % of the water content. Next it is added cement that is mixed with two periods of 2 minutes and the
gap in between is used to verify clumps. After lime is added and mixed for 1 minute, so it can be added

the sulfanol, aluminum powder and the last part of water and mixed for 2 minutes.

Thereafter, the mixture was poured into cylindrical molds and placed in a climate chamber for 12 hours
at 42°C and 70% relative humidity, where all batches were produced following the same procedures and

parameters during curing in the climate chamber.

Subsequently, samples of GC were removed from their molds and placed in the autoclave. Autoclaving
was performed using roughly 120 ml of water at 12 bar for 8 hours. In most common AAC production,
water vapor is introduced into the autoclave while air is expelled. However, the autoclave used in this
work generated steam by heating water already in the chamber that had approximately 12 cm diameter
and 25 cm height. Thus, air was removed from the chamber at 105°C by opening the valve until air

evacuation was complete and the 8 hours started once 180°C was reached (Koor, 2021).

After autoclave time is completed, the autoclave is left for cooling until it reaches room temperature. The
next step after removing the AAC samples from the autoclave is to prepare the samples for mechanical

testing.
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6.2.3 Mechanical Testing Protocols for AAC Samples

Figure 3 - Mechanical testing equipment (left: Compressive test, right: Tensile test)

Samples were cut using circular, band and whole saws for ceramic materials to produce a more uniform
cylinder for the compressive strength test. Dimensions for compressive strength AAC samples are circa
4,8 cm in diameter and around 5 cm in height. Compressive tests were conducted in a manual press
connected to sensor that generates compressive strength data. For tensile testing as show on the right of
Figure 3, the automated machine with 1000 N capacity and speed of 1 mm/min was used. Tensile strength
samples were cut into bone shapes with around 1 cm of thickness and length between 8 to 13 cm. | used
Moment OneForAll Universal, a high-quality transparent adhesive, to glue the AAC bone-shaped tensile
samples onto the D rings for hooking into the tensile testing machine. This adhesive, with its transparent
flextec polymer composition, provided a strong and reliable bond suitable for all materials and conditions,
ensuring the samples were securely attached for accurate testing. Before both testing, all samples are

dried for at least 20 hours in a vacuum oven at 45°C until it reaches below 10 mBar.

6.2.4 Microstructure analysis using SEM and EDX

AAC samples were carefully cut from the rupture point of test specimens, so it was used sputter coater
for preparation of samples to SEM analysis. The Leica EM ACE600 was utilized for the precise preparation
of my AAC samples. This high-end sputter coater and carbon thread coater system is essential for creating

conductive coatings on samples, which is crucial for scanning electron microscopy (SEM) analysis. For all

20



samples it was used 20 nm silver coat on an average 6mm sample height. Samples with the best
mechanical performance were analyzed using a Hitachi TM-3000 electron microscope, which was
equipped with Back Scattered Electron detector (BSE) and Oxford Instruments SwiftED 3000 EDX analyzer.
The electron accelerating voltage used was 15 kV in all cases. The SEM detector detected the reflected
electrons and the EDX was operated by a silicon drift detector or SDD. Some of the main parameters
analyzed were general structure, pore shape and average diameter, interpore area, pores and cracks,
presence of monocrystals, amount and form of tobermorite, fiber integrity and dimensions, crystal growth
on fiber. EDX analysis detected crystal formations based on the shape and size, it can be concluded the
presence of tobermorite monocrystals. The study of AAC’s structure was conducted based on Siim Koor’s

systematics.

7 RESULTS AND DISCUSSIONS

This study varied several parameters in the AAC recipe to determine their effects on mechanical
properties, which was the primary criterion for evaluation. Key variables included fiber length, fiber
content, the water-to-solid (W/S) ratio, the gypsum-to-cement ratio, and the incorporation of recycled
AAC materials. This section focuses on analyzing the results and discussing the relationship between these

variables and the compressive strength, tensile strength, and overall material efficiency of AAC samples.

FIBER il
FIBER LENGTH W/S | SAND [SULFANOL AP (g) CAKE
(Wt%) (mm) (wt%) | TYPE (2) g WASTE
(wt%)

L6 1,65 0,17

0% 0 50% 2% 25% 0% 2%
1% 3 60% 4% 29% 10% 4%
2% 5 65% 5% 33% 10%
2,5% 70% 6% 35%
3% 75% 8% 36%
3,5% 80% 37%
4% 39%
5%
6%

Table 3 - Parameters variation of AAC’s reference recipe

According to Table 3, it is possible to see the impact on the compressive strength of AAC depending on

the variation on each of the parameters tested on this thesis. Note that only one independent variable on
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AAC production was changed for each batch, in order to obtain more consistent analysis. For instance,
when analyzing the optimal fiber content, all the other ratios and parameters were constant. Also,
throughout this study, certain parameters such as sand, sulfanol, and aluminum powder remained
constant. Additionally, all percentages mentioned refer to the weight of dry materials used in the

experiments.

One of the initial parameters analyzed was the cooling time after autoclaving. Fast cooling was
implemented by removing the samples soon after the autoclaving process was completed. In contrast,
slow cooling involved waiting until the autoclave chamber had reached room temperature. In conclusion,
the cooling time does not have a significant impact on the compressive strength of AAC but according to

the results, fast cooling may be utilized to speed up production.

7.1. Improving Mechanical Strength of AAC

7.1.1 Compressive And Tensile Strength Correlation

Compressive strength measures the capacity of resisting deformation when the direction of the force
tends to shorten the material. In the other direction, tensile strength refers to the capacity of resisting
deformation that elongates the material. The correlation between compressive and tensile strength
represents the material's behavior withstanding the different forces. This correlation has many
applications, especially in the civil engineering prediction models of concrete. The relationship between
tensile and compressive strengths is nontrivial, while fibers are intended to improve tensile strength, ,
they might not always enhance compressive strength. For instance: increasing the dosages of
polypropylene (PP) fibers in concrete negatively impacts the strength of the samples, as larger fiber

volumes disrupt the cohesiveness of the concrete matrix (Ahmad, O. A., & Awwad, M., 2015).

22



4,5

©
[«
= *
£
=3 y = 4,6094x + 1,2066
o R? = 0,5479 e
w 3,5 o T
g o . °
3 ' .
S ®..
E 3 ® . __,.-‘
o
b o
3] e
NP Y R
o
o o
z 5
2
0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6

Average Tensile strength (N/mm?2)

Figure 4 - Correlation between Average Tensile Strength and Average Compressive Strength.

For more consistent analysis, in Figure 4, the results represent for fiber length of 3 mm, 70% water/solid
and 2% of gypsum. Due to a more comprehensive correlation analysis, where parameters were controlled
to avoid change in density and other factors. The graph shows the correlation between the compressive
and tensile strength on AAC samples. The comparison of the compressive strength of these samples
supports the understanding of models that correlate the mechanical properties of concrete. Considering
R? is equal to 0,55, it shows a variability in compressive strength that could be explained by a linear
relationship with average tensile strength. This coefficient of determination represents some variability

of the data that cannot be explained by the model and that the two variables are weakly correlated.

Even though, there are many studies regarding the correlation between the compressive and tensile
strength of concrete. But this correlation has not been intensely analyzed when it comes to cellular

concrete, especially Fiber reinforced AAC.
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Figure 5 - Correlation and Fiber content analysis.

In another representation of relationship of these mechanical strength indicators, in Figure 5, it is clearer
to visualize with data based on the fiber content. The average tensile strength and the tensile mechanical
efficiency according to various fiber percentages in AAC. Due to the challenge of obtaining tensile results
in AAC, it was made two or more test for each sample, allowing adding error bars, what not occurred with
compressive tests. Those tensile results suggest that the average tensile strength decreases above 4,0%
fiber content as the fiber wt% increases. The lowest strength is observed with 6,0% fiber, while the 3,0%

fiber exhibits a higher strength.

7.1.2 Impact of Basalt Fiber on Mechanical Strength of AAC

The fiber size, distribution and percentage are important parameters that can affect the mechanical
properties of AAC. Generally, longer fibers can provide higher tensile strength, while shorter fibers can
provide better compression strength (Memon et al., 2018). An important consideration is the aspect ratio
of the fibers, as it is crucial in determining the mechanical properties. The highest compressive and split
tensile strength values are achieved in concrete with steel fibers having small aspect ratios, and these
strengths decrease as the aspect ratio increases (Farooq & Mir, 2013). Moreover, the fiber length can
affect the homogeneity of the material and its ability to withstand stress. Thus, the basalt fiber's effects

in AAC were analyzed, respectively: fiber length, fiber content and fiber integration. Considering all these
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factors | attempted to achieve proper fiber-matrix binding, which enhances stress transfer and overall

strength, and as it suggests the literature the shorter fiber length should provide the best performance.

7.1.2.1 Fiber Length

Basalt fiber is well known as reinforcement to ordinary concrete. Adding basalt fiber with different lengths
on the concrete was based on the improvement of the mechanical properties of composite materials by
Mobasher, B., et al (1997). Technobasalt produced the basalt fiber used in this work following the
technical conditions of Ukraine. According to the product specification the fibers of 3 and 5 millimeters
length had an diameter of 16 +2 micron and 1% humidity. Also SEM EDX analysis was made from basalt

fibers which presented a fairly similar composition reading when comparing both lengths.

h_E_SI_13_0061 2022-01-10 1522 A D79 x30 2mm  M28_0027 2021-11-23  18:17 D7.0 x5

Figure 6 — SEM analysis by comparing AAC’s general structure between different fiber lengths (left: 5 mm & right: 3 mm).

As presented in Figure 6, SEM analysis showed that there was no significant change on pores structures
when comparing the different fiber lengths in the AAC. Both fiber lengths maintained their fiber integrity

within the AAC matrix, and it was not noticeable clumps in the samples.

Next, in Figure 7 the compressive results show a comparison between the different fiber lengths. For
instance, it is evident that the addition of both fiber lengths has enhanced the mechanical performance
of AAC if compared to the reference batches. However, the variations between the reinforced AAC results
suggest that there may have been a nonuniform distribution of fibers in the samples or a unfavorable

aspect ratio.
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Figure 7 - Comparison of fiber length and compressive mechanical efficiency.

Figure 7 represents controlled data set whereas all samples had W/S with 75%, 2% fiber content.
Additionally, all the other procedures and parameters were maintained for these batches including
climate chamber and autoclaving conditions. Thus, it is evident that there is an improvement in the
compressive mechanical efficiency with the fiber addition. Since three-millimeter fiber length AAC had
the best performance among all batches, it was set as a fixed parameter for varying other parameters on
the reference recipe in this study. Based on the findings, it is plausible to say that shorter fiber reduces
the chance of pull-out effect from the AAC’s matrix. Moreover, standard deviation on compressive
mechanical efficiency indicates the variation within fiber length groups. The lowest standard deviation is

seen for 3 mm fibers, suggesting that these samples have more consistent compressive strength.

The impact of adding fibers to AAC density was particularly intriguing. One interesting observation was
the slight decrease in density as the fiber content increased. Typically, density is influenced by AP content,
but it can also be affected by W/S ratio and mixing quality. In this study it was crucial to maintain target
density, as it balances compressive strength and lightweight properties, optimizing AAC performance.
Clearly, the inclusion of three-millimeter fibers led to the most ideal density, which influenced the
compressive mechanical efficiency positively. One possible explanation for this decline in density could be

attributed to how fiber distribution and aspect ratio affects the formation of porosity.

7.1.2.2 Fiber Content

As important as finding the optimal length, it is determining fiber content that enhances AAC's strength
and durability. However, there is a limit when adding fibers to the AAC mix because excessive fiber content

might not necessarily lead to enhancements in AAC properties, and it increases the material’s price.
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Thorough consideration of fiber content is essential for achieving the best performance in each AAC
recipe.
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Figure 8 - Comparison compressive mechanical efficiency and various fiber percentages.

There is an increase on the AAC compressive strength of the samples with a higher percentage of fibers
up to 3%. Divergently from some literature, the 3 mm fibers yielded higher compressive strength even at
significantly higher dosages. As followed in Figure 8, the impact of varying fiber content on the mechanical
properties of AAC shows a clear improvement in the compressive strength directly proportional to fiber
addition. As the fiber content increases from 0% to 6%, there is a peak in compressive strength reached
at three percent fiber content. After the peak, there is a slight decrease in AAC compressive strength but
the values after the peak are still higher than AAC without basalt fiber. Figure 8 shows the results of 70%
W/S, 3 mm fiber, and all the other procedures and parameters were maintained the same for these
batches including climate chamber and autoclaving conditions, in order to have more consistent results.
The standard deviation of compressive strength shows some variation but remains relatively stable
throughout different fiber percentages. This confirms that the addition of fiber contributes positively to
compressive strength. This indicates that the optimal fiber content for maximizing compressive

mechanical efficiency lies within this range.
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Figure 9 - Tensile strength analysis with various fiber content.

In Figure 9 shows the average tensile strength and tensile mechanical efficiency according to various fiber
percentages in AAC. Even though tensile testing in ceramics is a well-known challenge due to it’s low
values, with AAC samples was observed that the average tensile strength decreases as the fiber
percentage increases. The lowest tensile strength is observed with 6% fiber, while the 3,5% fiber exhibits

a relatively higher average tensile strength.

In addition, the figure provides insights into the tensile mechanical efficiency, showing how effectively the
AAC samples resist deformation under tensile stress. Interestingly, mechanical efficiency generally
decreases with increasing fiber percentages after the optimal percentage, indicating that there is a limit
to fiber content addition, which might not necessarily impact the improvement of tensile properties. This
figure emphasizes the importance of finding the optimal balance between fiber content and the

mechanical efficiency of AAC.

7.1.2.3  Fiber Integration into the Concrete Matrix

The fibers are added in a disperse way throughout the mortar during the mixing stage. As the concrete
cures, the fibers get integrated within the hardened matrix, forming a support framework that enhances
AAC’s mechanical properties. This integration allows the transfer of stresses within the concrete,
effectively reinforcing it against mechanical loads. Given that fibers are typically stronger than concrete,

they effectively transfer and bear mechanical loads, reinforcing the structure (Rai & Joshi 2014). However,
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this load transfer is only possible if the fibers are adequately integrated to the matrix. Effective binding is

crucial, whether it is mechanical or chemical.

paksem0044 2023-09-08 30 um

Figure 10 - SEM micrograph 30um, basalt fiber incorporation into AAC structure.

Figure 10 illustrates the successful integration of basalt fiber into the AAC structure. This incorporation
facilitates the load transfer and synergistic combination of material properties from both materials,

allowing to behave as a concise material.
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Figure 11 - SEM micrograph 100um, showing fibers concentration in walls.

Above in Figure 11, it is observed a possible tendency of how the pores formation process tends to
concentrate fiber in the walls of pores. Moreover, it was noticed that fibers diameter did not change. This
pattern may be indicative of the increase in mechanical properties of AAC after adding basalt fibers. In
addition, that fiber alignment may have occurred due to the bubble formation during the climate chamber
period. This alignment was more frequent in the higher compressive strength samples. As well as the
formation of tobermorite on the fibers, which is associated to strengthen the overall AAC structure due
its indication the material was submitted to the right process and condition for optimal crystal formation.
Proper fiber alignment and integration within the matrix are essential for optimizing the mechanical
performance and durability of AAC. But, it is worth mentioning the importance of pore distribution and

average pore shape in AAC, as these factors significantly influence the material's overall strength as well.

7.1.3 Optimization of Mix Ratios

7.1.3.1 Water/ Solid ratio

The water-to-solid ratio (W/S) ratio is a measure of the amount of water, by weight, that is used in the
production of concrete or mortar relative to the amount of cement. In general, a higher W/S ratio can

produce a more workable mixture that is easier to pour and finish. Water is essential for the hydration
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process, where it reacts with cement to form calcium silicate hydrate (CSH), which gives concrete its
strength. Although the excess can also result in weaker and less durable concrete, as the excess water can

weaken cementitious bonds. In this study, a special AAC-grade cement used in Estonia was employed.
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Figure 12 - Water to Solid ratio analysis comparing density and compressive strength.

In Figure 12, it represents constant cement weight-percentage samples with 3 mm fiber and fiber content
of 2% & 3%. The graph shows that compressive strength increases as the W/S ratio rises the most from
50% to 65%, peaking at 3.38 MPa. There was also a decrease in compressive strength observed at higher
W/S ratios (70% to 80%). This trend indicates an optimal W/S ratio range for achieving the highest
compressive strength, suggesting that deviations from this range may compromise the material's
strength. When analyzing the average compressive mechanical efficiency shows a similar pattern to

compressive strength, reaching its peak at a W/S ratio of 65%.

At the microscopic level, optimizing AAC ratios is important to obtain the perfect condition for the
formation of ideal crystal structures and a stronger material. The water-to-solid (W/S) ratio is crucial in
AAC production, influencing the formation of crystal phases during the curing process. The W/S ratio can
be manipulated to adjust the amount of water available for the hydration reactions of cementitious

materials, which ultimately determines the formation and properties of crystal phases in AAC.

According to Schober, G. (2005), raising the W/S ratio significantly leads to the increase on capillary pores
but reduction of strength. A higher W/S ratio typically leads to an increase in hydration of cement particles
due to excess water availability. This excess water allows the formation of extra crystal phases during
curing, which can affect the strength and durability of the AAC. On the other hand, a lower W/S ratio can
result in a more concentrated cementitious mixture, facilitating the formation of denser crystal structures

with potentially higher strength. However, AAC’s experiments results are intriguing since higher W/S led
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to the lowest mechanical performance. Moreover, there was an increase in density of 6% if compared

60% and 80% W/S. It can be hypothesized that pore formation and structure was affected with the

increase of water content.
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Figure 13 - SEM micrograph showing tobermorite in pore walls.

Noticeably, the sample with higher compressive strength had more frequent tobermorites. This
correlation was marked throughout the experiment phase. Therefore, the samples with W/S of 65%
presented significantly high incidence of plated tobemorites as represented in Figure 13, even in the pores
surface, what follows the values from the compressive strength results. In pore surface are more frequent
needle-like tobermorite monocrystals. Contrary, plated tobemorites are easier found in the structure

between pores and in micropores.

7.1.3.2 Gypsum/ Cement ratio

The gypsum-to-cement ratio in AAC is one of the key parameters that greatly influences the material’s
characteristics. Usually, gypsum is added to AAC mixtures as a setting time regulator and as a source of
sulfate ions, which help control the hydration of cementitious materials. This ratio impacts the AAC's

compressive strength, density, porosity, and in workability during manufacturing.
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A% - replacement of cement by gypsum

Figure 14 - Compressive Mechanical Efficiency analysis of substitution of cement with gypsum.

For this graph in Figure 14, experiments with all parameters constant, except gypsum and cement content,
it can be visualized the replacement of cement by gypsum. According to the figure as the gypsum content
increases, there appears to be a not-clear trend of improvement in the compressive mechanical efficiency
if compared to the reference AAC, which contains 2% of gypsum of 200 g total mass of mixture. But there
was a compressive mechanical efficiency peak when replacing 7% of cement mass with gypsum mass, this
peak indicates that the gypsum-to-cement ratio seems to be favorable for AAC's structural performance.
Even though the highest gypsum content on 15% replacement of cement mass is associated with a low
average compressive mechanical strength. This indicates that excessive gypsum, beyond the peak point,
might interfere with other chemical reactions and may not contribute to enhancing AAC's mechanical

properties.

7.2.Sustainable Practices and Recycling in AAC

7.2.1 Recycling AAC

The addition of leftover AAC residues to new AAC mixes is one approach for making concrete more
sustainable by reducing waste and resource consumption. In industrial settings, AAC residues are
generated during various stages of production. For instance, the green cake is often cut to eliminate mold
edge effects and shape it into blocks, and sometimes AAC needs reshaping or breaks during handling. The
residues from AAC were obtained from three different sources: one-year-old AAC and cured green cake,

and from green cake slurry. For one-year-old samples, they were milled for six minutes in 500 rpm, which
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are the same conditions for milling sand. On the other hand, GC slurry was added in pieces of around 3
cm diameter. It was applied 25% replacement of cement mass in each sample for better comparison. Last,
all the samples had W/S with 65%, 3 mm fiber, and all the other procedures and parameters were
executed equally, including climate chamber and autoclaving conditions. The reference sample had all the
same parameters except it had 38,9% (77,8 g) of cement, and other samples had 25% less cement mass

replaced by AAC residues.

However, careful consideration is essential to ensure that the residues do not negatively impact the
mechanical properties, such as compressive strength or durability, of the final AAC product. Proper testing
and quality control are crucial to maintain the desired performance while achieving eco-friendly practices.
The logic behind using AAC residues involves replacing cement or sand with waste products while
maintaining material properties. For instance, recycled AAC residues can substitute for portions of the
quartz sand or cement used in the mix. Meanwhile, the GC slurry can introduce fine particles that improve

the packing density and reduce the need for raw materials.
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Figure 15 - Comparison of compressive strength and density of 25% replacement of cement with recycling AAC residues.

According to the graph in Figure 15, the reference sample has the highest compressive mechanical
efficiency, suggesting the addition of AAC residues was not beneficial in increasing compressive strength.
Although AAC powder specimen has a relatively high compressive mechanical efficiency and a moderate
compressive strength, making it the most promising material for recycling approaches. On the other side,
even though the W/S ratio was adjusted based on GC Slurry water content, GC slurry sample has the
highest density but the lowest compressive mechanical efficiency and the lowest compressive strength
among the materials tested. In the industry, GC slurry can be used in AAC production. However, according

to the results fiber might interfere with this process. Fibers, intended to enhance mechanical
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performance, may interfere with the cohesiveness and homogeneity of the slurry, leading to a reduction
in overall mechanical efficiency. Further research is needed to explore the effects of fiber reinforcement

in GC slurry when added to AAC’s production.
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Figure 16 — Compressive Mechanical efficiency and wt% reduction of cement mass with different materials.

The graph presents an analysis of the compressive mechanical efficiency and the combination of different
materials to reduce cement consumption in AAC manufacturing, which is influenced by varying
percentages of material and the combination of them. Each AAC sample delineates a specific configuration
of materials, highlighting their proportions in comparison to the standard mix with W/S with 65%, 3% of
3 mm fiber, 2% of gypsum and 38,9% of cement, both from 200 grams of the total mass of the mix. The
data showcases the diverse effects of replacing cement with other materials: AAC powder, Green Cake
(GC) in powder or slurry, and Gypsum (GY) are investigated. Notably, the different combinations lead to
various compressive mechanical efficiencies, unveiling the intricate interplay of these components within
the AAC matrix. For instance, replacing 25% GC powder increased efficiency but for GC Slurry decreased
efficiency, perhaps the ongoing hardening reactions in the slurry could be one of the factors for this

variation.

Another value comparison is between the subproducts of D3 samples, AAC and GC powder, which even
though they were produced from the same mix and one of them was not autoclaved, the compressive

mechanical efficiencies were similar. Last, samples with 15% of replacement show that 10% of gypsum
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and 5% of green cake had the highest compressive mechanical efficiency and the lower deviation if

compared to only 15% of gypsum.

Therefore, recycling AAC residues is a feasible approach to enhancing sustainability. The best options
involve balanced mixtures, such as replacing cement by gypsum to increase Ca/Si ratio of the reference

recipe, which optimize compressive mechanical efficiency.

8 CONCLUSION

In summary, this study has been all about reducing cement consumption and improving AAC in multiple
ways in order to reduce the environmental impact. Initially | looked closely at how adding fibers can
increase AAC's strength, finding that factors like fiber length and content make a significant difference.
Understanding how compressive and tensile strength correlate also gave us valuable insights into AAC's

behavior under different stresses.

Additionally, | revealed that an optimum W/S ratio for the base AAC recipe based on the materials and
conditions applied on this study, around 65%, which lead to the highest compressive strength and
consequently compressive mechanical efficiency. Variation in W/S ratio from this optimal range, either by
reducing or increasing the water content, might result in a decrease of the mechanical properties of the
material. Also confirming most studies, higher water content tends to lower compressive strength in AAC,

potentially impacting the weight of the final material.

| also explored the potential of using recycled AAC in new production methods to make the process more
sustainable. When it comes to mix ratios, especially gypsum/cement ratios, | found that tackling these can

really impact AAC's strength and crystal structure formation.

Moreover, samples with 15% of replacement show that 10% of GY and 5% of GC had the highest
compressive mechanical efficiency and the lower deviation, proving that GC residue can bring positive

mechanical benefits to AAC production.

Moving forward, it is ideal to dive deeper into optimizing fiber types, testing and refining our mix designs,
and exploring innovative ways to recycle AAC. For instance, exploring other calcium sources to increase
Ca/Si ratio. By doing so, to create lightweight, energy-efficient building materials that are also kinder to

the environment but maintain optimal mechanical performance.
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